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ABSTRACT 
Dietary antioxidant compounds such as bioflavonoid may offer some protection against the early stage of 
diabetes mellitus and the development of complications. This study was aimed to evaluate the effect of 
naringin on blood glucose and glycosylated hemoglobin level; hepatic glucose regulating enzyme 
activities; glycogen concentration and plasma insulin level in normal and streptozotocin (STZ)-
nicotinamide induced diabetic rats. To induce non-insulin dependent diabetes mellitus (NIDDM), single 
intraperitoneal injection of 45 mg/kg STZ, 15 min after the intraperitoneal administration of 110mg/kg of 
nicotinamide. Diabetic rats were orally administered with naringin (20, 40, and 80 mg/kg body weight) for 
6 weeks on glucose and plasma insulin was determined. Administration of naringin at 80 mg/kg 
significantly decreases blood glucose and increase insulin. Based on these data, the higher dose 80 mg/kg 
naringin was selected as effective dose for further study. Treatment with naringin resulted in a significant 
reduction of glycosylated hemoglobin and an increase in total hemoglobin level. Hepatic glucokinase 
activity and glucose-6- phosphate dehydrogenase were significantly increased whereas the activity of 
glucose-6-phosphatase and fructose 1,6 bisphosphatase were decreased in diabetic rats administered with 
naringin. Furthermore, plasma insulin was inversely correlated with the blood glucose level. The current 
results suggest that naringin can play an important role in preventing the progression of hyperglycemia, 
partly by increasing hepatic glycolysis and glycogen concentration. 
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INTRODUCTION 
Diabetic mellitus (DM) is characteristic by 

hyperglycemic due to disturbance in the group of 
metabolism of carbohydrates, fat and protein, 
resulting from defects in insulin secretion action 
or both [1-2]. Currently there are over 150 million 
diabetics worldwide an this number is likely to 
increase 300 million or more by the year 2025 due 
to increase in sedentary lifestyle, consumption of 
energy rich diet, and obesity [3]. The insulin 
insensitivity and insulin deficiency in several 
other animal models of type 2 diabetes mellitus 
lead to a decrease in blood glucose utilization by 
the liver, the muscles and the adipose tissue and to 
an increase in hepatic glucose production [4]. 
Glucose homeostasis involves the co-ordinate 
regulation of several metabolic pathways, 
including gluconeogenesis and glycolysis, which 
is due to impaired carbohydrate utilization 
resulting from a defective or deficient insulin 
secretory response [5].Recently there has been a 
growing interest in hypoglycemic agents from 

natural products, especially those derived from 
plants [6]. Because plant source are usually 
considered to be non-toxic, with fewer side effects 
than synthetic sources. Flavonoids cannot be 
produced by the human body and have taken in 
through the daily diet [7]. Naringin (4’,5,7-
trihydroxy flavonone 7-rhamno-glucoside) is a 
bioflavonoid derivative of grape fruit and related 
citrus species. Currently there is much interest in 
the usefulness of citrus fruits because of their 
intake appears to be associated with reduced risk 
of certain chronic diseases and increased survival 
[8]. Naringin has been reported to have several 
pharmacological properties such as antimicrobial, 
antimutagenic, anticancer, anti-inflammatory, 
cholesterol lowering, free radical scavenging and 
antioxidant effects [9-10]. The present study was 
designed to evaluate the influence of naringin on 
blood glucose concentration and the activities of 
hepatic key enzymes in normal and 
streptozotocin-nicotinamide induced diabetic rats.       
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MATERIALS AND METHODS 

Chemicals 
All the biochemicals and chemicals used in this 
experiment were from Sigma, St.Louis, M.O. 
USA. The chemicals were of analytical grade. 

Animals and diet 
Male Albino Wistar rats weighing 200-

220g body weight were obtained from the Central 
animal house, Rajah Muthiah Institute of Health 
Science, Annamalai University, were used in this 
study. The rats were fed on pellet diet (Hindustan 
lever, Mumbai, India) and water ad libitum. The 
animals were maintained in accordance with the 
guidelines of the National Institute of Nutrition, 
Indian council of Medical Research, Hyderabad, 
India, and the study was approved by the ethical 
committee (Vide. No. 582, 2008), Annamalai 
University.   

Induction of Diabetes Mellitus 
Sterptozotocin was dissolved in citrate 

buffer (pH 4.5) and nicotinamide was dissolved in 
normal physiological saline. Non-insulin 
dependent diabetes mellitus was induced in 
overnight fasted rats by a single intraperitoneal 
injection of 45 mg/kg streptozotocin, 15 min after 
the i.p administration of 110 mg/kg of 
nicotinamide [11]. Hyperglycemia was confirmed 
by the elevated levels of blood glucose were 
determined at 72 h. The animals with blood 
glucose concentration more then 250mg/dl will be 
used for the study. 

Experimental Procedure 
  In the experiment, a total of 36 rats (24 
diabetic surviving rats 12 normal rats) were 
divided into six group of six rats in each: Group 1: 
Normal rats; Group 2: Normal rats given naringin 
80 mg/kg body weight; Group 3: Diabetic control 
rats; Group 4: Diabetic rats given naringin 20 
mg/kg body weight; Group 5: Diabetic rats given 
naringin 40 mg/ kg body weight; Group 6: 
Diabetic rats given naringin 80 mg/kg body 
weight for 6 weeks. 

At the end of experimental period, the rats 
were deprived of food overnight, and blood was 
collected into potassium oxalate and sodium 
fluoride tubes for assay of blood glucose, 
hemoglobin and glycosylated hemoglobin. Plasma 
was separated for the assay of insulin. Liver was 
dissected out, washed in ice-cold saline, patted dry 
and weighed.  

Determination of plasma glucose, insulin, 
hemoglobin and glycosylated hemoglobin 
          The level of plasma glucose was estimated 
spectrophotometrically using commercial 
diagnostic kit (Agappe Diagnostics Pvt. Ltd., 
India) Trinder [12].  Plasma insulin level was 
assayed by enzyme linked immunosorbent assay 
kit (ELISA) (Boehringer Mannheim kit). 
Hemoglobin and glycosylated hemoglobin was 
estimated by diagnostic kit (Agappe Diagnostic 
Pvt. Ltd., India) Bisse and Abragam [13]. 
Determination of carbohydrate metabolic 
enzymes 

Glucose-6-phosphatase was assayed by the 
method of Koide and Oda [14]. Incubation mixture 
contained 0.7 ml of citrate buffer, 0.3 ml of 
substrate, and 0.3 ml of tissue homogenate. The 
reaction mixture was incubated at 37oC for 1 h. 
Addition of 1ml of 10% TCA to the reaction tubes 
terminated the reaction of the enzyme. The 
suspension was centrifuged and the phosphorus 
content of the supernatant of tissue homogenate 
was estimated by the method of Fiske and 
Subbarow [15]. The supernatant was adjusted to 
known volume. To this 1ml of ammonium 
molybdate was added followed by 0.4 ml of 
ANSA. After 20 min the absorbance was read at 
680 nm. 

Fructose-1,6-bisphosphatase activity was 
measured by the method of Gancedo and Gancedo 
[16]. The assay mixture in a final volume of 2 ml 
contained 1.2 ml of Tris-HCl buffer (0.1 M, pH 
7.0), 0.1 ml of substrate (0.05 M), 0.25 ml of 
magnesium chloride (0.1 M), 0.1 ml of potassium 
chloride (0.1 M), 0.25 ml of EDTA (0.001 M) and 
0.1 ml of liver homogenate. The incubation was 
carried out at 37°C for 15 min. The reaction was 
terminated by adding 1 ml of 10% TCA. The 
suspension was centrifuged and the supernatant 
was used for phosphorus determination by the 
method of Fiske and Subbarow [15] as described 
previously. 

Hepatic hexokinase activity was assayed 
by the method of Brandstrup et al  [17]. The 
reaction mixture in a total volume of 5.3 ml 
contained the following, 1ml of glucose (5mM) 
solution, 0.5 ml of ATP (0.072M) solution, 0.1 ml 
of magnesium chloride (0.05M) solution, 0.4 ml 
of potassium dihydrogen phosphate (0.0125 M), 
0.4 ml of potassium chloride (0.1 M), 0.4 ml of 
sodium fluoride (0.5M) and 2.5 ml of Tris–HCl 
buffer (0.01 M, pH 8.0). The mixture was pre-
incubated at 37 ◦C for 5min. The reaction was 
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initiated by the addition of 2ml of tissue 
homogenate. 1ml of the reaction mixture was 
immediately transferred to the tubes containing 
1ml of 10% TCA that was considered as zero 
time. A second aliquot was removed and 
deproteinised after 30 min incubation at 37oC. The 
protein precipitate was removed by centrifugation 
and the residual glucose in the supernatant of 
tissue homogenate was estimated by the method 
of Trinder [12] as described previously. 

Glucose-6-phosphate dehydrogenase was 
assayed by the method of Ellis and Kirkman [18]. 
The incubation mixture contained 1ml of Tris–
HCl buffer (0.05 M, pH 7.5), 0.1 ml of 
magnesium chloride (0.1 M), 0.1 ml of NADP+ 
(0.1 M), 0.5 ml of phenazine methosulphate, 0.4 
ml of the dye solution and the requisite amount of 
the enzyme extract. The mixture was allowed to 
stand for 10 min at room temperature to permit the 
oxidation of endogenous materials. The reaction 
was initiated by the addition of 0.5 ml of glucose-
6-phosphate. Absorbance of the sample was read 
at 640nm against water blank at 1-min intervals 
for 3–5 min. The enzyme was expressed in units 
by multiplying the change in OD/min by the 
factor 6/17.6, the molar extinction co-efficient of 
the reduced co-enzyme. 
Determination of glycogen 
 Tissue glycogen was extracted and 
estimated by the method of Morales et al. [19] the 
alkali extract of the tissue was prepared by 
digesting 50 mg of fresh tissue for 15 min with 3 
ml of 30% potassium hydroxide solution in a 
boiling water bath. The tubes were cooled and 
mixed with 5 ml of absolute alcohol and a drop of 
1 M ammonium acetate to precipitate glycogen 
and then placed in the freezer overnight for 
complete precipitation. Glycogen was collected by 
centrifugation for 20 min at 2000 g. the precipitate 
was dissolved in distilled water with the aid of 
heating and again the glycogen was reprecipitated 
with alcohol/1 M ammonium acetate and 
centrifuged. The final precipitate was dissolved in 
saturated ammonium chloride solution; 4 ml of 
anthrone reagent was added by cooling the tubes 
in an ice bath. The tubes were shaken well, 
covered with marble caps, and heated for 20 min 
in a boiling water bath. After cooling, the 
absorbance was read at 640 nm against a reagent 
blank treated in a similar manner. A standard 
glucose solution was also treated similarly. The 
glycogen content was calculated from the amount 
of glucose present in the sample and expressed as 

mg/g tissue. Protein was determined by following 
the method of Lowry et al [20]. 
Statistical Analysis 

The data for various biochemical 
parameters were analyzed for the significance of 
the difference between mean values were 
determined using analysis of variance (ANOVA) 
followed by Duncan’s multiple range test 
(DMRT) using a statistically software package 
(SPSS for Windows, V.13.0, Chicago, USA). 
Results were presented as mean ± S.D., p < 0.05 
were considered as statistically significant [21]. 
 
RESULTS 
Changes in blood glucose and plasma insulin 

Table 1 shows the effect of treatment with 
the naringin on blood glucose and plasma insulin 
levels. The concentration of blood glucose was 
significantly increased whereas the plasma insulin 
was significantly decreased in diabetic rats. 
Administration of naringin significantly reversed 
the changes in dose dependent manner. Naringin 
at a dose of 80 mg/kg body weight showed a 
highly significant effect compared with 20 and 40 
mg/kg body weight. Based on these data, the 
higher dose of 80 mg/kg body weight naringin 
was selected for further study. 
Table 1. Changes in the levels of blood glucose and 
plasma insulin in normal and experimental rats 

Groups Glucose (mg/dl) Insulin  
(µU/ml) 

 
Initial Final 

Normal 
control 

72.51 ± 
6.96a 

74.89 ± 
6.63a 

14.72 ± 
1.08a 

Normal + 
naringin (80 
mg/kg) 

80.48 ± 
7.06a 

66.42 ± 
6.51a 

14.85 ± 
1.09a 

Diabetic 
control 

310.24 ± 
27.07b 

395.19 ± 
32.85b 

 7.39 ±  
0.43b 

Diabetic + 
naringin (20 
mg/kg) 

292.21 ± 
24.95b 

184.92 ± 
15.23c 

8.52 ± 
0.56c 

Diabetic + 
naringin (40 
mg/kg) 

296.68 ± 
24.24b 

163.19 ± 
13.71d 

9.68 ± 
0.61d 

Diabetic + 
naringin (80 
mg/kg) 

305.58 ± 
26.36b 

119.38 ± 
10.79e 

11.98± 
0.72e 

Values are mean ± SD for 6 rats in each group. a-e In each 
column, means with different superscript letter differ 
significantly at p<0.05 (DMRT). 
Effect of naringin on hemoglobin and 
glycosylated hemoglobin 

Table 2 shows the concentration of total 
hemoglobin, glycosylated hemoglobin and urine 
sugar of normal and experimental rats. The 
diabetic rats showed a significant decrease in the 
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concentration of total hemoglobin and a 
significant increase in the concentration of 
glycosylated hemoglobin. Administration of 
naringin tends to bring these parameters towards 
near normal. The administration of naringin to 
normal rats showed a not significant lowering 
blood glucose and increasing plasma insulin and 
also the levels of hemoglobin and glycosylated Hb 
remains unaltered.  
Table 2. Effect of naringin on the levels of hemoglobin, 

glycosylated hemoglobin and urine sugar in 
normal and experimental rats 

Groups Hemoglobin 
(g/dl) 

Glycosylated 
Hemoglobin 

(mg/gHb) 
Urine 
sugar 

Normal control 11.78 ± 0.74a 0.40 ± 0.03a Nil 

Normal + 
naringin (80 
mg/kg) 

11.83 ± 0.80a 0.38 ± 0.03a Nil 

Diabetic control 6.91 ± 0.59b 0.82 ± 0.06b +++ 
Diabetic + 
naringin (80 
mg/kg) 

10.27 ± 0.71c 0.47 ± 0.04c Nil 

Effect of naringin on carbohydrate metabolic 
enzymes 
Table 3 shows the change in the activities of 
glucose-6-phosphatase,fructose – 1 , 6 – bisphos-
phatase, hexokinase and glucose-6-phosphate 
dehydrogenase in the liver of normal and 
experimental rats. The activities of hepatic 
gluconeogenic enzyme were significantly 
increased, whereas hexokinase and glucose-6-
phosphate dehydrogenase were significantly 
decreased in experimental diabetic rats. Oral 
administration of naringin to diabetic rats reversed 
the changes in the activities of these hepatic 
enzymes. Oral administration of naringin to 
normal rats resulted in a not significant decrease 
in hepatic gluconeogenic enzymes and also the 
activities of hexokinase and glucose -6-phosphate 
dehydrogenase were not altered significantly 
compared with normal rats. 

Values are mean ± SD for 6 rats in each group. a-c  
In each column, means with different superscript letter differ 
significantly at p<0.05 (DMRT).  +++, > 2% sugar 
   Table 3. Effect of naringin on the activities of carbohydrate-metabolizing enzymes in normal and experimental rats 

Groups Normal  
control 

Normal + 
naringin (80 

mg/kg) 

Diabetic  
control 

Diabetic + 
naringin (80 

mg/kg) 
Gluconeogenic enzymes 
Glucose-6-phosphatase (μ moles of 
Pi liberated / min/ mg protein) 

0.187 ± 0.016a 0.181 ± 0.015a 0.278 ± 0.021b 0.219 ± 0.017c 

Fructose-1, 6-bisphosphatase 
 (μ moles of Pi liberated / min/ mg 
protein) 

0.385 ± 0.032a 0.372 ± 0.031a 0.621 ± 0.045b 0.427 ± 0.029c 

Glycolytic enzyme 
Hexokinase (μ moles of glucose 
phosphorylated / min / g protein) 

146.07 ± 10.35a 149.56 ± 10.59a 103.65 ± 8.13b 132.29 ± 9.21c 

Hepatic shunt enzyme 
Glucose-6-phosphate dehydrogenase 
  (x 10-4 mlU/mg protein) 

4.43± 0.25a 4.55 ± 0.27a 2.81 ± 0.13b 3.34 ± 0.19c 

Values are mean ± SD for 6 rats in each group.a-c  In each rows, means with different superscript letter differ significantly at 
p<0.05 (DMRT).                                        
Effect of naringin on glycogen 

The effect of naringin on glycogen content 
in liver and muscle of normal and experimental 
rats is presented in Table 4. There was a 
significant reduction in liver and muscle glycogen 
of diabetic rats. Treatment with naringin 
significantly increased the concentration of 
hepatic and skeletal glycogen. 
DISCUSSION 

Type2 diabetes mellitus identifies patients 
who do not require insulin treatment to remain 
alive. The two metabolic defects characterizing 
type2 diabetes mellitus are 1. dearrangement of 
insulin secretion that is delayed or is insufficient 

relative to glucose load and 2. Inability to 
peripheral  
 
 
Table 4. Effect of naringin on the levels of liver and 
muscle glycogen in normal and experimental rats 

 
Group 

Glycogen (mg/g tissue) 
Liver Muscle 

Normal control 32.84 ± 2.26a 6.15 ± 0.53a 
Normal + naringin 
(80 mg/kg) 34.25 ± 2.67a 6.21 ± 0.51a 
Diabetic control 20.07 ± 1.71b 3.18 ± 0.26b 
Diabetic + 
naringin (80 
mg/kg) 29.36 ± 2.15c 5.56 ± 0.41c 
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Values are mean ± SD for 6 rats in each group.a-c  In each 
column, means with different superscript letter differ  
significantly at p<0.05 (DMRT). 
tissues to responds to insulin-called insulin 
resistance [22]. β-cell defect and insulin resistance 
are essential features of non-insulin dependent 
diabetes mellitus, and both features are the focus 
of intensive investigation [23]. Major 
characteristics of type2 diabetes include impaired 
utilization of glucose and resistance to the ability 
of insulin to stimulate glucose uptake and disposal 
in tissues [24]. Naringin at a dose of 80mg/kg body 
weight showed a highly significant effect 
compared with 20 and 40mg/kg body weight. The 
protective effect of naringin may be connected 
with the normalization of hyperglycemia; it is an 
essential trigger for the liver to revert to its normal 
homeostasis during experimental diabetes, 

Flavonoids, glycosides stimulate the 
secretion of insulin in β-cells of pancreas [25]. In 
glucose - loaded animals, it is possible that the 
compound may act by potentiation the pancreatic 
secretion or increasing glucose uptake. On the 
basis above evidence it is possible that the 
presence of glycosides and tannins are responsible 
for the activity [26]. 

 In general, increased hepatic glucose 
production, plus decreased hepatic glycogen 
synthesis and glycolysis, are the major symptoms 
in type 2 diabetes that result in hyperglycemia [27]. 
Hepatic glucokinase is the most sensitive indicator 
of the glycolytic pathway in diabetes and its 
increase can increase the utilization of blood 
glucose for glycogen storage in the liver [28]. In the 
current study, the effect of naringin in 
experimental diabetic rats increased hepatic 
glucokinase. Also, hepatic glycogen reserves are 
important for whole-body glucose homeostasis 
and are markedly low in the diabetic state [29-31]. In 
the current study, the hepatic glycogen 
concentration was significantly higher in the 
naringin compared with the control group. 

The gluconeogenic enzyme glucose-6-
phosphatase is a crucial enzyme of glucose 
homeostasis because it catalyses the ultimate 
biochemical reaction of both glycogenolysis and 
gluconeogenesis [32]. These seem to be the 
consequence of the high glucose-6-phosphatase 
activities in a diabetic state [33-35]. Glucose-6-
phosphate dehydrogenase activity was decreased 
in diabetic state can result in the diminished 
functioning of the pentose phosphate pathway and 
thereby the production of reducing equivalent 

such as NADH and NADPH [36-37]. In the current 
study, the administration of naringin considerably 
increased the activity of glucose-6-phosphate 
dehydrogenase and decreases the activity of 
glucose-6-phosphatase, while the decrease in 
plasma glucose concentration causes the 
activation of the pentose phosphate pathway, 
inactivation of the sorbitol pathway and 
consequently an increase in the NADPH level [38]. 
Hepatic glucose production is raised in diabetic 
state is associated with the impaired suppression 
of the gluconeogenic enzyme fructose 1,6-
bisphosphatase. Gluconeogenic enzyme is 
activation is due to the state of insulin impairment 
because under normal conditions, insulin 
functions as a suppressor of gluconeogenic 
enzymes [39].  
          Chronic insulin deficiency and insulin 
insensitivity are the major causes of the decreased 
hepatic glucose utilization and increased glucose 
production in several animal models of type 2 
diabetes, because insulin decreases the hepatic 
glucose output by activating glycogen synthesis 
and glycolysis, and by inhibiting gluconeogenesis 
[4]. In the present study, the level of plasma insulin 
indices of insulin secretion in the experimental 
diabetic rats of naringin were significantly higher 
than those in the control group may have been 
mediated via the stimulation of insulin secretion in 
the β-cells, because intact and specific insulin- 
positive cells were confined to the pancreatic islet 
β-cells, regardless of naringin [40]. 
           In uncontrolled or poorly controlled 
diabetes, there is an increased glycosylation of a 
number of proteins including hemoglobin and β-
crystalline of lens [41]. Glycosylated hemoglobin 
was found to increase in the patients with diabetes 
mellitus, and the amount of increase is directly 
proportional to the fasting blood glucose level [42]. 
During diabetes, the excess glucose present in the 
blood reacts with hemoglobin. Therefore, the total 
hemoglobin level is decreased in diabetic rats [43]. 
Administration of naringin prevents a significant 
elevation in Glycosylated hemoglobin thereby 
increasing the level of total hemoglobin in 
diabetic rats. 

Glycogen is the primary intracellular 
storable form of glucose and its levels in various 
tissues especially skeletal muscle are a direct 
reflection of insulin activity as insulin promotes 
intracellular glycogen deposition by stimulating 
glycogen synthase and inhibiting glycogen 
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phosphorylase. Since STZ causes selective 
destruction of β-cells of islets of Langerhans 
resulting in marked decrease in insulin levels, it is 
rational that glycogen levels in tissues (skeletal 
muscle and liver) decrease as they depend on 
insulin for influx of glucose [31]. That the 
administration of naringin prevented the depletion 
of glycogen content but could not normalize it is 
due to the stimulation of insulin release from β-
cells by naringin. 
 
CONCLUSION 
          The data present here indicate that the 
protective effect of naringin in hyperglycemic 
conditions may be associated with an 
intensification of glucose uptake by peripheral 
tissues, which seemingly mediated via elevated 
glycolysis and hepatic glycogen concentration 
resulting from the effect of glucokinase. In 
particular, naringin regulated gluconeogenic 
enzymes suggests the possible biochemical 
mechanism through which glucose homeostasis 
are regulated.    
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