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Abstract 
 

Background:  Traditionally  Trigonella  foenum-graecum  (Fenugreek)  has  been  used  for 

treatment of diabetes mellitus however few studies are available regarding its mechanism of action 

as an antihyperglycemic agent. This study was designed to evaluate and compare the effect 

of Trigonellafoenum-graecum seeds with Metformin and Acarbose on blood glucose, insulin, 

ghrelin, leptin and body weight in diabetic rats. 

Method: Thirty-six rats were divided into two groups. The first group involved twelve normal rats 

(control). The second group involved 24 diabetic rats which were subdivided into four subgroups 

each group have six rats. The first subgroup served as a positive control. The second subgroup, 

received standard diet mixed with Fenugreek seed powder. The third and fourth subgroups received 

a single dose of Metformin and Acarbose respectively. 

During the experimental period, body weight was individually recorded for each rat before and 

after treatment. Blood samples were collected from rats for determination of serum blood sugar, 

insulin, leptin level and ghrelin. 

Results: Administration of Fenugreek seeds to non-diabetic rats did not exert any hypoglycemic 

or glucose lowering action and has no significant effect on the serum insulin. However, the same 

dose of Fenugreek seeds significantly reduced blood sugar and induced a significant rise in 

serum insulin of diabetic rats. 

Trigonella foenum seeds powder slightly elevated serum level of leptin in normal rats. However, 

the same dose of the plant markedly reduced leptin in diabetic rats. Daily administration of the 

plant seeds powder notably decreased serum ghrelin of normal rats. Moreover, the same dose of 

the  plant  seeds  could  reduce  the  body  weights  of  normal  rats.  These  results  support  the 

hypothesis of the role of ghrelin in stimulating the appetite and an increase in body weight. 

Conclusion: The result of this study revealed that Trigonellafoenum has greater 

antihyperglycemia activities than that of Metformin and Acarbose in diabetic rats. 
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Introduction: 
 

The chronic hyperglycemia of diabetes is associated with long-term damage, dysfunction 

and failure of various organs, especially the eyes, kidneys, nerves, heart and blood vessels, type 

2 diabetes mellitus has quickly become a global health problem due to rapidly increasing 

population growth, aging, urbanization and increasing prevalence of obesity and physical 

inactivity
1 

. 

A multitude of plants have been used for the treatment of diabetes throughout the world. 

Etuk et al 
2 

reported that many medicinal plants have been validated scientifically as potent 

antidiabetics plants such as: Aloe vera (L.), Burm.f. (Family: Aloaceae,  Garlic Allium sativum 

L. (Family: Alliaceae), and Trigonella Foenum. They were found to produce beneficial effects 

on carbohydrate and lipid metabolism when administered as an adjunct in patients with type 2 

diabetes.  These  plants  have  been  reported  to  improve  glucose  tolerance  in  healthy  human 

subjects and diabetic patients. They caused significant reduction in blood glucose, glycosylated 

haemoglobin and glycosylated plasma proteins comparable to an oral hypoglycaemic drug
3,4

. 

Trigonella foenum graecum (Fenugreek) is one of the oldest medicinal plants, is 

extensively cultivated in most regions of the world for its medicinal value (Petropoulos, 2002). 

Trigonella foenum graecum (Linn.) belonging to the family Papilionaceae commonly known as 

Fenugreek is a aromatic, 30-60 cm tall, annual herb, cultivated in India. Active compounds of 

fenugreek included soluble fiber saponins, trigonelle, diosgenin
5-7

. 

Trigonella foenum-graecum is one such plant that has been extensively used as a source 
 

of antidiabetic compounds, from its seeds, leaves and extracts in different model systems
8
. 

Fenugreek leaves and seeds are consumed in different countries around the world for different 

purposes such as medicinal uses (anti-diabetic, lowering blood sugar and cholesterol level, anti- 

cancer, anti-microbial, etc.). Trigonella foenum graecum is commonly used as a condiment and 

seasoning in food preparations; is assumed to possess nutritive and restorative properties and has 

been used in folk medicine for centuries for a wide range of diseases including diabetes, fever 

and abdominal colic as a poultice for abscesses, boils, and carbuncles
9
. 

 

This study was designed to evaluate and compare the effect of Trigonella Foenum seeds 

with Metformin at 100mg/kg and Acarbose at 60mg/kg on serum glucose, insulin, leptin, ghrelin 

and body weight in streptozotocin induced diabetic rats after three weeks of administration. 
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Methods 
 

Plant material: 
 

Seeds  of  Trigonella  Foenum  –graecum  were  used  and  obtained  from  specific  local  herbal 

market. The whole seeds were delicately powdered. The plant powder was mixed at a concentration 

0.75% (w/w) with a standard diet
10

. 

Animal: 
 

Adult rats weighting between 140-500 g (75-90 days old) were used in the study. All animals kept 

in the animal house at the college of medicine under controlled condition of 12 hours light and 12 

hours dark cycle in a room temperature of 27 c . 

Experimental design 
 

Thirty six rats were divided into two groups. The first group involved twelve normal rats 

(control). The second group involved 24 diabetic rats. Hyperglycemia was induced by using single 

dose intraperitonial administration of streptozotocin in a dose of 40mg/kg
11   

and dissolve 

18 gm of sugar in 1000-liter water gives to rats for 48 hours in order to overcome sudden 

decrease in blood glucose level (hypoglycemia) induced by streptozotocin
11

. The hyperglycemic 

rats subdivided into four subgroups each group have six rats. The first subgroup served as a positive 

control (hyperglycemic rats). The second subgroup, received standard diet mixed with powder 

Trigonella foenum for about 3 weeks. The third and fourth subgroups received a single dose of 

Metformin in a dose of 100 mg/kg 
12 

and Acarbose in a dose of 60 mg/kg
13 

orally respectively. The 

solution of two drugs Metformin (100mg/kg) and Acarbose (60mg/kg) were freshly prepared in tap 

water and given to animals by oral gavages every day. 

At the end of treatment period (3 weeks), rats were fasted overnight and the following 

day blood samples were taken. The procedure started by anaesthetizing the rats by giving them 

combination of ketamine in a dose of 35mg/kg with xylazine in a dose 5mg/kg
14 

which was 

followed by a cardiac puncture by a sterile disposable plastic syringe which was then put into a 

specified numerically labeled blood tubes. 

During the experimental period, body weight was individually recorded for each rat before and 

after treatment. 

Blood samples were collected from rats for determination serum blood sugar, insulin, leptin 

level and ghrelin. 
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Statistical analysis 
 

All data are expressed as mean ± standard error of means (M±SEM) and statistical analysis 

was carried out using statistically available software (SPSS Version 21). Data analysis was made 

using one-way analysis of variables (ANOVA). Comparisons between groups were done using 

Duncan test and unpaired student t-test. P≤0.05 was considered as statistically significant. 

 

Results 
 

Effects of Trigonella foenum graecum seeds on serum glucose and insulin of normal rats 
 

Oral administration of Trigonella Foenum Graecum seeds powder at a concentration of 

(0.75%w/w), non significantly (P=0.22)   and slightly increased the level of blood sugar in 

normal rats as shown in Table (1). Daily ingestion of Trigonella foenum seeds powder at a 

concentration of (0.75%w/w) had no significant effect on insulin level in normal rats (P=0.116) 

Table (1). 

 
 

Table (1). Effects of Trigonella foenum graecum seeds 0.75% (w/w) on blood glucose and 

insulin of normal rats (n=12). 

 
Parameter Control Trigonella normal P value 

Blood glucose (mg/dl) 110.92±10.59 127.33±7.16 0.22 

Insulin (uU/ml) 1.26±0.3439 0.898±0.21227 0.116 

 
Effects of Trigonella foenum graecum seeds, Metformin and Acarbose on serum glucose 

 

Intraperitonial injection 40mg/kg of streptozotocin induced a significant and a highly 

increase and rise in blood sugar of rats. Daily oral administration of Trigonella foenum significantly 

reduced blood sugar of diabetic rats. While oral administration of Metformin and Acarbose for 

3 weeks non significantly reduced blood sugar of diabetic rats Table (2). 

 

Table (2). Effects of Trigonella foenum graecum seeds on blood glucose and insulin of diabetics 

rats (n=18). 
 

Parameter Control Positive control diabetics 

rat 

Trigonella diabetics 

Bloodglucose 
 

(mg/dl) 

110.92±10.59 
 

a 

373.72±52.43 
 

b 

206.55±44.88 
 

c 

Insulin 
 

(uU/ml) 

1.2683±0.0343 
 

a 

0.5605±0.2261 
 

b 

1.2567±0.0310 
 

a 
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Effect of Trigonella foenum graecum seeds on serum insulin 
 

Intraperitonial injection of streptozotocin on normal rats caused a significant reduction in 

the level of insulin and the basal value was 1.268±0.0343 and it decreased to 0.5605±0.226. 

Comparing to the diabetic rats, the insulin level of rats treated with Trigonella foenum, have 

significantly increased 

Effects of Trigonella Foenum graecum seeds on body weights of normal rats 
 

The body weight of noraml rats in pre-treatment (basal value) was 427.50 gram, after 3 

weeks of treatment with Trigonella mean value of the body weight decreased to 403.33 gram 

figure. (1). 
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Fig. (1). Effects of Trigonella foenum graecum seeds (0.75% w/w) on the body weight of 

normal rats (n=6)     
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Effect of Trigonella foenum graecum seeds, Metformin and Acarbose on body weight of 

diabetic rats 

Three weeks after intraperitonial injection of streptozotocin the body weight of diabetic rat 

significantly reduced from 214 gram to170gram. After daily ingestion of Trigonella foenum 

(0.75%w/w) for 3 weeks, the body weight of diabetic rats was significantly improved from 170- 

204gm. Both Metformin and Acarbose slightly increased the body weight of diabetic rats Figure 
 

(2). 
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Fig. (2). Effect of Trigonella foenum graecum seeds (0.75%w/w), Metformin (100mg/kg), 

Acarbose (60mg/kg) on the body weight of diabetics rats (n=30). 

 
Effects of Trigonella foenum graecum seeds on serum leptin and ghrelin in normal rats 

Serum  leptin  in  normal  rats  treated  with  Trigonella  Foenum  seeds  was  non  significantly 

increased in comparison with the control Table (3). Oral administration of Trigonella Foenum 

for 3 weeks induced a marked decrease in the ghrelin level however statistical analysis turned 

out to be non significant  (P=0.099) Table (3). 

Table (3). Effect of Trigonella foenum graecum seeds 0.75% (w/w) on serum leptin and ghrelin 

of normal rats (n=12). 

 
Parameter Control Trigonella P value 

Leptin(ng/ml) 0.3637±0.0869 0.432±0.15 0.16 

Ghrelin(ng/ml) 1.5267±0.13120 0.57±1.6631 0.099 

 

Effects of Trigonella foenum graecum seeds, Metformin and Acarbose   on serum 

leptin and ghrelin of diabetics rats 

Serum leptin was significantly increased in diabetic rats when it compared with 

control rats. Administration of Trigonella foenum in diabetic rats for 3 weeks induced a non 

significant but a marked reduction in the serum leptin. Whereas significant changes in the 

serum leptin were observed in diabetic rats treated by both metformin and acarbose Table 

(4). 

Comparing to the normal rats the serum level of ghrelin non significantly decreased 

in diabetic rats. Trigonellafoenum has no detectable effects on the serum level of ghrelin 

when itwas given to diabetic rats for 3 weeks, whereas both Metformin and Acarbose caused 

a significant increase in serum level of ghrelin in diabetic rats Table (4). 

Table (4). Effects of Trigonella foenum graecum seeds, Metformin and Acarbose on 

serum leptin and ghrelin of diabetics rats (n=30). 

 
Parameter Control Positive control 

Diabetics rat 

Trigonella Metformin Acarbose 

Leptin 
 

ng/ml 

0.3637±0.087 
 

a 

1.8873±0.999 
 

b 

0.6120±0.218 
 

b 

0.3233±0.0621 
 

a 

0.2143±0.06 
 

a 

Ghrelin 
 

ng/ml 

1.52±0.1312 
 

a 

0.5375±0.2109 
 

a 

0.8515±0.1865 
 

a 

4.4300±1.4554 
 

b 

3.8563±1.63 

82 

b 
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Discussion: 
 

Trigonella foenum graecum seeds have been historically used for the treatment of 

various chronic human diseases and studies concerned with application of fenugreek seeds 

in diabetes and dyslipidemia support this hypothesis. 

In this study, intraperitonial injection 40mg/kg of streptozotocin induced a 

significant and a highly increase and rise in blood sugar of rats as compared to the control 

group. This result is in agreement with other studies
15,16

, which suggested that the elevated 

blood glucose levels in diabetes mellitus are caused by a defect in production and/or secretion 

of the hormone insulin. In this  study the  elevation  of blood  glucose indicates  that  this  

effect  is  caused  by the  direct influence of streptozotocin on pancreatic β cells. 

The result of the current study, showed that administration of Trigonella foenum graecum seeds 

(0.75%) to non diabetic rats did not exert any hypoglycemic or glucose lowering action and has no  

significant  effect  on  the  serum  insulin.  However,  the  same  dose  of  Trigonella  foenum 

graecum seeds (0.75%) significantly reduced serum glucose of diabetic rats and induced a 

significant rise in serum insulin. This result was similar to the finding of Wehash et al, 
17  

who 

reported that giving daily doses of fenugreek ethanolic extract (50 mg/kg) to diabetic rats for 

four weeks produced a significant reduction in serum glucose. In another study Ali et al, 
18 

observed 

that oral administration of Fenugreek seeds extract (0.5gm/500 ml and 1.0gm/500 water) for 

40 days to diabetic rats induced by streptozotocin showed a significant decrease in plasma 

glucose concentration by 10% on 25
th 

day and 32% on 40
th 

day of therapy with the plant extract. 

The hypoglycemic effect of fenugreek could be attributed to dietary fibers present in the fenugreek 

seeds, which help in the management of metabolic abnormalities associated with diabetes as 

peripheral insulin resistance and lipid abnormalities
19

.Whereas another study showed that the 

fenugreek seeds delayed gastric emptying and caused the inhibition of glucose transport as the seed 

contains around 50% pectin that forms a colloid suspension when hydrated can decrease the rate of 

gastric emptying and slow carbohydrate absorption
20

. 

In this study, Trigonella foenum seeds (0.75% w/w) increased serum insulin level in diabetic 

rats. This result was inagreement with the result of (El-Soud et al
21

who observed that treatment 

of diabetic rats with 60mg/kg alkaloidal extract for 21 days resulted in a significant reduction of 

blood glucose and increase in serum insulin. Gaddam et al 
22 

revealed that consuming of 5 g of 

fenugreek powder twice a day before meals for 3 months caused a significant elevation in insulin 

level of patient with diabetes mellitus type 2. They suggested that the powder has acted as 

insulin secretor as they observed the rise in insulin secretion in animal. The result of this study 

revealed that Trigonella foenum has greater antihyperglycemia activities than that of Metformin and 
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Acarbose. These results indicate that the mechanism of antihyperglycemic effect of the plant is not 

due to the inhibition of endogenous glucose production or by the inhibition of intestinal glucose 

absorption through inhibiting of α-Glucosidase
23

. 

The most probable mechanism of the antihyperglycemic effect of the plant could be due to the 

presence of the bioactive compounds present in it, including 4-hydroxyisoleucine, a novel amino 

acid known to facilitate insulin secretion
24

. In addition, the soluble dietary fibers present in aqueous 

extraction of Trigonella foenum could decrease the absorption of glucose in the gastrointestinal 

tract. 

 

In the present study, serum leptin is significantly increased in diabetic rats when it compared with 

the control.  This effect is similar to the finding of Rafique and Latif, 25 who observed that serum 

leptin level was significantly higher in diabetic rats than the normal rats. This effect could be 

explained on the basis of insulin resistance, chronically elevated plasma insulin levels, and diabetic 

nephropathy, Type 2 diabetes is characterized by insulin resistance, which is positively associated  

with  hyperleptinemia26.  Insulin  induces  leptin  synthesis  in  a  dose-dependent fashion27. Hence, 

in the presence of insulin resistance and chronic hyperinsulinemia, type 2 diabetics are expected to 

exhibit hyperleptinemia. The other possibility of increased serum leptin levels could be diabetic 

renal damage. It was found that type 2 diabetic patients with impaired 

renal functions had higher serum leptin concentrations than control subjects matched for age, 

sex,  and  body  fat
28

.  It  remains  to  be  determined  whether  the  increased  serum  leptin 

concentrations in patients with diabetic nephropathy is due to increased production, reduced 

clearance, or increased leptin resistance. 

In anther study 
29 

reported that fasting serum leptin of the diabetic patients is significantly higher 
 

than healthy people with normal weight. An increase in leptin level has been witnessed in some 

other studies on obese or diabetic people
30

. The result of this study is also in accordance with the 

finding of Kanaley et al, (2001)
31  

who found that the plasma leptin concentration is higher in 

diabetic patients even with the same fat mass than in healthy people. Apart from the body fat levels, 

high level of serum leptin can be a sign of an increase in leptin resistance in obese and people with 

related diseases. The plasma leptin level has a direct relation with the fat tissue and a negative 

relation with the body fitness or physical activity
32

. 

In this study administration of Trigonella foenum seeds powder slightly elevated serum level of 

leptin in normal rats. However, the same dose of the plant reduced leptin in diabetic rats. This result 

is similar to the study of Kumar et al
33  

who observed that the administration of aqueous extract 

of Trigonella foenumgraecum to rats on high fat diet showed the reduction of leptin levels.  

Their  finding  was  further  supported  by  the  aqueous  extract  of  Trigonella  foenum- graecum  
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mediated  reductions  in  white  adipose  tissue,  weights  and  adiposity  index.  This. 

reduction in the serum leptin most probably is due to the improvement of diabetic rats induced 

by the plant 

Comparing to the normal rats the serum level of ghrelin non significantly decreased in diabetic rats. 

This is in accordance with the study of Farajallah et al
34

, who concluded that ghrelin concentrations 

of patients with type 2 diabetes was significantly lower than those of control group. The results of 

blood glucose, serum insulin and ghrelin of diabetic rats in this study can be confirmed by the 

report of 
35

who proved that low ghrelin levels are independently associated 

with insulinresistance in type 2 diabetes mellitus. Daily administration of Trigonella foenum seeds 

powder at a concentration (0.78%w/w) notably decreased serum ghrelin of normal rats. 

Moreover, the same dose of the plant seeds could reduce the body weights of rats from 427-403. 

These results support the hypothesis of the role of ghrelin in stimulating the appetite and an increase 

in body weight. 

In the present study, fenugreek did not change the ghrelin level of diabetic rats. However, the plant 

seeds could significantly increase the body weight of the diabetic rats. This effect on the body 

weight most probably due to beneficial effect of Trigonella on blood sugar and insulin. The reduced 

growth rate and weight loss seen in the diabetic group are probably due to insulin depletion 

provoking loss of adipose tissue, and/or a decrease of food intake due to appetite loss resulted from 

a marked reduction in ghrelin level
36

. 

In the present study, significant change in leptin level was seen in rats received Metformin. This 
 

result is agreement with result of Kadhim et al.,
37 

who observed that Metformin significantly 

decreased leptin level in female with diabetes mellitus. 

The present study, showed that acarbose significantly reduced serum leptin level in diabetic rats 

which was similar to the result of Rosenbaum et al 
38 

who observed that acarbose has decreased 

leptin level in hypertensive diabetic patients. 

In the present study, Metformin significantly increased the level of serum ghrelin of streptozotocin 

induced diabetic rats. This result is similar to result of Doogue et al
39 

who found that treatment 

with metformin for 6 weeks resulted in a significant increase in plasma ghrelin in patients with type 

2 diabetes. It is also in accordance with the report of Shaker et al, (2010) who noticed that treatment 

with metformin significantly increased ghrelin serum level in women with polycystic ovary 

syndrome (PCOS). 

In the present study, metformin slightly increased the body weight of diabetic rats this is in contrast 

with the finding of Pavo et al
40 

who recorded that Metformin decreased body weight in patient 

with diabetes. This slightly rise in body weight caused by the uses of metformin could be related to 
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a minor improvement of the glucose level of diabetic rats. 

Daily administration of acarbose for 3 weeks slightly increased serum ghrelin of diabetic rats. This 

effect is dissimilar with the finding of
41  

who reported that four weeks of treatment with acarbose 

significantly enhanced postprandial total ghrelin suppression at 120 min in patients with type 2 

diabetes mellitus. 

Conclusions: 
 

Fenugreek significantly reduced blood sugar and induced a significant rise in serum insulin of 

diabetic rats.  It has greater antihyperglycemia activities than that of Metformin and Acarbose in 

streptozotocin induced diabetic rats. The body weight of diabetic rats was significantly improved 

by daily ingestion of fenugreek seeds powder to diabetic rats for three weeks. 

References: 
1.         Ray KK, Seshasai SRK, Wijesuriya S, Sivakumaran R, Nethercott S, Preiss D, et al. 
Effect of intensive control of glucose on cardiovascular outcomes and death in patients with diabetes    

mellitus:    a    meta-analysis    of    randomised    controlled    trials.    The    Lancet. 

2009;373(9677):1765-72. 

2.         Etuk E, Bello S, Isezuo S, Mohammed B. Ethnobotanical survey of medicinal plants used 

for the treatment of Diabetes mellitus in the north western region of Nigeria. Asian Journal of 

Experimental Biological Sciences. 2010;1(1):55-9. 

3.       Herrera-Arellano A, Aguilar-Santamaria L, Garcia-Hernandez B, Nicasio-Torres P, 

Tortoriello J. Clinical trial of Cecropia obtusifolia and Marrubium vulgare leaf extracts on blood 

glucose and serum lipids in type 2 diabetics. Phytomedicine. 2004;11(7):561-6. 

4.         Bnouham M, Ziyyat A, Mekhfi H, Tahri A, Legssyer A. Medicinal plants with potential 

antidiabetic   activity-A   review   of   ten   years   of   herbal   medicine   research   (1990-2000). 

International Journal of Diabetes and Metabolism. 2006;14(1):1. 

5.         Moorthy R, Prabhu K, Murthy P. Anti-hyperglycemic compound (GII) from fenugreek 
(Trigonella foenum-graecum Linn.) seeds, its purification and effect in diabetes mellitus. 2010. 

6.         Uemura T, Hirai S, Mizoguchi N, Goto T, Lee JY, Taketani K, et al. Diosgenin present 

in fenugreek improves glucose metabolism by promoting adipocyte differentiation and inhibiting 

inflammation in adipose tissues. Molecular nutrition & food research. 2010;54(11):1596-608. 

7.         Singh A, Tamarkar A, Shweta, Narender T, Srivastava AK. Antihyperglycaemic effect of 

an unusual amino acid (4-hydroxyisoleucine) in C57BL/KsJ-db/db mice. Natural product research. 

2010;24(3):258-65. 

8.         Baquer NZ, Kumar P, Taha A, Kale R, Cowsik S, McLean P. Metabolic and molecular 

action of Trigonella foenum-graecum (fenugreek) and trace metals in experimental diabetic tissues. 

Journal of biosciences. 2011;36(2):383-96. 

9.         Renuka C, Ramesh N, Saravanan K. Evaluation of the antidiabetic effect of Trigonella 

foenum-graecum seed powder on alloxan-induced diabetic albino rats. International Journal of 

PharmTech Research. 2009;1(4):1580-4. 

10.       Balgees AE. Effect of fenugreek (Trigonella foenm greacum) seed dietary levels on lipid 

profile and body weight gain of rats. 2015. 

11.       Haritha C, Reddy AG, Reddy YR, Anjaneyulu Y, Rao TM, Kumar BA, et al. Evaluation 

of protective action of fenugreek, insulin and glimepiride and their combination in diabetic Sprague 

Dawley rats. Journal of natural science, biology, and medicine. 2013;4(1):207. 

12.      Erejuwa OO, Sulaiman SA, Ab Wahab MS, Sirajudeen KNS, Salleh MSM, Gurtu S. 

Glibenclamide or metformin combined with honey improves glycemic control in streptozotocin- 

induced diabetic rats. International journal of biological sciences. 2011;7(2):244. 



38 

The First Scientific Conference of the College of Medicine/Hawler Medical University 
On Thursday and Friday, 22nd – 23rd December, 2016 

At Divan Hotel, Erbil, Kurdistan - Iraq 
 

 

13.       Khan MS, Qureshi A, Kazi SA, Fahim A, Bano H, Kazi N, et al. Effects of cinnamon 

extract in diabetic rat models in comparison with oral hypoglycemic drugs. Professional Medical 

Journal. 2014;21(4). 
 

14.      Laber-Laird K, Swindle MM, Flecknell P. Handbook of rodent and rabbit medicine: 

Pergamon/Elsevier Science Ltd.; 1996. 

15.       Azuma K, Minami Y, Ippoushi K, Terao J. Lowering effects of onion intake on oxidative 

stress biomarkers in streptozotocin-induced diabetic rats. Journal of clinical biochemistry and 

nutrition. 2007;40(2):131-40. 

16.       Fernandes NP, Lagishetty CV, Panda VS, Naik SR. An experimental evaluation of the 

antidiabetic and antilipidemic properties of a standardized Momordica charantia fruit extract. BMC 

complementary and alternative medicine. 2007;7(1):29. 

17.       Wehash  F,  Abpo-Ghanema  I,  Saleh  RM.  Some physiological  effects  of Momordica 

charantia   and   Trigonella   foenum-graecum   extracts   in   diabetic   rats   as   compared   with 

cidophage®. Proc World Acad Sci Eng Tech. 2012;64:1206-14. 

18.       Ali NM, Zamzami MA, Khoja SM. Regulation of hepatic and mucosal 6-phosphofructo- 
1-kinase activity by Trigonella foenum-graecum Linn (fenugreek) seeds of streptozotocin- induced 

diabetic rats. journal of Diabetes Research and Clinical Metabolism. 2013;2(1):18. 

19.       Jawad AA-DH, Hassan ZA. Biochemical effects of trigonella foenum-graecum l. Seeds 

in normal and alloxan induced diabetic rabbits. 

20.     Anuradha C, Ravikumar P. Restoration on tissue antioxidants by fenugreek seeds (Trigonella 

Foenum Graecum) in alloxan-diabetic rats. Indian Journal of Physiology and Pharmacology. 

2001;45(4):408-20. 

21.       El-Soud  NHA,  Khalil  M,  Hussein  J,  Oraby  F,  Farrag  AH.  Antidiabetic  effects  of 

fenugreek alkaliod extract in streptozotocin induced hyperglycemic rats. Journal of applied science 

research. 2007;3(10):1073-83. 

22.       Gaddam A, Galla C, Thummisetti S, Marikanty RK, Palanisamy UD, Rao PV. Role of 

Fenugreek in the prevention of type 2 diabetes mellitus in prediabetes. Journal of Diabetes & 

Metabolic Disorders. 2015;14(1):74. 

23.       Harvey R, Clark M, Finkel R, Rey J, Whalen K. Pharmacology (Lippincott's illustrated 

reviews series). Lippincott Williams & Wilkins; 2011. 

24.       Sauvaire Y, Petit P, Broca C, Manteghetti M, Baissac Y, Fernandez-Alvarez J, et al. 4- 

Hydroxyisoleucine:   a   novel   amino   acid   potentiator   of   insulin   secretion.   Diabetes. 

1998;47(2):206-10. 
25.      Rafique N, Latif R. Serum leptin levels in type 2 diabetic Pakistani subjects and its correlation 

with fasting blood sugar. Saudi Journal for Health Sciences. 2014;3(1):29. 

26.       Huang K, Lin R, Kormas N, Lee L, Chen C, Gill T, et al. Plasma leptin is associated with 

insulin resistance independent of age, body mass index, fat mass, lipids, and pubertal development 

in nondiabetic adolescents. International journal of obesity. 2004;28(4):470. 

27.       Lee M-J, Fried SK. Integration of hormonal and nutrient signals that regulate leptin 

synthesis  and  secretion.  American  Journal  of  Physiology-Endocrinology  and  Metabolism. 

2009;296(6):E1230-E8. 

28.       Chan W, Ma R, Chan N, Ng M, Lee Z, Lai C, et al. Increased leptin concentrations and 

lack of gender difference in Type 2 diabetic patients with nephropathy. Diabetes research and 

clinical practice. 2004;64(2):93-8. 

29.       O'Malley GC. Childhood obesity treatment: integrating mobile health technology into a 

paediatric obesity service. 2015. 

30.     Rudzka-Kocjan A, Szarras-Czapnik M, Ginalska-Malinowska M. Estimation of the 

correlation of insulin resistance and selected adipocytokines in children with simple obesity-- 

preliminary study. Endokrynologia, diabetologia i choroby przemiany materii wieku rozwojowego: 

organ Polskiego Towarzystwa Endokrynologow Dzieciecych. 2006;12(3):211-5. 



39 

The First Scientific Conference of the College of Medicine/Hawler Medical University 
On Thursday and Friday, 22nd – 23rd December, 2016 

At Divan Hotel, Erbil, Kurdistan - Iraq 
 

 

31.       Kanaley J, Fenicchia L,  Miller C, Ploutz-Synder L, Weinstock R, Carhart R, et al. 

Resting leptin responses to acute and chronic resistance training in type 2 diabetic men and women. 

International journal of obesity. 2001;25(10):1474. 
 

32.       Courteix  D,  Rieth  N,  Thomas  T,  Van  Praagh  E,  Benhamou  C,  Collomp  K,  et  

al. Preserved bone health in adolescent elite rhythmic gymnasts despite hypoleptinemia. 

Hormone Research in Paediatrics. 2007;68(1):20-7. 

33.       Kumar P, Bhandari U, Jamadagni S. Fenugreek seed extract inhibit fat accumulation 

and ameliorates dyslipidemia in high fat diet-induced obese rats. BioMed research 

international. 

2014;2
014. 
34.       Farajallah A, Ahmed A, Abdullah N, Abusnana S, Andrew P. The Relationship 

between Type 2 Diabetes and Total Ghrelin Level in a Population Sample in the United Arab 

Emirates. IOSR Journal of Pharmacy (e)-ISSN. 2014:2250-3013. 

35.       Pöykkö SM, Kellokoski E, Hörkkö S, Kauma H, Kesäniemi YA, Ukkola O. Low 

plasma ghrelin is associated with insulin resistance, hypertension, and the prevalence of type 2 

diabetes. Diabetes. 2003;52(10):2546-53. 

36.       Banna HB, Dizaye KF, Sultan AH. Histological, Immunocytochemical and 

Biochemical study of the effect of Adiantum capillus on alloxan induced diabetic rats. Middle 

East Journal of Internal Medicine. 2012;5(1):3-12. 

37.      Kadhim KA, Ismael DK, Khalaf BH, Hussein KI, Zalzala MH, Hussain SA. Dose- 

dependent relationship between serum metformin levels and glycemic control, insulin 

resistance and leptin levels in females newly diagnosed with type 2 diabetes mellitus. Journal 

of Diabetes Mellitus. 2012;2(02):179. 

38.       Rosenbaum P, Peres RB, Zanella MT, Ferreira SRG. Improved glycemic control 

by acarbose therapy in hypertensive diabetic patients: effects on blood pressure and hormonal 

parameters. Brazilian journal of medical and biological research. 2002;35(8):877-84. 

39.       Doogue  MP,  Begg  EJ,  Moore  MP,  Lunt  H,  Pemberton  CJ,  Zhang  M.  Metformin 

increases  plasma  ghrelin  in  Type  2  diabetes.  British  journal  of  clinical  pharmacology. 

2009;68(6):875

-82. 

40.      Pavo I, Jermendy Gr, Varkonyi TT, Kerenyi Z, Gyimesi A, Shoustov S, et al. Effect of 

pioglitazone compared with metformin on glycemic control and indicators of insulin sensitivity 

in recently diagnosed patients with type 2 diabetes. The Journal of Clinical Endocrinology & 

Metabolism. 2003;88(4):1637-45. 

41.       Zheng F, Yin X, Lu W, Zhou J, Yuan H, Li H. Improved post-prandial ghrelin response 

by nateglinide or acarbose therapy contributes to glucose stability in Type 2 diabetic patients. 

Journal of endocrinological investigation. 2013;36(7):489-96. 
 


