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ABSTRACT

Fenugreek (Trigonella foenum-graecum) is one of the oldest medicinal plants with exceptional medicinal and nutritional
profile. Fenugreek is native to southern Europe and Asia, is an annual herb with white flowers and hard, yellowish brown
and angular seeds, known from ancient times, for nutritional value beside of it medicinal effects. Fenugreek seeds contain
a substantial amount of fiber, phospholipids, glycolipids, oleic acid, linolenic acid, linoleic acid, choline, vitamins A, B1,
B2, C, nicotinic acid, niacin, calcium, iron and many other functional elements. Trigonella foenum-graecum was used as
a traditional remedy for the treatment of various diseases. In this study after a general discussion of chemical constituents,
the biological and pharmacological actions of fenugreek such as Anti-diabetic activity, Hypocholesterolaemic properties,
Immunomodulatory activity, Anti-oxidant activity, Anti-cataract activity and Anti- carcinogenic activity were briefly
reviewed. Current lifestyle, eating habits, stress, environmental factors and intensive use of synthetic chemicals in food
processing and agriculture have radically increased the progression of several human diseases. Globally, researchers have
been looking for natural therapeutic substances that can be used to treat or delay the onset of these lifestyle-related
disorders. Overall, this review highlights the morphology, adaptability, nutritional constituents, and associated
functionality and medicinal significance of Fenugreek.
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INTRODUCTION

Fenugreek belongs to Fabaceae family; it was named, Trigonella, from Latin language that means “little triangle” due to
its yellowish-white triangular flowers [1]. It is named as Methi (Hindi, Urdu, Punjabi and Marathi), Hulba (Arabic),
Moshoseitaro (Greek), Uluva (Malayalam), Shoot (Hebrew), Dari (Persian), and heyseed in English. Fenugreek (Trigonella
foenum-graecum L.) is one of the oldest medicinal plants from Fabaceae family originated in central Asia ~4000 BC [2]. Its
description and benefits had been reported in the Ebers Papyrus (one of the oldest maintained medicinal document) earlier in
1500 BC in Egypt [3]. It is being commercially grown in India, Pakistan, Afghanistan, Iran, Nepal, Egypt, France, Spain,
Turkey, Morocco, North Africa, Middle East and Argentina [4]. The most accurate number of species of fenugreek has not
been identified till now. Taxonomists such as Linnaeus noted that 18 species of Trigonella are currently in a total of 260
species. Taxonomic classification of fenugreek was presented (Table 1). Most species, including Trigonella foenum graecum
L., are diploids with 2n = 16 chromosomes. However, some species of Trigonella may include 18, 28, 30, 32 or 44
chromosomes [5]. Fenugreek has different pharmacological attributes such as a hypoglycemic[6] , hypercholesterolemia[7-
12] , gastroprotective[13] , chemo-preventive[14] , an anti-oxidant[15] , and laxative[16] and appetite stimulation[17]. The
plant contains alkaloids[18] flavonoids[19], salicylate[20], and nicotinic acid[21]. Fenugreeks are harmless for human
consumption.

Table 1: Taxonomy of Trigonella foenum-graecum

Kingdom Plantae
Super division Angiosperms
Division Eudicots
Class Rosids
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Order Fabales
Family Fabaceae
Subfamily Faboideae
Tribe Trifolieae
Genus Trigonella
Species Foenum

Figure.1 Trigonella foenum-graecum

Morphology

Appearance: Solid-rhomboidal seeds, 3 to 5 mm long, 2 mm thick. Hard, pebble-like.
Colour: Yellowish brown-light brown

Odour: characteristic spicy

Taste: Bitter and mucilaginous

The Fenugreek Plant

The fenugreek seeds sown in well prepared soil sprouts in three days. Seedling grows erect, semi-erect or branched and
attains a height of 30 to 60 cm. It contains pinnate compound, trifoliate leaves, auxiliary white to yellow flowers, and 3-15
cm long thin pointed beaked pods and every pod contains 10-20 oblong greenish-brown seeds with unique hooplike
groves[22]. Fenugreek is the only single plant of Fabaceae family which is pollinating annual leguminous bean[23].

Stem

Fenugreek having a number of steroidal sapogenins. Only the oily embryo contains diosgenin, the trimethylcoumarin,
alkaloid trigonelline, trigocoumarin and nicotinic acid are been found in stem. Mucilage is a dominant ingredient of the seeds
[24]. Further researches proved that approximately 28% mucilage, 5% of a stronger smelling, bitter fixed oil, 22% proteins, a
volatile oil, two alkaloids and a yellow colouring substance are present in stem [25].
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Figure.2 Stem of T. foenum graecum

Leaves
Fenugreek leaves are trifoliate, triangular stipules, 10- 30mm long, 5-15 mm wide, truncate at apex, narrowed towards the

base, margins shallowly serrate to dentate glabrous. The leaves contain 7 saponin compounds, known as graecunins and these
are glycosides of diosgenin. Leaves having rich sources of mineral and vitamin contents like phosphorus, iron, carotene,
calcium, riboflavin, thiamine and vitamin-c [26] .

Figure.3 Leaves of T. foenum graecum

Seeds

Seeds are rhomboidal, pebble like shape, 3-5 cm. long, 2mm thick, plain surface, yellow in colour. Bulk of the fenugreek
seed is dietary fiber and protein both of which have no taste or flavor[27] . Plant tissue cultures from seeds grown under
optimal conditions have been found to produce as much as 2% diosgenin with fewer quantities of gitongenin and trigogenin.
The major components of fenugreek seeds are highly carbohydrates, proteins, flavonoids, alkaloids, saponin, free amino acids,
glycosides, mucilage, minerals and much more[28]. Further investigations have shown its effectiveness in diminishing blood
glucose levels, treating gastric abnormalities on lowering cholesterol[29].

Figure.4 Seeds of T. foenum graecum
Cultivation
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Fenugreek requires 5-10 days for germination while the first trifoliate leaf appears 5-8 days after germination. It is a fast
growing plant, which may grow on dry grasslands, cultivated or uncultivated lands, hillsides, planes as well as field edges but
it requires a fair amount of sunlight. Fenugreek needs four to seven months to reach maturity[30]. Flowering period is
midsummer (June to August) and seeds ripen during late summer (August to September). It is a drought tolerant plant and
grows well in tropical climate with mild winter and cool summer; however, its leaf and flower development is temperature
dependent[31].

Figure.5 Grmination of T. foenum graecum

Nutritional value of Fenugreek

Fenugreek has a vast diversity of nutrients and bioactive compounds which are required for improving the health and
functionality of biological systems. The fenugreek seeds have 58% carbohydrates, 23- 26% proteins, 0.9% fats and 25% fibre.
Similarly, fenugreek leaves have 6%, 4.4%, 1.1% carbohydrates, proteins and fibre respectively[32]. Furthermore, fenugreek
also contains different types of minerals such as potassium (603 mg/100 g), magnesium (42 mg/100 g), calcium (75 mg/100
g), zinc (2.4 mg/ 100 g), manganese and copper (0.9 mg/100 g) and iron (25.8 mg/100 g). Vitamin C (220 mg/100 g) and 3
carotene (19 mg/100 g) are also considered as the important components of fenugreek[32,33].

Fenugreek is also a rich source of several important amino acids such as aspartic acid, glutamic acid, leucine, tyrosine
and phenylalanine. Additionally, it contains minute quantities of sulfur-containing amino acids (cysteine and methionine)
having significant physiological roles in body. The most abundantly present free amino acid in fenugreek is (2S, 3 R, 4S)-4-
hydroxyisoleusine. About 80% of amino acid content of dry fenugreek seeds consists of the non-protein amino acid 4-
hydroxyisoleusine and during the phase of growth, this amino acid proliferates rapidly. Studies have revealed that the proteins
present in the fenugreek are of better quality as compared to the other plant proteins. In an investigation, Feyzi and his
coworkers compared the quality of fenugreek proteins with soy protein isolate and affirmed that fenugreek seeds contain
higher protein contents with better amino acid profile as compared to soy protein isolate.[34] Additionally, fenugreek proteins
were rich in aspartic acid and glutamic acid. Results also stated that fenugreek proteins have higher denaturation temperature,
foaming properties, solubility and stability as compared to soy proteins and therefore can be employed as an effective protein
source in various functional foods. Moreover, sotolone, an important functional phytochemical used as seasoning flavor, is a
prompting ingredient of fenugreek.[35]

Fenugreek contains significant quantities of alkaloids (trigonella, trigocoumarin, nicotinic acid, trimethyl coumarin). It
also comprises other important, valuable compounds like flavonoids and polyphenols. In the alcoholic extracts of the
fenugreek plant, extensive variety of flavonoids, such as quercetin, luteolin, vitexin, and 7, 4-dimethoxy flavanones, is
present. Some other groups have reported alike results of the existence of aglycones, kaempferol, quercetin, tricin, and
naringenin[36]. The compounds were sequestered from the specific parts of fenugreek plant and also from the excerpts and
hydro lysates of stems, leaves and flowers. The phytochemical examination of fenugreek exposed that the maximum of
flavonoids are existent as glycosides which are complex due to the conjugation with carbohydrates by C-glycosidic and O-
glycosidic bond. Quercetin-3-O-rhamnoside (quercitrin), vitexin-7-Oglucoside (afroside), and apigenin-6-C-glucoside
(isovitexin) are rare examples of flavonol glycosides existing in fenugreek[37]. Apigenin-6-C-glucoside (isovitexin) and
apigenin-8-C-glucoside (vitexin) were sequestered by fenugreek seeds. The occurrence of isoflavonoid phytoalexins
aglycones, such as medicarpan and maackiaian, in this herb has also been reported. These are known as ‘induced
isoflavoniods’ which can be produced due to some external factors such as microbial activities[35].

Table 2: Crude or proximate composition of fenugreek seeds and leaves[38]
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Particulars Contents (g/100 g) References
Carbohydrates 42.3 [38]
Gum (seeds) 20.9 [39]
Ash (seeds) 3.38 [40]
Fibre (seeds) 50.0 [41]
Soluble

Raw 21.7 [42]
Germinated 10.3 [42]
Insoluble

Raw 26.8 [42]
Germinated 23.9 [42]
Fibre (leaves)

Soluble 0.7 [43]
Insoluble 4.2 [43]
Dietary fibres 48.0 [44]
Fats (Seed) 7.9 [38,41]
Fats (Leaves) 1.0 [41]
Protein (Seed) 25.4 [38]
Protein (Leaves) 4.4 [41]
Moisture (Seed) 7.49 [40]
Moisture (Leaves) 86.0 [40]

Table 3: Lipid profile of Fenugreek seeds[45]

Lipid Species Identified Amount (g/100 g)
Triacylglycerols 4.330 £ 0.011
Triacylglycerols 0.280 + 0.008
Monoacylglycerols 0.180 + 0.005
Phosphotidylcholine 0.110 + 0.002
Phosphotidylethanolamine 0.036 + 0.003
Phosphotidylinositol 0.009 + 0.001
Free fatty acids 0.160 + 0.001

Table 4: Vitamin profile and their respective concentrations in fenugreek

Particulars Plant part Units Value/100 g References
Vitamin C Seed Mg 12-43 [46,47]
Vitamin C Leaves Mg 52.0 [47]
Vitamin B, Seed mg 0.41 [46]
Vitamin B, Seed mg 0.36 [46]
Vitamin Bg Seed mg 0.600 [48]
Vitamin A, RAE Seed pg-RAE 3.0 [48]
Vitamin A Seed 19) 60-100 [46]
Niacin Seed mg 6.0 [46]
Nicotinic Acid Seed Mg 1.1 [46,47]
Nicotinic Acid Leaves ug 800 [47]
B-carotene Leaves mg 2.3 [47]
fB-carotene Seeds ug 96 [47]
Thiamine Leaves ug 40 [47]
Thiamine Seeds ug 340 [47]
Riboflavin Leaves ug 310 [47]
Riboflavin Seeds ug 290 [47]
Folic acid Seeds ug 84 [47]

Table5: Mineral contents (mg/100 g) of fenugreek seeds[49]

Minerals mg/100 g of fenugreek seed extract
Potassium (K) 603.0 = 15.0
Magnesium (Mg) 420+50
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Calcium (Ca) 75.0+9.0

Zinc (Zn) 2.4+0.2

Manganese (Mn) 0.9+0.1

Copper (Cu) 0.9+0.1

Iron (Fe) 258+12

Table 6: Biologically active constituents of Fenugreek and their classifications
Chemical Group Compounds References
Alkaloids Trigonelline, choline, carpaine [50,51,52]
i A Lysine, histidine, 4-hydroxy|sc;IregLi|ﬁ:2§, tryptophan, tyrosine, cystine, [53,54,55]
Coumarins Methyl coumarin, trigocumarin, trimethyl coumarin [56]

Naringenin, lilyn, kaempferol, vecenin-1, tricin 7-O-D glucopyranoside,

Flavonoids A S S LT . .
saponaretin, isovitexin, isoorientin. Orientin, vitexin, luteolin, quercetin

[57,58,59]

Fenugrin, foenugracin, glycoside, yamogenin, trigonoesides, smilagenin,
Saponins gitogenin, sarsasapogenin, yuccagenin, hederagin, diosgenin, tigonenin, [53]
neotigogenin

Vitamin A, folic acid, ascorbic acid, thiamin, riboflavin, biotin, nicotinic

Others acid, gum [60,61]
Nutritional/health impacts of fenugreek components
Table 7. A generalized discussion about the nutritional impacts of fenugreek
Nutritional components Health impacts
4- hydroxyisoleucine (amino acid) Insulin stimulating activity
Fiber (soluble dietary fiber, galactomannans, non-starch Binding of food toxins, protection of colon mucus membrane,
polysaccharides) promoting insulin secretion, water retention in the intestine,

controlling glucose absorption

Phenolic acids Antioxidant properties
Micronutrients (Vitamins and minerals) Regulatory functions
Flavonoids Antioxidant properties
Protodioscin Inhibition of leukemic cells
Diosgenin Hepatoprotective, anti-carcinogenic

PHARMACOLOGICAL ACTIONS OF FENUGREEK
Anti-diabetic activity

The harmful side effects of synthetic drugs, the enormous cost and the in ability of existing modern therapies to control
all pathological aspects and the poor advance therapies for many rural populations in developing countries are the major
drawback of synthetic drugs, to overcome these issues the plant compounds are used now a days, fenugreek plays a vital role
in treating several diseases. The anti-diabetic activity of fenugreek was briefly discussed. Postprandial blood glucose response
has reduced by soluble fiber, Galactomannan, it is isolated from Canadian grown fenugreek seeds. In vitro studies were
conducted to identify the effect of galactomannan on intestinal glucose uptake in genetically determined lean and obese rats.
The viscosity of different combinations of galactomannan solutions was prepared. The galactomannan as of the viscous
property it has potential to reduce intestinal absorption of low or high concentration of glucose and; therefore for the benefit
of blood glucose control[62].

It was reported that adding 100 g fenugreek powder containing 50 percent dietary fiber for a period of 10 days decreased
25 percent blood glucose level among the type Il diabetes patients[63]. It has been shown that soluble fiber fraction reduced
postprandial elevation in blood glucose level of Type 2 model diabetic rats by hindering the digestion of sucrose.
Administering fenugreek soluble fiber orally twice daily at a dose of 0.5 g/ kg for 28 days resulted in reducing the serum
fructosamine level with no significant change in the insulin level when compared with the control. It is concluded that soluble
fiber had a beneficial effect on dyslipidemia and it could inhibit platelet aggregation in Type 2 model diabetic rats[64].

The anti-diabetic properties of a Soluble Dietary Fibre [SDF] fraction of Trigonella foenum-graecum were evaluated.
Administration of SDF fraction [0.5 g/kg body weight] to normal, type 1 or type 2 diabetic rats significantly improved oral

Karunakar Prasad Dwivedi et al.: A Brief Study on Fenugreek (Trigonella Foenum-Graecum): A Review



glucose tolerance. Effects of soluble dietary fibre of Trigonella foenum-graecum on sucrose absorption from the gut, on
intestinal glucose absorption, on intestinal disaccharidase activity and gastrointestinal motility, on insulin secretion, on
glucose uptake and insulin action were determined.They demonstrated that SDF fraction of Trigonella foenumgraecum
significantly improved glucose homeostasis in type | and type Il diabetes by delaying carbohydrate digestion and absorption,
and enhancing or mimicking insulin action. After oral sucrose ingestion in non-diabetic and type 2 diabetic rats, SDF fraction
suppressed the elevation of blood glucose. Glucose transport in 3T3-L1 adipocytes and insulin action was increased by
Trigonella foenum-graecum. They indicated that the SDF fraction of Trigonella foenum-graecum seeds applies anti diabetic
effects mediated during inhibition of absorption and carbohydrate digestion, and enhancement of peripheral insulin action[65].

It is reported that addition of fenugreek (5.5 g) to 50 g carbohydrate portions of white bread and jam and fried rice
meaningfully diminish incremental area under the plasma glucose response curve (IAUC) in comparison with food without
fenugreek. It is noted that postprandial plasma glucose and satiety (PPG) remarkably decreased and increased respectively
between obese persons[66].

4-hydroxyisoleucine (amino acid) stimulates insulin production thereby 53,67,68
control blood sugar level
Diabetes Polyphenolic compounds exhibit anti-diabetic effects 51,69
Curative effects of fenugreek seed powder is a potential neuropathic 70
medicine in diabetes

Hypocholesterolaemic Properties

There are different important scientific information and clinical data done on the efficacy of dietary fiber, especially the
soluble counterpart such as beta-glucans or galactomannans in the management of hypercholesterolemia. Fenugreek derived
galactomannans, due to its unique structure of galactose to mannose 1:1 ratio, have shown to have the maximum efficacy in
lowering the plasma cholesterol level[71]. Furthermore, soluble fiber fractions reduce only the dangerous low-density
lipoproteins and triglycerides intake, whereas keeping the good high-density cholesterols intact[72].

In a study which was done on 60 individuals with diabetes and high cholesterol and triglycerides level, who regularly
received 25 g of fenugreek fiber powder containing nearly 50 percent fiber content, a significant decrease in blood glucose,
LDL cholesterol and triglycerides level up was shown whereas HDL level had no decrease (43). The biochemical mechanism
of soluble fiber as a hypolipidemic agent can be explained primarily by its capacity to bind bile acids, which are therefore
excreted rather than recycled to the blood reduced blood cholesterol. Fermentation of soluble fiber may be done by bacteria
in the clone which produce short chain fatty acids can reduce cholesterol synthesis[73].

Eidi et al. (2007) reported that an ethanolic extract of FEN decreased total cholesterol and triacylglycerol in
streptozotocin induced diabetic rats. The mechanism was not determined, but the hypolipidemic effect could be due to the
inhibition of carbohydrate and fat absorption due to the fibre contained in the extract[74]. Raju and Bird (2006) reported that
a reduction in liver weight and less marbling of liver fat was observed during supplementing the diet of Zucker obese rats
with 5 % FEN seed when compared to obese controls[75]. The effects of two concentrations of FEN seed powder (12.5 g and
18.0 g/ day) on the blood lipid profile of human subjects over a month was studied by Sowmya and Rajyalakshmi (1999)[76].
They understood that both concentrations led to a reduction in total cholesterol and low-density lipoprotein (LDL). It should
be noted that there are several published studies on the hypolipidemic potential of fenugreek in animals, while only a few
ones in humans. Some of the mechanisms which proposed for the effects are stimulation of bile formation in the liver and the
transformation of cholesterol into bile acids, the viscosity of the digest reducing cholesterol and bile acid absorption and the
production of volatile fatty acids by fiber fermentation, which seems to prevent hepatic cholesterol synthesis[77].

Anti-oxidants from seeds control high blood cholesterol | 40,47
] Flavonoids from ethyl acetate extracts of seeds exhibit | 78
Hypercholesterolemia hypocholesterolemic abilities

Immunomodulatory activity

An agent that increases or reduces the immune responses is known as immunomodulator and such effect is
immunomodulatory effect. Fenugreek in the diet showed a mark reduction in signs & symptoms of diabetes like polyuria,
urine sugar, renal hypertrophy, excessive thirst and glomerular filtration rate[79]. Aqueous extract of fenugreek was
investigated to ameliorate additive urotoxicity of buthionine, sulfoximine and cyclophosphamide by restoring the anti-
oxidant status and reversing the cyclophosphamide-induced cell death in free radical-mediated lipid peroxidation in the
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urinary bladder[80]. To assess the immunomodulatory activity male albino mice were treated with three doses of aqueous
extract of fenugreek 50, 100, 250 mg/kg of body weight respectively for 10 days. The increase in thymus weight was due to
by an increase in cell counts. This may be due to the stimulatory effect of plant extract on the lymphocytes and bone
marrow hematopoietic cells[81].

il e SeETey Natural antioxidants help to strengthen immune system 2322,

Immunomodulatory and Immune stimulatory effects

Anti-oxidant activity

Since the antioxidant activity of a plant is due to its active phytochemicals, it has been announced that fenugreek
possesses a great antioxidant property that has a beneficial effect on the liver and pancreas because of its phenolic and
flavonoid compound. It has been stated that fenugreek seed extract reduces lipid peroxidation and hemolysis in RBC[84].
Dixit et al. 2005 have shown that the aqueous fraction of fenugreek exhibit higher antioxidant activity compared with other
fractions[85]. Fenugreek extract scavenges hydroxyl radicals and inhibits H202- induced lipid peroxidation in rat liver
mitochondria[86].

Germinated fenugreek seeds showed more beneficial than dried seeds due to the fact that the bioavailability of different
constituents of fenugreek seed were increasesed by germination[87]. In fact, significant antioxidant activity in germinated
fenugreek seeds may be related to the presence of flavonoids and polyphenols. It was reported that mustard and fenugreek
seeds showed hypoglycemic and antihyperglycemic activities in diabetic mice, which could be due to the presence of
antioxidant carotenoids in those spices[88].

The functional food quality of fenugreek seeds were assessed by determining the lipid peroxidation [LPO] and
cyclooxygenase enzyme [COX] inhibitory activities in hexane, ethyl acetate, methanolic and water extracts using MTT, LPO,
COX-1 and COX-2 enzyme inhibitory assays. The extracts inhibited LPO by 55-95%, COX-1 by 6-87% and COX-2 by 36—
70%, respectively, at 250 g/ml. Bioassay-guided purification of these extracts yielded triglycerides, fatty acids, saccharides
and flavonoid-Cglycosides. The antioxidant and anti-inflammatory activities exhibited by the isolated compounds from
fenugreek seeds support its anecdotal health applications[89].

Anti-cataract activity

Cataract is the opacification in the eye lens and leads to 50% of blindness worldwide. Cataract remains the leading cause
of visual disability, and it contributes 50% blindness worldwide.57Several risk factors have been known in the pathogenesis
of senile cataract. Despite aging, diabetes, smoking, gender, steroids, and nitric oxide are liable for the growth of cataract[90].

The anti-catatact potential of Trigonella foenum graecum was evaluated in selenite induced in vitro medium. The
medium was supplemented with selenite and aqueous extract of T. foenum graecum to the test group. An increasing level of
malondialdehyde and diminishing level of GSH were seen in control as compared to standard lenses. T. foenum graecum
amazingly restored glutathione & decreased malondialdehyde levels. It also plays an important part in restoration in the anti-
oxidant enzymes such as superoxide dismutase, glutathione, peroxidase, catalase and glutathione-s-transferase. Fenugreek
protects against the experimental cataract due to its anti-oxidant properties and also significantly restored the GSH levelin a
dose-dependent manner[91].

Anti-Carcinogenic Activity

One of the primary causes of death nowadays is cancer in the world. Serious side effects occur with generally used
therapeutic medicines which only increase the life span of patient from few months or some years. Plant-based active
components have shown their potential to be used as suitable and safe alternatives having significantly explored anticancer
effects[92]. In this regard, active ingredients of vegetables and fruits are being utilized to prevent the chances of cancer[93].
Efforts are ongoing to use the other approaches and ideas which can be effective in the prevention of cancer. In these
attempts, studies are available in which animals and cell lines were used as the investigational models of cancer proved the
effect of seeds of fenugreek against cancer[94].

It was revealed that a compound protodioscin derived from fenugreek exhibits an effect to inhibit the growth against
HL60 cells by prompting apoptotic modifications[95]. In another study, extract from the seeds of fenugreek expressively stop
the mammary hyperplasia induced by 7,12- dimethylbenz-anthracene and diminished the occurrence of it in rats. It is
recommended that increased apoptosis after this edible herb consumption shows effect against breast cancer. The extract of
the whole plant of fenugreek (Trigonella foenum-graecum) exhibit the cytotoxicity effect in vitro against the most of the
different types of cancer cell lines in human like a neuroblastoma, IMR-32 and HT29 cancer cell line[96].
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In another study, the anti-cancer properties of fenugreek extract were investigated against breast, pancreatic and prostate
cancers. The findings exposed that the applied extract was effective in inhibiting the growth of cancer cell lines of pancreatic
and breast cancers however, no effect was shown on primary or immortalized prostate cells. The possible mechanism for
anti-cancer properties of Trigonella foenum graecum extract was the induction of programmed cell death[97].

In Balb-C mice model of Ehrlich ascites carcinoma (EAC), extract of the seed of fenugreek shows the effect against the
neoplastic. In mice when the alcohol extract of the fenugreek was administered before and after injection of EAC cell, there
was the 70% reduction in tumour cell growth[98]. The extract of fenugreek exhibits a noteworthy effect against the
inflammation and improved macrophage cells count as well as peritoneal ooze cells count[96].

Fenugreek contains a crystalline steroid sapogenin, Diosgenin as a starting material for the synthesis of steroid hormones
such as cortisone and progesterone. It has the potential to prevent invasion, suppress proliferation and osteoclastogenesis
through inhibition of necrosis factor and enhances apoptosis induced by cytokines and chemotherapeutic agents[99].

Cancer Polyphenolic compounds from seed possess anti-carcinogenic activities 56,100,101

Effect on body weight and obesity

It was observed that the food rich in dietary fiber and protein could increase secretion of the anorexigenic and
insulinotropic hormone, glucagon-like peptide-1 (GLP-1) to improve glucose tolerance and reduce weight gain[102]. It has
been indicated in some studies, that fenugreek seed extract supplementation is effective in reducing the body and adipose
tissue weight. The probable mechanism may be due to flushing out the carbohydrates from the body before entering the blood
stream resulting in weight loss and high content of soluble fiber in fenugreek that forms a gelatinous structure which may
have effects on slowing the digestion and absorption of food from the intestine and create a sense of satiety[103].

Table 8. Pharmacological and therapeutic benefits of fenugreek as recurrently reported

Disease/ Disorders Description References
Myocardial infarction Trigonelline (anti-oxidant) detoxification of free radicals, high | 104
lipid peroxidation and enzymes prevents Myocardial injuries
Skin irritation Seeds extracts reduces the skin irritation and pain 58
Seed powder paste produces skin healing, moisturizing, | 59
smoothening, whitening
Indigestion Fenugreek has been used as laxative 58
& flatulence It stimulates appetite and act as laxative 105
Inflammation Reduces swelling and pain 58,106
Mucilage from seed detoxify the oxidants and free radicals to | 107
reduce inflammation
Anemia Prevents red blood cell oxidation 51,84
Being rich in iron (Fe) seeds are valuable to reduce anemia 108
Restoration and Fe nutrition in iron deficiency patients
109
Aging Antioxidants improves reduces cell death and aging 84
Kidney disorders Protects functional and histopathologic abnormalities of kidney | 60,110
in diabetic patients
Reduces catalase (CAT) contents and superoxide dismutase | 111
(SOD) activity in hypercholesterolemia patients
Inhibit accumulation of oxidized DNA to prevent kidney injuries
112
Others Respiratory disorders, bacterial infection, epilepsy, gout, chronic | 84,111,113,114,115
cough, paralysis, dropsy, piles, heavy metal toxicity, liver
disorders and arthritis
CONCLUSION

Over the last few years, several studies have been carried out on the medicinal and functional properties of fenugreek

seeds. Fenugreek is rich in fiber, protein, and due to its valuable bioactive components has promising therapeutic and
application. Antidiabetic, antioxidant, anticarcinogenic, hypoglycemic activity, hypocholesterolemic activity are the major
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medicinal properties of the fenugreek demonstrated in various studies. Based on these several healthful benefits, fenugreek
can be recommended and be a part of our daily diet and incorporated into foods in order to produce functional foods. High
fiber, protein content and other bioactive compounds make it a naturally several health promoting herb. Anti-cataract effect
of this plant is a significant pharmacological activity, which should be focused more in the future.
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