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Abstract

Objectives: In this study, we aimed to effect of extract that derived from fenugreek on total antioxidant/oxidant status
at Ehrlich ascites tumor bearing Balb/C mice.

Methods: The phenolic of Fenugreek extract was calculated as gallic acid equivalent using Folin-Ciocalteu method.
Fenugreek extract concentration determined 200-400 mg/kg. In the end of in vivo studies, while the weight of exper-
imental animals was estimated.

Results: It was found that fenugreek extract delaying the weight gain. Administered fenugreek extract group had
lower serum TOS and OSl index and had higher serum TAS compared to the control group. These effects were higher in
the group receiving fenugreek 400 mg/kg intraperitoneally.

Conclusion: As a result, the fenugreek extract shows antioxidant effect on EAT cells. We believe that our studies will be
guiding for new studies about fenugreek and fenugreek could be advised as a food because of its antioxidant effect.
Thus, it may have anticancer effect.
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ree radicals play a role in the pathogenesis of various
Fclinical conditions due to their structure, physical and
chemical properties, cellular sources, reactions they take
part in and the effect. The shift in the delicate balance be-
tween free radicals and the antioxidant defense system in
favor of pro-oxidant and oxidant substances lead to the
development of oxidative stress. Oxidative stress has been
shown to cause tissue damage and is effective in develop-
ment of various pathological conditions such as cancer, di-
abetes and atherosclerosis.'*! The role of oxidative stress
in cancer pathogenesis is highly debated. It is thought that

the chronic presence of Reactive Oxygen Species (ROS)
facilitates the integration of viral oncogenes with cellular
DNA and leads to the formation of tumor cells as a result of
overexpression of some oncogenes.” Total Oxidant Status
(TOS), Total Antioxidant Status (TAS) and Oxidative Stress
Index (OSI) are oxidative stress parameters used to evaluate
the general oxidative stress in the body."”

Cancer is the uncontrolled or abnormal growth and prolif-
eration of cells as a result of DNA damage. Cancer forms a
tissue mass that overshadows the development of normal
tissues and does not conform to normal tissues.®! Surgi-
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cal treatment, chemotherapy, radiotherapy and hormonal
treatment are primarily used in cancer treatment. Because
of the side effects of these treatments and the long-term
treatment itself, patients may sometimes look for other so-
lutions. Alternative treatment modalities could be counted
as other solutions. Thousands of cancer patients in the
world use complementary and alternative treatment (CAT)
methods in addition to medication.” In a study conducted
in 14 European countries including Turkey, it was found that
rate of CAT usage among cancer patients was 36% and it
showed a high variability between 15% and 73%./'% Phyto-
chemicals obtained from spices and herbs have important
anti-cancer properties.'! Fenugreek is made from fenu-
greek herb,"> " red pepper,™ garlic,"™ and cumin® and is
reported to have an anticarcinogenic effect. It is commonly
consumed in Central Anatolia. Possible anticarcinogenic ef-
fects of Fenugreek have not been studied so far.

Fenugreek is a mixture used in pastrami making in Kayseri
and it is a widely consumed food among the public. Fenu-
greek is a member of the legume family and the plant has
a wide therapeutic diversity. Pharmacological studies have
shown that the extract obtained from this plant exhibits
antidiabetic, antihypertensive and cholesterol-lowering ef-
fects as well as immunomodulatory effects.'”-'? Tradition-
ally used in diabetes, high cholesterol, wound healing and
digestive system disorders, fenugreek has been reported
to show apoptosis-enhancing effect and anticarcinogenic
effect on breast cancer cells in a recent study.l'> '3 Rosin et
al.?% stated that fenugreek is capable of inducing geno-
toxic effects of inflammatory cells and therefore may have
antitumor activity. The chemical components of fenugreek
extract include polysaccharides, saponins, flavonoids, fiber,
trigonellin, and choline. Polysaccharides have been de-
scribed in many studies as immunomodulators that stim-
ulate the function of macrophages. They have anticancer
effects and exhibit immunoregulatory activity.l'”- '8

Considering the therapeutic effects of these substances in
the composition of fenugreek, this study was designed to
investigate effect of fenugreek extract on the total antiox-
idant/oxidant status in Balb/C mice bearing Ehrlich ascites
tumor using in vivo methods.

Methods

The compliance of animal practices performed during this
study with animal rights and ethics of animal experiments
was approved by Erciyes University, Local Ethics Commit-
tee of Experimental Animals dated 12.03.2014 and num-
bered 14/053.

Animals
Forty 8-week-old male Balb-c mice weighing between 25-
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30 g were used in the study. Mice were maintained in auto-
matically climatized rooms with 12 hours of light/dark cy-
cles at a constant temperature of 21°C and fed with normal
pellet feed. The animals were divided into 4 groups with 10
mice per group. Thirty mice were used in the experimental
groups and 10 were used to generate stocks. In this study,
Ehrlich Ascites Tumor (EAT) cells were used to create lig-
uid tumors in Balb/C mice while EAT cells were grown in
culture medium and the effects of fenugreek on EAT cells
were investigated in vivo and in vitro. Cells to be used in
the liquid tumor model and cell culture experiments were
obtained by creating stock mice.

Fenugreek Extract

Fenugreek powder (500 g) was extracted three times for 24
hours at 37 °C in a shaking water bath with 70% methanol.
The obtained extracts were combined and concentrated
in a rotavapor (37-38 °C) under vacuum. The extract was
lyophilized and stored at -20 °C until analysis. Fenugreek
extract was dissolved in 5% ethanol solution before use.
Extract obtained from plant materials was examined spec-
trophotometrically for phenolic compounds. In accordance
with the doses used in other studies in the literature, 200
mg/kg and 400 mg/kg fenugreek extract was intraperi-
toneally administered to rats with liquid tumor and investi-
gated for its in vivo effect.?" 22

Total Phenolic Content of The Substance

The total content of phenol contained in the extract was
calculated using the Folin-Ciocalteu method as gallic acid
equivalent (GAE).?® 100 pL of sample solution and 500 pL
of Folin-Ciocalteu reagent were added to a 10-ml flask con-
taining 6 mL of distilled water. After 1 minute, 1.5 mL of
20% aqueous Na,CO, was added to 10 mL of water. As a
control, a non-extracting reagent mixture was used. After
2 h of incubation at 25 °C, absorbance at 760 nm was mea-
sured and compared with the GAE calibration curve. Total
amount of phenolic content was calculated as GAE.

In Vivo Experiments

Cancer was not induced in the negative control (- con-
trol) group and the animals were fed with a normal diet
for 7 days. Normal saline (NS) was administered intraperi-
toneally for 7 days (n=10). On the other hand, 0.1 ml of
ascitic fluid containing 1x10° EAT cells was administered
intraperitoneally to the abdominal region of other mice
on day 0. The mice were then divided into 3 groups and
one group received 0.5 ml of NS (positive control), the
other group received 200 mg/kg/day fenugreek extract
and the last group received 400 mg/kg/day fenugreek ex-
tract intraperitoneally.
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Serum TAS-TOS and OSI

Serum TAS was measured using an automated colorimet-
ric measurement method developed by Erel et al.?¥ This
technique measured the antioxidant effect of the sample
against a potent free radical reaction. The results were
expressed as umol Trolox Eq/L. Serum TOS was measured
using the automated colorimetric measurement method
developed by Erel et al.*! in which the color intensity, as
determined by spectrophotometry, was correlated with
the total amount of oxidant molecules in the sample. This
assay was calibrated against hydrogen peroxide (H,0,) and
the results were expressed in micromolar H202 equiva-
lents per liter (umol H,0, Eq/L).

Statistical Evaluation

Data were analyzed by IBM SPSS Statistics 22.0 package
software (IBM Corp., Armonk, New York, USA). Descriptive
statistics were expressed as number of units (n), percent-
age (%), meanzstandard deviation (x£SD), and median
(25.-75" percentile) values. The distribution of numerical
variables was evaluated by the Shapiro Wilk normality
test and Q-Q graphs. Time comparisons of variables with
normal distribution were performed by two-way analysis
of variance in repeated measures and Tukey HSD test was
used for multiple comparisons. Kruskal-Wallis analysis was
used for inter-group comparisons of non-normally distrib-
uted variables. Dunn test was used as multiple compari-
son test in case of a significant difference in Kruskal-Wallis
analysis results. Wilcoxon analysis was used for intra-group
comparisons of non-normally distributed variables. P<0.05
was considered statistically significant in all analyses.

Results

1x108 EAT cells administered to the experimental groups at
the beginning of the experiment caused swelling in the ab-
domen from day 4-5. From day 7 onwards, this swelling in

-
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the abdominal region had reached a level that prevented
the animal from walking (Fig. 1).

When the daily weight gain of the animals in the experi-
mental groups was examined, there was no difference in
the mean weight gain of the animals in the negative con-
trol group, whereas there was an increase in the weight of
the other groups.

Fenugreek Analysis Results

Phenolic content of fenugreek extract was found to be
51.832+1.632 mg GAE/q.
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Figure 1. Morphological image of the negative control (a) and the
positive control (b) animals on the seventh day.

Figure 2. Serum TAS of EAT cell experiment groups.
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Figure 3. Serum TOS of EAT cell experiment groups.



Serum TAS-TOS-0OSI Values

Serum TAS value (Fig. 2) was significantly higher whereas
serum TOS value (Fig. 3) was significantly lower in the
group administered with 400 mg/kg fenugreek extract
compared to the group administered with 200 mg/kg fenu-
greek extract. OSI showing oxidative stress status was also
significantly lower in the group administered with 400 mg/
kg fenugreek extract compared to the positive control and
the group administered with 200 mg/kg fenugreek extract
(Fig. 4). Based on these results, it can be said that fenugreek
extract reduces oxidative stress.

Discussion

Natural dietary compounds are used in combination with
chemotherapy in cancer treatment. These diets commonly
contain flavonoids and phenolic compounds. Phenolic
compounds, which constitute a very important part of
human diet, attract attention due to their antioxidant, an-
ti-inflammatory and anticarcinogenic properties. There
are studies showing that many plant species have anticar-
cinogenic effects. Therefore, it is thought that there may
be a connection between the inclusion of such plants in
the diet and a decrease in cancer incidence.”®! Fenugreek
is an herbal mixture containing mostly fenugreek herb in
addition to lesser amounts of red pepper, garlic and cumin,
and very small amounts of black pepper, clove, coriander,
cinnamon, ginger and allspice that is widely used as a food
item among the people in Kayseri and the surrounding
region. Fenugreek mixture used in our study consisted of
fenugreek herb (35%), red pepper (5%), garlic (5%), cumin
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Figure 4. OSI of EAT cell experiment groups.
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(2%), black pepper (0.5%), clove (0.5%), coriander (0.5%),
cinnamon (0.5%), ginger (0.5%), and allspice (0.5%). Pheno-
lic compounds, which are defined as secondary metab-
olism products of plants, constitute the most common
group of substances found in plants. Studies have shown
that the phenol contents of the spices that make up the
fenugreek mixture are variable (13.98-33.96 mg GAE/qg).1’-
31 1n our study, total phenolic content of fenugreek mixture
was found to be 51.832+1.632 mg GAE/g and it was higher
than the phenolic content of plants constituting the mix-
ture. The high phenolic content of the fenugreek mixture
may also indicate a greater likelihood of antioxidative and
anti-carcinogenic effects.

Fenugreek has a broad therapeutic activity and pharma-
cological studies have shown that the extract obtained
from this herb has antioxidant, antihypertensive, choles-
terol-lowering and anti-inflammatory effects!'’-'! as well
as the antioxidant effects of its components.>3¢ Prema et
al.B showed that fenugreek herb extract given to rats with
Alzheimer's disease significantly reduced oxidative stress
thanks to its antioxidant activity. In another study, fenu-
greek extract was shown to increase free radical scaveng-
ing activity against CCl4-induced liver and kidney damage
in rats and thus prevent oxidative damage.®® Jagadeesan et
al.® examined the anticancer activity of diosgenin, which
is dominantin the fenugreek, in breast cancer-induced rats.
They found that this saponin attenuates lipid peroxidation
via enhancing antioxidant defense system in rats and thus
shows anticancer activity.?? In a study investigating the
effect of the fenugreek powder on hepatic lipid peroxida-
tion, antioxidant status and tumor incidence in colon can-
cer-induced Wistar male rats, it was found that fenugreek
powder given 2 g/kg body weight in addition to the diet
decrease tumor incidence to 16.6%, increase the antioxi-
dant enzyme levels and decrease the lipid peroxidation.
M |n the present study, added fenugreek extract showed
antioxidant properties by increasing serum TAS value, de-
creasing serum TOS value, and decreasing OSI value and
it was thought to be protective against oxidative damage.

Anticarcinogenic properties of various spices in fenugreek
have been investigated in various studies. In vivo and
in vitro studies on various cancer types have shown that
red pepper*" 41 carnation *¥ and allspice®*" in fenu-
greek composition increased apoptosis in tumor cells and
showed cytotoxic effect, red pepper->2 and cinnamon®®*
> reduced metastasis and suppressed tumor growth, while
coriander®>->® and ginger®* %% showed antiproliferative and
antioxidant effects. Thus, literature data shows that each of
the plant extracts used in fenugreek mixture has anticar-
cinogenic effects, both in vivo and in vitro.
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The anticarcinogenic effects of fenugreek have also been
investigated in various studies. The effects of fenugreek
extract on cancer cells have been tested in vitro in doses
ranging from 10 pg/ml to 1000 pg/ml and a reduction in
the number of viable cells has been reported in extracts
above 250 pug/ml.22 Alshatwi et all'? reported that fenu-
greek extract increased apoptosis in a dose and time de-
pendent manner in MCF-7 cells. In another study, Amin et
al.B reported that 200 mg/kg fenugreek extract inhibited
7,12-dimethylbenz(a)anthracene induced breast cancer,
and fenugreek oil obtained from fenugreek seeds was re-
ported in another study to reduce cell viability in cancer cell
lines (HEp-2, MCF-7, WISH).22 Studies have shown that fenu-
greek seed extract has cytotoxic effects on T-cell lymphoma,
B-cell lymphoma, Thyroid Papillary carcinoma and human
breast cancer (MCF7) cells and 300 pug/ml fenugreek seed
extract causes significantly higher rates of apoptosis in can-
cer cells compared to normal cells.®" %3 Sur et al.?" tested
the in vivo effects of 100 mg/kg and 200 mg/kg fenugreek
seed extract on EAT cells and reported that 70% of tumor
cells were inhibited compared to the control group.

In the present study, the effects of fenugreek extract on EAT
cells were investigated. In vivo results showed that EAT cells
administered intraperitoneally caused a rapid weight gain
in the control group animals, whereas there was a delay
in weight gain in the treatment groups receiving 200 mg/
kg and 400 mg/kg fenugreek extract daily. Also, fenugreek
extract showed antioxidant properties by increasing serum
TAS value, decreasing serum TOS value and OSI value and
it was thought to be protective against oxidative damage.
Considering the uncontrolled proliferation of cancer cells
as a result of oxidative damage, it is possible to say that
fenugreek may show anticarcinogenic effects due to its an-
tioxidant effect.

Conclusion

In conclusion, the results obtained in this study showed
that fenugreek extract at the administered concentrations
caused a decrease in oxidative status and has an antioxi-
dant effect. Thus, it can be shown antitumor activity. These
results are consistent with the literature and will contribute
to future studies on this subject. On the other hand, we be-
lieve that the dissemination of the use of fenugreek, which
is aregionally consumed food, may be useful in slowing the
formation and development of cancer, one of the most im-
portant health problems of our time.

Disclosures

Ethics Committee Approval: The study was held at DEKAM with
the permission of Erciyes University Experimental Animals Local
Ethics Committee, Approval No. 14/053 and dated 12.03.2014.

Nisari et al., Effects of Fenugreek on EAT / doi: 10.14744/ejmi.2020.17680

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept - M.N,, $.A.; Design - M.N,,
S.A., S.Y,; Supervision - M.N,, S.A,, S.Y,; Materials - M.N,, S.A.,, S.Y,;
Data collection &/or processing - M.N,, S.A.,, S.Y,, N.i.; Analysis and/
or interpretation - M.N,, S.A, S.Y,, N.I; Literature search — M.N.,
S.A., S.Y, N.i; Writing - M.N,, S.A,, S.Y., N.i; Critical review - M.N,,
S.A,S.Y, NI

References

1. Cross CE, HALLIWELL B, BORISH ET, PRYOR WA, AMES BN, SAUL
RL, et al. Oxygen radicals and human disease. Ann Intern Med
1987;107:526-45.

2. Asayama K, Nakane T, Uchida N, Hayashibe H, Dobashi K,
Nakazawa S. Serum antioxidant status in streptozotocin-in-
duced diabetic rat. Horm Metab Res 1994;26:313-5.

3. Corrocher R, Casaril M, Bellisola G, Gabrielli GB, Nicoli N, Guidi
GG, et al. Severe impairment of antioxidant system in human
hepatoma. Cancer 1986;58:1658-62.

4. Mantha SV, Prasad M, Kalra J, Prasad K. Antioxidant enzymes
in hypercholesterolemia and effects of vitamin E in rabbits.
Atherosclerosis 1993;101:135-44.

5. Mccoy RN, Hill KE, Ayon MA, Stein JH, Burk RF. Oxidant stress
following renal ischemia: changes in the glutathione redox
ratio. Kidney Int 1988;33:812-7.

6. Carneiro SR, da Silva Lima AA, de Fatima Silva Santos G, de
Oliveira CSB, Almeida MCV, da Conceicdo Nascimento Pin-
heiro M. Relationship between Oxidative Stress and Physical
Activity in Women with Squamous Intraepithelial Lesions in
a Cervical Cancer Control Program in the Brazilian Amazon.
Oxid Med Cell Longev 2019;2019.

7. Wu R, Feng J, Yang Y, Dai C, Lu A, Li J, et al. Significance of
serum total oxidant/antioxidant status in patients with col-
orectal cancer. PLoS One 2017;12:e0170003.

8. Sari S. Farelerde Ehrlich Asit Solid tiim&r modelinde thymus
sipyleus ve taurinin, bobrek MDA, Glutatyon, AOPP diizeyler-
ine ve SOD aktivitesine etkileri. Gazi Universitesi Saglik Bilim-
leri Enstitlsa; 2008.

9. Yavuz M, ilce AQ, Kaymakci S, Bildik G, Diramali A. Meme
kanserli hastalarin tamamlayici ve alternatif tedavi yontem-
lerini kullanma durumlarinin incelenmesi. Turkiye Klin J Med
Sci 2007;27:680-6.

10. Molassiotis A, Fernandez-Ortega P, Pud D, Ozden G, Scott
JA, Panteli V, et al. Use of complementary and alternative
medicine in cancer patients: a European survey. Ann Oncol
2005;16:655-63.

11. Chatterjee S, Kumar M, Kumar A. Chemomodulatory effect
of Trigonella foenum graecum (L.) seed extract on two stage
mouse skin carcinogenesis. Toxicol Int 2012;19:287.

12. Alshatwi AA, Shafi G, Hasan TN, Syed NA, Khoja KK. Fenugreek
induced apoptosis in breast cancer MCF-7 cells mediated in-



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

dependently by fas receptor change. Asian Pacific J Cancer
Prev 2013;14:5783-8.

Raju J, Patlolla JMR, Swamy MV, Rao C V. Diosgenin, a steroid
saponin of Trigonella foenum graecum (Fenugreek), inhibits
azoxymethane-induced aberrant crypt foci formation in F344
rats and induces apoptosis in HT-29 human colon cancer cells.
Cancer Epidemiol Prev Biomarkers 2004;13:1392-8.

Luo X-J, Peng J, Li Y-J. Recent advances in the study on capsai-
cinoids and capsinoids. Eur J Pharmacol 2011;650:1-7.
Capasso A. Antioxidant action and therapeutic efficacy of Al-
lium sativum L. Molecules 2013;18:690-700.

DogruerY, Nizamhoglu M, Giirbiiz U, Kayaardi S. Cesitli cemen
karisimlarinin pastirma kalitesine etkisi ll: Mikrobiyolojik nite-
likler. Turkish J Vet Anim Sci 1998;22(221-229).

Chatterjee S, Goswami N, Bhatnagar P, Kumar M, Kumar A.
Antimutagenic and chemopreventive potentialities of fenu-
greek (Trigonella foenum graecum) graecum seed extract.
Oxid Antioxid Med Sci 2013;2:45-53.

Bae M-J, Shin HS, Choi D-W, Shon D-H. Antiallergic effect of
Trigonella foenum-graecum L. extracts on allergic skin in-
flammation induced by trimellitic anhydride in BALB/c mice.
J Ethnopharmacol 2012;144:514-22.

Sindhu G, Ratheesh M, Shyni GL, Nambisan B, Helen A. Anti-in-
flammatory and antioxidative effects of mucilage of Trigonella
foenum graecum (Fenugreek) on adjuvant induced arthritic
rats. Int Immunopharmacol 2012;12:205-11.

Rosin MP, Anwar WA, Ward AJ. Inflammation, chromosomal
instability, and cancer: the schistosomiasis model. Cancer Res
1994;54:19295-1933s.

Sur P, Das M, Gomes A, Vedasiromoni JR, Sahu NP, Banerjee
S, et al. Trigonella foenum graecum (fenugreek) seed extract
as an antineoplastic agent. Phyther Res An Int J Devoted to
Pharmacol Toxicol Eval Nat Prod Deriv 2001;15:257-9.
Al-Oqail MM, Farshori NN, Al-Sheddi ES, Musarrat J, Al-Khed-
hairy AA, Siddiqui MA. In vitro cytotoxic activity of seed oil
of fenugreek against various cancer cell lines. Asian Pacific J
Cancer Prev 2013;14:1829-32.

Singleton VL, Orthofer R, Lamuela-Raventés RM. [14] Analysis
of total phenols and other oxidation substrates and antioxi-
dants by means of folin-ciocalteu reagent. In: Methods in en-
zymology. Elsevier; 1999. p. 152-78.

Erel O. A novel automated method to measure total antiox-
idant response against potent free radical reactions. Clin
Biochem 2004;37:112-9.

Erel O. A new automated colorimetric method for measuring
total oxidant status. Clin Biochem 2005;38:1103-11.

Yang CS, Landau JM, Huang M-T, Newmark HL. Inhibition of
carcinogenesis by dietary polyphenolic compounds. Annu
Rev Nutr 2001;21:381-406.

Omezzine F, Haouala R. Effect of Trigonella foenum-graecum
L. development stages on some phytochemicals content and

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

121

allelopathic potential. Sci Hortic (Amsterdam) 2013;160:335-
44,

Vega-Gaélvez A, Di Scala K, Rodriguez K, Lemus-Mondaca R,
Miranda M, Lépez J, et al. Effect of air-drying temperature on
physico-chemical properties, antioxidant capacity, colour and
total phenolic content of red pepper (Capsicum annuum, L.
var. Hungarian). Food Chem 2009;117:647-53.

Chen S, Shen X, Cheng S, Li P, Du J, Chang Y, et al. Evaluation
of garlic cultivars for polyphenolic content and antioxidant
properties. PLoS One 2013;8:e79730.

Alinian S, Razmjoo J, Zeinali H. Flavonoids, anthocynins,
phenolics and essential oil produced in cumin (Cuminum
cyminum L.) accessions under different irrigation regimes. Ind
Crops Prod 2016;81:49-55.

Ahmad N, Abbasi BH, Fazal H, Khan MA, Afridi MS. Effect of
reverse photoperiod on in vitro regeneration and piperine
production in Piper nigrum L. C R Biol 2014;337:19-28.
Adefegha SA, Oboh G. Inhibition of key enzymes linked to
type 2 diabetes and sodium nitroprusside-induced lipid per-
oxidation in rat pancreas by water extractable phytochemi-
cals from some tropical spices. Pharm Biol 2012;50:857-65.
Simon-Brown K, Solval KM, Chotiko A, Alfaro L, Reyes V, Liu
C, et al. Microencapsulation of ginger (Zingiber officinale)
extract by spray drying technology. LWT-Food Sci Technol
2016;70:119-25.

Sivarajan M, Babuskin S, Archana G, Babu PAS, Sukumar M. Ki-
netic modeling of spice extraction from S. aromaticum and C.
cassia. J Food Eng 2013;117:326-32.

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

Acharya SN, Acharya K, Paul S, Basu SK. Antioxidant and
antileukemic properties of selected fenugreek (Trigonella
foenum-graecum L.) genotypes grown in western Canada.
CanJ plant Sci 2011;91:99-105.

Prema A, Justin Thenmozhi A, Manivasagam T, Mohamed
Essa M, Guillemin GJ. Fenugreek seed powder attenuated
aluminum chloride-induced tau pathology, oxidative stress,
and inflammation in a rat model of Alzheimer’s disease. J
Alzheimer’s Dis 2017;60:5209-20.

Mbarki S, Alimi H, Bouzenna H, Elfeki A, Hfaiedh N. Phyto-
chemical study and protective effect of Trigonella foenum
graecum (Fenugreek seeds) against carbon tetrachloride-in-
duced toxicity in liver and kidney of male rat. Biomed Pharma-
cother 2017;88:19-26.

Jagadeesan J, Nandakumar N, Rengarajan T, Balasubramanian
MP. Diosgenin, a steroidal saponin, exhibits anticancer activity
by attenuating lipid peroxidation via enhancing antioxidant
defense system during NMU-induced breast carcinoma. J En-
viron Pathol Toxicol Oncol 2012;31.

Devasena T, Menon PV. Fenugreek seeds modulate 1,



122

2-dimethylhydrazine-induced hepatic oxidative stress during
colon carcinogenesis. Ital J Biochem 2007;56:28.

41. Mori A, Lehmann S, O’Kelly J, Kumagai T, Desmond JC, Pervan
M, et al. Capsaicin, a component of red peppers, inhibits the
growth of androgen-independent, p53 mutant prostate can-
cer cells. Cancer Res 2006;66:3222-9.

42. Thoennissen NH, O’kelly J, Lu D, Iwanski GB, La DT, Abbassi S,
et al. Capsaicin causes cell-cycle arrest and apoptosis in ER-
positive and-negative breast cancer cells by modulating the
EGFR/HER-2 pathway. Oncogene 2010;29:285.

43. Dwivedi V, Shrivastava R, Hussain S, Ganguly C, Bharadwaj
M. Comparative anticancer potential of clove (Syzygium aro-
maticum)-an Indian spice-against cancer cell lines of various
anatomical origin. Asian Pac J Cancer Prev 2011;12:1989-93.

44, Chaieb K, Hajlaoui H, Zmantar T, Kahla-Nakbi A Ben, Rouab-
hia M, Mahdouani K, et al. The chemical composition and bi-
ological activity of clove essential oil, Eugenia caryophyllata
(Syzigium aromaticum L. Myrtaceae): a short review. Phyther
Res 2007;21:501-6.

45. Marzouk MSA, Moharram FA, Mohamed MA, Gamal-Eldeen
AM, Aboutabl EA. Anticancer and antioxidant tannins from Pi-
menta dioica leaves. Zeitschrift fur Naturforsch C 2007;62:526—
36.

46.Rao PS, Navinchandra S, Jayaveera KN. An important spice,
Pimenta dioica (Linn.) Merill: A review. Int Curr Pharm J
2012;1:221-5.

47. Jenny M, Schwaiger W, Bernhard D, Wrulich OA, Cosaceanu D,
Fuchs D, et al. Apoptosis induced by the Tibetan herbal rem-
edy PADMA 28 in the T cell-derived lymphocytic leukaemia
cell line CEM-C7H2. J Carcinog 2005;4:15.

48. Lai L, Fu Q, Liu Y, Jiang K, Guo Q, Chen Q, et al. Piperine sup-
presses tumor growth and metastasis in vitro and in vivo
in @ 4T1 murine breast cancer model. Acta Pharmacol Sin
2012;523.

49.Ouyang D, Zeng L, Pan H, Xu L, Wang Y, Liu K, et al. Piperine
inhibits the proliferation of human prostate cancer cells via in-
duction of cell cycle arrest and autophagy. Food Chem Toxicol
2013;60:424-30.

50. Do MT, Kim HG, Choi JH, Khanal T, Park BH, Tran TP, et al. Antitu-
mor efficacy of piperine in the treatment of human HER2-over-
expressing breast cancer cells. Food Chem 2013;141:2591-9.

51. Pradeep CR, Kuttan G. Effect of piperine on the inhibition of
lung metastasis induced B16F-10 melanoma cells in mice. Clin

52.

53.

54.

55.

56.

57

58.

59.

60.

61.

62.

Nisari et al., Effects of Fenugreek on EAT / doi: 10.14744/ejmi.2020.17680

Exp Metastasis 2002;19:703-8.

Yaffe PB, Doucette CD, Walsh M, Hoskin DW. Piperine impairs
cell cycle progression and causes reactive oxygen species-
dependent apoptosis in rectal cancer cells. Exp Mol Pathol
2013;94:109-14.

Kwon H-K, Hwang J-S, So J-S, Lee C-G, Sahoo A, Ryu J-H, et al.
Cinnamon extract induces tumor cell death through inhibi-
tion of NFkB and AP1. BMC Cancer 2010;10:392.

Kwon H-K, Jeon WK, Hwang J-S, Lee C-G, So J-S, Park J-A, et
al. Cinnamon extract suppresses tumor progression by modu-
lating angiogenesis and the effector function of CD8+ T cells.
Cancer Lett 2009;278:174-82.

Tang ELH, Rajarajeswaran J, Fung SY, Kanthimathi MS. Antiox-
idant activity of Coriandrum sativum and protection against
DNA damage and cancer cell migration. BMC Complement
Altern Med 2013;13:347.

Gomez-Flores R, Hernandez-Martinez H, Tamez-Guerra P,
Tamez-Guerra R, Quintanilla-Licea R, Monreal-Cuevas E, et al.
Antitumor and immunomodulating potential of Coriandrum
sativum. J Nat Prod 2010;3.

. Laribi B, Kouki K, M'Hamdi M, Bettaieb T. Coriander (Corian-

drum sativum L.) and its bioactive constituents. Fitoterapia
2015;103:9-26.

Nithya TG, Sumalatha D. Evaluation of in vitro anti-oxidant
and anticancer activity of Coriandrum sativum against hu-
man colon cancer HT-29 cell lines. Int J Pharm Pharm Sci
2014;6:421-4.

Karna P, Chagani S, Gundala SR, Rida PCG, Asif G, Sharma V,
et al. Benefits of whole ginger extract in prostate cancer. Br J
Nutr 2012;107:473-84.

Liu Y, Whelan RJ, Pattnaik BR, Ludwig K, Subudhi E, Rowland
H, et al. Terpenoids from Zingiber officinale (Ginger) induce
apoptosis in endometrial cancer cells through the activation
of p53. PLoS One 2012;7:e53178.

Alsemari A, Alkhodairy F, Aldakan A, Al-Mohanna M, Bahoush
E, Shinwari Z, et al. The selective cytotoxic anti-cancer prop-
erties and proteomic analysis of Trigonella Foenum-Graecum.
BMC Complement Altern Med 2014;14:114.

Khoja KK, Shaf G, Hasan TN, Syed NA, Al-Khalifa AS, Al-Assaf
AH, et al. Fenugreek, a naturally occurring edible spice, kills
MCF-7 human breast cancer cells via an apoptotic pathway.
Asian Pac J Cancer Prev 2011;12:3299-304.



