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A B S T R A C T 
 

This study was aimed to assess the effect of 
fenugreek-insulin-glimepiride interaction on 
oxidative stress in streptozotocin-induced diabetic 
rats. A total of 56 male Sprague-Dawley rats were 
randomly divided into 7 groups (n=8); group 1: served 
as Sham, group 2: Diabetic control, groups 3, 4 and 5: 
served as individual treatment group, groups 6 and 7: 
treated with combination of insulin-fenugreek and 
glimepiride-fenugreek, respectively. Serum 
creatinine levels of the rats were estimated at 4th and 
8th weeks during treatment. Thiobarbituric Acid 
Reactive Substances (TBARS), Glutathione (GSH) 
and protein carbonyls were estimated in the kidney 
homogenate, and relative kidney weights were 
measured at the end of the experiment. Present study 
indicated that the levels of TBARS and protein 
carbonyls significantly increased in group 2 and 
decreased in groups 3 to 7. On the other hand, groups 
6 and 7 showed significantly lowered values 
compared to the individual treatment groups. The 
concentration of GSH was significantly decreased in 
group 2 and significantly increased in groups 3 to 7, 
and group 7 showed significantly higher 
concentration among all the treated groups. The 
serum creatinine concentration in group 2 was 
significantly higher and all treatment groups (3 to 7) 
showed significantly lowered values at 4th and 8th 
wks after treatment. The individual treatment groups 
(3, 4 & 5), antagonised the significant alteration in the 
antioxidant parameters, and their combination was 
revealed synergism by improving the oxidative status 
in diabetic rats. 
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INTRODUCTION 
 
Diabetes Mellitus (DM) is characterized by high blood 
sugar levels resulting from the defects in insulin 
secretion from β-cells of pancreas (Adams, 2013). 
About 30-40% of type-1 diabetic patients develop 
nephropathy, which is characterized by 
microalbuminuria, glomerular hypertrophy and 
sclerosis, followed by proteinuria, and finally renal 
failure (Mungikar, 2006; Gunzler et al., 2013).   
 

Fenugreek (Trigonella foenum graecum) is known to have 
several pharmacological effects such as hypoglycemic, 
hypocholesterolemic, and anti-oxidant (Ramesh et al., 
2010; Abeed and Mashkor, 2014). Glimepiride, a second 
generation sulfonyluric agent, has antioxidant and 
hypolipidemic actions (Kakadiya et al., 2010). The 
activity of allopathic drugs can be altered or in some 
cases toxicity is reduced when these drugs interact with 
herbal products. However, the information regarding 
interaction of fenugreek (herbal product) with 
glumepiride is poorly studied. Therefore, the present 
study was designed to evaluate the possibility of 
interaction of fenugreek seed powder with insulin and 
glimepiride in diabetic Sprague Dawley rats. 
 

MATERIALS AND METHODS 
 

Animals: Fifty six male Sprague Dawley rats aging 3 
months and weighing between 200-250 gms were 
procured for the study. Feed (in the form of pellet as 
per National Institute of Nutrition   feed standard) and 
water were provided ad libitum. Animals were kept in 
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polypropylene cages and maintained with 12 h 
dark/light cycle at College Animal House. 
Accustomised period of 2 wks was observed before the 
onset of experiment  
 

Drugs: Three drugs were used for the experiments- (i) 
Streptozotocin   (SRL Pvt. Ltd., Mumbai) was dissolved 
in 0.5 M sodium citrate, pH 4.5, (ii) Glimepiride 
(Ranbaxy, India). Administration of Glimepiride was 
done at 0.5% w/v in carboxy methyl cellulose sodium 
salt as suspension, (iii) Insulin (Insuman Basal-
Aventis). 
 

Herb: Fenugreek (Trigonella foenum graecum) seeds 
were dried, powdered and administered at 0.5% w/v 
in carboxy methyl cellulose sodium salt as suspension. 
 

Chemicals: All the chemicals used for biochemical 
analyses were of analytical grade, and were procured 
from Qualigens Pvt. Ltd., SRL Pvt. Ltd., Mumbai. 
 

Induction of diabetes and initiation of herb/drug 
treatment: After an acclimatization period of 2 wks, the 
rats were randomly divided into 7 groups (n=8 in each 
group). Serum samples from the rats were collected for 
glucose estimation. Subsequently, group 1 was kept as 
Sham, and the remaining 6 groups were induced 
diabetes with streptozotocin (40 mg/kg body weight) 
by intraperitoneal (i/p) injection. To prevent 
hypoglycemia, the rats were provided glucose water 
for 24 h. After 72 h of induction with streptozotocin, 
blood samples were collected for serum glucose 
estimation. Rats with blood glucose concentration  >250 
mg/dL  were taken for the study (n=8). Treatment 
protocols were initiated from day 2 till 8th wks.  
 

Experimental Design: Prior to the experiment, the 
protocol was approved by the Institutional Animal 
Ethics Committee (IAEC), India with approval number 
6/I/10. After induction of diabetes, the rats of all 
groups were maintained as per the following drug and 
herb treatment schedule for 8 wks. 
Group 1: Sham,  
Group 2: Diabetic control (Streptozotocin at 40 mg/kg bwt i/p), 
Group 3: Treatment with Insulin  dosed at 4 U/kg bwt,  
Group 4: Treatment with Glimepiride  dosed at 4 mg/kg bwt orally,  

Group 5: Treatment with Fenugreek seed powder treatment dosed at 1 g/kg 
bwt orally,  
Group 6: Treatment with Insulin + Fenugreek seed powder,  
Group 7: Treatment with Glimepiride + Fenugreek seed powder.  
Treatmant was given once daily for 8 wks in group 3 to 8. 
 

Blood and sample collection: The blood samples were 
collected through retro-orbital plexus on 4th and 8th wks 
during treatment. The sera were separated, which was 
used for analysis of creatinine concentration. Six rats 
from each group were sacrified by cervical decapitation 
at the end of 8th wk, and kidney samples from the rats 
were collected for estimation of GSH (Moron et al., 
1979), TBARS (Balasubramanian et al., 1988) and 
protein carbonyls (Levine et al., 1990), from the kidney 
homogenates. Weights of kidney were also recorded. 
The protein concentration was estimated by Lowry 
method (Lowry et al., 1951) using Bovine serum 
albumin. 
 

RESULTS AND DISCUSSION 
 

Oxidative stress in DM adversely affects the 
physiological and biochemical processes of cell, and 
among those islets cells of pancreas are more prone to 
be damaged due to the lowest intrinsic antioxidant 
defense mechanism. Chonic hyperglycemia and 
oxidative stress might be resulted due to the multiple 
biochemical pathways, and the mechanism of action 
could damage the vascular, renal and retinal tissues 
(Fiorentino et al., 2013). 

 
Table 1: Serum creatinine concentration (mg/dL) in 
different groups of rats. 

Group 4th wk 8th wk 

1. Non-diabetic control 0.540±0.004aA 0.645±0.004aB 
2. DM control 0.977±0.005fA 1.105±0.002dB 
3. DM + Insulin  0.739±0.003cA 0.827±0.002cB 
4. DM + Glimepiride (GM)  0.756±0.003dA 0.833±0.003cB 
5. DM + Fenugreek (FG) 0.786±0.003eA 0.831±0.004cB 
6. DM + Insulin + FG  0.721±0.001bA 0.811±0.002bB 
7. DM + GM + FG  0.715±0.002bA 0.811±0.003bB 

DM: Diabetes mellitus, wk: week 
Means with different alphabets as superscripts differ significantly 
(P<0.05); Capital alphabets for horizontal comparison and small 
alphabets for vertical comparison 
Values are mean±standard error (n=8). 

 

Table 2: Anti-oxidants parameters and relative weights of kidney of different groups of rats. 
Group TBARS GSH Protein carbonyls Relative weights 

1. Non-diabetic control 3.23±0.05a 29.74±0.19f 1.54±0.11a 0.58±0.02a 
2. Diabetic mellitus (DM) control 8.39±0.12d 15.28±0.24a 4.62±0.10f 1.80±0.05e 
3. DM + Insulin  6.66±0.12c 24.33±0.27b 3.49±0.11de 0.89±0.01d 
4. DM + Glimepiride (GM)  6.26±0.21c 24.91±0.17bc 3.25±0.09cd 0.76±0.04bc 
5. DM + Fenugreek (FG) 6.40±0.23c 25.52±0.32cd 3.70±0.11e 0.82±0.02cd 
6. DM + Insulin + FG  4.73±0.19b 26.13±0.32d 2.89±0.12bc 0.70±0.02b 
7. DM + GM + FG  4.46±0.13b 27.20±0.17e 2.55±0.28b 0.71±0.03b 

Values are Mean±SE (n=6); One way ANOVA (SPSS); TBARS=nmol/mg, GSH=umole/mg; Protein carbonyls=nmole/mg; relative kidney 
weight =% of bwt; Means with different alphabets as superscripts differred significantly (P<0.05). 
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Diabetic nephropathy is the leading cause for end-stage 
renal disease and cardiovascular deaths (Kamiyama et 
al., 2013). Reactive oxygen species (ROS) are generated 
due to hyperglycemia causing cellular damage and 
ultimately leads to secondary complications (Jaganjac 
et al., 2013). The present study was undertaken to 
investigate the oxidative stess biomarkers of lipid, 
protein, and glutathione metabolism in DM. The 
concentration of TBARS  and protein carbonyls 
revealed a significant (P<0.05) increase in diabetes 
control rats (group 2) compared to control rats (group 
1) and groups 3 to 7 showed a significant (P<0.05) 
decrease in their concentration compared to the rats of 
group 2. On the other hand, the groups 6 and 7  
showed significant (P<0.05) decrease in their 
concentration compared to groups 3, 4 and 5. The 
concentration of GSH revealed a significant (P<0.05) 
decrease in diabetes control group (group 2) compared 
to control group (group 1) and a significantly (P<0.05) 
increased GSH concentration in groups 3 to 7 was 
observed compared to diabetes control group. Group 7 
showed significantly (P<0.05) higher concentration 
among all the treated groups (Table 2).  
Hyperglycemia causes autoxidation of glucose, 
glycation of proteins, and activation of polyol 
metabolism. These changes accelerate the generation of 
ROS and increase oxidative chemical modification of 
lipids, DNA, and proteins in various tissues (Giacco 
and Brownlee, 2010). Moreover, these lipid 
peroxidation represents a close relationship with the 
hyperglycemia and oxidative stress in DM (Salgueiro et 
al., 2013).  
 
TBARS are the most commonly used biomarker for 
lipid peroxidation in the tissue, and the high levels of  
TBARS in the plasma and tissues of diabetic animals 
are due to lipid peroxidation (Vijayakumar et al., 2006). 
Current study data confirmed Streptozotocin-induced 
diabetic nephropathy characterized by oxidative stress 
and were further confirmed by increased TBARS, 
protein carbonyls and decreased GSH levels in kidney 
tissue. Fenugreek and glimepiride treatment reduced 
the levels of TBARS, protein carbonyls and serum 
creatinine, and increased GSH levels. Previous study 
reported that antioxidant activity of  fenugreek is 
caused mainly due to its higher levels of flavonoid 
contents (Norziah et al., 2015).  
 
GSH is an endogenous anti oxidant molecule which 
detoxifies several exo and endogenous toxic 
compounds by reacting with singlet oxygen, superoxy, 
peroxy and hydroxyl molecule (Kumar  and Reddy, 
2012).  These result were further supported by the 

elevated serum creatinine level which signifies 
impaired kidney function and the serum creatinine 
concentration of group 2 was significantly (P<0.05) 
higher than those of group 1 at 4th and 8th wks, 
respectively. The treatment groups (3 to 7) showed 
significant (P<0.05) decrease at the end of 4th and 8th 

wks compared to diabetic control rats (group 2). The 
groups 6 and 7 showed significant decrease among all 
the treated groups at the end of 4th and 8th wks (Table 

1).  
 
In the present study, the relative kidney weight (% of 
bwt) revealed a significant increase in diabetes control 
group (group 2) compared to control group (group 1), 
and groups 3 to 7 showed a significant decrease in their  
weight as compared to diabetes control group ( group 
2). The groups 4, 5, 6 and 7 were comparable to that of 
group 1. The increase in kidney weight might be due to 
increased glucose utilization and subsequent 
enhancement of glycogen synthesis, lipogenesis and 
protein synthesis. These changes might lead to 
microvascular renal complications like increased 
synthesis of glycoproteins, followed by thickening of 
basement membrane and renal hypertrophy (Iannello 
et al., 2005). Fenugreek treatment prevented alterations 
in the kidney as reported earlier (Neveen et al., 2007).  
 

Insulin is well known as an anabolic hormone that 
plays a vital role in maintenance of body growth and 
overall body metabolism. Partial or complete insulin 
deficiency in diabetic patients as well as in induced 
diabetic experimental animals has adverse effects on all 
organs. Fenugreek has hypoglycemic and insulin 
stimulating action of 4-hydroxy isoleucine on the β 
cells of pancreas, and reduced ROS production. The 
antioxidant action of glimepiride was also reported 
earlier (Krauss et al., 2003).  
 

CONCLUSION 
 
The pharmacodynamic interaction of fenugreek (herbal 
drug) with insulin and glimepiride can improve 
antioxidant parameters facilitated by reducing lipid 
peroxidation and increasing Glutathione (GSH) in 
streptozotocin-induced diabetic rats. 
 

ACKNOWLEDGMENT 
 
The fund provided by the Sri Venkateswara Veterinary 
University (SVVU), Tirupati for the PhD dissertation 
and the technical help rendered by the advisory 
committee are acknowledged. 
 
 



 
Chiluka et al./ J. Adv. Vet. Anim. Res., 2(3): 353-356, September 2015                  356 

REFERENCES 
 

Abeed IM, Mashkor AL (2014). Phenolic content and 
antioxidant activity of fenugreek seeds extract. 
International Journal of Pharmacognosy and 
Phytochemical Research, 6: 841-844. 

Adams OP (2013). The impact of brief high-intensity 
exercise on blood glucose levels. Diabetes. 
Metabolic Syndrome and Obesity, 6: 113-122.  

Balasubramanian KA, Manohar M, Mathan VI (1988). 
An unidentified inhibitor of lipid peroxidation in 
intestinal mucosa. Biochimica et Biophysica Acta, 
962: 51-58. 

Fiorentino TV, Prioletta A, Zuo P, Folli F (2013). 
Hyperglycemia-induced oxidative stress and its 
role in diabetes mellitus related cardiovascular 
diseases. Current Pharmaceutical Design, 19: 5695-
5703. 

Giacco F, Brownlee M (2010). Oxidative stress and 
diabetic complications. Circulation Research, 107: 
1058-1070. 

Gunzler D, Anthony JB, Thomas RL, Brien AO, Russell 
GB, Sattar A, Iyengar SK, Thomas C, Sedor JR, 
Schelling JR (2013). Diabetic nephropathy in a 
sibling and albuminuria predict early GFR decline: 
a prospective cohort study. BMC Nephrology, 14: 
1-9.  

Iannello S, Milazzo P, Bordonaro F, Belfiore F (2005). 
Effect of in vitro glucose and diabetic 
hyperglycemia on mouse kidney protein synthesis: 
Relevance to diabetic microangiopathy. Medscape 
General Medicine, 7: 1-7. 

Jaganjac M, Tirosh O, Cohen G, Sasson S, Zarkovic N 
(2013). Reactive aldehydes–second messengers of 
free radicals in diabetes mellitus. Free Radical 
Research, 47: 39-48. 

Kakadiya J, Haresh M, Nehal S (2010). Investigation 
effect of glimepiride on diabetic marker and 
cardiac lipid parameter in isoproterenol induced 
myocardial infarction in diabetes in rats. 
International Journal of Advances in 
Pharmaceutical Sciences, 1: 319-325. 

Kamiyama M,  Urushihara M,  Morikawa T, Konishi  Y,  
Imanishi  M,  Nishiyama A,  Kobori H (2013). 
Oxidative stress/angiotensinogen/renin-
angiotensin system axis in patients with diabetic 
nephropathy. International Journal of Molecular 
Sciences, 14: 23045-23062. 

Krauss H, Kozlik J, Grzymislawski M, Sosnowski P, 
Mikrut K, Piatek J, Paluszak J (2003). The influence 

of glimepiride on the oxidative state of rats with 
strptozotocin-induced hyperglycaemia. Medical 
Science Monitor, 9: 389-393. 

Kumar AB, Reddy AG (2012). Effect of N-Acetyl L 
Cysteine (NAC) against oxidative stress - induced 
neurotoxicity due to lead, cadmium and 
combination in wistar rats. International Journal of 
Pharma and Bio Sciences, 3: 403-418. 

Levine RL, Garland D, Oliver CN (1990). 
Determination of carbonyl content in oxidatively 
modified proteins. Methods in Enzymology, 186: 
464-478.  

Lowry OH, Rosenbrough MJ, Farr AL, Rawdell RA 
(1951). Protein measurement with the Folin phenol 
reagent. Journal of Biological Chemistry, 193: 265-
275. 

Moron MS, Depierre JW, Mannervik B (1979). Levels of 
glutathione, glutathione reductase and glutathione 
S transferase in rat lung and liver. Biochimica et 
Biophysica Acta, 582: 67-68. 

Mungikar AM (2006). Microalbuminuria - A screening 
test for the diagnosis of diabetic nephropathy. 
Bioinfolet, 3: 145-147. 

Neveen HAS, Khalil MY, Hussein JS, Oraby FSH, 
Hussein FAR (2007). Antidiabetic effects of 
fenugreek alkaloidal extract in streptozotocin 
induced hyperglycemic rats. Journal of Applied 
Sicence Research, 3: 1073-1083. 

Norziah MH, Fezea FA, Bhat R, Ahmad M (2015). 
Antioxidant and antimicrobial properties of 
fenugreek seeds (Trigonella foenum- graecum L).  
International Food Research Journal, 22: 1261-1271. 

Ramesh BK, Yogesh RHL, Kantikar SM, Prakash KB 
(2010). Histopathological analysis of fenugreek 
extract on alloxan induced diabetic rats. 
International Journal of Drug Development & 
Research, 2: 356-364. 

Salgueiro ACF, Leal CQ, Bianchini MC (2013). The 
influence of Bauhinia forficata Link sub sp. 
pruinosa tea on lipid peroxidation and non-protein 
SH groups in human erythrocytes exposed to high 
glucose concentrations. Journal of 
Ethnopharmacology, 148: 81-87. 

Vijayakumar  M, Govindrajan R, Rao CHC, Shirwaikar 
A, Mehrota S, Pushpangadan P (2006). Action of 
Hygrophila auriculata on antioxidant enzymes in 
diabetic rats. Journal of Ethnopharmacology, 104: 
356-361. 

**** 
 
 

   Under the terms of Creative Commons Attribution 3.0 Unported License 


