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 Abstract 

Cancer is an advanced disease characterized by numerous etiologies and multiple 

stages evoked by the deregulation in genetic and epigenetic programs via many 

factors like hormonal perturbation, microbial infections and chemical 

carcinogenesis. Once cells become cancerous, they still divide forever with none 

response of sign programmed cell death or senescence. Treatment relies on 

radiotherapy and chemotherapy that target cells with fast division. These 

treatments cause numerous side effects on normal cells division. Natural 

products have continually and historically been studied for promising new leads 

in pharmaceutical development. Several plant parts are utilized in traditional 

medicine because they are easily available in rural areas and less expensive 

compared to new synthetic therapeutic drug. Moringa peregrina (M. peregrina), 

which belongs to the monogenic Moringaceae family, offers these advantages. 

Moringa trees possess different medicinal and nutritional value. This current 

review focuses on the chemical and biological properties of M. peregrina as a 

promising source of anti-cancer agent(s).  
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1. Introduction  

Cancer is a cluster of diseases involving abnormal 

cell growth with the potential to spread to extra 

parts of the body (Anand et al., 2008). They form a 

subset of neoplasms. A neoplasm or tumor is a 

cluster of cells that have undergone unregulated 

growth, and will regularly produce a mass or lump, 

however may be spread diffusely (Kravchenko et 

al., 2009). Not all tumors are cancerous; benign 

tumors do not invade other parts of the body (Pan 

et al., 2019). 

 

 Cancer is amongst the major noncommunicable 

diseases causing death worldwide. Cancer alone 

accounts for 21.7% of all noncommunicable 

diseases (Tiloke et al., 2016). 

2. Hallmarks of Cancer 

The hallmarks of cancer include sustaining 

proliferative signaling, evading growth 

suppressors, genome instability and mutation, 

enabling replicative immortality, tumor-promoting 

inflammation inducing angiogenesis, avoiding 

immune destruction, activating invasion and 

metastasis and resisting cell death (apoptosis). 
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 3. Apoptosis 

Apoptosis is a form of programmed cell death (cell 

suicide), the mechanism by which cells are 

programmed to die within the event they become 

damaged. Cancer cells are characteristically able to 

bypass this mechanism. Cells can self-destruct; a 

process referred to as apoptosis. This is required for 

organisms to grow and develop properly, for 

maintaining tissues of the body, and is additionally 

initiated when a cell is damaged or infected. Cancer 

cells, however, lose this ability; while cells may 

become grossly abnormal, they do not apoptose 

(Hanahan and Weinberg, 2011). 

3.1. Characteristics of apoptosis 

Morphological changes of apoptosis include 

chromatin condensation, nuclear fragmentation, cell 

shrinkage, late mitochondrial disintegration, 

membrane blebbing, cell shrinkage and eventually 

phagocytosis (Ouyang et al., 2012; Wong, 2011). 

Biochemical changes in apoptosis are DNA 

fragmentation, caspase activation, poly (ADP- 

ribose) polymerase proteolysis (Giansanti et al., 

2011), phosphatidylserine externalization, cleavage 

of intracellular substrates by enzymes and 

recognition by phagocytic cells (Ouyang et al., 

2012). 

3.2. Apoptosis pathways 

3.2.1. Intrinsic pathway 

The intrinsic pathway is initiated internally by 

stimuli such as stress, hypoxia, oxidative stress and 

DNA damage. This leads to mitochondrial 

disruption, increased mitochondrial permeability 

and the release of apoptotic proteins (Wong, 2011). 

The apoptosome is formed when cytochrome c is 

released into the cytoplasm and binds to Apoptotic 

Protein Activating Factor 1 (APAF-1). This results 

in caspase cascade activation (Wen et al., 2012). 

When caspase 8 is triggered, it cleaves pro caspase 

3 to form caspase 3, which in turn cleaves other 

caspases (Ghavami et al., 2009). Mitochondria also 

release nucleases that degrade DNA and the cellular 

fragments are engulfed by phagocytes to complete 

apoptosis (Giansanti et al., 2011). 

3.2.2. Extrinsic pathway 

The extrinsic pathway is initiated by cell death 

signals which result from death ligands binding to 

specific death receptors. 

 Common death receptors include tumor necrosis 

factor-alpha (TNF-α) and Fas and their ligands 

TNF-α L and Fas-L (Ola et al., 2011). Death 

receptors have death domains that recruit adapter 

proteins such Fas Associated Death Domain 

Protein (FADD) (Ashkenazi, 2002). Death 

inducing signaling complex (DISC) is formed by 

trimerization of death ligands, and induction of 

death receptor oligomerization, which provides a 

binding site for adaptor protein (Yan and Shi, 

2005). DISC also initiates the activation of caspase 

8 which initiates apoptosis (Bellail et al., 2010). 

The two apoptotic pathways are diagramed in 

Figure 1. 

4. Treatment of Cancer 

Cancer is treated by surgery, chemotherapy, 

radiotherapy, hormonal therapy, and targeted 

therapy (including immunotherapy such as 

monoclonal antibody therapy). The selection of 

therapy depends upon the placement, grade of the 

tumor, the stage of the disease and the general state 

of the patient (performance status). Variety of 

experimental cancer treatments also are under 

development (Palumbo et al., 2013). 

The problem of unacceptable side effects like low 

specificity, dose-related toxicity and the recurrence 

of patient tumors because of prevalence of drug-

resistant cells remains hold block to achievement of 

anti-cancer chemotherapy. Cis-

diamminedichloroplatinum (II) or cisplatin is 

highly effective in treating cervical carcinoma, but 

have neurotoxic effects on the central nervous 

system and the peripheral nervous system. The 

foremost commonly observed adverse-effects 

include moderate myelosuppression, emesis, 

nephrotoxicity, ototoxicity and neurotoxicity. More 

rare adverse-effects include ophthalmological 

effects, seizures and autonomic neuropathy. 

Therefore, searching for new chemotherapeutic 

agents has refocused on natural products, leading to 

the discovery of some new bioactive compounds 

(Ng et al., 2011). 

5. Medicinal plants as sources of 

anticancer drugs 

For generations, medicinal plants have been used 

as a primary source for the treatment of diseases 

globally (Karunamoorthi et al., 2013).  
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Figure 1: Diagram for two major apoptosis pathways (Li and Sheng, 2012). 

 

Despite the increase usage of modern medicine, 

some countries still rely on herbal medicine due to 

high cost of modern drugs. According to the WHO, 

70% of the world population is using herbal 

medicine as alternative or mainstay therapeutic 

treatment for diseases (Kaur and Arora, 2009). 

The increased interest in scientific research on 

herbal medicine is due to their documented 

antioxidant, antimicrobial, anti-diabetic and 

anticancer effects (Rafieian-Kopaei, 2012). Up to 

50% of modern drugs are derived from plants and 

their derivatives (Pan et al., 2013). 

Medicinal plants contain phytochemicals such as 

carotenoids, polyphenols, alkaloids, saponins, 

tannins and vitamins as well as many other 

constituents. Most of the phytochemicals have 

antioxidant activity and can decrease the risk of 

developing diseases. In addition, these 

phytochemicals exhibit anti-inflammatory, anti-

mutagenic and anticancer properties (Mothana et 

al., 2009). Polyphenols are a class of chemicals that 

include flavonoids, phenolic acids, tannins and 

stilbenes. Recently, dietary polyphenols such as 

flavonoids and phenolic acids have been of interest 

due to their health benefits such as antioxidants, 

anticancer, anti-inflammatory and chemo-

preventive properties (Ramos, 2007). 

 6. Family: Moringaceae 

The Moringaceae is a monotype family of sole 

genus Moringa with 13 species. Moringa trees are 

important food commodity as almost all plant parts 

are edible and consumed as nutritive vegetable in 

many countries. Many plants of this family are 

used in traditional medicine globally for the 

treatment of various illnesses (Al-Owaisi et al., 

2014).  

This family also contains the most widely known 

species M.  oleifera Lam., known as drumstick tree 

(Awodele et al., 2012). Miracle tree (Moringa 

peregrina) is known in Arabic as "Habb El Yasar, 

Habb El Pan" and the seeds are known as "Habba 

Ghalia" and it is a very fast growing tree or shrub 

(Said-Al Ahl et al., 2017). It is grown in many 

areas of the world like Northeastern tropical Africa, 

Madagascar and Arabia (Al-Owaisi et al., 2014). 

6.1.Traditional uses of Moringa 

Almost all parts of Moringa peregrina, viz., 

flowers, fruits and roots are edible, and have long 

been consumed as vegetable and used to treat many 

diseases such as abdominal tumors, hysteria, 

scurvy and paralytic attacks (El Baky and El-

Baroty, 2013). 
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The leaf extract of M. peregrina is rubbed over skin 

to treat skin rashes in folk medicine. The juice from 

the bark of M. peregrina is used as a disinfectant to 

speed up wound healing. In the Northern Oman, oil 

extracted from the pods is used in treatment of 

infantile paralysis or convulsions. In Egypt, it is 

used locally to treat slimness, constipation, 

headache, fever, burns, back and muscle pains (Al-

Owaisi et al., 2014). 

The seed essential oil contents of the two common 

Moringa species, i.e. M. oleifera and M. peregrina, 

are high, ranging from 33-41 and 49.8%, 

respectively. The seed oil obtained from Moringa 

has been used mainly in household as well as soap 

and perfume applications. Moringa seed oil has 

been evaluated as a potential feedstock for 

production of biodiesel and in industry as fine 

machine lubrication (Elsayed et al., 2016). 

 

In addition, seeds contain a dimeric cationic 

proteins (13 kDa) with coagulant and antimicrobial 

properties, and traditionally is utilized for 

purification and treatment of high turbid water 

(Anwar et al., 2007). Moringa gums, roots and 

seeds are widely used in traditional medicine and 

folk remedies for many diseases such as 

inflammation, cardiovascular and liver diseases, 

immune boosting agent, blood sugar and cholesterol 

regulator. 

6.2. Nutritional value of Moringa 

The plants belonging to Moringa species are rich in 

carotenes, flavonoids, sterols and tocopherols. 

Furthermore, Moringa species are rich in essential 

oils, antioxidants and sulfur amino acids (Elsayed 

et al., 2016). The young leaves of M. peregrina are 

rich in vitamins, minerals, proteins and low in fat 

and carbohydrates (Al-Owaisi et al., 2014). 

The leaves are highly nutritious, and contain more 

vitamin A than carrots, more calcium than milk, 

more iron than spinach, more vitamin C than 

oranges and more potassium than bananas and more 

protein than milk and eggs. Moreover, leaves of 

Moringa species are rich in various phytochemicals 

like carotenoids, amino acids, sterols, glycosides, 

alkaloids, flavonoids, moringine, moringinine, 

phytoestrogens caffeoylquinic acids and phenolics. 

Fruits and seeds have been reported as a rich source 

of protein, essential elements (Ca, Mg, K and Fe) 

and vitamins (vitamin A, C and E).  

 The seed oil contains all fatty acids contained in 

olive oil, except linoleic and was used as its 

acceptable substitute. In Egypt, the oil obtained 

from seeds of moringa trees were used as edible oil 

sources in south cost of Red Sea region (El Baky 

and El-Baroty, 2013). 

6.3. Phytochemistry of M. peregrine 

The main product derived from M. peregrina is 

seed oil, called ‘ben oil’. The seed of M. peregrina 

contains about 50% oil. It is similar to the oil 

extracted from the seed of M. oleifera Lam. 

A full chemical characterization of the seed oil 

displayed high levels of oleic and gadoleic acids 

and the main saturated acids were palmitic acid and 

stearic acid. β-sitosterol was found as the most 

predominant compound of the sterolic fraction of 

the oil and campesterol, stigmasterol and 

brassicasterol were also detected. α-, γ- and δ- 

tocopherols, that are natural antioxidants were also 

found. The water purifying properties of the seed 

are caused by a protein which coagulates dispersed 

particles (Said-Al Ahl et al., 2017). 

Elbatran et al. (2005) and Hajar and 

Gumgumjee (2014) are among studies concerning 

the phytochemical composition of M. peregrina. 

Elbatran et al. (2005) studied the phytochemical 

and pharmacological properties of M. peregrina 

and recognized the presence of four flavonoidal 

compounds isolated from the aerial parts; 

quercetin, quercetin-3-0- rutinoside (rutin), 

chrysoeriol-7-0-rhamnoside and 6,8,3,5- 

tetramethoxy apigenin. The components showed 

anti-inflammatory activity.   

Hajar and Gumgumjee (2014) isolated six 

compounds from the aerial parts of M. peregrina: 

lupeol acetate, α- amyrin, β-amyrin, sitosterol, 

sitosterol-3-O-D-glucoside and apigenin which 

showed antibacterial activity. 

6.4. Biological properties of M. peregrine 

While M. oleifera has been traditionally utilized as 

a source of nutrients, studies displayed that 

different parts of the plant have essential biological 

properties. The leaves showed antioxidant and 

anticancer activities (Awodele et al., 2012), the 

bark and leaf extracts exhibited antimicrobial 

activities (Yusuf and Abdul Hamid, 2013), the 

pods have been traditionally used as a stimulating 

cardiotonic against fainting in Thailand, the seed  
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extract was utilized to decrease lipid peroxidation, 

and the root was found to have anti-inflammatory 

activities. Recently, M. peregrina seed extracts 

showed antioxidant and anti-inflammatory 

properties (Elsayed et al., 2016). 

Antimicrobial activities of M. peregrina oil 

extracted from seeds were fully studied. The oil had 

inhibitory effects on Staphylococcus aureus, 

Staphylococcus epidermidis, Pseudomonas 

aeruginosa, and Candida albicans (Alaklabi, 2015). 

Both aqueous and ethanolic extracts of M. 

peregrina displayed anti-hyperglycemic effects on 

streptozotocin induced diabetes in rats by causing a 

significant reduction in blood glucose levels (El-

Alfy et al., 2011). 

6.5. Induction of apoptosis and anticancer 

activity by M. peregrina on cancer cells 

The leaves extract of M. peregrina showed 

cytotoxic effect on HepG2 and MCF-7 cell lines 

while displaying low toxicity on the normal 

melanocytes cell line. Diethyl ether and ethyl 

acetate extract methods were highly effective for 

anticancer activity by inducing cell cycle arrest and 

apoptosis of the HepG2 cells by upregulation of 

p53, BAX, and Caspase-3 and downregulation of 

BCL-2. GC/MS analysis displayed that diethyl ether 

and ethyl acetate leaves extracts were rich in retinol, 

thymol, ascorbic acid, myristic acid, palmitic acid, 

and linoleic acid that would explain this activity 

(Mansour et al., 2019). 

Also, the essential oil obtained from M. peregrina 

seeds has a significant inhibitory effect on different 

investigated cell lines. This effect was found to 

depend on the concentration used where HELA and 

HepG2 cells were the most affected cell types 

(Elsayed et al., 2016). 

The ethanolic extract of the aerial parts of M. 

peregrina had a potent cytotoxic activity against 

two tested human cell lines; colon cancer cell line 

(HCT116) and breast cancer cell line (MCF-7) (El-

Alfy et al., 2011). 

Other studies revealed that treatment of HELA and 

PC-3 as well as CACO-2 cells with chloroform 

fraction of ethanolic extract of M. peregrina showed 

degraded DNA bands in the form of ladders,  

 a typical indication of apoptosis, whereas the 

untreated control cells showed intact DNA bands 

when observed in UV transilluminator. Also, 

apoptosis was induced by upregulation of caspase-

3 mRNA and protein expression & downregulation 

of mRNA expression of Bcl-2 in treated HELA and 

PC-3 as well as CACO-2 cells as compared to 

untreated cells & decreasing in mRNA expression 

of Bcl-2 in HELA and PC-3 as well as CACO-2 

cells, suggesting that chloroform fraction of 

ethanolic extract of M. peregrina induced HELA 

and PC-3 as well as CACO-2 cell death via the 

intrinsic pathway. The results from flow cytometry 

revealed that apoptosis could be induced after 

treatment of HELA and PC-3 as well as CACO-2 

cells with chloroform fraction of ethanolic extract 

of M. peregrina as the numbers of early apoptotic 

cells and late apoptotic cells increased, supporting 

its direct antitumor activity (Abou-Hashem et al., 

2019). 

7. Conclusion 

M. peregrina is a potential source of cytotoxic 

compounds. Oleic acid, palmitic acid, syringic 

acid, p-coumaric acid, vanillin, ferulic acid, 

naringenin, daidzein, quercetin and cinnamic acid 

may be responsible for the observed cytotoxicity of 

M. peregrina. Therefore, M. peregrina should be 

considered a candidate for therapeutic use 

alongside other medical tools in the treatment and 

management of cervical and prostate carcinoma. In 

addition to that, more research on the molecular 

mechanisms controlling induction of apoptosis and 

cell cycle arrest by different plant extracts needs to 

be performed. Studies on the safety, dosage and 

efficacy of plant extracts should be investigated. 
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