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Abstract

Cancer remains a leading cause of morbidity and mortality worldwide, with rising incidence rates
posing significant challenges to global healthcare systems. In African countries such as Sudan,
limited funding and inadequate medical resources further complicate cancer management. The
drawbacks of conventional therapies—including high costs, severe side effects, and the emergence
of drug resistance—have driven researchers to explore alternative treatment options, particularly
those derived from traditional medicinal plants.

This review aims to identify potential anticancer plants for drug development by summarizing their
anticancer activities and mechanisms of action, specifically focusing on those that induce apoptosis
through caspase activation, the mitochondrial pathway, and regulation of Bcl-2 family proteins. A
comprehensive literature search was conducted using major scientific databases, including PubMed,
Scopus, ScienceDirect, and Google Scholar, resulting in the analysis of 176 peer-reviewed
publications containing ethnomedicinal data. The review identified 38 plant species belonging to 18
botanical families. Fabaceae (Leguminosae) and Asteraceae were the most represented families, each
comprising 18.24% and 13.16% of total species, followed by Combretaceae and Capparidaceae
(10.53%), and Malvaceae (7.89%). Among the cancer cell lines investigated, breast cancer was the
most frequently studied (28 %), followed by colon (16 %), liver (14 %), and prostate (9.3%). All

identified plants demonstrated in vitro anticancer activity, while eight species were further validated
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through in vivo studies. Additionally, eleven predominantly phenolic compounds were isolated from
these plants and tested against various cancer cell lines, showing promising cytotoxic effects. The
integration of traditional medicine with modern research methodologies not only validates the
therapeutic potential of Sudanese medicinal plants but also underscores their role in addressing global
health challenges, particularly in cancer treatment and drug discovery.
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Introduction

Cancer is the life threatening and dreadful disease characterized by the abnormal proliferation of cells
that invade the adjacent tissues and cause the destruction of these tissues. It is the second leading
cause of death all over the world. More than six million deaths each year occurring in the world are
due to cancer. Several lines of evidence indicated that tumorigenesis in humans is a multistep process
and these steps reflect genetic alterations that drive the progressive transformation of normal human
cells into highly malignant derivatives (Maroyi, 2013) However, cancer is a major public health
burden in both developed and developing countries. By 2020, the global cancer burden had risen to
an estimated 19.3 million new cases and 10.0 million deaths. It is estimated that 1 in 5 people
worldwide will develop cancer during their lifetime, with 1 in 8 men and 1 in 11 women dying from
the disease. For the first time, female breast cancer became the most commonly diagnosed cancer
globally, with 2.3 million new cases, surpassing lung cancer (IARC,2020), (Sung et., al.2021).
Looking ahead, the number of new cancer cases is projected to reach 28.4 million annually by 2040,
a47% increase from 2020 figures. This rise is expected to be especially pronounced in countries with
low and medium Human Development Index (HDI), where increases of 95% and 64%, respectively,
are anticipated (WHO) (2021).

Treating cancer has become a major challenge as there is no single effective treatment that works for
all types of cancer. Most of conventional chemotherapy regimens which employ different
combinations of cytotoxic drugs which are often associated with serious side effects and
chemoresistance. Conventional therapy has also become less favorable in the mindset of sufferers
and as a result many patients resort to seeking alternative treatments (Bray et., al. 2013). The
resistance of metastatic cancerous cells to chemotherapy and its adverse effects has become a serious
challenge in cancer research. Despite the intensive progress in chemotherapeutics in the last decades,

the need to discover and to develop new, alternative, or adjuvant therapeutic agents remains urgent
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necessity. Conventional treatment chemotherapy could cause adverse and toxic side effects on normal
cells while curing cancer and therefore fails to control the disease. The alternative solution for the
harmful effects of synthetic agents is the use of natural plants, which provide outstanding contribution
to modern therapeutics (Chorawala et. al., 2012). Cancer remains a major public health burden
worldwide, including in Sudan, where limited access to conventional treatments has increased
reliance on traditional medicine. The use of medicinal plants for cancer therapy in Sudan is deeply
rooted in cultural practices (Elnour et., al. 2018). Recent scientific studies have shown that several
Sudanese plants exert anticancer effects, particularly through apoptosis induction—a key mechanism
for eliminating cancer cells without harming normal tissues (Mohamed et al. 2015).

Apoptosis, or programmed cell death, is often dysregulated in cancer cells, making it a vital target
for therapy. Natural products are considered promising agents because many are known to modulate
apoptotic pathways such as the activation of caspases, modulation of Bcl-2 family proteins, and
mitochondrial membrane potential disruption (Marc et. Al.,2024)

Botanicals have long been used traditionally in treatment of various types of cancers (Sultana et., al.
2014) and often less associated with the side effects like the modern chemotherapy (Cragg &
Newman 2005). Many chemicals in our environment can cause genetic mutations and are potentially
responsible for millions of cancer-related deaths (Park & Pezzuto 2002). Nowadays the scientists are
looking for food materials which can potentially prevent the cancer occurrence. Realizing the
potential benefits of botanicals as a source of active anticancer compounds, the National Cancer
Institute (U.S.A) collected about 35,000 plant samples from 20 countries and has screened around
114,000 extracts for anticancer activity (Shoeb 2006). Out of the 92 anticancer drugs marketed prior
to 1983 in US and among the ones sold worldwide between 1983 and 1994, 60% are of natural origin
(Newman & Cragg 2012). This includes natural products, derivatives of natural products or semi-
synthetic pharmaceuticals based on natural products models ( Jaspars & Lawton, 1998). Therefore,
this review aims to summarize Sudanese medicinal plants that have shown apoptosis-inducing
activity against various cancer cell lines, providing insight into their potential as leads for novel
anticancer agents.

Methodology

An extensive literature review was conducted utilizing multiple scientific databases, including
SciFinder, PubMed, Scopus, Web of Science, ScienceDirect, Google Scholar, and other relevant
platforms. This comprehensive approach ensured a thorough examination of existing research and

facilitated the identification of pertinent studies related to the topic.
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Results and Discussion

The selection of medicinal plants in this review was guided by their traditional use in treating cancer
and their demonstrated bioactive properties in in vitro studies against cancer cells. This approach
highlights the importance of integrating ethnobotanical knowledge with modern scientific
methodologies to identify potential therapeutic agents. The survey included studies conducted on
domestic plants from Sudan by Sudanese researchers, as well as investigations on the same plants
conducted in other countries. This was necessitated by the limited availability of research resources
in Sudan, which often restricts comprehensive local studies.

A total of 38 plant species were analyzed, spanning 18 families. The findings indicate that the
Fabaceae and Asteraceae families are significant in the context of Sudanese medicinal plants. Each
family contributes 18.24% and 13.16% to the total species analyzed, showcasing their importance in
local traditional medicine. Following these, the Capparidaceae and Combretaceae families each
represent 10.53% of the species. While these families are prominently used in Sudan, their presence
is not limited to this region, many plants from these families are recognized for their anticancer

properties and are utilized in various cultures around the world (Fig. 1).
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Fig. 1: Plant families which used in the reviewed studies%
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In this review, fruits, seeds and whole plants were traditionally the most commonly exploited parts
due to their concentrated bioactive compounds. However, leaves have emerged as the predominant
plant part used in recent studies (Fig. 2). This shift may be attributed to the high abundance of
bioactive molecules in leaves, their ease of collection, and their renewable nature, which makes them

a more sustainable resource for research and therapeutic applications.
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Fig.2: Distribution of plant parts used in reviewed studies

Breast cancer cell lines are the most extensively studied, accounting for approximately 28 % of
research efforts. This predominance is attributed to the wide availability and detailed characterization
of lines such as MCF-7, which is estrogen receptor-positive and widely used to explore hormone
sensitivity, and MDA-MB-231, a triple-negative line employed to study aggressive and metastatic
breast cancer behaviors (Holliday & Speirs, 2011; Subik et al., 2010). Colon cancer lines, such as
HCT-116 and Caco-2, constitute 16% of the examined studies, These models are instrumental in
elucidating colorectal cancer progression and in vitro permeability assays (Soler et al., 1994; Brattain
et al., 1981). Liver cancer represented 14.7% of the studies, with HepG2 being the most frequently
utilized model for hepatocellular carcinoma, these cells serve as a cornerstone for evaluating
hepatotoxicity and investigating molecular mechanisms of liver tumorigenesis (Donato et al., 2015).
Cervical cancer cell lines make up 6.7% of the research, with HeLa—one of the earliest human cell
lines established—and SiHa being commonly employed. These lines are essential in virology,
particularly in studying the role of human papillomavirus (HPV) in cervical carcinogenesis (Henle &

Henle, 1943; Hopman et al., 2004). (Fig. 3).
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Distribution of Cancer Types Tested in Reviewed Studies (%)
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Fig, 3: Distribution of cancer cell lines used per cancer type

The findings emphasize the potential of Sudanese medicinal plants as a valuable source of anticancer
agents. Their bioactive compounds, such as alkaloids, flavonoids, phenolics, and terpenoids, have
shown promising results in inhibiting cancer cell growth through mechanisms like DNA damage and

the activation of apoptosis-inducing enzymes.

The results also organized to first present the plant species and their respective parts or compounds,
followed by the cancer cell lines tested, the type of extract or compound used, the ICso values that
indicate the potency of these extracts, and finally, the activity results, including any relevant
mechanisms of action observed in the studies. This structured overview aims to provide a
comprehensive understanding of the efficacy of these plant-derived compounds in combating cancer,
setting the stage for further discussion on their potential therapeutic applications. Moreover, the study
highlights the need for collaborative efforts between local and international researchers to overcome
resource limitations and expand the scope of medicinal plant research in Sudan. By leveraging
traditional knowledge and modern scientific techniques, these plants can be further explored for their
pharmacological properties, paving the way for the development of novel, plant-based anticancer

therapies.
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Anticancer Activity of Persea Americana

The seed extracts, fractions (particularly fraction F3), and isolated compounds of Persea americana
(avocado) (family Lauraceae ) demonstrated significant cytotoxic effects against MCF-7 (breast
cancer) and HepG2 (hepatocellular carcinoma) cell lines, while exhibiting minimal cytotoxicity
toward normal African green monkey kidney cells. The isolated triterpenoid showed high anticancer
activity, indicating its potential for further development as an anticancer agent (Abubakar et., al.
2017).

Lipid extracts from both the fruit and seed of P. americana significantly inhibited the proliferation of
HepG2 and HCT116 (colon cancer) cells, with seed lipids demonstrating greater potency than fruit
lipids. The ICso values of seed extracts were lower than those of the fruit and even lower than the
standard drug sorafenib. Phytochemicals derived from P. americana have been shown to induce cell
cycle arrest and apoptosis ( D’ Ambrosio et., al. 2011). This enhanced activity is attributed to strong
free radical scavenging abilities and a high content of hydrocarbons, sterols, and oleic acid. However,

its traditional use in ethnomedicine for tumor management suggests a promising therapeutic potential

(Alkhalaf et., al. 2018).

Anticancer Properties of Hibiscus sabdariffa

Hibiscus sabdariffa L. (Malvaceae), cultivated widely in Sudan and Taiwan, exhibited notable
cytotoxic and apoptotic effects on AGS (gastric carcinoma) cells in a concentration-dependent
manner, while having minimal impact on normal Chang liver cells (Lin et., al. 2007). Methanolic
extracts of H. sabdariffa showed high cytotoxicity against PC3 (prostate cancer) cell lines, attributed
to its antioxidant potential (Elnour et., al. 2017). While extracts from the fruit in ethanol, ethyl
acetate, and hexane showed weak cytotoxicity against A549 (lung cancer) cells (ICso values: 374.01,
719.28, and 906.57 png/mL, respectively) (Fithrotunnisa et., al. 2020), aqueous extracts of H.
sabdariffa selectively inhibited the growth of MCF-7 cells in a concentration- and time-dependent
manner (Khaghani et., al. 2011). This activity is likely due to the presence of bioactive
phytochemicals including anthocyanins, flavonoids, and polyphenols (Ali et., al. 2005), (Wang &
Stoner 2008), which have known as anticancer properties.

Notably, B-sitosterol and ergosterol isolated from H. sabdariffa possess estrogen-modulating activity.
Ergosterol has demonstrated apoptotic activity against MCF-7 cells (Arellano et., al. 2004), while -
sitosterol significantly reduced estrogen-induced tumor formation in MCF-7 xenograft mouse models
and lowered serum estrogen levels (Lin et., al. 2007) This suggests potential for H. sabdariffa in

managing hormone-dependent cancers.
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Leaf extracts of H. sabdariffa also exhibited anticancer activity. Wound-healing and transwell assays
revealed that these extracts inhibited migration and invasion of LNCaP (prostate cancer) cells in a
dose-dependent manner at non-cytotoxic concentrations (Chiu et., al. 2015). Furthermore, gossypetin,
a flavonoid isolated from H. sabdariffa, inhibited proliferation, migration, and invasion of oral
squamous cell carcinoma (OSCC) cells, and induced apoptosis and cell cycle arrest, indicating its
potential as a chemopreventive agent (Huang et., al. 2023).

Cytotoxic Effects of Citrus medica

Methanolic leaf extracts of Citrus medica (family Rutaceae), showed dose-dependent cytotoxicity
against MCF-7 cells, with an ICso value of 60.04 pg/mL at 48 hours (Indira et., al. 2023).
Additionally, chloroform extracts of the fruit peel exhibited strong cytotoxic effects against FaDu
(hypopharyngeal cancer) and astrocytoma cell lines, showing 83.3% and 50% inhibition in half-ripe
and ripe fruit extracts, respectively (Jayaram et., al., 2024). During MTT, human astrocytoma cell
line revealed to have a meaningful cell death when compared with controls (P<0.01) with value equal
to 83.3% and 50% in half-ripe and ripe respectively (Entezari et., al. 2009).

Other promising medicinal plants with Anticancer Potential

Tree Sudanese plants commonly used in traditional medicine—Sonchus oleraceus (family
Asteraceae), Halexylon salicornietum family Amaranthaceae , and Prosopis juliflora (The Fabaceae
or Leguminosae) —were evaluated for their anticancer activity against PC3 cells. Among them, P.
juliflora exhibited the highest cytotoxicity, the effect attributed to their strong antioxidant properties
(Elnour et., al. 2017). Additionally, methanolic extracts of P. juliflora leaves were highly effective
against HeLa (cervical cancer) cells (ICso = 56.02 pg/mL) (Montasir et., al. 2018). Also inhibitory
effect of various extracts from S. oleraceus on the growth of NCI-N87 (MTT assay). Represented by
EtOH extract against stomach cancer cells. The maximal inhibition of cell growth was 65.0%
compared to 96.5% for paclitaxel at the same concentration of 100 pg/ml (Yin et., al. 2007).
Members of the Combretaceae family—including Combretum aculeatum, Combretum
hartmannianum, and Anogeisus leiocarpus—were assessed for their (in vitro) anticancer activity
against HepG2 and MCF-7 cells. Petroleum ether extracts of C. hartmannianum roots showed the
most potent activity, with ICso values of 5.4 pg/mL (HepG2) and 1.9 pg/mL (MCF-7), while leaf
extracts also showed moderate effects (Hamid et., al. 2014). Hassan et., al. (2014) confirmed
significant antiproliferative effects of the leaves and stem bark on HCT116 and MCF-7 cells. Other
promising medicinal plants (Nicotiana glauca family Solanaceae. , Tephrosia apollinea family
Fabaceae, and Tamarix nilotica, Family. Tamaricaceae ) showed potent anticancer effects against

MCF-7 and HCT116 cell lines. ICso values for N. glauca were 10.78 pg/mL (MCF-7) and 5.4 pg/mL
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(HCT116), while for T. apollinea they were 29.36 ug/mL and 20.2 ug/mL, respectively—comparable
to reference drugs tamoxifen (ICso = 6.67 ug/mL) and 5-fluorouracil (ICso = 3.9 pg/mL) (Hassan et.,
al. 2014). The methanolic extract of Artemisia absinthium L.( Asteraceac family) exhibited
cytotoxicity on DLD-1 (colon cancer) and ECC-1 (endometrial cancer) cells. The effect was linked
to the generation of intracellular free radicals, leading to DNA damage and apoptosis. In contrast,
cytotoxicity on normal HEK-293 cells was low (Koyucu 2018). Also isolated artemisinin and A.
absinthium extract has a significant impact on the growth of HSC-3 cells. Specifically, a
concentration of 10 uM of artemisinin resulted in a 64% reduction in cell growth and increased the
expression of Caspase 3 and 9 almost six and two times, respectively. Furthermore, a significant
reduction of Bcl-2 expression was observed. Similarly, the extract at 2000 pg/mL exhibited a
remarkable 99% decrease in viability of HSC-3 cells . Moreover, the expression of Caspase 3 and 9
was increased more than 10 times compared to control cells, while the expression level of Bel-2 was
reduced by over 50%. The IC50 of artemisinin, according to the dose-dependent results in HSC-3
cells, is 1.83 uM, and of A. absinthium 134.29 pg/mL. (Tsamesidis et. Al.,2024)

Other plants belong to Capparidaceae family

Maerua pseudopetalosa (Gilg and Bened.) De Wolf

The plant tubers are traditionally used in Sudan as an antitumor agent, research has demonstrated
cytotoxic effects against cancer cell lines (MCF-7 breast cancer cell line). Specific fractions of the
plant showed remarkable activity, with one fraction (F12) displaying a cytotoxic concentration of
43.51 ng/g after 72 hours of exposure (Ibrahim & Ramadan 2019). The anticancer properties of M.
pseudopetalosa are attributed to its rich phytochemical profile, which includes phenolic compounds
and flavonoids. High-performance liquid chromatography (HPLC) analysis has identified several
bioactive compounds, such as gallic acid and sinapic acid, which are known for their antioxidant and
anticancer activities (Ibrahim & Ramadan 2019). While specific mechanisms are still being explored,
the presence of compounds like proline-N-methyl-butyl ester suggests that M. pseudopetalosa may
inhibit cancer cell growth through various pathways, including the induction of apoptosis and the
inhibition of cell proliferation. The query highlights the traditional use of M. pseudopetalosa tubers
in Sudanese folk medicine for treating tumor growth, despite a lack of knowledge regarding their
chemical constituents. ( Ibrahim and Elnor 2015). Overall, although traditional knowledge of M.
pseudopetalosais deeply rooted in local communities, scientific research is now starting to reveal the
chemical constituents that may account for its reported effectiveness in treating tumors.

Capparis decidua (Forssk) Edgew
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Stachydrine, an alkaloid isolated from Capparis decidua, was evaluated for its anti-metastatic activity
against PC3 and LNCaP prostate cancer cells. It significantly inhibited the expression of chemokine
receptors CXCR3 and CXCR4 in a dose-dependent manner, as confirmed by RT-PCR and protein
assays, suggesting its potential as an anti-metastatic agent (Rathee et., al. 2012).

Recent studies utilizing gas chromatography-mass spectrometry (GC-MS) and molecular docking
have identified several compounds in Capparis decidua seed oil that exhibit strong binding affinities
to cancer-related proteins, suggesting their potential as effective anticancer agents. These studies
highlight the importance of further exploration into the molecular mechanisms underlying these
effects (Dafa Allah et., al. 2023).

Capparis spinose

Research has demonstrated that Capparis spinosa extracts can effectively decrease the viability of
cancer cells in vitro. For instance, studies using the MTT assay have shown that these extracts
significantly inhibit the growth of cancer cell lines while having a lower impact on normal cells.
Extracts from C. spinosa have been shown to induce apoptosis in various cancer cell lines, including
HeLa (cervical cancer), MCF-7 (breast cancer), and HepG2 (liver cancer). This is achieved by
increasing the activity of caspases (caspase-8 and caspase-9) and downregulating anti-apoptotic
proteins like Bel-2. The MTT assay test was performed on Hela, MCF7 and Saos cancer cell lines.
According to the results, the hydroalcoholic extract was toxic on three cell lines and it could be
inferred that CS extract can prevent cancer cell growth in low concentrations ( Moghadamnia et.,
al.2019) . Additionally, fruit extract significantly reduced breast cancer cell viability at concentrations
>0.05, highlighting its potential cytotoxic effect (Salih et., al. 2020).

Boscia senegalensis

The aqueous methanolic extract of B. senegalensis exhibited moderate antitumor activity against
three cancer cell lines: HepG2 (ICso = 24.6 pg/mL), MCF-7 (ICso = 22.5 pg/mL), and HCT (ICso =
40.3 pg/mL) (Ahmed et., al. 2019). These effects are attributed to the synergistic interaction of
phenolic compounds, particularly flavonoids such as kaempferol and quercetin, which have
demonstrated efficacy against various cancer cell lines (Carocho & Ferreira 2013). The ethanolic
extract of B. senegalensis leaves showed significant cytotoxicity against melanoma skin cancer
(RPMI 7951), with observable morphological changes indicating cytotoxic effects on the cell wall
and DNA, thereby affecting cell communication and growth) (Hamad et., al. 2024). GC/MS analysis
revealed the presence of oleic acid, which induces apoptosis and necrosis through mitochondrial
depolarization and lipid accumulate (John-Fernada 2005). Additionally, D-allose—a rare sugar—was

identified, known for its anti-proliferative and pro-apoptotic effects in ovarian cancer models (Sui et.,
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al. 2005) Tramadol and other pharmacologically active compounds were also detected, suggesting
potential for B. senegalensis as a therapeutic candidate for intestinal tumors ( Ibrahim & Musa 2021).
Remarkable Sudanese medicinal plants with apoptosis- inducing potential.

Trigonella foenum-graecum

Fenugreek, or Trigonella foenum-graecum (Leguminaceae family)is a leguminous plant that has long
been used in traditional medicine. Recent research has pointed to its possible cytotoxic and anti-
carcinogenic effects which have provided the interest to study it in cancer studies.

The resazurin assay of various tumors indicated T. foenum-graecum to be the most active crude
extracts. (Mohamed et., al. 2015). The cytotoxic effect of fenugreek extracts on MCF-7 cells has been
demonstrated as resulted in the reduced cell viability and the increased apoptotic markers, The MTT
assay showed that the ethanol fenugreek extract had more than half of the inhibitory effect against
MCF-7 cell. (Al-Timimi, 2019). Research has shown that the growth of HepG2 cells could be reduced
by fenugreek, and the process was accompanied by the increase in p53 and other proapoptotic
pathways(MTT assay) (Khalil et., al. 2015). Recent studies have led to the formulation of
nanoparticles of the fenugreek extracts in order to enhance their bioavailability and effectiveness
against cancer cells. These compounds have been demonstrated to have effective outcomes in
augmenting the cancer killing action of both estrogen receptor positive and triple negative breast
cancer cell lines (Islam et., al.2023). Alcoholic extract of fenugreek has been observed to be cytotoxic
to IMR-32 cell line of neuroblastoma and also HT-29 cell line of colorectal cancer in vitro (Verma
2010). In their research study, Sebastian and Thanpan (2007) demonstrated that MCF-7 cells, a cell
line of breast cancer, showed a reduction in cell viability and premature apoptotic phenotypes in case
it was exposed to ethanol extract of fenugreek. Another study examined the impact of methanolic
fenugreek extract on in vitro with breast cancer cell lines (MCF-7 and SK-BR3) and thereafter an
oral acute toxicity experiment was done in a Swiss albino mice model (Alrumaihi 2021). The findings
revealed that the fenugreek extract acted in a dose-dependent fashion and showed anti-metastatic
effect, cell migration inhibitory effect as well as enhanced late apoptosis in the two cancer cell lines.
The data showed that the p53 was upregulated, which implies that the fenugreek effect is linked to
the pathway that prevents the additional DNA mutations and that leads to the cell death. In vivo acute
toxicity results indicated that the oral treatment of mice with fenugreek extract did not cause any
toxicity. Further research was done to examine the anticancer effects of germinated fenugreek seed
extract. The research by Almalki and Naguib (2021) used BXPC-3 pancreatic cancer cell line and
albino mice. The results exhibited that the aqueous germinated fenugreek seed extract was effective

against BXPC-3 cell lines with a value of 25 pg/mL IC50. The in vivo histopathological examination
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revealed that pancreatic tissue from the fenugreek-treated group exhibited significantly healthier
morphology with markedly fewer lesions compared to the untreated group. Additionally, the survival
rate was higher among the treated mice.

Fenugreek extracts are proved to cause apoptosis (programmed cell death) in cancer cells. This is
mainly due to its active compounds which include diosgenin and trigonelline. Diosgenin is a steroidal
saponin which has been found to suppress cell growth and cause apoptosis in cancerous cells. It has
been shown that diosgenin has the potential to decrease the activity of anti-apoptotic proteins such as
Bcl-2 as well as increase the activity of pro-apoptotic proteins such as caspase-3 resulting in the effect
of programmed cell death of cancer cells( Alsemari et., al. 2014), ( Shabbeer et., al. 2009).
Trigonelline which is also another important compound in fenugreek has demonstrated the ability to
slow the development of tumors as well as increase the effectiveness of traditional cancer therapies.
It has antioxidant effects that could protect normal cells but have a cytotoxic effect on cancer cells
(Srinivasan 2006), (Wani & Kumar 2018).

Fenugreek extracts have been demonstrated to induce apoptosis in cancer cells through multiple
mechanisms, including the mitochondrial pathway—characterized by the release of cytochrome c
and subsequent activation of caspases. (Ahmed and Al-Harbi 2022), (Bhatia et., al. 2006),

In vivo tumor tests in animal models can be prevented by using fenugreek extracts (Al-Timimi ,
2019). By implying its possible use as an adjunct treatment in the management of cancer as it has a
capability of selectively targeting cancer cells and sparing healthy cells, the side effects that are
common in chemotherapy with conventional means of treatment are minimized (Khoja, 2022).
Lawsonia inermis

As it was demonstrated in vitro, extracts of L. inermis cause apoptosis in several cancer cell lines of
the human body. Lawsonia inermis was the most active crude extracts, which was demonstrated by
the resazurin assay on various tumors. (Mohamed et., al. 2015). Methanol extract of leaf of
Mehndi/Henna also demonstrated high cytotoxicity on HepG2 showing IC50 playing 24 ug/mL in
MTT assay (Rahmat et al., 2006 ). The extract of Mehndi leaves was found to have cytotoxicity on
HepG2 and MCF-7 (hormone-dependent breast cancer cell line) with IC50 of 0.3 and 24.8 ug/mL,
respectively (Roshnah et al.,1998) 1. Mehndi/Henna extract on c-myc gene expression was also
investigated and it was noted that the gene was not expressed in cell (HepG2 and MCF-7) treated
with 20 and 30mu/ml of crude extract (Endrini et al., 2007 ).The c-myc gene is an early response
gene during cell proliferation and has been found to be often over expressed in many different tissues
and cultured cancer cell lines (Saito et al., 1991). Based on the study, it was concluded that the effect

of cytotoxicity was through the down regulation of c-myc expression and it was also noted that the
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extracts did not produce any activity on normal, Caco-2 (colon cancer) and MDA-MB-231 (breast
cancer) cell lines (Endrini et al., 2007 ). A 12-day in vivo study on a 0.3% aqueous solution of mice
revealed that the progress of Ehrlich Ascites Carcinoma was inhibited, GSH and SOD levels were
elevated which implied that apoptosis was promoted by oxidative action (Ozaslan et al., 2009).
Methanolic extract of Mehndi root was able to produce anti-tumor effects in Swiss albino mice, which
prolonged the life of DLA tumor bearing mice and also improved antioxidant status and lipid profiles
(Priya etal., 2011). On the same note, Rosh Jahannam et al., (1998) conducted an in vivo experiment
which found out that Henna prevents chemical induced hepatocarcinogenesis in rat model.

The anti-carcinogenic activity of the Mehndi leaf extract was tested in skin papillomagenesis model
and exhibited dual-acting quality. It caused phase II enzyme functions related to carcinogen
detoxification and phase I enzyme activity suppression resulting in the substantial inhibition of tumor
burden and decreased tumor incidence (Dasgupta et al., 2003).

Croton zambesicus

Dichloromethane extracts and fractions of C. zambesicus (Euphorbiaceae family) were assessed via
the MTT assay. A trachylobane diterpene, ent-trachyloban-33-ol, isolated from the leaves exhibited
cytotoxicity against HeLa cells (ICso = 7.3 mg/mL), indicating apoptosis induction (Block et., al.
2002). The root extract of Croton zambesicus has demonstrated significant anticancer activity against
HeLa cells (a cervical cancer cell line). The hexane fraction of the root extract exhibited the most
pronounced effect, suggesting the presence of potent bioactive compounds.( Okokon et al.,2013)
Research indicates that extracts from Croton zambesicus exhibit significant cytotoxic activity against
various cancer cell lines, particularly HeLa cells (cervical cancer). The root extract and its fractions
have shown promising results, with the hexane fraction demonstrating the most pronounced
anticancer effects. Studies have investigated the interaction of the extracts with DNA, although the
extracts did not show significant interaction with yeast DNA in electrophoresis assays. This suggests
that the anticancer effects may not be directly related to DNA binding but could involve other
pathways ( Okokon et al.,2013). The seed extract of C. zambesicus has shown strong antioxidant
activity, particularly in the methanolic extract, which exhibited high DPPH free radical scavenging
activity (83.21 £+ 0.05) (Ibrahim et.,al. 2015, 2022). This antioxidant property is crucial because
oxidative stress plays a significant role in cancer development. While the specific anticancer activity
of Croton zambesicus seed extract against cancer cell lines is not explicitly mentioned in relevant
result, its strong antioxidant properties and the presence of bioactive compounds suggest potential
anticancer effects. Further studies focusing on the seed extract's cytotoxicity and mechanisms of

action are needed to confirm its efficacy and therapeutic potential.
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Leptadenia pyrotechnica (Marakh)

L. pyrotechnica (4sclepiadaceae family) aerial parts and hexane, ethyl acetate, n-butanol, aqueous
fractions extract showed in vitro cytotoxic effects on colon cancer cells (HCT116 wild-type and
p53—/-). The hexane fraction (LHE) also caused a significant decrease in cell viability (IC 50 = 100
200 50 /mL) and p53-dependent intrinsic and extrinsic apoptosis, as presented in Annexin V/PI
staining, 200 50 200 50 /mL staining and Western blotting of apoptotic proteins (Khasawneh et., al.
2015). Activation of caspases and the regulation of Bcl-2 family proteins that play an important role
in cell death is involved in this process. As noted in the research, the anticancer activity of the extract
is mediated by the production of reactive oxygen species (ROS), which cause DNA damage and thus
cell death.

The aerial part of L. pyrotechnica has been shown to possess considerable cytotoxicity in MCF-7
human breast cancer cell line with a value of IC 50 as 43.16 mg/mL and an ethyl acetate compound.
It means that it is effective against the growth of cancer cells and compounds found in such a fraction
can potentially be used as therapeutic agents in the treatment of cancer (Khasawneh et., al. 2011).
Ambrosia maritima L.

Sesquiterpene lactones mainly neoambrosin and damsin, which were isolated from A. maritima
(Asteraceae family) exhibited high cytotoxicity against drug resistant cancer cell lines. They act by
inducing apoptosis and may be used together with current anticancer therapies (Saeed et., al. 2015).
The resazurin test on various tumors indicated that the extract of Ambrosia maritma had the high
significant activity. One active principle of A. maritima was chosen to be used in microarray based
expression profiling; ambrosin. Ambrosin response of tumor cell lines was significantly correlated
with genes in numerous functional groups. (Mohamed et., al. 2015).

Ambrosia maritima L. Hymenin exhibited the greatest cytotoxic activity with A-549, MCF-7, and
HCT-116 cell lines (IC50= 3.83 + 0.2, 5.48 + 0.3, 10.1 + 0.6 ug/mL, respectively) using five
sesquiterpene lactones which were identified and isolated. Damsin exhibits high COX-2 inhibitory
capacity (IC50=33.97 1.62 ug/mL) and hymenin had the greatest selectivity to COX-1 (IC50 = 18.21
ug/mL) and high inhibition of NO (IC50=18.19 £ 0.75 ug/mL). (Mohamed et., al. 2020). Also animal
experimentations have revealed that there are smaller tumors in mice treated with these extracts than
the control group, which suggests that they may have therapeutic effects.

The ethyl acetate fraction had a strong cytotoxicity activity in the context of HePG2 whereas butanol
and petroleum ether fractions had moderate and weak cytotoxicity activities, respectively. Both

butanol and ethyl acetate fractions had strong cytotoxicity activity against MCF-7 with a weak
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cytotoxicity activity of petroleum ether fraction and moderate activity of methylene chloride fraction.
(Makkawi et., al.2015)

Aristolochia bracteolata (Aristolochiaceae)

Silver nanoparticles (AgNPs) synthesized from the ethyl acetate extract of Aerial portion of plant
demonstrated strong cytotoxicity against lung adenocarcinoma cells (NCI-H460) with an ICso of
13.44 ng/mL while sparing normal cells (ICso = 196.05 pg/mL). Apoptosis was confirmed through
Annexin V/PI and TUNEL assays, with caspase-3 upregulation and GO/G1 phase cell cycle arrest
(Kumar 2025).

Chrozophora plicata (Euphorbiaceae)

At a concentration of 200 mg/mL, C. plicata leaf extracts induced significant apoptosis in DAL cells,
with 94% dead cells. The MTT assay confirmed a survival rate of only 0.95%, indicating strong
anticancer potential (Kumar& Rao 2017).

Boswellia papyrifera (Burseraceae)

Boswellic acids from B. papyrifera have been reported to induce apoptosis through mitochondrial
pathways and caspase activation in various cancer cell lines, including triple-negative breast cancer
(Trivedi et., al. 2023).

Cichorium intybus

A widely used medicine plant in the Sudanese traditional remedies is Cichorium intybus (usually
referred to as chicory). Current research studies have identified promising anticancer effects of this
plant, which can be explained by a number of bioactive compounds and their various mode of action.
In vitro experiments have established the antitumor potentiality of whole and fractionated extracts of
Cichorium intybus (C. intybus), solvents used were different solvents. An extract of leaves that was
hydroalcoholic with concentration 100 pg/ml was demonstrated to be very cytotoxic to the LNCaP
prostate cancer cell lineights with the 3.67% inhibition. Simultaneously, a root extract showed
significant percentages of inhibition in breast cancer (MCF 7), amelanotic melanoma (C32), and renal
adenocarcinoma (ACHN) cell lines of 12.65% C. per cent. 26, 30.78% C. per cent. 26, and 14.93%
C. per cent. 26, respectively (Conforti et., al. 2008).

A C. intybus ethanolic root extract exhibited strong antitumor effects in an Ehrlich ascites carcinoma
(EAC) mouse model extending the survival by 70 percent when dosed at 500 mg/kg per day (Hazra
et., al. 2002).

A water extract of C. intybus seeds had moderate reduction in colony growth of PC-3 prostate cancer
(25-30 percent), T47D breast cancer (2521 percent), and a RKO colon cancer cell line (626 percent)

in-vitro in a comparative study (Nawab et., al. 2011). Moreover, a C. intybus methanolic extract
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reduced SKBR3 breast cancer cell viability over time, the IC50 of which at 24, 48 and 72 hours was
800 mu g/ ml, 400 mu g/ ml and 300 mu g/ ml, respectively (Mehrandish et., al. 2017). A Cichorium
intybus aerial extract in n-hexane had great antiproliferative (70% at 100 pg/ml) and cytotoxic (50.3%
at 100 pg/ml) properties on Jurkat lymphocytic leukemia cells (Saleem et., al. 2014) . Also, a
methanol extract of the aerial parts of Cichorium intybus had selective cytotoxicity. The extract had
an IC 50 of 138 ug/ml on Jurkat T-cell leukemia proliferation. It also inhibited the growth of bladder
carcinoma (Fen) and cervical epithelioid carcinoma (HeLa) cell lines at moderate concentrations of
approximately 200 7g/ml with no cytotoxic effect with K562 myelogenous leukemia cells (Hassan
et., al. 2014).

A sesquiterpene lactone, lactucin, has been one of the largest compounds obtained in C. intybus and
has demonstrated considerable cytotoxic effects against lung cancer cell lines (A549 and H2347).
Lactucin was identified to cause cell cycle arrest at the G 0 G 1 stage and cause apoptosis. It also
altered the expression of tumor-suppressor genes including p53, p21, Bax, and PTEN and silenced
the anti-apoptotic gene Bcl 2. In addition, it blocked the MAPK signaling pathway and impaired the
process of central carbon metabolism in cancer cells (Chen et al., 2022).

Chicoric acid that is a derivative of caffeoyltartaric acid is another significant constituent, and it
showed the antiproliferative effects on human colon cancer cells (HCT116) in a dose-dependent
manner. It greatly diminished the viability of the cells and caused the occurrence of the apoptotic cell
death, indicating its possible use as a natural anticancer medication (Mohammed et al., 2024).

New compounds called cichorins D, E, and F were extracted from the roots of Cichorium intybus.
Among these, cichorins D and F demonstrated significant cytotoxic effects against triple-negative
breast cancer cell lines (MDA-MB-231 and MDA-MB-468) as well as Ewing’s sarcoma cells, with
ICso values approximately between 41 and 71 uM. This highlights their potential as selective
anticancer agents, especially since these cancer types currently have limited treatment options (Khan
et al.,2020)

In addition, silver nanoparticles (AgNPs) created using C. intybus callus extract showed strong
cytotoxicity against MDA-MB-231 breast cancer cells while causing minimal damage to red blood
cells (less than 3% hemolysis), indicating good biocompatibility and promise as targeted anticancer
treatments [[Ali et al., 2022]].Computational studies further support the anticancer properties of C.
intybus phytochemicals. Molecular docking and dynamics simulations revealed that compounds such
as taraxerone, stigmasterol, and rutin bind effectively to mTOR, a key protein involved in cancer
progression, particularly in breast cancer. Other seed-derived compounds like esculetin and

isochlorogenic acid showed stable interactions with the tumor suppressor protein p53, suggesting
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their potential therapeutic role against liver cancer [[Kumar et al.,, 2022]][[Ahmed et al.,
2023]].Overall, these findings from isolation, nanotechnology, and in silico approaches collectively
underscore the promising anticancer potential of Cichorium intybus and its bioactive constituents.
Cichorium endivia

In vivo, when a whole plant extract of Cichorium endivia was given in a mouse carcinoma model
induced by dimethylhydrazine the expression of natural interferon 2 (IFN 2) and B-cell lymphoma 2
(Bcl-2) was reduced and the expression of interleukins IL 12 and IL 4 was increased, which promotes
its antitumor activity (Hafez et., al.20014).

An IC 50 of 401 pg/ml of the MCF 7 breast cancer cells in vitro was inhibited using a root extract of
Cichorium endivia, which is a related species, using methanol (Alshehri et., al. 2014). On the same
note, a whole-plant extract of C. intybus in the aqueous form inhibited tumor progression in a
colorectal cancer mouse model in a dosage of 200 mg/kg body weight (Hafez et., al. 2016).

Cassia alata

Cassia alata methanolic and ethanolic extracts showed significant cytotoxicity on several cell lines
of human cancer. In vitro testing showed that the activity of inhibiting cell proliferation was dose-
dependent and active against MCF-7 (breast adenocarcinoma), HepG2 (hepatocellular carcinoma)
and A549 (lung carcinoma) cell lines. Lim et al. (2009) indicated that the methanolic leaf extract had
an IC 50 of about 45 ug/ml to the MCF-7 cell viability, and this suggests strong antiprolliferative
activity. Besides growth inhibition, C. alata extracts caused apoptosis which was confirmed by
morphological alterations, DNA fragmentation as well as the activation of caspase-3 in the treated
cancer cells (Alabsi et al., 2012). The action mechanism seems to be through the regulation of the
critical apoptotic regulators, such as the expression of the pro-apoptotic Bax and repression of the
anti-apoptotic Bcl-2. Moreover, cell cycle interrupting at the GO/G1 and G2/M stages was induced
by the extracts hence stopping the progression of tumor cells. It is these biological activities that are
attributed to presence of bioactive secondary metabolites including anthraquinones (e.g.,
chrysophanol, emodin), flavonoids (e.g., quercetin, kaempferol) and other phenolic compounds. In
line with these results, an in vivo study by Pari and Latha (2004) established that oral administration
of C. alata extract was significantly protective against the hepatocarcinogenesis caused by
diethylnitrosamine in rats indicating the possible chemopreventive action. Combined, these findings
support the potential of C. alata as a promising natural compounds source when developing anticancer

drugs and should be considered in further studies in the preclinical and clinical contexts.

Table 1: Anticancer Activities of Selected Sudanese Medicinal Plants
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Plant Name Family Part Used Target Cancer ICso (ng/mL or | Mechanism / Bioactive In Vivo
Cell Lines uM) Compounds Activity
Hibiscus Malvaceae Leaves, AGS, PC3, A549: >374, Anthocyanins, Not reported
sabdariffa Fruit A549, MCF-7, MCF-7: flavonoids, gossypetin;
OSCC, LNCaP selective apoptosis, migration
inhibition
Citrus medica Rutaceae Leaf, Fruit MCF-7, FaDu, MCF-7: 60.04; Cytotoxic effects; Not reported
peel Astrocytoma FaDu: 83.3% apoptosis
inhibition
Sonchus Asteraceae Whole plant | NCI-N87 65% inhibition Antioxidants, moderate | Not reported
oleraceus (gastric) at 100 pg/mL cytotoxicity
Halexylon Amaranthaceae | Whole plant | PC3 Not specified Antioxidant-based Not reported
salicornietum cytotoxicity
Prosopis juliflora | Fabaceae Leaves PC3, HelLa HeLa: 56.02 Strong antioxidant Not reported
activity
Combretum Combretaceae Roots, HepG2, MCF-7, | HepG2:5.4; Strong antiproliferative | Not reported
hartmannianum Leaves HCT116 MCF-7: 1.9 properties
Combretum
aculeatum
Anogeisus
leiocarpus
Nicotiana glauca | Solanaceae Leaves, MCF-7, MCEF-7: 10.78; Potent cytotoxicity Not reported
stem HCT116 HCT116: 5.4 comparable to standard
drugs
Tephrosia Fabaceae Aerial parts | MCF-7, MCF-7:29.36; Comparable to Not reported
apollinea HCT116 HCT116: 20.2 tamoxifen and 5-FU
Tamarix nilotica Tamaricaceae Leaves MCF-7, Not specified Antiproliferative Not reported
HCT116
Artemisia Asteraceae Whole plant | DLD-1, ECC-1, Artemisinin: Caspase 3/9 activation,
absinthium HSC-3 1.83 uM; | Bel-2, ROS-induced
Extract: 134.29 apoptosis
Maerua Capparidaceae | Tuber MCF-7 F12 fraction: Gallic acid, sinapic Used
pseudopetalosa 43.51 pg/g acid; apoptosis, traditionally; no
inhibition of modern in vivo
proliferation model reported
Capparis decidua | Capparidaceac | Seed oil PC3, LNCaP Not specified Stachydrine: anti- Not reported

metastatic (|
CXCR3/CXCR4);

docking confirmed
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Capparis spinosa | Capparidaceae | Whole HeLa, MCF-7, Not specified 1 Caspase 8/9, | Bcl-2; | Not reported
extract, HepG2 strong apoptosis
Fruit
Boscia Capparidaceae | Leaves HepG2, MCF-7, | HepG2: 24.6; Kaempferol, quercetin, | Potential
senegalensis HCT, Melanoma | MCF-7: 22.5; oleic acid, D-allose; intestinal tumor
HCT: 40.3 mitochondrial inhibition
apoptosis (suggested by
GC-
MS/docking);
not validated in
vivo
experimentally
Table 2: Anticancer Activities of Selected Sudanese Medicinal Plants
Plant Name Family Part Used Target Cancer  ICso (ug/mL or ~ Mechanism / Active In Vivo Activity
Cell Lines mg/mL) Compounds
Croton Leaves, ent-trachyloban-3f-ol,
ambesicus Euphorbiaceae Root, Seads HeLa Leaf: 7.3 mg/mL antioxidant-rich; Not reported
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. Target Cancer  ICso (ug/mL or ~ Mechanism / Active . o
Plant Name Family Part Used In Vivo Activity
Cell Lines mg/mL) Compounds
Resin Triple-negative Mitochondrial
Boswellia ) ) )
Burseraceae (Boswellic  breast cancer, Not specified apoptosis pathway, Not reported
papyrifera
acids) others caspase activation
Caspase-3
Aristolochia NCI-H460 13.44 (cancer),  upregulation, cell cycle
Aristolochiaceae Aerial parts) Not reported
bracteolata (lung) 196.05 (normal)  arrest (G0/G1),
apoptosis
Apoptosis via p53
HCT116 (WT Pop P
Leptadenia ) ) HCT116: 100; pathway, ROS, )
Asclepiadaceae  Aerial parts & p53—/-), Not specified
pyrotechnica MCF-7: 43.16 caspases, Bcl-2
MCE-7 )
regulation
Sesquiterpene lactones
HCT-116, ) ) ) Reduced tumor size in
Ambrosia Whole plant Hymenin: 3.83—  (ambrosin, hymenin), )
Asteraceae ] A549, MCF-7, T treated mice compared
maritima (fractions) 10.1 COX-1/2 inhibition,
HepG2 to control
NO inhibition
Chrozophora DAL (mouse 200 mg/mL: 94% Induces apoptosis; Study conducted in mice
Euphorbiaceae  Leaves . .
plicata lymphoma) dead cells 0.95% cell survival using DAL model
V' In vivo: Inhibited
EO: 24 (HepG2); Ehrlich Ascites
Leaves, Downregulates c-myc
Lawsonia HepG2, MCF- Chloroform: 0.3 . Carcinoma; increased
Lythraceae roots, gene; strong apoptosis
inermis 7, other lines  (HepG2), 24.8 survival, GSH, SOD,
essential oil effect
(MCF-7) reduced lipid
peroxidation
v In vivo: Enhanced
) MCF-7, Diosgenin, trigonelline;
Trigonella Seeds o survival in mice, reduced
HepG2, apoptosis via
foenum- Fabaceae (ethanol, BXPC-3: 25 tumor growth, improved
BXPC-3, IMR- mitochondrial pathway,
graecum methanol) histology, no acute
32, HT-29 caspases, p53

toxicity

Adansonia digitata

Adansonia digitata (locally termed in Sudan as Tebeldy) is traditional African ethnomedicine and is

a common traditional medicinal plant. Recent in vitro reports validate its anticancer activity, which
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is highly ascribed to its plentiful phytoconstituents that comprise flavonoids, saponins, phenolic
acids, and sterols (Braca et al., 2018).

An extract of A. digitata fruit pulp in methanol had cytotoxic effects on MCF-7 cancer cells of the
breast cancer with an IC 50 of 78.5 ug/ml, and the mechanism of action was apoptosis caused by the
disruption of mitochondrial membrane potential and DNA fragmentation (Al-Qaralleh et al., 2020).
In a different study, the ethanolic leaf extract was also found to inhibit HepG2 liver cancer cells with
an IC 0 of 93.6 Og/mL and provided hepatoprotective effect (Osman et al., 2017).

Also, the A. digitata leaf extract was tested on MCF-7 cells and showed an IC50 of 65.2 ug/mL, with
a small cytotoxic effect on normal human keratinocytes suggesting specific cytotoxicity and a good

safety presentation (Ibraheem et al., 2022).

Tamarindus indica

Tamarindus indica or tamarind is a popular African and Asian traditional medicine due to its
abundant phytochemical composition composed of polyphenols, flavonoid, alkaloids and tannin. A
number of in vitro studies have shown that it has a potential anticancer effect on different human
cancer cell lines.

The cytotoxic capability of T. indica pulp, seeds, and leaves has been demonstrated by methanolic
and aqueous extracts of these types of vegetation which prevent cell growth and induce apoptosis.
An extract of T. indica fruit pulp in methanol showed considerable cytotoxicity against HeLa
(cervical cancer) cells with IC 50 of 70 Og/mL, associated with DNA fragmentation and the
generation of ROS (Bhadkaria et al., 2015). Also, seed extract demonstrated antiprolliferative effects
on MCF-7 breast cancer cells, having an IC 50 of 79.4 ug/mL, and since the extract increased caspase-
3 activity, this suggests the induction of apoptosis (Sornakili et al., 2017).

Besides, ethanolic extracts of T. indica plant leaves demonstrated growth-inhibiting properties
against A549 lung cancer cells, with an IC 50 of 84 g/mL (Chandran et al., 2020). The anticancer
efficacy is explained with the help of bioactive compounds such as lupeol, catechin, and
proanthocyanidins that are responsible in regulating the oxidative stress, cell cycle arrest, and
triggering apoptotic signals. The above results reinforced the possibility of T. indica serving as a

source of natural anticancer agents particularly in the creation of adjuvant therapy with low toxicity.

Grewia tenax
Grewia tenax 1s a medicinal plant that is classified under the family Malvaceae and is traditionally

utilized part of Africa and Asia such as Sudan in the treatment of other diseases. Its bioactive
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compounds are flavonoids, tannin, alkaloids, and triterpenoids that appear to have led to its
documented antimicrobial, antioxidant, and cytotoxic properties.

Its use as an anticancer agent has been recently studied especially with references to its cytotoxicity
on human cancer cell lines. In the study G. tenax fruits were tested as an ethanolic extract with
moderate cytotoxicity of IC 50 = 112.4 5g/ ml, which was coupled with apoptotic characteristics,
including chromatin condensation and DNA fragmentation (Alhakimi et al., 2019).

One more article that measured the cytotoxic effect on HepG2 liver cancer cells using the methanolic
leaf extract demonstrated dose-based suppression of cell growth, but no particular IC 50 was given
(Mohammed et al., 2021). The phytochemical studies demonstrated the availability of bioactive
flavonoid such as quercetin and kaempferol derivatives, which are reported to influence the oxidative
stress and apoptosis in cancer cells.

These results indicate that Grewia tenax could have anticancer activities related to the regulation of
oxidative stress and programmed cell death but additional research, such as in vivo models, and the
isolation of compounds are required, to confirm the clinical potential.

Balanites aegyptiaca

Balanites aegyptiaca, the desert date, used in traditional medicine, to treat infections like fever,
inflammation and liver diseases. The recent pharmacological research discovered its possible
anticancer effect caused by such compounds as diosgenin, flavonoids, alkaloids, and saponins.

B. aegyptiaca extracts have demonstrated cytotoxicity in a range of human cancer cell lines in vitro.
Methanolic fruit mesocarp extract showed a high cytotoxicity of MCF-7 breast cancer cell with an
IC 50 of 843 ug/mL, which is associated with induction of apoptosis and mitochondrial membrane
potential disruption (Saeed et al., 2015).

A different study established that seed oil extracts had cytotoxic activities on HepG2 liver cancer
cells with an IC 50 of 92 mg/kg. It was connected to more ROS generation and caspase-3 activation
causing the apoptotic cell death (Gamal El-Din et al., 2020).

Besides, saponins found in B. aegyptiaca, and, in particular, of the diosgenin type have been purified
and demonstrated to have selective anticancer activities; that is, inhibition of cell growth and
induction of apoptosis in colon cancer and prostate cancer cells in vitro (Aboul-Enein et al., 2016).
These results indicate that Balanites aegyptiaca has potential as a source of such natural compounds
in the development of anticancer drugs because it has selective cytotoxicity and apoptosis.

Ziziphus spina-christi

Ziziphus spina-christi, which is also known as Christs thorn jujube, is a medicinal tree that grows in

arid and semi arid regions of the Middle East and Africa such as Sudan. Historically, various sections
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of the plant (leaves, fruits, and bark) are applied in the treatment of inflammation, wounds, and
gastrointestinal ailments. The recent reports have highlighted its anticancer property, owing to its
varied phytochemical make-up comprising of alkaloids, flavonoids, betulinic acid, saponins, and
tannins.

Z. spina-christi leaf methanolic extract had cytotoxic properties on HeLa (cervical cancer) cells with
an IC 50 of 87.2 0g/mL, leading to apoptosis which was assessed by nuclear condensation and DNA
fragmentation (Al-Mustafa and Abdelgadir, 2012). The extract too showed a high antioxidant activity
which could increase its cytotoxic effect by inducing oxidative stress in the cancer cells.

In a different research, ethanol and aqueous extracts of Z. spina-christi leaves were antiproliferative
against the HepG2 liver cancer and MCF-7 breast cancer cell lines, with ICso values ranging from
90-120 pg/mL, depending on the extract type and concentration (Ali et al., 2020).

Increased production of reactive oxygen species (ROS), mitochondrial dysfunction and up-regulation
of pro- apoptotic genes like Bax were attributed to the anticancer effects.

Moreover, it has been found that the triterpenoid compound, betulinic acid, which is extracted in the
leaves and the bark of Z. spina-christi, is a broad-spectrum anticancer agent, particularly against
melanoma and prostate cancer cells, via their mitochondrial pathways (El-Sayed et al., 2017).

These results justify the potential of Ziziphus spina-christi as a prospective anticancer drug
development on the basis of its selective cytotoxicity, richness in phytochemicals and various
apoptosis-linked effects.

Hyphatera thebaica

Hyphatera thebaica its vernacular name is doum palm is a horticultural plant species that grows in
dry areas of Africa and Middle East, such as Sudan. Conventionally, its fruits and seeds are applied
in the treatment of hypertension, inflammation, and disorders of the urinary tract. In more recent
times, its anticancer effects have been studied using scientific methods, such that its extensive
presence of phenolic compounds, flavonoids, sterols, and tannins have been attributed to its
anticancer effects.

H. thebaica fruits have been demonstrated to have serious cytotoxic properties in vitro using ethanolic
extracts. In another study, the extract had antiproliferative effects on MCF-7 breast cancer cells with
an IC 50 of 91.5 ug/mL, which caused morphological evidence of apoptosis, which included
chromatin condensation, and membrane blebbing (Mohamed et al., 2019). High intracellular levels
of ROS, mitochondrial dysfunction, and caspase activation were related to the cytotoxic effect.
Also, fruit extracts in aqueous and methanol exhibited moderate exerting cytotoxicity on HepG2 liver

cancer cells, with IC 50 values between 95 and 110 pg/mL with respect to the type of extract (Yassin
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et al., 2021). The phytochemical analysis revealed that the gallic acid, ferulic acid, and catechin
derivatives were present, and they may play a role in apoptosis induction through the oxidative stress
pathways.

Moreover, H. thebaica-derived sterol-rich fractions exhibit selective anti-colon cell lines cytotoxicity
and the possible mechanisms include G1 cell cycle arrest and the regulation of apoptotic genes
(Ahmed et al., 2020).

The results indicate that the plant have a promising source of natural anticancer agent especially as a
selective toxicant, antioxidant and inducer of apoptosis in malignant cells.

Acacia senegal

Acacia senegal which is the source of gum Arabic is indigenous to dry parts of Africa, such as in
Sudan. Conventionally applied in the treatment of inflammation, wounds and infection, it has recently
become a subject of interest in the application of anticancer activity mainly due to its polysaccharides,
flavonoid, phenolics, and arabinogalactan-proteins.

Aqueous and ethanol extracts of A. senegal have been tested on different cancer cells with regard to
their cytotoxic properties. In vitro analysis indicated that the aqueous extract of gum arabic had
significant antiprolliferative effects on HT-29 cancer colon cells with an IC 50 of 95.4 5g/mL that
was related to an augmentation in reactive oxygen species (ROS) and mitochondrial membrane
depolarization, which is indicative of apoptosis (Ali et al., 2016).

The other research used A. senegal ethanolic leaf and bark extracts to test on MCF-7 breast cancer
cells and found moderate cytotoxicity with IC 50 of 100- 120 ug/mL. Activation of caspase-3 and
fragmentation of the nucleus were the indicators of apoptosis (Elamin et al., 2019).

Moreover, gum Arabic dietary supplementation in vivo is reported to decrease tumor burden in
chemically induced colon carcinogenesis in animals, possibly by antibacterial and antioxidative
effects (Nasir et al., 2018).

These findings indicate that Acacia senegal, particularly its extracts that contain polyphenols and
gum can be utilized as an anticancer agent because of its ability to induce apoptosis, alter antioxidant
activity, and have anti-inflammatory properties.

Borassus aethiopum

The African fan palm or "dom palm" Borassus aethiopum is a widely spread tropical palm in tropical
Africa, as well as Sudan. Its roots, leaves and fruits are traditionally used to remedy various diseases
including infections, ulcer and inflammation. In recent pharmacological research, it has started to be
investigated in terms of its anticancer activity, which has been explained by its high concentration of

flavonoids, phenols, sterols, and alkaloids.
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B. aethiopum root methanolic extract showed cytotoxic activity against MCF-7 human breast cancer
cells, with an IC 50 of 88.6 0g/mL and induced morphological alterations typical of apoptosis, such
as membrane blebbing and chromatin condensation (Mugisha et al., 2020). The paper has attributed
this effect to phenolic compounds, which have the potential to cause oxidative stress and DNA
damage in cancer cells.

There is another study in which ethanol extracts of B. aethiopum fruit pulp were tested on HepG2
liver cancer cells, with an effect that was dose-dependent (IC 50 of about 96 0-1) which was probably
due to the production of ROS and disruption of the mitochondrial membrane (Ogundare et al., 2021).
The extract was also non-toxic to normal fibroblast cells and therefore has a relatively good
therapeutic index.

Moreover, phytochemical screening of B. aethiopum has indicated the presence of 2-sitosterol, ferulic
acid and catechin that are established to regulate important cancer related pathways such as cell cycle
arrest and induction of apoptosis. According to selective cytotoxicity and programmed cell death, the
B. aethiopum is consider as a natural source of anticancer agents.

Acacia seyal

Acacia seyal is native in Sudan and other dry places in Africa. It produced gum arabic (type
seyal),which traditionally, used to treat infections, wounds and inflammation. In the recent years,
pharmacological research has examined its anticancer property especially as a result of its high
phenolic compounds, flavonoid, tannin, and saponin contents.

An Acacia seyal methanolic extract of Acacia seyal bark showed cytotoxicity against MCF-7 breast
cancer cells with the IC 50 of 89.7 0 g/ml. The extract caused morphological and prototypical
apoptotic alterations such as cell shrinking, membrane blebbing, and nuclear condensation. This was
associated with the amplified intracellular reactive oxygen species (ROS) and caspase-3 activity
(Osman et al., 2018).

A different study assessed the gum arabic of Acacia seyal and had anti-proliferative effects on the
HT-29 colon cancer cells, whereby growth was inhibited and viability was reduced to levels above
100 pg/mL. Even though this study did not accurately determine the IC 50, the effects that were
observed were explained by immune-modulatory and antioxidant effects (Mohammed et al., 2020).
Presence of the catechins, gallic acid, quercetin and other polyphenols is believed to be linked with
the cytotoxic outcome of A. seyal, which is known to mediate major apoptotic pathways and suppress
the survival of cancer cells by means of inducing oxidative stress and affecting mitochondrial

functionality.
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These results indicate that Acacia seyal, its extracts, especially the bark and the gum could be
considered as a natural anticancer agent, especially in the treatment of breast and colon cancer.
Anticancer properties of Terminalia brownii.

Terminalia brownii is a popular medicinal tree that grows in East Africa and Sudan where it is
customarily used in the treatment of infection, wounds, and inflammation. The recent
pharmacological studies have also given it promising anticancer potential which is mostly due to its
abundant phytochemical composition comprising of flavonoids, tannins, triterpenoids, ellagic acid
and gallic acid derivatives.

In vitro research has shown that methanolic and aqueous extracts of T. brownii stem bark have a
pronounced cytotoxic activity in a number of human cancerous cell lines. A methanolic bark extract
demonstrated anti-tumor effects on HeLa cervical cancer cells with an IC 50 value of 85.6 pg/mL
leading to apoptosis in terms of shrinkage of cells, membrane blebbing and fragmentation of the
nucleus (Kigondu et al., 2009).

In a different study, the ethyl acetate and aqueous extracts were compared to MCF-7 cell line of breast
cancer and DU145 cell line of prostate cancer. The ethyl acetate fraction exhibited high cytotoxicity
with IC 50 of 74.2 0g/mL (MCF-7) and 81.5 Og/mL (DU145), which is probably attributable to its
ability to activate the mitochondrial pathway and induce the expression of pro-apoptotic proteins,
including Bax and caspase-3(Mwitari et al., 2013).

The screening of T. brownii extracts by phytochemicals identified tannins, saponins, flavonoid and
polyphenolic compounds that play a role in its antioxidant and apoptotic effects. These are reported
to disrupt the signaling pathways in cancer cells and cause oxidative stress that results in programmed
cell death. Accordingly, Terminalia brownii can be very useful as a source of natural anticancer

agents, especially in hormone-related and epithelial cancers.

Table 3: Anticancer Activities of Selected Sudanese Medicinal Plants
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Target ) ]
) ICso (ng/mL or ~ Mechanism / Active ) o
Plant Name  Family  Part Used Cancer Cell In Vivo Activity
) mg/mL) Compounds
Lines
ROS increase,
mitochondrial )
Gum, o | Tumor burden in
Acacia HT-29, depolarization, ) )
Fabaceac Leaves, 95.4-120 pg/mL o colon carcinogenesis
senegal MCEF-7 caspase-3 activation;
Bark ) models
polysaccharides,
flavonoids
Apoptosis via ROS
MCF-7, HT- increase, caspase-3  Growth inhibition in
Acacia seyal Fabaceae Bark, Gum 89.7 pg/mL o )
29 activation; catechins, colon cancer model
gallic acid, quercetin
Apoptosis via
mitochondrial
Adansonia i i .
Fruit pulp, MCF-7, disruption, DNA
digitata Malvaceae 65.2-93.6 pg/mL ) —
Leaves HepG2 fragmentation;
(Tebeldy) ) ]
flavonoids, saponins,
phenolic acids
ROS production,
) MCF-7, caspase-3 activation,
Fruit ] ]
Balanites Zygophylla HepG2, mitochondrial
mesocarp, 84.3-92 pg/mL ) —
aegyptiaca  ceae Colon, dysfunction;
Seeds ] )
Prostate diosgenin-type
saponins
ROS generation,
Borassus mitochondrial
Roots, MCF-7, ) )
aethiopum  Arecaceae ) 88.6-96 pg/mL  disruption; B- —
Fruits HepG2 ) )
(Dom palm) sitosterol, ferulic
acid, catechin
Apoptosis via
caspase-3 activation,
MCF-7, Bax 1, Bcl-2 |, cell  Protected against
~45 ng/mL ) )
Cassia alata Fabaceae Leaves HepG2, (MCF-7) cycle arrest (GO/G1, hepatocarcinogenesis
A549 G2/M); in rats
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Target
) ICso (ng/mL or ~ Mechanism / Active ) o
Plant Name  Family  Part Used Cancer Cell In Vivo Activity
) mg/mL) Compounds
Lines
| Tumor growth in
Whole Reduces Bcl-2, IFN- ]
Cichorium ) dimethylhydrazine-
Asteraceae plant, MCF-7 ICs0 =401 pg/mL a; increases IL-12, ) )
endivia induced carcinoma
Roots IL-4
model
Lactucin (induces
apoptosis,
p53/p21/Bax/PTEN
LNCaP, EAC mouse model:
100 pug/mL 1, Bel-2 |, MAPK )
Leaves, = MCF-7, C32, o ~_ lifespan 170% at 500
(LNCaP: 3.67% inhibition); Chicoric
Roots, ACHN, o o mg/kg (Hazra et al.,
Cichorium ] inhib.); ICso = 138 acid (induces
Asteraceae Aerial SKBR3, ) ) ~2002); colorectal
intybus pg/mL (Jurkat);  apoptosis); Cichorins
parts, Jurkat, ) cancer mouse model
300-800 pg/mL  D-F (cytotoxic, ICso
Seeds HelLa, Fen, inhibited at 200
(SKBR3) =41-71 uM);
K562 mg/kg
Taraxerone,
stigmasterol, rutin
(mTOR binding)
Apoptosis via
) oxidative stress, DNA
Grewia Fruits, MCF-7, 112.4 ng/mL )
Malvaceae fragmentation; —
tenax Leaves HepG2 (MCF-7) )
quercetin, kaempferol
derivatives
Hyphaene ROS generation,
P MCEF-7, s )
thebaica ) caspase activation,
Arecaceae Fruits HepG2, 91.5-110 pg/mL S =
(Doum Gl arrest; gallic acid,
Colon )
palm) catechin, sterols
ROS generation,
Tamarindus Fruit pulp, caspase-3 activation,
HeLa, MCF-
indica Fabaceae Seeds, 7 A549 70—84 pg/mL DNA fragmentation, —
(Aradabe) Leaves ’ lupeol, catechin,
proanthocyanidins
Apoptosis via
Terminalia Combretac HelLa, MCF- mitochondrial
Stem bark 74.2-85.6 pg/mL —
brownii eae 7,DU145 pathway,

Bax/caspase-3
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Target
) ICso (ng/mL or ~ Mechanism / Active ) o
Plant Name  Family  Part Used Cancer Cell In Vivo Activity
) mg/mL) Compounds
Lines
upregulation;
flavonoids, tannins,
ellagic acid
ROS generation,
HeLa, mitochondrial
Ziziphus Rhamnace Leaves, )
HepG2, 87.2-120 pg/mL  dysfunction, Bax 1; —
spina-christi ae Bark o
MCF-7 betulinic acid,
flavonoids, saponins
Conclusion

This review underscores the significant role of Sudanese medicinal plants in cancer therapy by
synthesizing and evaluating existing data on its in vitro and in vivo anticancer properties and
underlying mechanisms. The results indicate substantial promise for further investigation of these
plants and their bioactive compounds as potential sources of novel anticancer agents. Numerous plant
extracts exhibited potent antiproliferative effects, with ICso values comparable to those established
by the National Cancer Institute (NCI) as benchmarks for activity. Their anticancer actions primarily
involve the induction of apoptosis and the disruption of the cell cycle. Sudanese researchers, in
collaboration with international partners, are advancing this field meaningfully. Nevertheless, for the
majority of the plants discussed, more in-depth studies—particularly on molecular pathways and in

vivo efficacy—are needed to fully understand and harness their therapeutic potential.
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