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Introduction

Cancer is a serious health issue that concerns the entire 
world. Its treatment protocols depend on chemotherapy, 
radiotherapy and surgical intervention (Huang et al., 
2014). Breast cancer stands out as one of the most 
threatening diseases to females around the world. In 
2012, for example, 1.57 million cases were officially 
registered. Today, breast cancer is considered the second 
life threatening disease for women in the united states 
(Farshori et al., 2013; World Cancer Report, 2019). 
Chemotherapy is one of the most regularly adopted 
protocol in breast cancer treatment (Siegel et al., 2014). 
Treatment based on this protocol is usually accompanied 
with unfriendly symptoms, extending from sickness to 
bone marrow suppression to development of multidrug 
resistance (MDR) (Graidist et al., 2015; American Cancer 
Society, 2019). Therefore, discovering characteristic 
mixes from plants may provide an elective malignant 
growth treatment (Goldman et al., 2019).

In Iraq, breast cancer is becoming a major risk to 
women lives after cardiovascular diseases and leading to 
23% of the overall death toll. Cancer has been threatening 
Iraqi women increasingly since 1986 (Alwan, 2010; Iraqi 
Cancer Board, 2015).  In addition, the recurrence of this 
illness was observed in moderately aged women (45 – 50 
years old) although the pinnacle age of exposure was 
accounted for to be in the range 50 – 55 years (Alwan, 
2014; World Health Organization, 2017). Liver cancer is 
considered the third reason for disease mortality around 
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the world (Farooq et al., 2013). According to recent study 
by WHO (2017) death with liver cancer in Iraq escalated 
to 693 representing 0.39% of the total death toll. It is 
worth mentioning that death toll in Iraq amounts to 4.25 
per 100,000 placing Iraq in the 122nd positing worldwide 
(World Health Organization, 2017). 

The harmful nature of pathogenic bacteria may be 
controlled using antibiotics. Unfortunately, the misuse 
of antibiotics is leading to the speedy development of 
ineffectiveness of antibiotic strains to bacteria creating an 
alarming clinical status in the remedy of infections. Today, 
many infections occur because microorganisms defeat 
conventional therapy. In fact, bacteria have the genetic 
ability to develop resistance to many antibiotics (Fair 
and Tor, 2014; Landecker, 2015; Li and Webster, 2018).

Recently, there has been a surge interest in the 
antibacterial properties of the plants extract. It is 
progressively acceptable that these phytochemicals will 
be prescribed by the doctors as antibacterial medications 
(Bhalodia et al., 2011). Many investigations were carried 
out on the therapeutic applications of various plants 
species on different diseases such as fungal, viral, and 
bacterial contagion. Nowadays, approximately 33% of 
the world population depend on conventional/ therapeutic 
plants and their extract to meet the essential needs. At the 
same time, the world health organization (WHO) reported 
that 80% of individuals worldwide are accustomed to use 
manmade medications (Kumar and Reddy, 2012).

Recently, the study of the therapeutic effects of 
plants has increased due to their inclusive medicinal and 
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economical properties and the successful utilization of 
some of these plants in treating human diseases.  Some 
investigations have led to discovery of restorative properties 
of fenugreek seed. Fenugreek (Trigonella Foenum-
gracium), also known in Arab countries as “Helba”, is a 
plant from the family of Leguminosae. It grows annually 
and is being planted in the Mediterranean countries and 
Asia. Fenugreek dried seed are known for their valuable 
antibacterial, anticancer and anti-inflammatory properties 
in India, Egypt and some European countries. These 
seed are also known to work as anti-oxidants having 
reviving properties. Fenugreek is rich with a wide variety 
of metabolites such as tannins, alkaloids, flavonoids, 
terpenoids and glycosides which are known to have 
antimicrobial properties (Khorshidian et al., 2016). 

In the present work it is aimed to investigate the 
antibacterial activity of fenugreek seed extract in general 
and the effect of ethanol fenugreek seed extract on breast 
cancer. This work is motivated with the fact that only 
few studies have been carried out on anticancer materials 
especially on MCF-7 cell line.   

Materials and Methods

Fenugreek seed were procured from a herbal shop 
in Al-Ashar local market in Basrah city. The seed were 
initially washed, dried and then grinded using home 
mixer. The grinded seed were then mixed with ethanol and 
sterilized distilled water. For the biological purposes, 50 g 
of fenugreek seed powder was added to 500 ml of absolute 
ethanol. Another 50 g of the grinded seed were added to 
500 ml of distilled water. The two mixtures were kept in 
a rotary shaker for 24 h and filtered with Whatman No.1 
filter paper. A micro filter of 0.45 µm was then used in a 
rotary evaporator at 50°C for extra filtration. The extracted 
materials were stored at 4°C. 

Methanol: Dimethyl Sulfoxide (DMSO) in 1:1 V/V 
volume ratio was used to prepare different concentrations 
of 125, 250, 500 and 1,000 µg/ml crude plant seed ethanolic 
and aqueous extract. The final DMSO concentration did 
not exceed 0.1%.

The antibacterial activity of the extract were studied 
on six clinically isolated bacteria strains, these are 
Staphylococcus aureus, Pseudomonas aeruginosa, 
Proteus mirabilis, Salmonella typhi, Escherichia coli, 
and Vibrio parahaemolyticus. These strains were obtained 
from different sources (stool, wound infections, urine, 
skin lesions) of patients admitted to ‘Al-Shafaa hospital’ 
in Basrah. All the collected samples were processed upon 
receipt in laboratory and cultured in appropriate media 
(Manandhar  et al., 2019).

In order to classify the isolated bacteria to 
Gram-negative and Gram-positive groups, staining, 
morphological identification of colonies under optical 
microscope and conventional biochemical tests using 
Vitek2 automated system, were performed . A bacterial 
suspension of each isolate was prepared and equalized 
to 0.5 McFarland standard and the solution was spread 
on the entire surface of Muller Hinton agar using a 
sterilized cotton bud (Barrow and Feltham, 2018). After 
drying, a 9 mm diameter pore was made in each plate 

by using cork-borer with duplicate and control plates. 
Approximately, 0.1 ml of each of the plant extract, with 
the concentrations mentioned above, were injected to fill 
the wells. All inoculated Petri dishes were incubated at 
37°C overnight. The inhibition zone was then measured 
from the diameter of the clearing zone in millimeters. All 
the dishes were examined for the Minimum Inhibitory 
Concentration (MIC) that inhibits the bacterial growth 
after incubation (Bansode and Chavan, 2013).

All cell lines that used in this study were obtained from 
the Iraqi Center of Cancer and Medical Genetics Research 
(ICCMGR), Al-Mustansiryia University, including human 
breast cancer (MCF-7) and liver cancer (HCAM) in 
addition to the control serving non-cancerous Vero (green 
African monkey kidney) cell lines.

Different concentrations of ethanol fenugreek seed 
extract were determined by using (MTT) tetrazolium 
reduction assay (Aslantürk, 2017). For further biological 
inspections, the fenugreek seed extract was re-suspended 
in DMSO at 10.00 µg/ml stock solution. The concentration 
of the fenugreek seed extract, used to treat the cells, was 
in the range 400-1,000 µg/ ml. 20 ml of MTT solution was 
added to each well after 24, 48 and 72 hours of treatment. 

The Acridine Orange/Propidium Iodide (AO/PI) 
pigment was used for the phenotypically recognition of 
apoptosis, the cells passing were incited by concentrate. 

Morphological consideration includes nuclear 
fragmentation, membrane blabbing, cytosolic buildup. 
In addition, two hundred cells were tallied to each slide. 
The cells of untreated MCF-7 were considered a control. 
The inhibition rate (IR) of cell growth was calculated 
by counting the percentage of proliferation rate (PR). 
PR = B/A where A refers to optical thickness of the 
untreated wells and B refers to the optical thickness of the 
treated wells. IR=100-PR (Gao et al., 2005).

In order to rate the apoptosis, the existence of inter-
nucleosome DNA cleavage was visualized against a DNA 
ladder in agarose gel electrophoresis using biochemical 
markers. Breast cancer cells line MCF-7 and HCAM 
were cultured in two 25 cm cell culture flasks for 24 h 
before being treated with fenugreek extract. All the cells 
were processed with fenugreek extract overnight. Then, 
MCF-7 and HCAM were collected, washed with PBS and 
filtered using a DNA filtration, DNeasy and Tissue kits.  
By using electrophoresis, the DNA was resolved at 80–100 
V through 1.8 % of agarose gel. The gel was recolored 
using ethidium bromide and imaged through ultra-violate 
trans illuminator.

Results 

Antibacterial activity
The antibacterial activity of fenugreek seed extract, 

evaluated in terms of inhibition zone, was tested on 
six pathogenic bacteria. The MIC results are shown in 
Figures 1, 2 and Table 1. Results showed that ethanol 
extract has prominent effect on Gram positive S. aureus 
and Gram negative P. aeruginosa. At the same time 
this extract showed moderate activity on the remaining 
types of the bacteria. It is worth noting that none of the 
prepared concentrations of ethanol extract showed positive 
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activities on the bacteria except on Staphylococcus aureus 
and E. coli. The concentrations used in MIC for ethanol 
extract were in the range 50-500 µg/ml. Most of the 
bacteria were inhibited at MIC of 50 µg/ml. These results 
are significantly important due to the little amount of the 
fenugreek seed extract needed to inhibit the growth of the 
bacteria. On the other hand, none of the MIC values were 
exhibited by Vibrio parahaemolyticus in all the extract.

Cytotoxicity assessment 
A cytotoxicity assessment of ethanol fenugreek seed 

extract using MTT technique was carried out. In this 
part of the work, the anticancer activity of the fenugreek 
seed extract was measured on MCF-7 and HCAM; the 
normal Vero cell line was used as a control. The tested 
concentrations for each cell line were 400, 600, 800 
and 1,000 µg/ml. The incubation period was 72 h. The 
MTT assay revealed that ethanol fenugreek extract had 
an inhibitory action on MCF-7 cell line which amounts 
to more than half of the inhibition of the MCF-7 cell. 
Proliferation stopped when cell line concentration 
was equal to 400 µg/ml after 72 h of incubation. On 
the other hand, no cytotoxic effect of the extract was 
observed on liver cancer or Vero cell lines regardless of 

activity on Vibrio parahaemolyticus and E. coli. On the 
other hand, the aqueous extract showed low to moderate 

Figure 1. Antimicrobial Activity of Different Concentrations of 125, 250, 500 And 1,000 µG/Ml Ethanol and Aqueous 
Fenugreek Seed Extract on Bacterial after Incubation For 24h. 

Figure 2. Antimicrobial Activity of Ethanol Fenugreek 
Seed Extract on Staphylococcus aureus and Pseudomonas 
aeruginosa in Muller-Hinton Agar

Figure 3. Vero cell line. A, Control under light 
microscope (magnified at 10x); B, After treated with 
different concentrations of 400, 600, 800 and 1,000 µg/
ml ethanol fenugreek seed extract after 72 h under light 
microscope (magnified at 10x); C, After treated with 
different concentrations of 400, 600, 800 and 1,000 µg/
ml ethanol fenugreek seed extract after 72 h pigmented 
with the AO/PI. Notice there is no effect on the cell after 
treated. Viewed under 690 wavelength of the fluorescent 
microscope light microscope (magnified at 10x). 

Figure 4. A, Genomic DNA isolated from MCF-7 cell 
line after being treated with different concentrations of 
400, 600,800 and 1000 µg/ml ethanol fenugreek seed 
extract after 72 h; B, The ladder used its range from 
100-2,000 (bp). 
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the concentration in action. It is worth mentioning that 
apoptosis was determined by using AO/PI recoloring and 
DNA fragmentation test. 

In this study, breast cancer cells treated with fenugreek 
seed extract showed that a perfect DNA ladder style was 
not clear in a time and concentration-dependent manner. 

This may indicate that the cells were inhibited and 
no apoptosis or necrosis occurred. Figure 4 shows 
genomic DNA isolated from MCF-7 cell line after being 
treated with fenugreek seed extract. After staining using 
ethidium bromide in agarose gel, no evidence of DNA 
fragmentation was observed. With respect to the AO/PI 
coloring, the present study showed no death of MCF-7 
cell line after being treated with ethanol fenugreek seed 
extract. This emphasizes that MCF-7 cells inhibition 
occurs without any apoptosis or necrosis (see Figure 5). 

Discussion

There is an urgent need to find new antibacterial 
medications with novel characteristics to tackle the 
rise of new infectious diseases and due to the misuse of 
conventional antibiotics. There is, therefore, interesting 
progress in extracting certain chemicals from different 
plants. Plants are known to provide wide spectrum of 
chemical compounds having various biological activities. 
Antibiotics of medicinal plants have contributed to the 
elimination of many diseases caused by pathogenic 
bacteria. The importance of these plants can be 
demonstrated by the fact that these may be designed 
as target-oriented materials unlike chemical antibiotics 
playing the role of plant versus drug-resistant bacterial 
diseases (Amenu, 2014).

Fenugreek is a herbal plant. Its fresh seed, twigs, roots, 

and leaves can be used directly and after being dried as 
flavoring, supplements and spices. Its medical advantages 
have been reported in many studies. Infections by 
Staphylococcus aureus and Pseudomonas aeruginosa has 
become a serious issue in sick and immune-compromised 
patients. For this reason, the antibacterial effect of 
fenugreek ethanol extract on these strains receives 
significant interest. The serious issue prompting high 
mortality lies in the presence of drug-resistant strains 
(Amenu, 2014; Bassetti et al., 2018). In the present 
investigation both Gram-positive and Gram-negative 
bacterial strains exhibited similar response after exposure 
to fenugreek seed extract. This agrees with the work of 
Bassetti et al. (Alwan et al., 2017). On the other hand, 
ethanol extract exhibited higher activity on most of the 
bacterial strains except E. coli compared with the aqueous 
extract. This is agreeing with (Alwan et al., 2017) but 
disagree with (Salah et al., 2010; Sharma et al., 2017) 
where they recorded both extraction of ethanol and 
aqueous didn’t exhibit any effect on bacterial species.

Breast cancer is one of the most life-threatening 
disorder being suffered by Iraqi young women. In 
1986, breast cancer was considered the top most serious 
malignancy threatening the Iraqi population (International 
Agency for Research on Cancer, 2013). In the present 
study, fenugreek seed extract showed cytotoxic activity 
which inhibits the MCF-7 cell development. Such 
effect was not observed on liver cancer cell lines. This 
emphasizes that the effect of fenugreek seed extract is cell 
type-dependent. These results comply with other results 
reported in the literature (Amin et al., 2005; Kyung et 
al., 2006). These antithetic results may be attributed to 
the specific activity of fenugreek on transformed and 
untransformed cells. Nevertheless, our results emphasize 
that fenugreek plant can be used in breast cancer 
treatment. Kyung et al., (2011) have reported similar 
findings in their work. It is worth mentioning that breast 
cancer MCF-7 cells can resist chemotherapy as they 
contain the CASP-3 gene which prompts an acquired 
insufficiency of caspase-3. Caspase-3 usually functions 
via death indexes and cleaves a variety of serious cellular 
proteins. DNA cleavage and a portion of the particular 
morphological features are in charge of apoptotic cells 
such as budding and shrinkage (Shapiro et al., 2001; 
Sharief and Gani, 2004). 

The impact of cytotoxic compounds demonstrates 

Figure 5. Human breast cancer cells (MCF7). A 
and B, Control viewed under light microscope the 
magnification force for A is 10x and 40x for B; C and D, 
MCF-7 cells treated with ethanol fenugreek seed extract 
at a concentration of 400 µg/ml and 72 h pigmented 
with the AO/PI, notice their color green only. Shown by 
the 690 wavelength of the fluorescent microscope, the 
magnification force is 10x for C and 40x for D.

Bacteria MIC of ethanol extract (µg/ml)
500 250 100 50

Staphylococcus aureus + - + -
Pseudomonas aeruginosa + - + -
Salmonella typhi + - - -
Proteus mirabilis + - - -
Escherichia coli + - - -
Vibrio parahaemolyticus - - - -

Table 1. The Minimum Inhibitory Concentration Rate 
(MIC) Of Different Concentrations Of 125, 250, 500 
And 1,000 µG/Ml Of Fenugreek Seed Ethanolic Extract 
Against Bacterial Test Organisms 
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the dissemination of cell populations during the cells life 
span. Due to the significance of cell life span in cancer 
progression, few researchers have attempted to describe 
the cell cycle capture limit to the plant extract in addition 
to the importance of isolated compounds (Bassermann et 
al., 2014; Ruijtenberg and Heuvel, 2016). In the present 
work, no DNA fragmentation occurs as reported by other 
researchers (Shapiro et al., 2001; Sharief and Gani, 2004). 
When MCF-7 cell lines experience apoptosis with no 
evidence of DNA fragmentation this might be attributed to 
the absence of caspase-3. In the present work, normal Vero 
cells were used for the differentiation between normal and 
cancerous cell patterns. Furthermore, ethanol fenugreek 
seed extract showed no cytotoxic activity.

In conclusion, fenugreek seed are potential sources 
to new antibacterial compounds as emphasized from the 
antibacterial activity of their aqueous and ethanol extract 
on many pathogenic bacterial strains. Furthermore, 
fenugreek seed extract has shown anticancer activity 
through inhibition of more than half of the human breast 
cancer MCF-7 cell lines. These seed extract inhibited 
cancer cell’s proliferation with no apoptosis or necrosis 
observed. Further studies are still required to understand 
the mechanism (Shapiro et al., 2001; Sharief and Gani, 
2004).  of cells inhibition. This positive results on MCF-7 
cell lines suggest that fenugreek seed extract is a potential 
anticancer agent that should be exploited widely for breast 
cancer treatment. 

Acknowledgments
 
I would like to thank Prof. Dr. Ali Abdellatif head of 

the tissue culture Laboratory, Department of Biology, 
College of Education, University of Basrah for his 
guidance and help for testing the cancer cell lines. All the 
cell lines that used in the present work were obtained from 
the Iraqi Center of Cancer and Medical Genetics Research 
(ICCMGR), Al-Mustansiryia University, Baghdad. Also, 
I would like to thank Assist prof Dr. Eman Mohammed 
plant systematics and anatomy, Department of Biology, 
College of science, University of Basrah for her help in 
identified the seed. 

Conflict of interest 
All contributing authors declare no conflicts of interest.

Source of Funding
Self-funding.

References

Alwan AM, Jassim IM, Jasim GM (2017). Study of 
antibacterial activities of seed extract of fenugreek 
(Trigonella foenum-graecum). Diyala J Med, 13, 1.

Alwan N (2014). Iraqi initiative of a regional comparative breast 
cancer research project in the Middle East. J Cancer Biol 
Res, 2, 1016–20.

Alwan NA (2010). Breast cancer: Demographic characteristics 
and clinico-pathological presentation of patients in Iraq. East 
Mediterr Health J, 16, 1159–64.

Amenu D (2014). Antimicrobial activity of medicinal plant 
extract and their synergistic effect on some selected 

pathogens.  Amer J Ethno Med, 1, 18-29.
American Cancer Society (2019). Cancer Treatment and 

Survivorship Facts and Figures 2019-2021. Atlanta: 
American Cancer Society.

Amin A, Alkaabi A, Al-Falasi S, Daoud SA (2005). 
Chemopreventive activities of Trigonella foenum graecum 
(Fenugreek) against breast cancer. Cell Biol Int, 29, 687–94.

Aslantürk OS (2017). In vitro cytotoxicity and cell viability 
assays: principles, advantages, and disadvantages. 
genotoxicity - A Predict Risk Actual World. Chapter 1.

Bansode DS, Chavan MD (2013). Evaluation of antimicrobial 
activity and phytochemical analysis of papaya and pineapple 
fruit juices against selected enteric pathogens. Int J Pharm 
Bio Sci, 4, 1176-84. 

Barrow GI, Feltham RK (2018). Cowan and Steel’s manual for 
the identification of medical bacteria. 3. ed. Cambridge: 
Cambridge University Press, pp 526-32.

Bassermann F, Eichner R, Pagano M (2014). The ubiquitin 
proteasome system - implications for cell cycle control and 
the targeted treatment of cancer. Bio Chem Biophys Acta 
Mol Cell Res, 1843, 150–62. 

Bassetti M, Vena A, Croxatto A, Righi E, Guery B (2018). 
How to manage Pseudomonas aeruginosa infections. Drugs 
Context, 7, 212527.

Bhalodia NR, Nariya PB, Shukla VJ (2011). Antibacterial and 
antifungal activity from flower extract of Cassia Fistula L.: 
An Ethnomedicinal Plant. Intern J Pharm Tech Res, 3, 160-8.

Coorevits L, Boelens F, Claeys G (2015). Direct susceptibility 
testing by disk diffusion on clinical samples: a rapid and 
accurate tool for antibiotic stewardship. Eur J Clin Microbiol 
Infect Dis, 34, 1207–12.

Fair RJ, Tor Y (2014). Antibiotics and bacterial resistance in the 
21st century. Perspect Med Chem, 6, 25–64.

Farooq M, Hozzein WN, Elsayed EA (2013). Identification of 
histone deacetylase I protein complexes in liver cancer cells. 
Asian Pac J Cancer Prev, 14, 915-21.

Farshori NN, Al-Sheddi ES, Al-Oqail MM (2013). Anticancer 
activity of Petroselinum sativum seed extract on MCF-7 
human breast cancer cells. Asian Pac J Cancer Prev, 14, 
5719-23.

Gao J, Coggeshall RE, Tarasenko YI (2005). Human neural 
stem cell-derived cholinergic neurons innervate muscle in 
motoneuron deficient adult rats. Neuro Sci, 131, 257–62. 

Goldman A, Khiste S, Freinkman F (2019). Targeting tumor 
phenotypic plasticity and metabolic remodeling in adaptive 
cross-drug Tolerance. Sci Signaling, 12, 595. 

Graidist P, Martla M, Sukpondma Y (2015). Cytotoxic activity 
of piper cubeba extract in breast cancer cell lines. Nutr, 7, 
2707-18.

Huang Y J, Zhang Y Y, Liu G (2014). Preliminary evaluation 
of the in vitro efficacy of 1, 2-di (quinazolin-4- yl) diselane 
against SiHa cervical cancer cells. Asian Pac J Cancer Prev 
15, 6301-6.

International Agency for Research on Cancer  (2013). Globocan 
2012. Lyon, France, World Health Organization International 
Agency for Research on Cancer.

Iraqi Cancer Board (2015). Results of the Iraqi Cancer Registry 
2012. Baghdad, Iraq: Iraqi  Cancer Registry Center, Ministry 
of Health.

Khoja K K, Shafi G, Hassan T N, et al (2011). Fenugreek, a 
naturally occurring edible spice, kills MCF-7 human breast 
cancer cells via an apoptotic pathway. Asian Pac J Cancer 
Prev, 12, 114

Khorshidian N, Asli M, Arab M, Mortazavian A M, Mirzaie A 
(2016). Fenugreek: potential applications as a functional 
food and nutraceutical. Nutri Food Sci Res, 3, 1-5.

Kumar A S, Reddy T S (2012). Importance of traditional system 



Lina A Naser Al-Timimi

Asian Pacific Journal of Cancer Prevention, Vol 203776

of medicine- A review. Int J  Phyto Ther, 2, 1–6.
Kyung K.S, Gon J H, Geun K Y, Sup J J, Suk W J, Ho K J 

(2006). 6-Shogaol, a natural product, reduces cell death 
and restores motor function in rat spin al cord injury. Eur J 
Neurosci, 24, 1042-52.

Landecker H (2015). Antibiotic resistance and the biology of 
history. Res article, 22, 4, 19-52.

Li B, Webster T J (2018). Bacteria antibiotic resistance: 
new challenges and opportunities for implant-associated 
orthopaedic infections. J Orthop Res, 36, 22–32.

Ruijtenberg S, Heuvel S (2016). Coordinating cell proliferation 
and differentiation: antagonism between cell cycle regulators 
and cell type-specific gene expression. Cell Cycle, 15, 
196–212. 

Salah S Z, Bestoon M F, Osman J N (2010). Antibacterial effect 
of Fenugreek (Trigonella foenum-graecum). Bas J Vet Res, 
10, 134-8.

Shapiro T A, Fahey J W, Wade K L, Stephenson K K, Talalay P 
(2001). Chemoprotective glucosinolates and isothiocyanates 
of broccoli sprouts. Cancer Epid Biomarkers Prev, 10, 501-8. 

Sharief M, Gani  Z H (2004). Garden cress (Lepidium sativum) 
seed as oral contraceptive plant in mice. SAUDI Med J, 
25, 965-6.  

Sharma V, Singh P, Rani A (2017). Antimicrobial activity of 
trigonella foenum-graecum (Fenugreek), 1,15-9.

Siegel R, Ma J, Zou Z, Jemal A (2014). Cancer statistics, 2014. 
CA, Cancer J Clin, 64, 9-29.

Venkata K C, Swaroop A, Bagchi D, Bishayee A (2017). A small 
plant with big benefits: Fenugreek (Trigonella foenum-
graecum Linn.) for disease prevention and health promotion. 
Mol Nutr Food Res, 6, 

World Cancer Report (WCR). (2019). International Agency for 
Research on Cancer (IARC).

World Health Organization (2017). Iraq: liver cancer. World 
Health Rankings.

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


