
ABSTRACT
Diabetes mellitus (DM) is a group of metabolic disorders characterized by hyperglycemia over a prolonged period, since a long 
time, diabetes has been treated with plant medicines, one of these important plants is Trigonella foenum-graecum (fenugreek), 
thus, the investigation  goals of this study to clarify the role of fenugreek seed aqueous extract in its therapeutic dose on blood 
glucose , triglycerides, total cholesterol, lower density lipoprotein( LDL), higher density lipoprotein (HDL),very lower density 
lipoprotein( VLDL), liver  and kidney function by estimating alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), blood urea and  serum creatinine,   also to clarify the role  in treatment of infertility by estimating  lutilising hormone 
(LH), follicle stimulating hormone  (FSH ), testosterone hormone level, sperm count, motility and viability in Stereptozotocin 
induced diabetes rat for 4 weeks of treatment, 60 adult male albino rats were divided into 4 groups (15 rat for each group), 
control (normal  rats received normal saline), diabetic rats without treatment ,diabetic  rats  were treated with 300 mg/kg of 
methanolic plant  extract for 4 weeks, diabetic rats treated with 650mg/kg of metformin drug. The result indicated that after 
4 weeks of treatment of fenugreek seed aqueous extract, there was an improvement in blood glucose, lipid profile, liver, and 
kidney function. Although there was an improvement in  LH, FSH, testosterone hormone, sperm count, viability and motility  
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INTRODUCTION
The DM is a complex, chronic, and very serious disease, 
characterized by a person’s blood sugar level become too 
high that resulted from the pancreatic β-cells generate 
deficient insulin (a hormone that regulates blood glucose level) 
secretion.1 It is caused by acquired or inherited a deficiency in 
insulin production by the pancreas or resistance of the target 
organ to the action of insulin. The most common complications 
of diabetes are ketoacidosis, blindness, cardiovascular disease, 
and kidney failure.2 Diabetic can be classified into three main 
categories, type 1 due to complete destruction of β-cell, leading 
to absolute insulin deficiency, type 2-progressive loss of β-cell 
insulin secretion, and type 3 that occurred during pregnancy.3

 In recent years, herbal medicines have gained importance 
as a hypoglycemic agent. The plants play an essential role 
in disease treatment because these plants are a rich source 
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of compounds that can be used in drug synthesis. Herbal 
drugs are safe, less toxic, no side effects, and low cost.4 
Trigonella foenum-graecum, known as fenugreek, assumed 
to possess several beneficial, nutritive, restorative properties 
and containing numerous active medical compounds.5 It 
has been used for the treatment of many diseases, including 
abdominal colic, fever, antiulcer, and anti-inflammatory.6 
Several studies have evaluated that fenugreek seeds aqueous 
extract can improve blood glucose and lipid parameters of 
diabetics patients.7,8 

Although the mechanism of action of fenugreek is not 
known accurately, various researcher assuming different route 
of mechanism, many researchers believe that fenugreek has 
the effect of increasing insulin secretion from beta-cell of the 
pancreas, some of them believe that fenugreek decrease glucose 
uptake by the intestine, others established that fenugreek has an 
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insulin-sensitizing effect.9 Hyperlipidemia is associated with 
DM. The antihyperlipidemic effect of fenugreek seed extract 
may be related to soluble fiber, which inhibits cholesterol 
synthesis in the liver as well as increase fecal excretion of 
bile salts.10

Infertility is a common problem with medical, psychosocial, 
and economic aspects. Infertility affects 15%–20 % of couples. 
A one third of all cases of infertility is due to a combination 
of female and male problems. In another third of cases, they 
are because of the male problem.11 Plants have been used 
worldwide for the screening of several human diseases,12 and 
have a key role in the treatment of infertility.13,14 Trigonella 
foenum-graecum seed extract has beneficial effects on 
reproductive hormones; it has androgenic and anabolic activity 
in patients.15 This activity may be related to the fact that this 
extract contains soluble glycosides (furostanol), which are 
responsible for increasing testosterone level and complexation 
of cholesterol in the cell membrane.16,17 Other studies have 
found that Trigonella foenum-graecum increases sperm 
viability and decreases the abnormality in sperm shape.18 study 
aimed to evaluate the effect of Trigonella foenum-graecum 
aqueous extract on blood glucose, lipid profile, and some 
hormonal assay in Streptozotocin induced diabetic rats.

MATERIALS AND METHODS

Plant extraction 
The plant material of Trigonella foenum-graecum brought 
from the local market, and the park was powdered, extracted 
in Soxhlet apparatus with methanol, starting with hexane 
and chloroform, to separated lipids and terpenoid, after that 
methanol was used to extract the other components, then each 
component was dried and collected.19

Animals 
Sixty adult male albino rats weighing 100-110 g were used in 
the current work. All rats were kept at room temperature, fed 
with standard rat pellet diet, and provided water ad libitum. 
The animal was treated with 300 mg/kg of Trigonella seed 
aqueous extract, and this dose was selected after a series of 
primary experiments.
Streptozotocin-induced diabetes
The rats were allowed to fast for 24 hours before experimentation 
and rendered diabetic by intraperitoneal injection of 
streptozotocin 80 mg/kg body weight dissolved in normal 
saline.20 After 18 hours of injection, diabetes was confirmed 
by testing blood sugar. Then the animal was divided into four 
groups, each with 15 rats and treated the plant extract orally 
using a gavage tube.21

Group 1: Rats were treated with normal saline as a control 
group

Group 2: Diabetic rats without treatment
Group 3: Diabetic rats were treated with 300 mg/kg of 

methanolic plant extract 

Group 4: Diabetic rats treated with 650mg/kg of metformin drug
Blood sampling:
Blood samples from rats were collected by direct heart 
puncture, centrifuged at 3000rpm for 15 minutes, and divided 
into two parts, and the first part was used for biochemical tests( 
glucose and lipid parameters), the second part was used for 
estimation of testosterone, LH and FSH. Serum glucose level 
was measured every 3, 6, 9 hours by using (glucose enzymatic 
colorimetric test kit) from Biocon Diagnostik, Germany. 
Triglycerides, total cholesterol, LDL, HDL, and VLDL were 
estimated by a commercial kit. The level of ALT was evaluated 
by using Elisa kit( catalog MBS 041480 from MyBiosource/
USA) , AST was estimated by using Elisa kit( catalog MBS 
264975 from MyBiosource/USA), blood urea was measured 
using Elisa kit (catalog -MBS 752119 from MyBiosource/
USA) and serum creatinine was measured using Elisa kit 
(catalog-MBS 764869 from MyBiosource/USA), testosterone 
was assessed using rat testosterone Elisa kit(catlogMBS282195 
from MyBiosource/USA) , LH level was evaluated by using 
Elisa kit( catalog MBS 729873 from MyBiosource/USA) and 
FSH level was estimated by Elisa kit (catalog MBS 2502190 
obtained from MyBiosource/USA).
Sperm collection and evaluation 
The right epididymis of mice in each group were removed 
and minced into several pieces on a Petridis with RPMI 1640 
media for a few minutes to allow sperm to become motile and 
swim out from epididymis. The semen was then taken with 
1 mL pipette and dropped on a clean slide and covered with 
a coverslip. The sperm concentration was determined by the 
conventional method using a hem cytometer chamber for the 
red blood cell (RBC) count, the progressive sperm motility 
(spm) was estimated by evaluating five fields of a sperm 
droplet under a coverslip on a warm glass slide (36_37c)under 
a light microscope (x40). The sperm vitality was assayed 
using a procedure of eosine _ngrosine stain (1.67 eosin 10% 
nigrosin and 0.1M sodium citrate )under x100 magnificent, 
and 100 sperm were counted, all of the sperm evaluation were 
estimated according to on world health organization manual 
sperm analysis.22

Statistical Analysis
The data expressed as mean ± S.E. and were analyzed using 
SAS system23

RESULTS
Blood glucose of Streptozotocin-induced diabetic rats showed 
statistically decrease after treatment by fenugreek seed 
aqueous extract compared with diabetic non treated groups, 
as shown in Table 1 

Table 2 illustrated the significant decrease in triglyceride, 
cholesterol, HDL, and VLDL while LDL shows increasing in 
its concentration compared to the diabetic nontreated group 

Table 1: Effect of Trigonella seed aqueous extract on blood glucose after four weeks of treatment 
Diabetic + metforminDiabetic +TrigonellaDiabeticControlGroups
192 ± 4.29170 ± 5.3 9300 ± 6.1180.54 ± 3.21Glucose mg\dL
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Table 3 shows a decrease in, ALT, AST, urea and creatinine 
after four weeks of treatment by fenugreek seed aqueous 
extract 

Table 4 shows a significant increase in LH, FSH, and 
Testosterone level after 4 weeks of treatment by fenugreek 
seed extract 

Table 5 shows an elevation in sperm count, motility and 
viability after 4 weeks of treatment by fenugreek seed aqueous 
extract in Streptozotocin-induced diabetic rats

DISCUSSION
The objective of this paper is to evaluate the role of fenugreek 
aqueous extract on blood glucose, lipid profile, and some 
hormonal parameters in streptozotocin-induced diabetic rats. 
In the present study, there was a marked decrease in the level 
of blood glucose in diabetic groups treated with Trigonella 
foenum-graecum aqueous extract. The hypoglycemic effects of 
this extract have been attributed to several mechanisms, one of 
these mechanisms mentioned that 4-hydroxy isoleucine amino 
acid extracted and purified from fenugreek seeds increased 
insulin secretion in rat and human pancreatic cells,24 4-hydroxy 
isoleucine is also displayed an insulin tropic property in vitro, 
activated insulin production in vivo and enhanced tolerance of 
glucose in normal rats and dogs and in rat model of type 2 DM. 
Also, this amino acid inhibits hepatic glucose production and 
accelerates the use of glucose and possibly a decrease in the 

plasma glucose value,25-27 as well as the hypoglycemic role of 
this extract maybe related to the effect of pectin which delays 
glucose absorption from the intestine.28 Another highly active 
hypoglycemic material is trigonelline, which improves glucose 
tolerant after treatment in alloxan-induced diabetic rats.29 

Hypercholesterolemia and hypertriglyceridemia are 
associated with diabetes.30,31 Hypertriglyceridemia is also 
related to metabolic consequences of hyper-insulinemia, glucose 
intolerance, insulin resistance, and hypercoagulability.32 In this 
study, treatment of diabetic induced rats by Trigonella foenum-
graecum improved lipid profiles, including decreases in total 
cholesterol, LDL, and triglyceride, as well as increases in 
HDL level, the best explanation of this result, may be related 
to decreased synthesis of cholesterol and fatty acid,33 this 
effect due to sapogenins agent , which lower serum cholesterol 
level by increasing biliary cholesterol excretion.34,35 Saponins 
formed a large particle with bile salts and reduce cholesterol 
by inhibiting cholesterol absorption and increasing excretion 
of bile salts.36 The hypolipidemic effect, could also be the 
result of fat absorption and carbohydrate retardation due 
to the existence of soluble fiber in the extract,37 as well as 
Fenugreek seeds, contain a large amount of mannose which 
leads to reduce cholesterol synthesis.38 Studies indicated 
treatment of diabetic rats with fenugreek extract significantly 
reduced the damage in liver and kidney and improve their 
normal function.39 This study supports the important effects 

Table 2: Effect of Trigonella seed aqueous extract on lipid profile after four weeks of treatment 
Diabetic + metforminDiabetic + TrigonellaDiabeticControlGroups
80.44 ± 0.2383.38 ± 3.4496.45 ± 4.3477.65 ± 2.29Triglycerides mg\dL
102.39 ± 2.54105.22 ± 5.32119.34 ± 4.3290.32 ± 4.34Cholesterol mg\dL
35.19 ± 0.4540.26 ± 1.4332.27 ± 1.2945.23 ± 1.24HDL mg\d
L
53.42 ± 1.46

49.52 ± 3.2568.29 ± 2.5430.22 ± 2.32LDL mg\d

L
16.00 ± 0.46

16.63 ± 0.9618.32 ± 4.2515.62 ± 1.04VLDL mg\dL

Table 3: Effect of Trigonella seed aqueous extract on some liver and kidney function 
Diabetic+metforminTrigonellaDiabetic+TrigonellaDiabeticControlGroups
51.54±2.7242.45 ± 2.3457.322 ± 3.7694.20 ± 3.4440.22 ± 2.13AST IU\l
39.09±2.8237.42 ± 2.5443.33 ± 3.2272.53 ± 2.1835.34 ± 1.43ALT IU\l
0.78±0.0 90.63 ± 0.010.89 ± 0.0211.81 ± 0.070.70 ± 0.0 9Creatinine mg/dL
22.20±1.9224.17 ± 1.2328.18 ± 1.2346.12 ± 2.3325.22 ± 1.55Urea mg/dL 

Table 4: Effect of Trigonella on hormone concentration in male rats
Groups LH m1u/L FSH m1u/L Testosterone ng/mL
control 1.4 ± 0.29 2.9 ± 0.44 3.5 ± 0.28
Diabetic 1.2 ± 0.23 1.4 ± 0.35 2.8 6 ± 1.4
Trigonella 2.9 ± 0.22 3.7 ± 0.11 5.45 ± 2.9
Trigonella + diabetic 2.00 ± 0.19 2.19 ± 0.15 3. 95 ± 2.96
Diabetic+ metformin 1.43 ± 0.06 2.52 ± 0.11 2.76 ± 0.8

Table 5: Effect of Trigonella seed aqueous extract on sperm count and motility of male rats 
Groups Sperm count(Sperm x 106) Motility % Viability %
Control 40.14± 3.91 90.68± 3.66 89.6± 2.42
Diabetic 33.22± 2.61 67.29± 2.89 75.2± 2.70
Trigonella 50.25± 2.77 92.14 ±2.67 93.3 ±2.38
Trigonella+Diabetic 43.24± 3.52 84.11±3.65 82.5±3.16
Trigonella+ metformin 40.22 ± 2.37 82.34 ± 3.61 80.21 ± 2.34
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of fenugreek seeds aqueous extract on hyperglycemia and 
hyperlipidemia in diabetic induced animals, further studies 
would be done in mammals. 

 Our finding clarified that the level of testosterone, LH, 
FSH hormone as well as the sperm count, viability and motility 
increased in diabetic animals after treatment with Trigonella 
foenum-graecum aqueous extract. Potential mechanisms 
by which Trigonella foenum-graecum may increase serum 
testosterone level include stimulation of pulsatile gonadotropin-
releasing hormone (GnRH)/LH, increased testicular sensitivity 
to LH, and increased testosterone synthesis. An animal study 
found that after administration of fenugreek steroids to diabetic 
rats over 60 days induced a considerable improvement in 
testosterone level in the serum of the rats, another independent 
study demonstrated that, treatment of diabetic rats with 
Trigonella foenum-graecum extract, there was a significant 
decrease of sperm shape abnormality and improvement of the 
sperm count. Furthermore, the potential effect of Trigonella 
foenum-graecum extract was observed on reproductive 
systems, as reported by histological studies on epididymis 
and testis in rats.40 In addition, Trigonella foenum-graecum 
seed contain diosgenin (an important material for the synthesis 
of testosterone) and saponins (especially protodioscin-like 
compounds). Therefore, a glycoside-rich fraction of Trigonella 
foenum-graecum seed is worth investigating for possible 
androgenic and anabolic activity.41,42 The present study results 
may reflect the effect of fenugreek seeds aqueous extract on 
fertility in male rats by increasing the level of testosterone, 
LH, and FSH hormone.

REFERENCES
	 1.	 Mehmet E., Panoraia I. Siafaka. (2017). A Review on 

Pathophysiology of Diabetes Mellitus: Current Status of Oral 
Medications and Future Perspectives. Acta Pharmaceutica 
Sciencia. Vol. 55 No.1,61-82

	 2.	 Maiti, R., D. Jana, U.K. Das, and D. Ghosh, (2004). 
Antidiabelic Effect of extract of seed of tamarindus indicain 
in streptozotocininduced diabetic rats. J. Ethnopharmacol., 92: 
85-91.

	 3.	 Gale, E.(2001). The Discovery of Type 1 Diabetes. Diabetes, 
50, 217–226.

	 4.	 Sapneh Sharma S., Mishra V., Jayant S. and Srivastava S. 
(2015). Effect of Trigonella Foenum Graecum, on the activities 
of Antioxidant- Enzyme and their expression in tissues of, 
Alloxan-Induced Diabetic rat. Journal of Evidence-Based 
Complementary & Alternative Medicine. Vol. 20(3) 203-211

	 5.	 Petit P., Sauvaire Y., Ponsin G., Manteghetti M., Fave A. and 
Ribes, G.(1993). Pharmacol. Biochem. Behav, 45, 369-374.

	 6.	 Renuka C., Ramesh N., and Saravanan K.3(2009). Evaluation 
of the antidiabetic effect of Trigonella foenum-graecum seed 
extract on alloxan-induced diabetic rats. Int.J. PharmTech Res. 
Vol.1, No.4, pp 1580-1584

	 7.	 Kumar GS, Shetty AK, Sambaiah K, Salimath PV. (2005).
Anti-diabetic property of fenugreek seed and spent turmeric in 
Streptozotocin-Induced Diabetic Rat. Nutr Res 25: 1021-1028. 

	 8.	 Puri D, Prabhu KM, Murthy PS.(2002). Mechanism of action 
of a hypoglycemic principle isolated from fenugreek seeds. 
Indian J Physiol Pharmacol 4: 457-462. 

	 9.	 Mehedee Hasan, Mustafizur Rahman (2016) Effect of Fenugreek 
on Type2 diabetic patients. International Journal of Scientific 
and Research Publications, Volume 6, Issue 1, January 251-255

	 10.	 K ish i moto Y,  Wa kabayash i  S ,  Ta ked a H.(1995). 
Hypocholesterolemic effect of dietary fiber: relation to intestinal 
fermentation and bile acid excretion. J Nutr Sci Vitaminol 
41:151-61. 

	 11.	 Sukhdev, S.,H., Suman, P., S.K., Gerano, L., and Dev, D., R. 
(2008).Extraction technologies for medicinal and aromatic 
plants united nations industrial development org.and the 
international center for science and high technology.pp.1-259.

	 12.	 Burns MM. (2000). Alternative medicine: Herbal preparation. 
Clin Ped Emerg Med 1: 186-190.

	 13.	 McDonald A(2004). A Botanical Perspective on the Identity 
of Soma (Nelumbo nucifera Gaertn.) Based on Scriptural and 
Iconographic Records. New York: Botanical Garden Press

	 14.	 D’Cruz SC, Vaithinathan S, Jubendradass R, Mathur PP.(2010). 
Effects of plants and plant products on the testis. Asian J Androl 
12: 468-479.

	 15.	 Steels E, Rao A, Vitetta L.(2011). Physiological aspects of male 
libido enhanced by standardized Trigonella foenum-graecum 
extract and mineral formulation. Phytother Res. 25:1294–1300. 

	 16.	 Rao A, Steels E, Inder WJ, Abraham S, Vitetta L. (2016). A 
specialised Trigonella foenum-graecum seed extract reduces 
age-related symptoms of androgen decrease, increases 
testosterone levels and improves sexual function in healthy 
aging males in a double-blind randomised clinical study. Aging 
Male.19:134–142. 

	 17.	 Mohanty PP, Naveh-Benjamin M, Ratneshwar S.(2016). 
Beneficial effects of Semantic- memory support in older adults’ 
episodic memory: differential patterns of support of item and 
associative information. Psychol Aging. 31:25–36

	 18.	 Hamden K, Jaouadi B, Carreau S, Aouidet A, El-Fazaa S, 
Gharbi N, Effeki A (2010). Potential protective effect on 
key steroid-genesis and metabolic- enzymes and sperm 
abnormalities by fenugreek steroids in testis and epididymis- of 
surviving diabetic rats. Arch Physiol Biochem.; 116(3):146-55

	 19.	 Vogel G.H. and Gang W.(2002).Drug discovery and evaluation 
pharmacological assay. In: Methods to induce experimental 
diabetes mellitus. Heidelberg, Springer Verlag. p 950.

	 20.	 Mukul, T.; Bhaskar, K. and Gupta, A.(2008). Antidiabetic 
Activity of Alcoholic Extract of Cinnamomum zeylanicum 
Leaves in Alloxan Induced Diabetic Rats. People’s Journal of 
Scientific Research. Vol 1: 9-11.

	 21.	 Aleisa, A.M.; Al-Rejaie, S.S.; Bakheet, S.A.; Al-Bekari, 
A.M.; Al-Shabanah O.A.; Al-Majed, A., Abdulaziz, A., A. 
and Qureshi, S.(2007).Effect of Metformin on clastogenic and 
Biochemical- changes induced by adriamycin in Swiss mice. 
J. Mutation Research.634: 93–100.

	 22.	 World Health Organization( 2000). WHO manual for the 
standardized investigation and diagnosis of the infertile Couple.
Cambridge: Cambridge University Press

	 23.	 SAS. (2012). Statistical Analysis System, User’s Guide. 
Statistical. Version 9.1th ed. SAS. Inst. Inc. Cary. N.C. USA.

	 24.	 Sauvaire Y, Petit P, Broca C, Manteghetti M, Ribes G.(1998) 
4-hydroxy leucine: a novel amino acid potentiator of insulin 
secretion. Diabetes .47:206–10.

	 25.	 Al-HaboriM, and Raman, A . (1998). Antidiabetic and 
hypocholesterolemic effects of fenugreek [Review].
Phytotherapy Research 12,233



Effect of fenugreek (Trigonella foenum graecum) seed  aqueous extract on blood glucose...

IJDDT, Volume 9 Issue 3 July 2019 – September 2019 Page 448

	 26.	 Zafar MI, Gao F.(2016). 4-Hydroxyisoleucine: A potential new 
treatment for type 2 diabetes mellitus. BioDrugs.; 30(4): 255-
262. 

	 27.	 Broca C, Brevil V, Cruciani-Guglielmacci, Manteghetti M, 
Rouault C, Derouet M, et al.(2004). Insulinotropic agent 
ID-1101 (4-hydroxyisoleucine) activates insulin signaling in 
rat. Am J Physiol Endocrinol Metab. 287(3): 463-71

	 28.	 Zeweil H.S, Zahran S.M., Abd El-Rahman M.H, El-Gindy Y., 
and Embark J ( 2015). Effect of Fenugreek and Anise seeds 
as a natural growth promoter on the performance, carcass, 
blood constituents, and antioxidant status of growing rabbits. 
Egyptian Poultry Science Journal. 35: 909-92.

	 29.	 Moorthy R, Prabhu KM, Murthy PS.(1989). Studies on the 
isolation and effect of an orally active hypoglycemic principle 
from the seeds of fenugreek .Ind J Biochem Biophys April 
69–72. 

	 30.	 Khan, BA, Leelamma, S. Abraham, A. (1995).Hypoglycemic 
action of Murray Koenigii (curryleaf ), Brassica juncea 
(mustard), mechanism of action. Ind J Biochem and Biophysics 
32: 106. 108.

	 31.	 Mitra SK, Anturlikar SD, Sujatha MB.(1995). Effect of 
D-400, aherbomineral preperation on lipid profile, glycated 
haemoglobin and glucose tolerance in Streptozotocin induced 
diabetes in rats. Ind J of Experimental Biology 33: 798.800.

	 32.	 Gingsberg HN.(1994). Lipoprotein metabolism and its 
relationship to atherosclerosis. Medicinal and Clinical North 
America 78: 1.20

	 33.	 Bopanna KN, Kannan J, Gadgil S, Balaraman ER, Rathore 
SP. Antihyperglycemic and antidiabetic effects of neem seed 
powder on alloxan diabetic rabbits. Indian J. of Pharmacology 
1997; 29: 162.167.

	 34.	 Amin RM, Abfdul-Salam SA, Mohammad SS. Effect 
of Fenugreek and Lupine seeds on the development of 

experimental diabetes in rats.Planta Medica 1988; 54: 286- 
289.

	 35.	 Ali L, Kalam A, Khan A, Hassan Z, Mosihuzzaman M, 
Nahar N, Nasreen T, Nur-e-Alam M, Rokeya B.(1995). 
Characterization of the hypoglycemic effects of Trigonella 
foenum graecum seed. Planta Medica 61: 358.360.

	 36.	 Hajhashemi V, Ghannadi A, and Jafarabadi H. (2004).Black 
cumin seed essential oil, as a potent analgesic and anti-
inflammatory drug.Phytother. Res. 18: 195-199

	 37.	 Hannana JMA, Rokeya B, Faruque O. (2003).Effect of soluble 
dietary fiber fraction of fenugreek on glycemic, insulinemic, 
lipidemic and platelet aggregation status of Type 2 diabetic 
model rats. J Ethnopharmacol 88: 73-77

	 38.	 K.T. Roberts (2011).The potential of fenugreek (Trigonella 
foenum-graecum) as a functional food and nutraceutical and 
its effects on glycemia and lipidemiaJ. Med. Food, 14 (12) pp. 
1485-1489

	 39.	 Devi BA, Kamalakannan N, Prince PS.(2013). Supplementation 
of fenugreek leaves in diabetic rats. Effect of carbohydrate 
metabolic enzymes in diabetic kidney and liver. Phytother Res 
17(10):1231–3.

	 40.	 Hamden K, Jaouadi B, Aouidet A, Gharbi N, Effeki A.(2010). 
Potential protective effect on key steroidogenesis and metabolic 
enzymes and sperm abnormalities by fenugreek steroids in 
testis and epididymis of surviving diabetic rats.Arch Physiol 
Biochem116(3); 146-155

	 41.	 Aradhana, Rao, AR, Kale RK. Diosgenin (1992). a growth 
stimulator of mammary gland of the ovariectomized mouse. 
Indian J Exp Biol. 30:367–370. 

	 42.	 Hibasami H et al. (2003). Protodioscin isolated from fenugreek 
(Trigonella foenumgraecum L.) induces cell death and 
morphological change in leukemic cell line H-60, but not in 
gastric cancer cell line KATO III. Int J Mol Med. 11:23–26. 


