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ABSTRACT

BACKGROUND: Patients in Africa frequently utilize medicinal herbs at large. Nonetheless, to date, there is a
lack of data on concurrent use of herbs with conventional cancer therapies. This scoping review aimed to
describe the use of medicinal herbs and their derived products by cancer patients in contemporary African
settings.

METHODS: We identified relevant articles to date using a manual library search (PubMed), Embase
Medline, Cochrane Library, Science Direct, Google Scholar, and Scientific Electronic Library Online (SciELO)
for articles with information on medicinal plants with potential anti-cancer therapeutic properties in
Central, Eastern, and Western Africa. We assessed 122 articles based on titles and abstracts, and 28 articles
based on full text. Fourteen research articles fulfilled preset eligibility criteria.

RESULTS: The median prevalence of herbal and complementary medicine (H&CM) use in our contemporary
Africa settings was 60.0% (range: 13-80%). Median percent disclosure of H&CM use to attending healthcare
professionals was low at 26% (range: 10.3- 78.8%). H&CM used by cancer patients included herbs, healing
prayers, and massage. Reported reasons for the use of H&CMs include i) the strong desire to get rid of
cancer symptoms, especially pain, and the need to improve physical and psychological well-being. There
were limited data on safety and risk profiles of H&CM among cancer patients in our African settings.
CONCLUSION: Herbal and complementary medicines are frequently in use among cancer patients
undergoing conventional cancer treatments. Healthcare professionals caring for cancer patients ought to
inquire and communicate effectively regarding the use of H&CM to minimize the risks of side effects from
concurrent use of H&CM and biomedicines. H&CMs could give enormous opportunities for cancer and non-
communicable disease therapies, especially now that Africa's cancer burden is overwhelming. From the
preceding, therefore, the benefit of H&CM is fundamental in the preservation of threatens species and
traditional knowledge. Consequently, a balanced approach and a mutually beneficial partnership between
traditional medicine and Bio-medicine must be found by local and global health politics.

Keywords: herbal and complementary medicine; safety and risk profiles; cancer; conventional cancer
therapy; Africa

BACKGROUND

Cancer has been one of the leading causes of human death
for many years and has lately become a top killer among
different human diseases [1, 2]. Importantly, cancer brings
about substantial treatment costs and lowers patients'
quality and quantity of life. A recent report from the World
Health Organization (WHO) indicated that approximately
14.1 million new cancer cases had been diagnosed in 2012
worldwide, with 8.2 million associated deaths [1, 3]. The
2014 World Cancer Report, cancer incidences have rapidly
increased in all regions of the world in the past decades.
They are predicted to remain a significant cause of human
death in the coming years. Therefore, cancer detection,
prevention, and therapy will be the first topics of our
research [1, 4].

Chemotherapy is routinely used for cancer treatment.
Since cancer cells lose many of the regulatory functions
present in healthy cells, they continue to divide when
normal cells do not [5-9]. This feature makes cancer cells
susceptible to chemotherapeutic drugs. Approximately five
decades of systemic drug discovery and development have
resulted in the establishment of an extensive collection of
useful chemotherapeutic agents [5-9]. Interestingly, these
conventional Chemotherapy therapies for the management
of cancer have several side effects due to their lack of
specificity and are limited in rural settings [10, 11].
Further, the current challenge is undaunted resistance of
cancerous cells to cytotoxic drugs, giving unsatisfactory
ministration outcomes and capricious resistance to
antineoplastic agents [10-13]. Other limitations include the
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prohibitive costs, unavailability of allopathic drugs, and
chronic poverty in Africa. As a matter of urgency, we must
fold back on homegrown solutions, exploring flora and
fauna in our contemporary settings [10, 14]. Besides,
medicinal plants still have enormous potential to provide
newer drugs and are a reservoir of natural chemicals that
may give chemoprotective potential against cancer.
Recently, Taneja and Qazi, have suggested several
compounds from medicinal plants with potential anti-
cancer activities and the likely mechanism of action of such
plant products was equally discussed [10, 13].

In recent years, numerous African medicinal plants have
been screened for their cytotoxic potential. This review
covers plants and derived molecules from Central, Eastern,
and Western Africa (CEWA) as a potential resource for
cancer chemotherapy, emphasizing their molecular targets
[15]. Group A: These are countries of Central Africa
including Cameroon, Gabon, Equatorial Guinea, Central
African Republic, Congo, Democratic Republic of Congo,
Sdo Tomé and Principe, Chad, Angola. Group B: These are
countries of East Africa that comprises of Kenya, Uganda,
Tanzania, Rwanda, Burundi, Sudan, Eritrea, Djibouti,
Ethiopia, Somalia, Seychelles, Comoros, Mauritius Island,
Madagascar, Mozambique, and Malawi. Group C: Covering
Western African countries including Benin, Burkina Faso,
Ivory Coast, Gambia, Ghana, Guinea, Guinea- Bissau, Cape
Verde, Nigeria, Mali, Mauritania, Niger, Liberia, Senegal,
Sierra Leone, and Togo. By embarking on this approach in
our review analysis; therefore, we opined that the
medicinal plants of CEWA described cover a considerable
portion of the African continent [15].

THE BURDEN OF CANCER IN AFRICA

“Cancer moved from the third leading cause of death
worldwide in 1990 to the second leading cause of death
after cardiovascular disease since 2013, with more than
8 million deaths in 2013” [15-17]. “Although significant
progress has been made in recent years in cancer
prevention and treatment, the burden of cancer is
increasing as a result of a growing and aging population
worldwide, in addition to risk factors such as smoking,
obesity, and diet” [15, 18, 19]. Interestingly, “to
adequately allocate resources for prevention, screening,
diagnosis, treatment, and palliative care, and to monitor
its effectiveness, there is an urgent need for timely
information on the burden of cancer for each country. It
is worth noting that in several African countries, the
cancer burden remains unclear in terms of reliable
epidemiological data, though most practicing physicians
recognize that the number of cases among patients
visiting local health facilities increases progressively”
[15, 20].

Moreover, “the global statistics showed that by 2030, an
estimated 20 million new cancer cases are expected
annually, 70% of which will be from developing
countries. African countries will account for more than
a million new cancer cases per year and have to cope
with them despite a few cancer care services” [15, 21].
“In Africa, about a third of cancer deaths are potentially
preventable. In sub-Saharan Africa in 2002, more than
half a million deaths from cancer were reported, with
nearly 40% of chronic infections and smoking,” [15, 21].
“Due to the lack of necessary resources and
infrastructure, most Africans, including those in CEWA,
do not have access to cancer screening, early diagnosis,
an appropriate treatment, or palliative care. For
example, radiotherapy is available in only 21 of the 53
African countries, reaching less than 5% of the
population. Consequently, patients are deprived of life-
saving treatment” [15, 21].

OBJECTIVE OF THE STUDY

This scoping review aimed to describe the use of
medicinal herbs and their derived products by cancer
patients in contemporary African settings.

METHODS

We identified relevant articles to date using a manual
library search (PubMed), Embase Medline, Cochrane
Library, Science Direct, Google Scholar, and Scientific
Electronic Library Online (SciELO) for articles with
information on medicinal plants with potential anti-
cancer therapeutic properties in Central, Eastern and
Western Africa (CEWA). The Google search was done
covering the following periods between January 1 and
July 30, 2020, for papers written in English and
published in the last ten years. Interestingly, the search
was conducted using different keywords, including
names of countries within CEWA as above, which were
combined during the literature search and where
applicable. The Google search engine uses more general
search terms and broadens the search utilizing the
following key searched words: “Traditional medicine” OR
“Complementary medicine” OR “Alternative medicine”
OR “Medicine, traditional” [MeSH Terms] OR “Indigenous
Medicine” OR “Medicine, Indigenous” [MeSH Terms] OR
“African traditional medicine” OR “Complementary
therapies” OR  “Complimentary  therapy” OR
“Complementary Medicine” OR “Integrative Medicine.”
AND “Conventional treatment” OR “Conventional
medicine” OR “Allopathic medicine” OR “Biomedicine” OR
“Bio-medicine” OR “Modern medicine” OR “Western
medicine.” AND “Cancer” OR “Neoplasm” OR “Carcinoma”
OR “Malignancy” OR “Tumors” OR “Tumor.”

Interestingly, the last search was done on July 20, 2020.
The search outputs were saved where possible on
databases, and the authors received notification of any
new searches meeting the search criteria from Science
Direct, Scopus, and Google scholar. We assessed 122
articles based on titles and abstracts, and 28 articles
based on full text. Fourteen articles fulfilled preset
eligibility criteria.

RESULTS AND DISCUSSION

HISTORICAL PERSPECTIVE

The historical development and practice of herbal
medicine (HM) is inherently a very longstanding one
dated back to the Stone Age [22]. “The literature reported
the Sumerians of Mesopotamia at about 5000BC, known
for the utilization of herbal recipes on clay,” [22].
Surprisingly, “the ancient Chinese, Indians, Egyptians,
Babylonians, and Native Americans were all herbalists.
The oldest known list of 385 herbal remedies is Shen
Nung's Pen Ts'ao or Shennong Ben Cao Jing, dated 3000
BC; Besides, a Chinese herbal that is probably a
compilation of an even older oral tradition,” [22]. “By
1500BC, an Egyptian named Ebers Papirus documented
about 850 herbal remedies, including Aloe vera, Ocimum
basilicum, Acasia, onions, garlic, etc. Also, Hippocrates
(400 - 377BC), who was known as the father of Western
medicine and proposed the Hippocrates oath in use by
physicians to date, promoted Greek and Roman herbs,
equally removed superstition from disease and used the
bark of willow tree extensively to manage pains during
delivery” [22].

Furthermore, “the ancient Greeks and Romans were also
renowned herbalists. Surgeons traveling with the Roman
army spread their herbal expertise throughout the
Roman Empire, in Spain, Germany, France, and England.
Moreover, Dioscorides (40- 90BC) and Galen (131-200
AD) were both Greek surgeons in the Roman army. They
compiled herbals that remained the definitive materia
medica texts for 1500 years,” [22]
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“Through the middle ages, herbalism was preserved in
the monasteries of Britain and mainland Europe. Before
the establishment of universities in the eleventh and
twelfth centuries, monasteries served as medical schools.
Benedictine Monks (around 1000AD) copied and
translated many of the works of Hippocrates,
Dioscorides, and Galen. Their ‘physick’ gardens, well-
stocked with the most common and useful medicinal
herbs, served as primary training grounds for the next
generation of physicians-monks and laymen alike” [22].
Meanwhile, “as a result of the Islamic conquest of North
Africa in the seventh and eighth centuries, Arabic
scholars acquired many Greek and Roman medical texts.
Iranian physician Ibn Sina, also known as Avicenna (980-
1037 AD), combined the herbal traditions of Dioscorides
and Galen with his people's ancient practices in The
Canon of Medicine (al-Qanun fi at-tibb). One of the most
influential medical texts ever had written Avicenna's
Canon spread through Europe during the eleventh and
twelfth centuries” [22]. “With the invention of the
printing press in the mid-fifteenth century, the herbals of
Dioscorides, Galen, and Avicenna were mass-produced
and made accessible to people outside the palace, the
monastery, and the university” [22].

In a related development, “the use of the herbals required
no specialized skills; readers simply gathered the
medicinal herbs and applied them in the prescribed
manner and dosage, each physician-gardener who
compiled a new herbal sought to revolutionize, or at least
standardized, medicinal plants. One such writer was
Theophrastus Bombastus von Hohenheim, better known
as Paracelsus (1493-1541). He emphasized the
importance of experience with patients and railed against
blind faith in ancient physicians” [22]. “Despite his
announced distrust of traditional herbalism, Paracelsus
revived the first-century ‘doctrine of signatures.’
According to the doctrine of signatures, every herb has its
own 'sign.’ The appearance of the plant, and its color,
scent, or living environment indicated its medicinal use. A
century later, Englishman Nicholas Culpeper (1616-
1654) revitalized another ancient facet of herbalism
called astrology. Astrological herbalists connected herbs
to different signs of the zodiac. They treated specific
ailments by determining what sign and planet ruled over
the body that needed care and then prescribing an herb
of the same astrological sign” [22]. According to Culpeper,
“he must know the reason for the operation of the Herbs,
must look up as high as the stars. While Paracelsus and
Culpeper promoted the doctrine of signatures and
astrological herbalism, medical practice was changing.
Men like Francis Bacon (1561-1626) and William Harvey
(1578-1657) transformed science from a speculative to
an experimental process,” [22]. “This new emphasis did
not mix well with the revival of the doctrine of signatures
and astrology; thus, biological and medical science began
to separate from traditional herbalism. The herbalists
that focused on classification and refused to acknowledge
‘signatures’ and ‘stars’ ultimately formed botany science
till date,” [22]. “Physicians who found Harvey's
circulation of the blood more useful than Culpeper's
movements of the planets started what might be called
scientific medicine. The four herbals highlighted in this
exhibit are milestones in the history of western herbal
medicine, from its classical source to its drift from
medical science” [22].

AFRICAN TRADITIONAL MEDICINE IN PERSPECTIVE

According to Ezekwesili-Ofili et al, “within the African
context, the traditional healing practice of magic is much
older than that of some conventional medical sciences and
much more prevalent than orthodox medicine” [23, 24].
Several authors submitted that in African communities,
“TM is characterized by a holistic health care system that is

organized into three levels of specialty, which include
divination, spiritualism, and herbalism. However, these
may overlap in some situations,” [23-27]. Meanwhile, “the
WHO confirmed that HM had demonstrated the enormous
potential of therapeutic benefits in its contribution to
modern medicine. More than 30% of current drugs are
derived directly or indirectly from medicinal plants.
Examples of these medicines are analgesics (aspirin,
belladonna), anti-cancer medicines (vincristine and
vinblastine),  antihypertensive agents (reserpine);
antimalarials (quinine, artemisinin); and decongestants
(ephedrine)” [23, 28, 29].

“The official recognition of the TM and its practitioners
made by the Alma Ata Declaration in 1978 amounted to a
significant landmark and resources for achieving Health
for All” [23, 28, 29]. “Since then, member states and WHO
governing bodies have adopted several resolutions and
declarations on TM. Notable among these is the decision on
promoting the role of TM in health systems: A Strategy for
the African Region adopted by the WHO Regional
Committee for Africa in Ouagadougou, Burkina Faso, in
2000 and the declaration on the Decade of African
Traditional Medicine (2001-2010) by the Heads of State
and government in Lusaka in 2001” [23, 28, 29].

Globally, “clinicians frequently regard herbal medicine as
an integral part of traditional medicine (TM),” [23, 30].
“The WHO defines TM as the knowledge, skills, and
practices of any community based on existing theories,
beliefs, and experiences indigenous to different cultures;
Whether explicable or not, used in the maintenance of
health and the prevention, diagnosis, improvement, or
treatment of illness” [23, 30, 31]. From the above
definition, the most critical differentiating niche to the TM
systems is the capacity to meet the needs of the local
communities over the years; therefore, the rise to the
present sophisticated level by the Acupuncture and
Ayurveda medicine in China and India is a typical example
of TM development [23, 32]. “TM is now generally
available, affordable, and commonly used in large parts of
Africa, Asia, and Latin America. Therefore, it is estimated
by the WHO that about 80% of the populations in
developing countries still depend on TM for their Primary
health care (PHC) needs” [23, 32]. Interestingly, the
percentage of individual's utilization of TM may vary from
country to country [23, 33].

HERBAL THERAPY FOR CANCER CARE

Interestingly, “the battle against cancer in most
contemporary African countries has not been easy for the
following reasons. 1) A few numbers of specialists; 2) The
lack of technical equipment; 3) The centralization of
extensive health facilities in the country's capitals; 4)
Insufficient supply of therapeutic surgery, chemotherapy
and radiotherapy; and 5) The unaffordable costs of
medicines and medical care make the patient's
therapeutic program complicated” [34-37]. “Given these
reasons mentioned above, it might not be surprising to
see the traditional health practitioners (THPs) respond to
most of the population's health needs. Therefore, the
THPs take care of indigent patients by displaying
affordable prices and providing available health products
almost immediately,” [34, 35].

“From existing reports in our settings, most cancer patients
use herbal medicines alone as monotherapy or in
combination with conventional medicine when available as
polytherapy. Both therapeutic approaches are everyday
use as soon as the disease is reported, and cancer
treatments are administered. In the case of therapeutic
failure, TM acts as palliative care and accompanies patients
with terminal illness until the end. TM is first-line
treatment as soon as a disease is developed, and it may be
the only possibility of care in specific areas suffering from
poor medical services,” [34-37].
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This type of behavior from cancer patients and the lack of
an excellent medical system are typical in African
populations. This situation explains the delay in going to
the hospital or other health facilities [34-37]. “For cancer
therapies, this represents both a delay in diagnosis and
medical care. Not going to the hospital in due time has
many consequences such as a) a high mortality rate, b) an
increased level of pain and suffering because of the
progression of the disease, c) a relatively higher cost for
treatment, and d) a significant loss in their chance for
recovery” [34-37].

PLANTS AND CANCER TREATMENT OR PREVENTION
“The two famous Persian Physicians (Rhazes and
Avicenna), submitted that diseases need to be treated
using a scheme consisting of three options; the first option
is by using physiotherapy and diet, the second one is by
using drugs, and the last option is surgery” [38, 39]. “Drugs
used at that time have been classified as simple and
compound drugs. Treatment of any disease will start with
the simple one to avoid drug-drug interaction; unless it did
not work, then the physician will use the compound drugs,
and when the second option failed too, then surgery will be
used” [38, 39]. Regarding cancer treatment, 'Avicenna’'
mentioned that “if it is the start of cancer, it is possible to
make it static and prevent it from growth and hence
ulceration” [38, 40]. “Researchers mentioned that herbal-
based medicines are one of the best choices for treating
and preventing cancer incidence. This scenario is mainly
because of the varieties of active substances that plants
contain, which work against many cancers in several
mechanisms,” [38-44]. “These compounds can be extracted
and can be used alone or in combination with other anti-
cancer treatments. In comparison with synthetic drugs,
these natural compounds are naturally available, cheaper,
and easy to administer orally and have low or minimal side
effects. They are found to be rich in various biologically
active chemotypes,” [38-44]. Avni and colleagues
mentioned several plants work as “Chemopreventive
agents against many types of cancers, like; Abrus
precatorius on Yoshida sarcoma, Albizia lebbeck sarcoma,
and Alstonia scholaries on forestomach carcinoma” [38,
45]. Other plants characterized by anti-cancer activity like
“Anacardium  occidentale in hepatoma, Asparagus
racemosus in human epidermoid carcinoma, Boswellia
serrata in human epidermal carcinoma of the nasopharynx,
Erythrina suberosa in sarcoma, Euphorbia hirta in Freund
virus leukemia, Gynandropsis pentaphylla in hepatoma,
Nigella sativa in Lewis lung carcinoma, Paederia foetida in
human epidermoid carcinoma of the nasopharynx,
Mycorrhiza kurroa in hepatic cancers, and Withania
somnifera in various tumors” [38, 45]. One of the most
critical problems associated with cancer treatment is
chemotherapy resistance. Researchers are trying their best
to prevent or reduce the incidence of resistance by
detecting new anti-cancer agents as an alternate [38, 40].
Thazin and colleagues mentioned that “natural compounds
extracted from plants could work as anti-cancer agents and
restore  chemotherapy sensitivity. For example,
tetrandrine, which is an active alkaloid compound
extracted from the plant, enhances doxorubicin anti-cancer
activity against resistant MCF-1/DOX cells in vivo via
modulating P-gp-mediated drug efflux. Another natural
compound is quercetin (flavonoid), which restores
daunorubicin chemosensitivity in resistant HL-60/DOX
and K562/DOX cell lines via suppression of P-gp
expression” [38, 46]. “Curcumin also increases vincristine
chemotherapy activity in SGC7901/ VCR cell lines by
suppressing ABC transporters such as P-gp, MRP1, and
ABCG2 proteins” [38, 46]. “Jana and colleagues conducted
in vitro study to determine the anti-cancer, anti-
proliferative, and cytotoxic effect of brassinosteroids (BRs)
which are steroids extracted from plants against (MCF-

7/MDA-MB-468) breast and (LNCaP/ DU-145) prostate
cancer cell lines and normal cell line. Results showed that
RBs significantly arrested MCF-7, MDA-MB-468, and
LNCaP cells in G1 phase of the cell cycle and induced
apoptosis in MDA-MB-468, LNCaP, and slightly in the DU-
145 cells, without any toxic effect against normal cell lines.
These results support the point that RB compounds are a
promising source for anti-cancer drugs,” [38, 47]. “Another
in vitro study is conducted to detect the anti-proliferative
and cytotoxic effect of the aqueous extract of A
ascalonicum against Wehil64 (mouse fibrosarcoma cells),
Jurkat (human acute T-cell leukemia) and K562 (human
erythroleukemia), and human umbilical vein endothelial
cells (HUVEC) as a normal cell line” [38, 48]. “Results
showed that the extract showed a significant anti-
proliferative effect against all cancer cell lines and a dose
and time cytotoxic effect against a normal cell line's
shallow cytotoxic effect. These results showed that the
Allium ascalonicum plant is a promising source for a potent
anti-cancer treatment for several types of cancers,” [38,
46]. About cancer prevention, it has been approved that
several plants, herbs, and vegetables can prevent or reduce
the incidence of cancer in several sites of the human body
[38, 40]. “An in vitro study is conducted by a group of
researchers trying to detect ethyl acetate extract of onion
(EEO) to cause cancer growth inhibition and apoptosis in
human breast cancer MDA-MB-231. Results showed that
EEO cause apoptosis for MDA-MB-231 breast cancer cell
line and prevent incidence (i.e., growth) of breast cancer by
inhibiting fatty acid synthase (FAS) production and
accumulation in adipose tissues” [38, 49]. “Another in vitro
study is conducted by Arif and colleagues to detect the
antitumor effect of Aloe vera crude extract (ACE) alone and
in combination with cisplatin on human breast carcinoma
cell line (MCF-7) and human cervical carcinoma cell line
(HeLa)” [38, 50]. The cytotoxic potential of Aloe vera crude
extract alone or cisplatin in human breast (MCF-7) and
cervical (HeLa) cancer cells were studied using cell
viability assay, nuclear morphological examination, and
cell cycle analysis. Effects were correlated with the
modulation of expression of genes involved in cell cycle
regulation, apoptosis, and drug metabolism by RT-PCR.
“Results showed that exposure of cells to ACE resulted in
considerable loss of cell viability in a dose- and time-
dependent fashion, which was found to be mediated by
through the apoptotic pathway as evidenced by changes in
the nuclear morphology and the distribution of cells in the
different phases of the cell cycle”[38, 50]. Interestingly,
“ACE did not have any significant cytotoxicity towards
normal cells, thus placing it in the safe chemopreventive
agent category. Further, the effects were correlated with
the down-regulation of cyclin D1, CYP 1A1, and CYP 1A2
and increased expression of Bax and p21 in MCF-7 and
Hela cells. Also, a low-dose combination of ACE and
cisplatin showed a combination index less than 1,
indicating synergistic growth inhibition compared to the
agents applied individually”[38, 50]. Consequently, “these
results signify that Aloe vera may be an effective anti-
neoplastic agent to inhibit cancer cell growth and increase
the therapeutic efficacy of conventional drugs like
cisplatin; Thus promoting the development of plant-
derived therapeutic agents appears warranted for novel
cancer treatment strategies” [38, 50].

PLANT-DERIVED ANTI-CANCER DRUGS

From evidence-based reports, “more than two-thirds of
the anti-cancer treatments are extracted from plants.
These drugs are divided into several classes depending
on their pharmacological effect including anti-mitotics
[vinca alkaloids (e.g., vincristine and vinblastine),
podophyllotoxins (e.g., etoposide and teniposide), and
taxanes (e.g, paclitaxel, docetaxel)], topoisomerase
inhibitors [Topo I (e.g., topotecan and irinotecan),
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Topo II (e.g, ellipticine and podophyllotoxins)], ROS
inducers (e.g., EGCG2 and thymoquinone), angiogenesis
inhibitors (e.g, flavopiridol), histone deacetylases
(HDAC) inhibitors (e.g., sulforaphane and pomiferin), and
mitotic disruptors (e.g., roscovitine)” [39, 51, 52]. “An in
vitro study is conducted by Maram and colleagues to
detect the antitumor effect of Aloe vera (A. vera) and
Calligonum extracts on hepatocellular carcinoma
(HepG2) cells. Viability, apoptosis, and DNA damage of
these cells have been tested after exposure to different
concentrations of the two extracts. Results showed that
the extracts of these two plants could have an antitumor
effect against HepG2 cells; thus, these two plants can be
promising sources for future anti-cancer treatment” [38,
53]. “Nadia and colleagues conducted an in vitro study in
which the main aim was to detect the anti-cancer effect of
ethyl acetate extract of Crataegus azarolus against HCT-
116 and HT-29 human colorectal cancer cell lines. Results
showed that the extract demonstrated substantial
cytotoxic and anti-growth activities via several
mechanisms. Moreover, its apoptotic effect is associated
with the elevation of p21 expression but not through p53
activation. As a result, the authors concluded that this
compound could be used as an anti-cancer for treating
colorectal cancer,” [38, 54].

PLANT- DERIVED SECONDARY METABOLITES FOR
CANCER CARE

Over time, “researchers detected that plants found to be
enriched with natural compounds called secondary
metabolites, these metabolites characterized by several
points that make them active antitumor agents” [38, 41].
These compounds can be classified into “three main
groups which are: terpenoids (polymeric isoprene
derivatives and biosynthesized from acetate via the
mevalonic acid pathway), phenolics (biosynthesized from
shikimate pathways, containing one or more
hydroxylated aromatic rings), and the extremely diverse
alkaloids (non-protein nitrogen-containing compounds,
biosynthesized from amino acids such as tyrosine, with a
long history in medication)” [38, 41]. “Yearly several new
metabolites are extracted from plants, but limited
numbers have been used to synthesize new potent anti-
cancer agents,” [38,41].

RELIGIOUS AND MYSTICAL PRACTICES IN ANTI-
CANCER THERAPIES

“Besides medicinal plants, religious practices and mystics
are among the therapeutic means of the African
population to recover, remove the evil from which they
suffer, and restore a broken physical harmony. Thus,
many patients with cancer resort to rituals, usually in
association with medicinal plants and conventional
medicine when possible, such as exorcism, offering
(sacrifices), fumigation, prayers, invocations, reading
sacred texts of the Koran or the Bible, visits to places of
worship, use of holy water (baths and drinks)” [34].

ECONOMIC, ENVIRONMENTAL AND PUBLIC HEALTH
ISSUES

“The global market for traditional medicines has been
steadily growing for several years and is valued at the US
$60 billion by the WHO. Strong links of interest exist
between traditional medicine and conventional
medicines. One-quarter (25%) of current medicines come
from the traditional pharmacopoeia” [34, 35 55-57].
“Ethnobotany and ethnopharmacology specialists work
with traditional healers to select plants with strong
curative potential; If useful and desired, bio-prospecting
sometimes poses problems of patents and intellectual
property almost always in disfavor of traditional healers”
[34].

Consequently, “national and international laws must be
enacted to regulate this type of prospecting to lead to
mutually beneficial relationships and avoid biopiracy. In
most African countries, this task of protecting cultural
heritage, traditional knowledge, and medicinal plants
remains to be done” [34, 57, 58]. Moreover,
“overexploitation of certain plant species threatens them
with extinction. It impoverishes biodiversity, which is
made critical by forest fires or bush fires, excessive
deforestation and unsustainable management of the
environment. However, an unsuspected number of
potentially anti-cancer molecules could originate from
African ecosystems if a large-scale pharmaceutical
prospecting activity is organized and regulated” [34, 56-
58].

Nonetheless, “the economic gains of HM cannot be
overemphasized, which was also described as being
highly lucrative in the international medical market.
Annual revenues in Western Europe were estimated at
the US $ 5 billion in 2003-2004. In China, revenue is
estimated at US$ 14 billion in 2005. In Brazil, it was US$
160 million in 2007” [23, 59, 60]. “Despite these widely
reported benefits globally, HM is not entirely harmless.
The high levels of health risk of toxicity to their users
have been reported for indiscriminate, irresponsible, or
non-regulated use of several H&CMs ; that may put the
health of their users at risk of toxicity” [23, 61-65].

STUDIES ON MEDICINAL HERBS USE IN AFRICA

A. PREVALENCE OF MEDICINAL HERBS USE
From the existing reports, as documented in Table 1
[66-78], we observed significant variations in the
prevalence of the use of herbal medicines within and
across countries. Notwithstanding the preceding fact,
the median prevalence of H&CMs use in our
contemporary Africa settings was 60.0% (range: 13-
80%) [66]. In an attempt to improve utilization of our
abundant natural botanical resources; therefore, there
is an urgent need to explore further the integration
process between the biomedical health systems and
traditional health practices in our contemporary
African setting in a bid to promote patient safety and
harmonious relationships. To date, only a few medical
schools in Africa have incorporated aspects of H&CM
into their curricula [79].

B.TYPES OF MEDICINAL HERBS USED BY CANCER
PATIENTS
In the other ten studies from Table 1, the H&CMs used
by cancer patients included herbs of various types,
healing prayers or spiritual approaches, divination,
massage, meditation, and animal products; for instance,
python fat. Two of the studies included did not clearly
state the medicinal herbs used by their study
participants. Surprisingly, the reported prevalence of the
use of each product varied significantly from study to
study. In general, herbal products comprising various
plant parts prepared in different forms constituted the
most common herbal medicinal products in use [66].

C. REASONS FOR USE OF MEDICINAL HERBS
The study reported variations in the reasons for the
use of H&CMs including i) The strong desire to get rid
of cancer symptoms, especially pain, ii) The passion
for treating/cure cancer, iii) The need to improve
physical and psychological well-being, iv) The will to
treat toxicity of conventional cancer therapies and
improve body immunity. Other include v) Fear of
surgery, vi) Concern with the devil's influence in the
disease process, and vi) The high cost of conventional
cancer therapies were among the listed reasons for
the use of H&CMs. The preceding reports were
obtained from eight of the 12 articles, where the
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authors exhaustively reviewed the various purposes by
the cancer patients for utilizing H&CMs, as seen in
Table 1 [66-78]. Therefore, the use of H&CM is likely to
continue alongside conventional cancer treatments,
mainly because it has long been part of the culture of
the people and the patients trust H&CM providers, and
because of convenient methods of payment for H&CM
[80, 81]. The studies reviewed herein showed that
patients also use H&CM because of dissatisfaction with
conventional medical care, fear of surgery, and
multiple side effects of traditional cancer medicines.
H&CMs are readily available and cheaper than
traditional medicines [66, 82-86].

D.OUTCOME OF MEDICINAL HERBS UTILIZATION

Among cancer patients, we did not find any studies
that objectively evaluated safety and risk profiles of
H&CMs use among cancer patients in our
contemporary African settings. However, there were
reports on perceived benefits and side effects of
H&CMs use. Perceived benefits from H&CMs use
included a) improved appetite, b) reductions in pain
and other cancer symptoms, c) relaxation and
improved sleep, d) improved emotional and physical
well-being, e) improved ability to cope with illness, and
e) preserved femininity and sex life [66].
From the existing reports, the observed side effects of
concern include i) loss of weight, ii) general weakness
and malaise, iii) nausea and vomiting, iv) diarrhea, v)
itching, vi) skin rashes, vii) headaches, and viii)
increased urinary frequency. Cancer patients who self-
reported not using H&CMs said they would not use
them because of the reported side effects and
perceived risks to internal organs, including the
kidneys and liver. Besides, patients who used H&CMs
but did not experience any benefits comparable to
their expectations would neither wish to use nor
recommend it to other patients in the future [66].

AFRICAN PLANTS AND COMPOUNDS WITH
REGULAR SENSITIVITY AND COLLATERAL
SENSITIVITY IN DRUG RESISTANT CANCER CELLS
Research on the mode of action of botanicals and
phytochemicals from the flora of Africa is not yet done
systematically due to the lack of facilities and appropriate
technology in research centers throughout the continent.
However, the fight against multi-drug resistance (MDR)
in cancer will provide conceptual clues on the actual
sample-molecular targets [15]. In collaborations with
more equipped research institutes in Western countries,
plants and isolated compounds from the flora of CEWA
were tested on cancer cells expressing well-known drug
resistance phenotypes. The studies were mainly
conducted by Professor Thomas Efferth (University of
Mainz, Germany) and the team [15]. In Tables 2 [87-
195], results on samples are documented, which
inhibited resistant cell lines with similar efficacy than
sensitive ones (regular sensitivity). In some cases, it was
observed that resistant cells were killed with even better
efficacy than sensitive cells (hyper-sensitivity or
collateral sensitivity). These plant extracts and
phytochemicals could be especially useful to fight MDR in
cancer. In this section, we will focus on plants and
compounds exerting hypersensitivity on cell lines
overexpressing ABC transporters, EGFR, and p53 knock-
out genes [15].

(A) Plants and Compounds Acting in Cancer Cells
Over-Expressing ABC Transporters: Some botanicals
and phytochemicals from CEWA were screened against
ABC transporters-expressing cell lines. The most
investigated cell lines included the P-gp-overexpressing
CEM/ADRS5000 leukemia cell line, the MRP1-expressing

HL60/AR leukemia cell line, and BCRP-expressing MDA-
MB231/BCRP breast adenocarcinoma cell line.

(B) Plants and compounds inducing hypersensitivity
in these cell lines: These plants and compounds are
summarized in Tables 2 [87-195]. The hypersensitivity of
CEM/ADRS5000 cells compared to its parental cell line
CCRF-CEM was induced by Aframomum arundinaceum
[87], Imperata cylindrica Beauv. var. koenigii Durand et
Schinz (Poaceae) [114, 129-133], Nauclea pobeguinii
(Pobég. ex Pellegr.) Merr. ex E.M.A. (Rubiaceae) [141-146],
Pachypodanthium staudtii Engl & Diels (Annonaceae) [101,
151-154], Piper capense Lf. (Piperaceae) [158-164] and
Zingiber officinale Roscoe (Zingiberaceae)[186-195] etc.

(C) Plant extracts inducing hypersensitivity in MDA-
MB-231- BCRP clone 23 cells: When compared to its
sensitive counterparts MDA-MB-231 cells; they include
Aframomum polyanthum K. Schum (Zinziberaceae),
Nauclea latifolia Smith. (Rubiaceae), Nauclea pobeguinii
(Pobég. ex Pellegr.) Merr. ex E.MM.A., Pachypodanthium
staudtii Engl & Diels and Uapaca togoensis Pax.
(Euphorbiaceae) etc., [87-195].

(D) Plants and Compounds Acting in EGFR Over-
Expressing Cancer Cells: Several plant extracts and
compounds were more active in the resistant glioblastoma
U87MG.1EGFR cells than in its normal counterpart U87MG
cells (DR < 0.90). They included: Albizia adianthifolia
(Schum.) and Alchornea cordifolia (Schum. & Thonn.) Miill.-
Arg, Anonidium mannii Engl. et Diels. (Annonaceae),
Elaeophorbia drupifera (Thonn.) Stapf. (Euphorbiaceae),
Erythrina sigmoidea Hua, Gladiolus quartinianus A. Rich
(Iridaceae), Nauclea pobeguinii (Pobég. ex Pellegr.) Merr.
ex EMA, Vepris soyauxii Engl. (Rutaceae) and Xylopia
aethiopica (Dunal) A.Rich. (Annonaceae) etc., [87-195].

(E) Plants and Compounds Acting in p53 Knockout
Cancer Cells: Botanicals inducing hypersensitivity in p53
knock-out cell line HCT116 (p53-/-) compared to its
sensitive counterpart HCT116 (p53+/+) cell line
included: Beilschmiedia acuta Kosterm (Lauraceae),
Echinops giganteus var. lelyi (C. D. Adams) A. Rich.
(Compositae), Erythrina sigmoidea Hua (Fabaceae),
Nauclea latifolia Smith., Nauclea pobeguinii (Pobég. ex
Pellegr.) Merr. ex EMA, Polyscias fulva (Hiern) Harms.
(Araliaceae) and Uapaca togoensis Pax.. Compounds
acting in p53 knock-out cancer cells included: alkaloid,
benzophenone, etc., [87-195].

KEY PANEL MESSAGE

1. Current advances in healthcare research lead to the
identification and characterization of most cancer
types and corresponding cure.

2. The incidence and prevalence of most cancers are
rising at a terrifying rate in both developed and
developing countries because of various risk factors.

3. There is emerging improvement in synthetic drugs
and hormonal therapy and the corresponding decline
in cancer incidences, increased survival, and better
life quality.

4. Prolonged synthetic anti-cancer drugs are linked with
several health risks or side effects that result from the
toxic influence of these drugs in healthy cells.

5. Chemoprevention by herbal compounds is of great
interest and is considered to be an inexpensive, readily
applicable, acceptable, and accessible approach to
cancer control and management.

6. Herbal remedies play a significant role in the
management of cancer and the associated therapeutic
toxicity.
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7. The adjunct use of herbal products and chemotherapy
can be an efficient and cost-effective way to treat most
cancers.

8. Such adjuvant therapy proved to produce a synergistic
anti-cancer effect that reduced drug toxicity, suppresses
drug resistance, and provides quick drug action
enhancing the quality of treatment.

9. Besides, combination therapy might also increase the
synthetic partner's therapeutic index by improving
the efficiency of the drug.

10. Plant-derived anti-cancer drugs such as vinblastine,
vincristine,  taxols, etc. showed encouraging
chemotherapeutic potential that is currently used in
cancer treatment, especially breast cancers and a large
number of them are in preclinical or in clinical trials.

11.1In the last decade, a vast number of phytochemicals
were identified that showed encouraging anti-cancer
Medicinal Plants - Use in Prevention and Treatment
of Diseases.

12. Interestingly, several compounds like artemisinin and
isothiocyanates showed selective toxicity toward
cancer cells, which recommend these compounds’
clinical trials.

13. Furthermore, phytoestrogens with affinity and capacity
to produce functional responses through estrogen
receptors revealed unique possibilities of using them in
hormone replacement therapy.

14. Overall, this review can conclude that understanding
the molecular mechanism of interaction between
herbal compounds and cancer cells in the tumoral
environment can help us to design novel anti-cancer
drugs that are less toxic and affordable.

15.This review reflects that these goals will only be
attainable if the herbal compounds that showed
promising anti-cancer activity can be successfully
transferred to an ideal clinical setting for the use of
herbal therapies.

CONCLUSION

The current evidence supports that most cancer patients
undergoing conventional cancer therapies in our
contemporary African settings use H&CMs concurrently
with conventional cancer therapies. Unfortunately the
majority of cancer patients do not disclose the use of
H&CM to the healthcare professionals providing them
with traditional cancer therapies. Nondisclosure of H&CM
concurrently with traditional cancer treatments to the
healthcare professionals potentially exposes patients to
danger, including side effects of H&CM and interactions
between the drugs and herbs. Cancer patients need to be
encouraged to disclose the use of H&CM to their
healthcare professionals, who need to be more courteous
when they deal with matters of H&CMs.

The present scoping review made significant efforts at
summarizing relevant data on the potential of medicinal
plant and isolated natural products from Central, Eastern,
and Western Africa to combat cancer with emphasis on
their possible cellular targets. However, few research
teams in the continent are already involved in the
cytotoxic drug discovery from botanical sources, and it is
expected that this study will stimulate other researchers,
in the long run, to undertake similar research projects to
valorize the African flora better.
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AUTHOR

NO  (YEAR)/
COUNTRY

1 Asuzu et al.
(2017)
[Nigeria]

2 Aliyu et al.
(2017)
[Nigeria]

3 Aziato et al.
(2015)
[Ghana]

4 Ezeome et
al. (2007)
[Nigeria]

STUDY DESIGN,
POPULATION &
SAMPLE SIZE

(a) Cross-sectional
N =400 patients
Female = 76.2%
Mean age
=50.9+£14.6 years;

(b) Focus Group
Discussions (FGD)
Cancer sites:
Various cancers
including breast
(33.5%) and
cervix (32.5%)

Cross-sectional
N = 240 patients.
Females = 56.2%
Mean age =
45+13.7 years
Cancer types:
Various including
Cervical cancer
(33.3%),

Breast (22.1%),
and

Head/neck
cancers

(15.8%)

Exploratory
qualitative study.
N =12 patients

All female

Age: 31 - 60 years
Cancer site: Breast

Cross-sectional
study. N =160
patients Female
=57.5% (n=94)
Mean age = 52.3
years Cancer sites:
Various cancers.

TABLE 1: SUMMARY OF INCLUDED STUDIES [66-78]

PREVALENCE
OF USE OF HM
& DISCLOSURE
OF USE TO HCP

Prevalence use
=34.5%

No results of
disclosure or
nondisclosure

Prevalence
=66.3%
(159/240)
Disclosed use
=15.3%

Prevalence of
use = 33.3%

Prevalence use
=65.0%
(n=104)
Disclosed use
=32.7%

TYPES OF HM
USED

Not reported.

Not reported.
Prayers
=30.8% (n=49)
Herbal
medicines =
28.3% (n=45)
Scarification
=10.0% (n=17)

Prayers = 8.3%
Herbs = 25.0%

Herbs (51.9%)
Healing prayers
(39.4%)

Aloe vera
(23.1%)
Forever living
products
(16.3%)
Meditation
(6.7%)
Python fat
(7.7%)

Black
stone(12.5%)
Medicinal tea
(14.4%)
Special diet
(6.7%)
Chinese
medicines
(8.7%)

REASONS FOR
USING HM

Desire to be healed
and get rid of pains.
Recommendations
by friends and
relatives, Orthodox
medicine expensive
and no provisions
for delayed or part
payment; Perceived
attacks from the
devil or evil spirits
causing illness, Fear
of surgery,
Unawareness about
the illness,
Breakdown of
facilities

Potentiate
conventional cancer
treatment 37.1%
(n=59)

More affordable
=18.9% (n=30)
Readily available
=25.1% (n=40)
Reduces nausea and
vomiting

=11.9% (n=19)

Avoid mastectomy

Directly treat/cure
cancer, Do
something to the
cancer, Improve
physical wellbeing,
Improve
psychological and
emotional
wellbeing.

REPORTED OUTCOMES

T&CM not effective
reported by 70.1% of
users.

No particular side effects
or perceived risks
reported in the study

Benefits:

64.2% reported no
benefits from use.
Improved appetite
(10.1%, n=16)

Reduced pain

(6.9%, n=11)

Adverse reactions: Users
reported Diarrhea
(44.2%, n-106)

Nausea and Vomiting
(52.5%, n=126)

Itching (30.4%, n=73)
Skin rashes (9.3%, n=22)
Headaches (7.1%, n=17)

Benefits:

Preserved femininity
and sex life

Avoid ridicule from men
Side effects

No report on perceived
adverse effects of T&CM

Specific benefits: No
benefits

reported by 63.4%
(n=70);

79.8% would not want to
use

T&CM again.

23.1% (n=26) were
satisfied

with T&CM use and
16.3%

would recommend
T&CM use.

Side effects

21.2% reported side
effects

including slimming,
weakness,

malaise, generalized
body

discomfort, diarrhea, and
cough.
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NO

10

AUTHOR

(YEAR)/
COUNTRY

De Boer et
al.

(2014)
[Uganda]

Erku et al.
(2016)
[Ethiopia]

Kiraki et al.
(2019)
[Kenya]

Kiwanuka
etal
(2018)
[Uganda]

Mwaka et
al.

(2019)
[Uganda]

Nwankwo
etal
(2019)
[Nigeria}

STUDY DESIGN,
POPULATION &
SAMPLE SIZE

Cross-sectional
study N=161
patients Female
=31.1%

Mean age
=34.0+7.7 years
Cancer type:
Kaposi sarcoma
(100%)

Cross-sectional
study. N = 195
Female = 54.3%
Age: 218 years
Cancer sites:
Various including
breast (37.9%)

Cross-sectional
study. N =117
patients Female=
53.8% Age: 216
years Cancer sites:
Various including
breast (13.7%)
and cervix
(12.8%)

Cross-sectional
study. N =235
patients Breast
cancer only
Female only

Cross-sectional
study.

N = 434 patients
Female =81.9%
(352/)

Mean age
=49.2+12.2 years
Cancer sites:
Breast (71.9%),
Stomach (4.1%),
Esophagus (8.3%),
Colorectal (15.1%)

Cross-sectional
study.

N =95 patients
Female = 100.0%
Mean age
=50.9+11 years
Cancer sites:
Gynecological
including

cervix (44.2%)
and

ovary (32.6%).

PREVALENCE

OF USE OF HM TYPES OF HM
& DISCLOSURE USED

OF USE TO HCP

Prevalence use Not reported
=255%

Prevalence of Herbs =72.1%

use = 79.0% Special foods
Disclosed use =38.9%
=20.8% Spiritual healing
=36.4%
Dietary
supplements
=22.1%
Prevalence use Spiritual therapy

=47.9% (37.5%, n=21)

Disclosed use Vitamins and

=85.7% supplements
(26.5%, n=15)
Herbs

(19.6%, n=11)
Chinese herbs
(12.5%, n=7)

Herbal = 22.0%
Prayer = 20.0%
Vitamins
=13.8%
Native healers
=8.2%

Chinese
medicines
=5.5%

Extracts from

Prevalence use
=77%

Prevalence use

=55.6% leaves = 45.4%
Disclosed use Bottled mixed
=38.7% liquids = 43.3%

Prayers = 28.8%
Extracts from
roots = 25.0%
Dry power herbs
=17.9%
Chinese
medicines
=10.4%

Prevalence use Herbs = 73.8%

=64.3%

REASONS FOR
USING HM

Not reported

Belief in advantages
=73.4%
Dissatisfaction with
conventional
therapy = 14.9%
Family tradition
=13.0%

Emotional support
=11.0%

Boost immunity
=8.4%

Cure of cancer
=78.6%

Improve immunity
=44.6%

Relieve cancer
symptoms
=44.6%

Manage pain
=23.2%

Not reported

Cure cancer
=68.3%

Improve immunity
=35.6%

Relieve pain
=31.2% Reduce
cancer symptoms
=19.5% Treat side
effects of
chemotherapy
=16.8% Prevent
cancer

= 8.6% Potentiate
chemotherapy
=6.6%

Not reported

REPORTED OUTCOMES

Not reported

Benefits:

49.3% (n=76) reported
satisfaction with use
9.7% (n=15) were
dissatisfied with use
Adverse effects:

81.8% (n=126) of users
reported no adverse
effects from T&CM.

Benefits:

Improved health
(53.6%)

Improved ability to cope
(28.6%)

Side effects

No T&CM user reported
adverse effects

Not reported

No report on perceived
benefits, risks or side
effects of

T&CM

Not reported

Available Online at www.ijscia.com | Volume 1 | Issue 1| Jul-Aug 2020 -

REF.

71

72

73

74

75

76



International Journal of Scientific Advances

R G

ISSN: 2708-7972

11 | Ong'udiaet | Cross-sectional Prevalence of Herbs = 91.0% Restore hope Benefit: 77
al. study. N =78 use =14.1% Faith healing =73.0% 54.5% (n=5) of users
(2019) patients Female Disclosed use =54.5% Psychological satisfied
[Kenya] =55.1% Age: 218 =55.0% Divination comfort with T&CM use
years Cancer site: =36.3% =82.0% 55.0% disappointed with
Various including Massage Increase quality of use because use did not
breast (29.5%) =27.3% life meet their expectations.
=82.0% 72% (n=8) of users
Boost immunity would not recommend
=73.0% use.
Cure of disease Side effects
= 64% 27.0% (n=3) of users
Symptoms relief reported vomiting and
=36% urinary frequency
12 | Yarneyetal | Cross-sectional Prevalence use | Massage Try anything Benefits 78
(2013) survey. N =98 =73.5% =66.3% =31.2% Fight cancer
[Ghana] patients. Females Disclosed use Herbal Faith/beliefs =40.6%
=51%. =16.7%. =59.2% =21.9% Relieve severity of the
Mean age Mega vitamins Sickness is spiritual | cancer
=55.5+17.1 years. =55.1% =15.6% =23.2%
Chinese Toxicity of Relaxation or sleep
medicines conventional =17.4%
=53.1% treatment Improve emotional and
Prayer =9.4% physical well-being
=42.9% Conventional =14.5%
doctors are Adverse effects:
mechanical to the Gastric upset
patient Nausea and vomiting
=12.5% Diarrhea
Disappointed with Itching
conventional Headaches
treatment
=9.4%

TABLE 2: COMMON AFRICAN ANTICANCER HERBS AND THEIR MOLECULAR TARGETS [87-195]

Aframomum Anti-helmintic; | Aframodial; Cytotoxicity of fruit Hypersensitivity: CEM/ADR5000 [87]
arundinaceum against body 8(17),12-labdadien- | methanol extract cells vs. CCRF-CEM cells (D.R. 0.76);
(Oliver & odor; 15,16- toward CCRF-CEM cells, | Normal sensitivity: MDA-MB-231-
Hanbury) toothache; dial;galanolactone; CEM/ADRS5000 cells, BCRP cells vs. MDA-MB-231-pcDNA
K. Schum fungal galanal A; galanal B; | MDA-MB-231-pcDNA cells (D.R. 1.02); UB7MG.1EGFR
(Zinziberaceae) | infections 1-p-menthene-3,6- cells, MDA-MB-231- cells vs. UB7MG cells (D.R. 0.95)(
/ Western and (Tane etal, diol; 1,4- BCRP cells, HCT116 Kuete et al, 2014a)
Central Africa 2005) dihydroxybenzene; (p53 +/+) cells, HCT116

naringenin; (p53-/-) cells, UB7MG

kaempferol-3,7,4 cells, UB7MG.1EGFR

"-trimethylether cells, HepG2 cells

(Kuete et al, 2014a) | (Kuete et al, 2014a)

2 Aframomum Cancer Aframodial Cytotoxicity of fruit Hypersensitivity: MDA-MB-231- [88,
polyanthum K. (Kuete et al, (Ayafor et al, 1994) | methanol extract BCRP cells vs. MDA-MB-231-pcDNA 89]
Schum 2014a,2015b) toward CCRF-CEM cells, | cells (D.R. 0.89); UB37MG.1EGFR
(Zinziberaceae) CEM/ADRS5000 cells, cells vs. UB7MG cells (D.R. < 0.51)
/Tropical Africa MDAMB-231-pcDNA (Kuete et al.,, 2014a)

cells, MDA-MB-231-
BCRP cells,
U87MG.1EGFR cells
(Kuete et al.,, 2014a,
2015b)
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NO

Plant species and
family/distribution
in Central, East and

West Africa

Albizia adianthifolia
(Schum.)
(Fabaceae)/Angola
(Angola), Benin,
Cameroon, Central
African Republic,
Congo, DR Congo,
Ivory Coast,
Equatorial Guinea,
Gabon, Gambia,
Ghana, Guinea,
Guinea-Bissau, Kenya,
Liberia,

Madagascar, Malawi,
Mozambique, Nigeria,
Rwanda, Senegal,
Sierra Leone, Sudan,
Tanzania, Togo,
Uganda

Alchornea cordifolia
(Schum. & Thonn.)
Miill.-Arg.
(Euphorbiaceae)/
Tropical Africa from
Senegal to Kenya and
Tanzania and
throughout

Central Africa to
Angola

Annona muricata Lin.
(Annonaceae)/
Tropical Africa
including Cameroon
and Nigeria

Traditional
uses

Treatment of
skin diseases,
bronchitis, eyes
inflammation,
tapeworm,
headaches and
sinusitis (Watt
and Breyer-
Brandwyk,
1962; Van Wyk
and Gericke,
2000)

Treat
rheumatic
pains, fever,
wounds,
diarrhea,
convulsions,
coughs,
gonorrhea,
yaws, ulcer,
rheumatic
pains,
bronchial
troubles
(Ogungbamila
and
Samuelsson,
1990; Adeneye
etal,2014)

Treatment of
wounds and
insomnia;
antiparasitic,
insecticidal
(Rajeswari et
al, 2012)

Bioactive or
potentially
bioactive
components

Adianthifoliosides
A B,D

(Haddad et al,
2003, 2004),
lupeol and
aurantiamide
acetate
(Tamokou J. D. D.
etal, 2012),
prosapogenins
(Haddad et al,
2002)

Alchornine,
alchorneinone,
gentisnic acid

and yohimbine
(Ogungbamila and
Samuelsson, 1990)

Epomuricenins-A
and B,
montecristin,
cohibins-A and B,
muridienins-1 and
2, muridienins-3
and 4,muricadienin
and
chatenaytrienins-1,
2 and 3 and
sabadelin,murihex
ol, donhexocin,
annonacin A and
annonacin B
(Rajeswari

etal, 2012),
Annomuricin E
(Zorofchian
Moghadamtousi et
al, 2015

Reported cytotoxic
activity*

Cytotoxicity of the
methanol extract from
bark and roots toward
CCRF-CEM cells,
CEM/ADRS5000 cells,
MDA-MB-231-pcDNA
cells, MDA-MB-231-
BCRP cells,
HCT116(p53+/+) cells,
HCT116 (p53-/-) cells,
U87MG cells,
U87MG.1EGFR cells,
HepG?2 cells

(Kuete et al, 2016€)

Cytotoxicity of the
methanol extract from
bark

and roots toward CCRF-
CEM cells,
CEM/ADRS5000 cells,
MDA-MB-231-pcDNA
cells, MDA-MB-231-
BCRP cells,
HCT116(p53+/+) cells,
U87MG cells,
U87MG.1EGFR cells
(Kuete et al, 2016e€)

Cytotoxicity of fruit
pericarp, leave and seeds
methanol extract toward
CCRF-CEM cells and
CEM/ADRS5000 cells
(Kuete et al, 2016Db),
HL60 cells, HL60AR cells,
MDA-MB-231-pcDNA
cells, MDA-MB-231-
BCRP cells,

HCT116 (p53 +/+) cells,
HCT116 (p53 -/-) cells,
U87MG cells,
U87MG.1EGFR cells,
HepG?2 cells

(Kuete et al, 2013c)

Molecular targets and/or
effects on resistant cells

Hypersensitivity:
U87MG.1EGFR cells vs.
UB7MG cells

(D.R.: 0.43 (bark extract)
and 0.39 (roots extract));
Roots methanol extract
induces apoptosis in
CCRF-CEM cells through
caspases activation and
MMP loss (Kuete et al,
2016e)

Hypersensitivity:
UB7MG.1EGEFR cells vs.
UB7MG cells

(D.R.: 0.83 (leave extract)
and <0.40

(bark extract)); Leaves
methanol extract induces
apoptosis in CCRF-CEM
cells through MMP loss
and increase ROS
production

(Kuete et al, 2016€)

Induced apoptosis in CCRF-
CEM cells mediated

by MMP loss (Kuete et al.,
2016b); Capsules
consisted of 100% pure,
finely milled leaf/stem
powder of the plant with
no binders or fillers
induces necrosis of PC cells
by inhibiting cellular
metabolism,
downregulated the
expression of

molecules related to
hypoxia and glycolysis in
PC

cells (Torres et al, 2012);
Ethyl acetate extract of
leaves reduces the colonic
aberrant crypt foci
formation in rats and
induced down-regulation
of PCNA and Bcl-2 proteins
and the up-regulation of
Bax protein
(ZorofchianMoghadamtous
ietal,2015)
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NO

Plant species and
family/distribution
in Central, East and

West Africa

Anonidium mannii
(oliv) Engl. et Diels.
(Anonaceae)/

Central and West
Africa, including

the DR Congo, Congo,
Central African
Republic, Angola,
Ghana, Nigeria, Gabon
and Cameroon

Anthocleista
schweinfurthii Gilg.
(Loganiaceae)/
Tropical Africa
:Nigeria to Ethiopia,
south to Angola,
Zambia and Tanzania

Beilschmiedia acuta
Kosterm
(Lauraceae)/
Cameroon,

Central African
Republic

Calliandra
portoricensis (Jacq.)
Benth.(Fabaceae)/
Ghana, Nigeria,
Uganda

Traditional uses

Treatment of sore
feet, spider bite,
bronchitis,
dysentery, sterility
caused by poison,
gastroenteritis
(Thomas et al,,
2003); syphilis,
infectious diseases
Noumi and
Eloumou, 2011 ();
diarrhea, snake bite,
malaria (Betti,
2004), cancer
(Kuete et al, 2013a)

Treatment of hernia,
female sterility,
stomach-ache in
women, ovarian
problems, venereal
diseases, bronchitis,
fever, purgative,
malaria, hard
abscesses
anthelminthic, otitis,
pain, malaria,
cancers, venereal
diseases, bacterial
diseases (Ngbolua et
al, 2014)

Treatment of cancer
and gastrointestinal
infections

(Kuete et al, 2014e)

Treatment of
lumbago, pain relief,
prostate diseases,
and constipation,
gonorrhea,
headaches and
ophthalmic
preparation
(Adaramoye et al,
2015)

Bioactive or
potentially
bioactive
components

Alkaloids,
phenols,
saponins,
tannins, sterols,
triterpenes
(Kuete et
al,2013a)

Polyphenols,
alkaloids,
terpenes and
steroids
(Ngbolua et al,
2014),
schweinfurthiin
1, bauerenone 2,
bauerenol 3, 1-
hydroxy-3,7,8
trimethoxy-
xanthone 4 and
1, 8-dihydroxy-
3, 7 dimethoxy-
xanthone 5
(Mbouangouere
etal, 2007)

Flavonoids,
triterpenes,
phenols,
saponins,
alkaloids
(Kuete et al,
2014e)

Saponins,
tannins,
flavonoids and
glycosides
(Aguwa and
Lawal, 1988)

Reported cytotoxic
activity*

Cytotoxicity of the
methanol extract from
leaves toward
CCRF-CEM cells,
CEM/ADRS5000 cells,
MDA-MB-231-pcDNA
cells,

MDA-MB-231-BCRP cells,

HCT116 (p53+/+) cells,
HCT116 (p53-/-) cells,
U87MG cells,
UB7MG.1EGFR cells,
HepG2 cells

(Kuete et al,2013a)

Cytotoxicity of fruit
methanol extract toward
CCRF-CEM cells,
CEM/ADRS5000 cells,
MDA-MB-231-pcDNA
cells,

MDA-MB-231-BCRP cells,

HCT116 (p53+/+) cells,
HCT116 (p53-/-) cells
(Kuete et al, 2016a)

Cytotoxicity of the
methanol extract from
roots toward CCRF-CEM

cells, CEM/ADRS5000 cells,

MDA-MB-231-pcDNA
cells,

MDA-MB-231-BCRP cells,

HCT116 (p53+/+) cells,
HCT116 (p53-/-) cells,
U87MG cells,
U87MG.1EGFR cells
(Kuete et al., 2014e)

Cytotoxicity of the root
methanol extract toward

PC-3 cells and LNCaP cells

(Adaramoye et al,2015)

Molecular targets
and/or effects on
resistant cells

Hypersensitivity:
U87MG.1EGFR cells vs.
U87MG

cells (D.R.: < 0.41);
Normal sensitivity:
CEM/ADRS5000 cells
vs. CCRF-CEM cells
(D.R.:0.95); induces
apoptosis in CCRF-
CEM cells by
disruption of MMP and
increase ROS
production

(Kuete et al, 2013a)

Normal sensitivity:
CEM/ADRS5000 cells
vs. CCRF-CEM cells
(D.R. 1.11);

HCT116 (p53-/-) vs.
HCT116 (p53+/+)
cells (D.R. 0.96)
(Kuete etal., 2014a)

Hypersensitivity
(leaves extract):
HCT116 (p53-/-)cells
vs. HCT116 (p53+/+)
cells (D.R.: 0.23);
induces apoptosis in
CCRF-CEM cells
(Kuete et al, 2014e)

Antiangiogenic activity
via inhibition of of the
growth of blood
capillaries on the
chicken
chorioallantoic
membrane, induces
DNA fragmentation in
PC-3 cells and LNCaP
cells

(Adaramoye et al,
2015)
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Plant species and
family/distributi
on in Central,
East and West
Africa

Dorstenia psilurus
Welwitch
(Moraceae)/
Tropical Africa
including

Angola, Cameroon,
Uganda,Tanzania,
Malawi,
Mozambique

Echinops
giganteus var. lelyi
(C.D. Adams) A.
Rich.
(Composiatae)/
Cameroon,
Ethiopia,

Rwanda, Sudan,
Tanzania, Uganda,
DR Congo

Elaeophorbia
drupifera (Thonn.)
Stapf.
(Euphorbiaceae)/
from Guinea east
to Uganda and
from DR Congo
and Angola

Traditional
uses

Treatment of
arthralgia,
cardiovascular
disorders,
rheumatism,
snakebites,
headache,
stomach
disorders,
diuretic,

tonic, stimulant,
analgesic, cancer
(Ruppelt et al,
1991;Adjanohou
netal,1996;
Ngadjui et al,
1998; Dimo et
al,2001; Kuete
etal,2011a)
Treatment of
cancer, heart
and gastric
troubles (Tene
etal, 2004;
Kuete et al,
2011a)

Treatment of
hypertension
and diabetes
(Eno and Azah,
2004)

Bioactive or potentially bioactive
components

Psoralen; 2-sitosterol glucoside
analgesic

Ngadjui et al., 1998 (), dorsilurins
C, F-K (Tabopda et al, 2008)

Lupeo], sitostery],
-D-glucopyranoside oleanolide,
tetrahydrofurano-ceramide,
-amyrin acetate (3),
2-(penta-1,3-diynyl)-5-(4-
hydroxybut-1-ynyl)-thiophene,
2-(penta-1,3-diynyl)-5-(3,4-
dihydroxybut1-ynyl)-thiophene,
4-hydroxy-2,6-di-(3'4 -
dimethoxyphenyl)-3,
7-dioxabicyclo-(3.3.0)octane
(Tene et al, 2004; Sandjo

etal,, 2016), 2-(penta-1,3-diynyl)-
5-(4-hydroxybut-1-ynyl)-
thiophene,

candidone, ursolic acid and 4-
hydroxy?2,6-di-(3',4'-
dimethoxyphenyl)-
3,7dioxabicyclo-(3.3.0)octane
(Kuete et al, 2013c)

Euphol], tirucallol, euphorbol,
ingenol elaeophorbate,
epitaraxerol, taraxerone,
friedelin, lup-20(29)-en-3-one or
lupenone, lupeol, olean-12-ene-3-
one, olean-12-ene-3-ol,
elaeophorbate

Kinghorn and Evans, 1974;
Ahiahonu and Goodenowe, 2007),
stigmasterol and

[-sitosterol, sitosterol-O-3-D
-xylopyranoside,
3,3',4'-tri-0-methylellagic acid,
afzelin

and quercetin-3-0-f-D-
xylopyranoside,
3,3',4'-tri-0-methylellagic acid
4-0-B-D-glucopyranoside, ellagic
acid-4-0-f3-xylopyranoside-3,
3',4'-trimethyl ether

(Voukeng et al, 2017)

Reported
cytotoxic activity*

Cytotoxicity of
twigs methanol
extract toward
CCRF-CEM cells
and
CEM/ADR5000
cells (Kuete et al,
2011a), HL-60 cells
and PC-3 cells
(Pieme et al, 2013)

Cytotoxicity of
rhizomes methanol
extract toward
CCRF-CEM cells
and
CEM/ADR5000
cells (Kuete et al,
2011a), HL60 cells,
HL60AR cells,
MDA-MB-231-
pcDNA cells,
MDA-MB-231-
BCRP cells, HCT116
(p53+/+) cells,
HCT116 (p53-/-)
cells, UB7MG cells,
U87MG.1EGFR
cells, HepG2 cells
(Kuete et al,
2013¢)
Cytotoxicity of the
methanol extract
from leaves
toward CCRF-CEM
cells,
CEM/ADR5000
cells,
MDA-MB-231-
pcDNA cells,
MDA-MB-231-
BCRP cells,
HCT116 (p53+/+)
cells,

HCT116 (p53-/-)
cells,

U87MG cells,
U87MG.1EGFR
cells, HepG2 cells
(Kuete et al,
2013e)

Molecular targets
and/or effects on
resistant cells

REF.

Normal [112-116]
sensitivity:
CEM/ADR5000
cells vs.
CCRF-CEM cells
(D.R. 0.88) (Kuete
etal, 2011a),
induces apoptosis
on HL-60 cells by
the generation of
ROS, MMP loss,
modification in
the DNA
distribution and
enhance of G2/M
phase cell cycle
(Pieme et al,
2013)
Hypersensitivity: [117]
HCT116

(p53-/-) cells vs.

HCT116 (p53+/+)

cells (D.R.: 0.82);

Normal

sensitivity:

U87MG.1EGFR

cells vs. UB7MG

cells(D.R. 0.92);

(Kuete et al,

2013c); induces

apoptosis in

CCRF-CEM cells

via the loss of

MMP

(Kuete et al,

2013¢)

Hypersensitivity: [118-123]
UB7MG.1EGFR
cells vs. UB7MG
cells (D.R.: 0.68);
Normal
sensitivity:
CEM/ADRS5000
cells vs. CCRF-
CEM cells (D.R.:
1.12); HCT116
(p53-/-) cells vs.
HCT116 (p53+/+)
cells (D.R.: 1.13)
(Kuete et al,
2013e)
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Plant species and
family/distributi
on in Central,
East and West
Africa

Enterolobium
cyclocarpum
(Jacq.)
Griseb.(Fabaceae)/
West Africa

Erythrina
sigmoidea Hua
(Fabaceae)/Camer
oon, Chad

Gladiolus
quartinianus A.
Rich(Iridaceae)/
Cameroon, Senegal
to Ethiopia

Imperata
cylindrica Beauv.
var. koenigii
Durand

et Schinz
(Poaceae)/Benin,
Burkina Faso, DR
Congo, Ivory Cost,
Gambia, Ghana,
Guinea,Kenya,
Liberia, Mali,
Mozambique,
Niger,Nigeria,
Senegal, Tanzania,
Togo, Uganda

Traditional uses

Treatment of
inflammations,
tumors, cold
and bronchitis
(Burkill, 1985)

Used as antidotes
(venomous stings,
bites, etc.), diuretic,
febrifuge and
Treatment of
arthritis,
rheumatism,
pulmonary troubles,
stomach troubles,
infectious diseases
and kidney diseases
(Burkill, 1985),
gastrointestinal
infections,venereal
diseases and leprosy
(Mabeku et al,
2011)

Treatment of
gastrointestinal
infections

and cancer

(Kuete et al,, 2013a)

Used as diuretic and
anti-inflammatory
and cancer agent
(Nishimoto et al,
1968; Kuete et al,
2011a)

Bioactive or potentially
bioactive components

D-Limonene, terpineol,
eugenol and
d-(+)-pinitol
(Sowemimo et al, 2015)

6a-hydroxyphaseollidin
)

atalantoflavone (15),
bidwillon A (16),
neobavaisoflavone (35),
neocyclomorusin (36),
and Sigmoidin I (44)
(Kuete et al, 2014c)

Alkaloids, anthocyanins,
anthraquinones,
phenols, saponins,
tannins, sterols,
triterpenes

(Kuete et al, 2013a)

Jaceidin, quercetagetin-3,
5, 6,3./-tetramethyl ether,
[3-Sitosterol-3-0-B-D-
glucopyranosy1-6"

- tetradecanoate
(Mohamed et al, 2009),
imperanene (Matsunaga
etal, 1995)

Reported cytotoxic
activity*

Cytotoxicity of the
methanol extract from
leaves

toward HelLa cells and
MCF7 cells

(Sowemimo et al, 2015)

Cytotoxicity of bark
methanol extract
toward

CCRF-CEM cells,
CEM/ADRS5000 cells,
MDA-MB-231-pcDNA
cells; MDA-MB-231-
BCRP cells, HCT116
(p53+/+)cells, HCT116
(p53-/-) cells, UB7MG
cells, UB7MG.1EGFR
cells, HepG2 cells
(Kuete et al,2016a)

Cytotoxicity of the
methanol extract from
whole plant toward
CCRF-CEM cells,
CEM/ADR5000cells,
MDA-MB-231-pcDNA
cells, MDA-MB-231-
BCRP cells, HCT116
(p53+/+)cells,
HCT116(p53-/-) cells,
U87MG.1EGFRcells
(Kuete et al,2013a)

Cytotoxicity of roots
methanol extract
toward CCRF-CEM cells
and CEM/ADR5000
cells, MiaPaca-2(Kuete
etal, 2011a), HL60
cells, HL60AR cells,
MDA-MB-231-pcDNA
cells, MDA-MB-231-
BCRP cells, HCT116
(p53+/+) cells, HCT116
(p53-/-) cells, UB7MG
cells,U87MG.1EGFR
cells, HepG2 cells
(Kuete et al,2013c);
cytotoxicity of leaves
methanol extract
against SCC-9 cells
(Keshava et al, 2016)
and against HT-29 cells
(Kwok et al, 2016)

Molecular targets
and/or effects on
resistant cells

Induces apoptosis
and cells cycle arrest
G2/M phase in HeLa
cellsand G1/GO in
MCF?7 cells; causes
phosphatidylserine
translocation
(Sowemimo et al,
2015)

Hypersensitivity:
HCT116 (p53-/-)
cellsvs.HCT116
(p53+/+) cells (D.R.
0.83);
U87MG.1EGFR cells
vs. UB7MG cells (D.R.
0.66);

Normal sensitivity:
CEM/ADRS5000 cells
vs. CCRF-CEM cells
(D.R. 1.08); induces
apoptosis in CCRF-
CEM leukemia cells
via disruption of the
MMP (Kuete et al,
2014a)
Hypersensitivity:
U8B7MG.1EGFR cells
vs. US7MG

cells (D.R.: <0.85);
Normal sensitivity:
HCT116(p53-/-)
cellsvs. HCT116
(p53+/+) cells
(D.R:1.12); induces
apoptosis in CCRF-
CEM cells by
disruption of MMP
(Kuete et al, 2013a)
Hypersensitivity:
CEM/ADRS5000 cells
vs. CCRF-CEM (D.R.
0.90) cells (Kuete et
al.2011a),apoptosis
in CCRF-CEM cells
via the loss of MMP
(Kuete et al, 2013c);
leaves methanol
extractvreduced the
clonogenic potential
and inhibited cell
proliferation by
arresting the cell
cycle in the G2/M
phase in SCC-9 cells
as well as DNA
fragmentation
(Keshava et al 2016);
Induced G2/M
arrest and apoptosis
in HT-29 cells
mediated by caspase
3/7 activation and
ROS production
(Kwoketal, 2016)
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Plant species and
family/distributi
on in Central,
East and West
Africa

Markhamia
tomentosa (Benth.)
K.Schumex.Engl.
(Bignoniaceae)/
West Africa

Morus mesozygia
Stapf. (Moraceae)
/Tropical Africa,
from Senegal
eastward to
Ethiopia and
southward to
Zambia, Angola,
Mozambique

Nauclea latifolia
Smith. (Rubiaceae)/
West tropical Africa:
from Ghana to
Gabon and DR
Congo

Nauclea pobeguinii
(Pobég. ex
Pellegr.) Merr. ex
E.M.A.
(Rubiaceae)/
South Tropical
Africa:Angola,
Zambia, West
Tropical Africa:
Burkina,Ghana,
Guinea, Guinea-
Bissau, Ivory
Coast,Nigeria,
Senegal, Sierra
Leone, West-
Central Tropical
Africa: Cameroon,
Central African
Republic, Congo,
DR Congo, Gabon

Traditional uses

Treatment of oedema,
cancer, gout and
scrotal elephantiasis,
pulmonary troubles
and general body pain
(Burkill, 1985;
Ibrahim et al, 2013)

Treatment of arthritis,
rheumatism,
malnutrition, debility,
pain-killers, stomach
disorders, wound
infections,gastroenter
itis, peptic ulcer,
infectious diseases
(Burkill, 1985; Kuete
and Efferth, 2010,
2011)

Treatment of
gonorrhea

(Abbiw, 1990),
hypertension
(Akabue and Mittal,
1982),
gastrointestinal tract
disorders
(Madubunyi, 1995),
prolong menstrual
flow (Elujoba, 1995),
stomach pain,
constipation, fever,
diarrhea, dysentery
(Anowi etal, 2012)
Used as abortive,
Treatment of
stomachache,
infectious diseases
(Karou et al,2011),
jaundice

(Kadiri et al, 2007),
fever,diarrhea,
worm, malaria
(Mesia et al,,2005)

Bioactive or potentially
bioactive components

Pomolic acid, oleanolic acid,
tormentic acid, and
[3-sitosterol, paulownin,
palmitone, palustrine,
2-acetylnaphtho(2,3-b]
furan-4,9-dione, 2-acetyl-6-
methoxy-naphtho(2,3-b]
furan-4,9-dione, luteolin,
luteolin-7-rutinoside, and
luteolin-3’,7-di-O-glucoside
(Ibrahim et al, 2016)
moracins Q-U,
3beta-acetoxyurs-12-en-11-
one, marsformoxide,
moracin C, moracin M,
moracin K, artocarpesin,
cycloartocarpesin,
morachalcone A

(Kapche et al., 2009; Kuete
etal, 2009);

kushenol E, artochamin C,
moracin C and moracin L
(Nicolle et al, 2009)

Naucleamides A,B,C,D,E
(Shigemori et al, 2003)

Nauclefine 1 and 2,
strictosamide,
Carboxystrictosidine,
methylangustoline,
3-0-B-D-fucosyl-quinovic-
acid,3-keto-quinovic-acid
(Karou etal, 2011);
angustoline

(Zeches et al., 1985),
3-acetoxy-11-oxo-urs-12-
ene,p-coumaric acid, citric
acid trimethyl ester,
resveratrol, resveratrol
-D-glucopyranoside,
strictosamide

(Kuete et al, 2015f)

Reported cytotoxic
activity*

Cytotoxicity of the
methanol extract from
leaves toward HeLa cells
(Ibrahim et al, 2013)

Cytotoxicity of bark
methanol extract toward
CCRF-CEM cells,
CEM/ADR5000 cells,
MDA-MB-231-pcDNA
cells,
MDA-MB-231-BCRP cells,
HCT116 (p53+/+) cells,
HCT116 (p53 -/-) cells,
U87MG cells,
U87MG.1EGFR cells,
HepGz2 cells

(Kuete et al, 2016a)

Cytotoxicity of bark and
leave methanol extract
toward CCRF-CEM cells,
CEM/ADR5000 cells,
MDA-MB-231-pcDNA cells,
MDA-MB-231-BCRP cells,
HCT116 (p53+/+) cells,
HCT116 (p53-/-) cells
(Kuete et al, 2016a)

Cytotoxicity of the
methanol extract from
bark and leaves toward
CCRF-CEM cells,
CEM/ADRS5000 cells,
MDA-MB-231-pcDNA
cells, MDA-MB-231-
BCRP cells,
HCT116(p53+/+) cells,
HCT116 (p53-/-) cells,
UB87MGQG cells,
U87MG.1EGFR cells
(Kuete et al, 2015f)

Molecular targets
and/or effects on

resistant cells

Induces apoptosis
and cell cycle arrest
in HeLa cells in the
GO0/G1; induces
phosphatidylserine
translocation and
depolarization MMP
(Ibrahim et al,
2013)

Normal sensitivity:
CEM/ADRS5000 cells
vs. CCRF-CEM cells
(D.R.1.04); HCT116
(p53-/-) cells vs.
HCT116 (p53 +/+)
cells (D.R. 0.95);
U87MG.1EGFR cells
vs. UB7MG cells
(D.R.1.06)

(Kuete et al, 2014a)

Hypersensitivity:
MDA-MB-231-BCRP
cells vs. MDA-MB-
231-pcDNA cells
(D.R.0.80); HCT116
(p53-/-) cells vs.
HCT116 (p53+/+)
cells (D.R.0.88);
Normal sensitivity:
CEM/ADRS5000 cells
vs.CCRF-CEM cells
(D.R.0.98)

(Kuete et al, 2014a)

Hypersensitivity
(bark extract):
CEM/ADRS5000 cells
vs. CCRF-CEM cells
(D.R.: 0.80);
MDA-MB-231-
BCRP cells vs.
MDA-MB-231-
pcDNA cells (D.R.:
0.53); HCT116
(p53-/-) cells vs.
HCT116 (p53+/+)
cells (D.R.:0.54);
UB7MG.1EGFR
cells vs. UB7MG
cells (D.R.:0.47)
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Plant species and
family/distributi
on in Central,
East and West
Africa

Pachypodanthium
staudtii Engl &
Diels(Annonaceae)
/Sierra Leone east
to the Central
African Republic
and south to
Gabon and DR
Congo

Passiflora edulis
Sims
(Passifloraceae)/
Central and East
including
Cameroon,
Tanzania, Uganda

Piper capense L.f.
(Piperaceae)/from
Guinea to Ethiopia
and south to
Angola,
Mozambique

Polyscias fulva
(Hiern) Harms.
(Araliaceae)/
Tropical Africa -
Sierra Leone to
Sudan, Ethiopia to
Angola, Zambia
and

Mozambique

Traditional uses

Treatment of
cancer, chest pain
(Irvine,1961);
bronchitis (Bouquet
and Debray,1974)
and oedema
(Ngadjui et al, 1989)

Treatment of
cancer, fungal
infections,
inflammation,
insomnia and
anxiety,
antihypertensive
(Ichimura et al,
2006),

gastric trouble
(Silva et al, 2006),
antioxidant
(Kannan et al,
2011)

Sleep inducing
remedy,
anthelmintic,
anticancer
(Kokowaro, 1976;
Van Wyk and
Gericke, 2000;
Kuete et al, 2011a)

Malaria, fever,
mental illness
(Tshibangu

etal, 2002);
venereal infections
and obesity

(Jeruto et al, 2007;
Focho et al,,2009)
and cancer

(Kuete et al, 2014e)

Bioactive or potentially
bioactive components

Pachypodol, 2,4,5-
Trimethoxystyrene,
Pachypophyllin,
pachypostaudins A and
B (Ngadjui et al.,, 1989);
Sabinene, (3-elemene,
E- B -caryophyllene,
-selinene, 3 -bisabolene,
6 -cadinene,
2,4,5-trimethoxy-1-
vinylbenzene

(Yapi et al, 2012)

Ionone-I, ionone-II,
megastigma-5,8-dien-4-1,
megastigma-5,8(Z)-diene-
4-1, 4,4a-Epoxy-4, 4a-
dihydroedulan, 3-
hydroxyedulan, edulan-I,
edulan-II, passifloric acid
methyl ester

(Kannan et al, 2011)

Kaousine, Z-
antiepilepsirine (Kaou et
al,, 2010), piperine, 4,5-
dihydropiperine
(Pedersen et al.,, 2009),
beta-pinene,

sabinene, alpha-pinene
(Woguem et al,

2013)

Polysciasoside A,
kalopanax-saponin B,
alpha-hederin

(Bedir et al, 2001;
Kuete and Efferth, 2011)

Reported cytotoxic
activity*

Cytotoxicity of leave,
bark and roots
methanol

extract toward CCRF-
CEM cells,
CEM/ADRS5000 cells,
MDA-MB-231-pcDNA
cells, MDA-MB-231-
BCRP cells, HCT116
(p53+/+) cells, HCT116
(p53-/-) cells, UB7MG
cells, UB7MG.1EGFR
cells, HepG2 cells
(Kuete et al, 2016b)

Cytotoxicity of fruit
pericarp and fruit
methanol extract
toward CCRF-CEM cells
and CEM/ADR5000
cells

(Kuete et al, 2016b)

Cytotoxicity of seeds
methanol extract
toward CCRF-CEM cells
and CEM/ADR5000
(Kuete etal., 2011a),
MDA-MB 231 cells,
A375 cells, HCT116
cells (Woguem et al.,
2013), HL60 cells,
HL60AR cells, MDA-
MB-231-pcDNA cells,
MDA-MB-231-BCRP
cells, HCT116(p53+/+)
cells, HCT116 (p53-/-)
cells, UB7MG cells,
U87MG.1EGFR cells,
HepG2 cells

(Kuete et al, 2013c)
Cytotoxicity of the
methanol extract from
roots and leaves toward
CCRF-CEM cells,
CEM/ADRS5000 cells,
MDA-MB-231-pcDNA
cells, MDA-MB-231-
BCRP cells, HCT116
(p53+/+) cells, HCT116
(p53-/-) cells, UB7MG
cells, UB7MG.1EGFR
cells, HepGz2 cells
(Kuete et al, 2014e)

Molecular targets
and/or effects on
resistant cells

REF.

[101,
151-154]

Hypersensitivity:
CEM/ADR5000
cells vs.CCRF-CEM
cells (D.R. 0.87);
MDA-MB-231-
BCRP cells vs.
MDA-MB-231-
pcDNA cells (D.R.
0.90); Normal
sensitivity:
U87MG.1EGFR
cells vs. UB7MG
cells (D.R. 1.05)
(Kuete et al,
2016b)

Induces apoptosis
in CCRF-CEM cells
mediated by MMP
loss (Kuete et al,
2016b); fruit juice
reduces the
number, size, and
invasiveness of
transformed foci in
a BALB/c3T3
neoplastic
transformation
model; activated
caspase-3 in
MOLT-4 cells
(Rowe et al, 2004)
Hypersensitivity:
CEM/ADR5000
cells vs.
CCRF-CEM cells
(D.R.0.90)

(Kuete et al,
2011a),

apoptosis in CCRF-
CEM cells via the
loss of MMP

and increase ROS
production (Kuete
etal, 2013¢)

[101,
155-157]

[158-
164]

[109,
165-168]

Hypersensitivity:
HCT116 (p53 -/-)
cells vs.

HCT116 (p53 +/+)
cells (D.R.: 0.41);
induces

apoptosis in
CCRF-CEM cells via
the alteration of
MMP and
enhanced ROS
production

(Kuete et al,
2014e)
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(p53-/-) cells,
U87MG cells,
UB7MG.1EGFR
cells, HepG2 cells
(Kuete et al,
2015e)

vs. UB7MG cells
(D.R.: 1.08); induces
apoptosis in
CCRF-CEM cells by
MMP loss

(Kuete et al, 2015e)

25 | Sclerocarya Treatment of Quercetin 3-0-alpha-1-(5"- Cytotoxicity of the | Induces apoptosis via [169-
birrea (A. Rich.) stomach aches, galloyl)- arabinofuranoside, methanol extract | ROS production in 172]
Hochst. diarrhea, wounds, quercetin 3-0B-D-(6"'- from roots HepG2 cells
(Anacardiaceae)/ | coughs galloyl)glucopyranoside, toward HepG2 (Armentano et al,
throughout most | (Gouwakinnou et al, quercetin 3- O- B-D-(6" cells (Armentano | 2015)
of sub-Saharan 2011) - galloyl)galactopyranoside, etal, 2015)

Africa outside the quercetin 3-0-a-L-
humid forest rhamnopyranoside,
zone, from kaempferol 3- O- 3-D-(6"'-
Mauritania and galloyl)glucopyranoside,
Senegal to quercetin 3- -D-
Ethiopia glucopyranoside, myricetin
and Eritrea, 3- O0- a-L-rhamnopyranoside,
Namibia, and kaempferol 3- Oa-L-
Botswana, rhamnopyranoside, gallic acid,
Mozambique (-)-epicatechin 3-0-galloyl
ester, (-)-epigallocatechin 3-0-
galloyl ester Braca et al., 2003
(), terpinen-4-ol,
pyrrolidine, aromadendrene,
a-gurjunene
(Njume et al, 2011)

26 | Tridesmostemon | Treatment of Alkaloids, phenols, Cytotoxicity of Normal sensitivity: [173]
omphalocarpoides | gastroenteritis and polyphenols, bark methanol CEM/ADR5000 cells
Engl. skin lesions saponins, tannins, triterpenes, | extract toward vs.CCRF-CEM cells
(Sapotaceae)/ (Kuete et al, 2006) anthraquinones and steroids CCRF-CEM cells, (D.R.0.99); HCT116
Cameroon, (Kuete et al, 2006) CEM/ADR5000 (p53-/-)cells vs.

Gabon, Congo, DR cells, MDA-MB- HCT116 (p53+/+)
Congo 231-pcDNAcells, | cells (D.R.1.15)
HCT116 (p53+/+) | (Kuete et al, 2014a)
cells, HCT116
(p53-/-) cells,
U87MQG cells
(Kuete et al,
2016a)

27 | Uapaca togoensis | Antiemetic, lotion B-amyryl acetate, 11-0x0-a- Cytotoxicity of the | Hypersensitivity: [174,
Pax for skin disorders amyryl methanol extract | MDA-MB-231-BCRP 175]
(Euphorbiaceae)/ | (Mengome etal., acetate, lupeol, pomolic acid, from fruit cells vs.

Tropical Africa 2010), remedy for futokadsurin B, arborinin, toward CCRF- MDA-MB-231-pcDNA
from Sierra Leone | pneumonia, cough, 3-0-B-D-glucopyranosyl CEM cells, cells (D.R.: 0.16);
to DR Congo; fever, rheumatism, sitosterol (Kuete CEM/ADR5000 HCT116(p53-/-)
Predominant in vomiting, epilepsy etal, 2015¢e) cells, cells vs. HCT116
Cameroon (Kone et al, 2006) MDA-MB-231- (p53+/+) cells
and pcDNA cells, (D.R.:0.84);
bacterial diseases MDA-MB-231- Normal sensitivity:
(Kone et al, 2004) BCRP cells, CEM/ADRS5000 cells
HCT116 vs. CCRF-CEM cells
(p53+/+) (D.R.: 1.05);
cells, HCT116 U87MG.1EGFR cells
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28 Vepris soyauxii Anti-fibriomyoma, Alkaloids, Cytotoxicity of the Hypersensitivity: [176]

Engl. (Rutaceae)/ | Treatment of anthocyanins, phenols, | methanol extract U87MG.1EGEFR cells vs.
Throughout stomachache, tannins, sterols, from leaves U87MG cells (D.R.: 0.47);
West Africa, from | malaria triterpenes toward CCRF-CEM Normal sensitivity:
Sierra Leone, (Momenietal,2010) | (Kuete etal, 2013a) cells, CEM/ADR5000 | HCT116(p53-/-) cells vs.
Liberia, Ivory and cancer cells, MDA-MB-231- HCT116 (p53+/+) cells
Cost, Mali, Ghana (Kuete et al, 2013a) pcDNA cells, MDA- (D.R.:1.12); induces

to Nigeria and MB-231-BCRP cells, apoptosis in CCRF-CEM
Cameroon HCT116 (p53+/+) cells mediated by

cells, HCT116 disruption of MMP
(p53-/-) cells, (Kuete et al, 2013a)
UB7MG cells,

U87MG.1EGFR cells,

HepG2 cells

(Kuete et al,2013a)

29 Xylopia Treatment of cancer, | Volatile oil (Tatsadjieu | Cytotoxicity of seeds | Hypersensitivity: [117,
aethiopica constipation; uterine | et al, 2003), xylopic methanol extract U87MG.1EGFR vs. U87MG | 177-183]
(Dunal)A.Rich. hemorrhage, diuretic, | acid (Osafo and Obiri, | toward (D.R. 0.53); Normal
(Annonaceae)/ fever 2016), 6a-hydroxy- CCRF-CEM cells and sensitivity: HCT116
Angola, Benin, (Iwu, 1993; Kuete et | ent-kauran-19-oic CEM/ADRS5000 cells (p53-/-) cells
Burkina Faso, al, 2011a; Okafor, acid,3,4',5-trihydroxy- | Kuete etal, 2011a (), = vs. HCT116 (p53+/+) cells
Cameroon, 2012) 6",6" C-33A cells, KB cells, (D.R.: 1.05)

Central African - dimethylpyrano MCF-7 cells (Kuete et al,2013c)
Republic, DR [2,3g]flavone,isotetran | (Adaramoye et al,, ; induces apoptosis in
Congo, Ethiopia, drine (51) and trans- 2011), HL6O cells, C-33A cells, nuclear
Gabon, Gambia, tiliroside(Kuete et al, HL60AR cells, MDA- fragmentation, cells
Ghana,Guinea, 2015g), MB-231-pcDNA cells, | accumulation in
Guinea-Bissau, MDA-MB-231-BCRP sub-G0/G1, cycle arrest in
Ivory Coast, cells, HCT116 G2,up-regulation of p53
Kenya,Liberia, (p53+/+) cells, and p21 genes, and an
Mozambique, HCT116 (p53-/-) increase in the Bax/Bcl-2
Nigeria, Sdo cells, UB7MG cells, ratio (Adaramoye et al,
Tomé and U87MG.1EGFR cells, 2011), apoptosis in CCRF-
Principe,Senegal, HepG2 cells CEM cells via the loss of
Sierra Leone, (Kuete et al, 2013c) MMP (Kuete et al, 2013c)
Sudan, South

Sudan, Tanzania,

Togo, Uganda

30 Zanthoxylum Treatment of Canthin-6-one, Cytotoxicity of the Induces apoptosis in [184,
usambarense malaria, upper pellitorine, aqueous-methanol MCF7 cells 185]
(Engl.) Kokwaro respiratory oxychelerythrine, 70% extract from (Ozkan et al, 2013)

(Rutaceae)/East tract infections, norchelerythrine, aeral part toward
tropical Africa - cough, rheumatism, | (+)-sesamin, MDA-MB-231
Ethiopia,Kenya, tooth decay (+)-piperitol-3, cells and MCF-7 cells
Tanzania, eastern | (Ozkan et al, 2013) 3-dimethylallyl ether (Ozkan et al, 2013)
DR Congo (He etal, 2002)
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31 | Zinziber Treatment of 2-(4-hydroxy-3- Cytotoxicity of Hypersensitivity: [186-
officinale Roscoe | infectious diseases, methoxyphenyl) rhizomes methanol CEM/ADRS5000 cells vs. 195]
(Zingiberaceae)/ | respiratory tract Ethanol and extract toward CCRF- | CCRF-CEM cells
Tropical Africa infections, cancer, 2-(4-hydroxy-3- CEM cells and (D.R. 0.88) (Kuete et al,

indidigestion, methoxyphenyl) CEM/ADRS5000 2011a); ethanol extract
diarrhea, nausea Ethanoic acid cells, MiaPaca-2 cells | induces DNA
(Akoachere et al, (Kato et al, 2006), (Kuete etal, 2011a), @ fragmentation and
2002; Kato et al, 6-shogaol CL-6 cells up-regulation of MDR1

2006;
Sakpakdeejaroen

(Kim et al, 2008),
zingiberene,camphene

(Plengsuriyakarn et
al, 2012);

ISSN

and MRP3 genes in CL-6
cells

and Itharat, 2009; ,B-sesquiphellandrene, | cytotoxicity of (Plengsuriyakarn et al,
Kuete et al, 2011a) B-bisabolene, essential oil against 2012)
a-farmesene, HeLa cells

curcumene, cineole,

Santos et al, 2016 ()

:2708-7972

citral, terpineol,
terpenes, borneol,
B-elemene,
zingiberenol,
limonene, geraniol,
zingiberol, linalool
(Chrubasik et al,
2005;Ali et al., 2008;
Mbaveng and Kuete,
2017)

*Reported cell lines: leukemia cells [CCRF-CEM, CEM/ADR5000, HL60, and HL60AR]; Carcinoma cells [A375 melanoma cells; C-33A and Caski
cervix carcinoma cells; CL-6 cholangiocarcinoma cells; MDA-MB-231-pcDNA3 and MDA-MB-231-BCRP clone 23 breast cancer cells; HT-29,
HCT116 (p53 +/+) and HCT116 (p53 —/-) colon cancer cells; KB and SCC-9 human oral squamous carcinoma cells; U87MG and U87MG.AEGFR
glioblastoma cells; HeLa cervical carcinoma; HepG2 hepatocarcinoma; PC-3, MiaPaca-2 pancreatic cancer cells; LNCaP human prostatic
adenocarcinoma, AML12 normal hepatocytes; BALB/c 3T3 fibroblasts];

D.R.: degree of resistance; D.R. is determined as the ratio of IC50 value in the resistant divided by the IC50 in the sensitive cell line; AML12,
HL60AR, CEM/ADR5000, MDA-MB-231-BCRP, HCT116 (p53 -/-) and U87MG.AEGFR were used as the corresponding resistant counterpart for
HepG2, HL60, CCRF-CEM, MDA-MB-231-pcDNA, HCT116 (p53 +/+), UB7MG, respectively; Hypersensitivity, D.R. < 0.90; Normal sensitivity, D.R.
1 to 1.19; MMP, mitochondrial membrane potential; ROS, reactive oxygen species; (-), not report
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