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ABSTRACT 
 
Amongst the numerous co-adjuvant therapies which could influence the incidence and progression of diabetic 
complications, antioxidants and flavonoids are currently being tested in clinical trials. We investigated the effect of 
naringerin on biochemical parameters in streptozotocin-induced (STZ - 60 mg/kg, i.p.) diabetic rats. Male rats were 
divided into four groups: G1: untreated controls; G2: normal rats receiving naringerin; G3: untreated diabetics; 
G4: diabetics rats receiving naringerin. The naringerin (50mg/kg, i.p,) decreased the hyperglycaemia and 
hyperlipidaemia associated with STZ-diabetes. The concentrations of serum insulin in treated diabetic rats tended to 
be increased. Naringerin treatment prevents STZ-induced changes in the activities of ALT, AST and LDH in the liver 
and heart, indicating the protective effect of naringerin against the hepatic and cardiac toxicity caused by STZ. The 
glycogen level in cardiac and hepatic tissues elevated with naringerin in diabetic rats. The naringerin can improve 
the glucose and lipid metabolism and is beneficial in preventing diabetic complications. 
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INTRODUCTION  
 
Flavonoids are a group of naturally occurring 
polyphenolic compounds ubiquitously found in 
fruits and vegetables. The flavonoids are 
frequently components of the human diet, and 
intake may reach 800 mg/day (Yang et al., 2001; 
Amié et al., 2003). 
The biological activities of the flavonoids have 
been extensively reviewed. Some were found to 
possess antiischemic, anti-inflammatory, 
antioxidant, antidiabetogenic properties and other 
effects have also been described. It is suggested 
that most of these biological effects are related to 
their antioxidant activity by various mechanisms, 

e.g. by scavenging or quenching free radicals, by 
chelating metal ions, or by inhibiting enzymatic 
systems responsible for the generation of free 
radicals (Mojzisova and Kuchta, 2001). 
Considerable attention has been placed on 
understanding the pathophysiology of diabetes 
mellitus because of its importance in human 
health. Historically, the study of the pathogenesis 
of diabetes mellitus was in the traditional pattern 
of endocrinology: the major dysfunction of ß-cells 
associated with the preovert phase of type I 
diabetes or with type II diabetes is a decreased 
secretory response to glucose (Defraigne, 2005). 
Hyperglycemia is characteristic of type I and type 
II diabetes mellitus, which is mainly caused by 
insulin deficiency and/or a failure of normal 
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insulin levels to stimulate glucose uptake in tissue. 
Although defects in glucose homeostasis have 
been recognized for decades, the molecular 
mechanisms involved in impaired whole body 
glucose uptake are still not understood. It is now 
clear, however, that the aggressive control of 
hyperglycemia can attenuate the development of 
chronic complications (Pinent et al., 2004). 
Type I diabetes results from β destruction that is 
generally considered to be a multifactorial 
autoimmune process. 
After insulin became available, evidence emerged 
suggesting that human diabetes mellitus has a 
multifactotial aetiology. Insulin was the principle 
hypoglycaemic medication used in diabetes 
mellitus treatment (Souza and López, 2004). In 
order to discover other hypoglycaemic agents, 
many investigations have been performed in 
traditional medicine testing eventual 
hypoglycaemic naturals (Keenoy et al., 2005; 
Bonnefont et al, 2004). 
Among animal models of diabetes mellitus, 
streptozotocin rat was considered especially as a 
precious tool to study both pathophysiological 
mechanisms of diabetes mellitus and 
hypoglycaemic activity of natural products (El 
Fiky et al., 1996). 
Streptozotocin was recognised as a toxic agent for 
B-cells of the islets of Langerhans (Agarwal 
1980), and has since then been widely used for the 
induction of diabetes mellitus with concomitant 
insulin deficiency (Bolzán and Bianchi, 2002). 
Changes in concentrations of plasma lipids 
including cholesterol and lipoprotein are 
complication frequently observed in patients with 
diabets mellitus and certainly contributes to the 
development of coronary heart disease in these 
patients (Soyers et al., 2001; Galletto et al., 2004; 
Wold et al., 2005). 
A high dietary content of fresh fruits and 
vegetables has been positively associated with a 
reduced incidence of coronary heart disease 
(CHD) by several epidemiological studies 
(Spignoli, 2000). The Zutphen Elderly Study 
found an inverse association between the 
consumption of flavonoids, mortality from CHD 
and incidence of myocardial infarction. 
Flavonoids are certainly a biomarker of a “health” 
diet (high content of fibers, vegetables and simple 
carbohydrates; low content of lipids and complex 
carbohydrates; low caloric intake, etc) (Eastwood,

1999); however, behind these “unspecific” effects, 
recent biochemical and clinical investigations have 
focused on some “specific” effects of flavonoids 
on the cardiovascular system which may provide 
an explanation for the reduced CHD mortality in 
diabetic patients (Spignoli, 2000; Wilcox et al., 
2000). 
The abnormalities in lipid metabolism generally 
lead to elevation in the levels of serum lipids and 
lipoproteins that in turn play an important role in 
the occurrence of premature and severe 
atherosclerosis, which affects patients with 
diabetes (Ravi et al., 2005; Keenoy et al., 2005). 
Oxidative processes, such as the oxidative 
modification of LDL, appear to play an important 
role in the development of atherosclerosis in the 
arterial wall (Estebauer et al., 1992).  
There is some evidence to suggest that flavonoids 
can be incorporated into lipoprotein within the 
liver or intestine and subsequently be transported 
within the lipoproteins particle. Naringenin has 
been shown also to associate with and penetrate 
lipid membranes. Therefore flavonoids, including 
narigenin, may be ideally located for protecting 
LDL from oxidation (Saija et al., 1995; Jung et al., 
2004). 
Moreover, diabetic patients exhibit abnormal 
antioxidant status proteins, auto-oxidation of 
glucose, excess glycosylated proteins (Lean et al., 
1999) and oxidation of low density lipoprotein 
(LDL) (Mathiesen et al., 1996). 
Diabetes mellitus is associated with increased lipid 
peroxidation, which may contribute to long-term 
tissue damage. Investigation of the 
pathophysiology of the secondary complications of 
diabetes is increasingly focusing on the role of 
flavonoids. In nonhuman primates, dietary 
genistein, the isoflavone analog of naringenin, 
significantly reduces plasma LDL and VLDL 
cholesterol levels (Wilcox, et al., 2000). Flavonoid 
consumption was inversely associated with 
mortality from CHD. Relative risks for CHD 
mortality and first myocardial infarction were 
approximately 50% lower in the highest tertile of 
flavonoid intake (Wilcox, et al., 2000; Sugiura et 
al., 2006). 
In this study, we examined whether dietary 
naringerin useful in the prevention of diabetic 
complications caused by streptozotocin, through 
the in serum and tissue biochemical parameters. 
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MATERIAL AND METHODS   
 
Experimental Animals 
Experiment was performed on adult male wistar 
rats at weights ranging from 250 to 300g. The 
animals were maintained at a room temperature of 
22±2oC with 12 h light/dark cycle and 50±5% 
relatively humidity and were fed rat chow diet 
(Purina Co., St. Louis, MO.), and water ad libitum. 
The animals used in the present study were 
maintained in accordance with the principles and 
guidelines of the Canadian Council on Animal 
Care as outlined in “Guide for the Care and Use of 
Laboratory Animals”. 
 
Streptozotocin-induced diabetes mellitus 
Experimental diabetes was induced by a single 
intraperitoneal injection of streptozotocin (Sigma, 
St. Louis, MO.) at a dose of 60 mg kg-1 body 
weight (1 mL freshly prepared solution in 0.1M 
citrate buffer, pH 4.5). Non- diabetic control rats 
were injected with the citrate buffer alone. Forty-
eight hours after streptozotocin administration the 
blood glucose was monitored. Only 
streptozotocin-treated rats with blood glucose 
greater than 16.5 mmol/L were considered diabetic 
and included in the study. 
 
Test Naringerin 
Seven days after administration the injection of 
streptozotocin, the naringerin (Sigma, St. Louis, 
MO, USA) was dissolved in propylenglycol as a 
vehicle and injected intraperitoneally to rats once a 
week at a dosage of 50 mg kg-1 body weight, for 
30 days. 
 
Experimental procedure 
A total of 40 rats were used. The animals were 
randomly divided into four groups of 10 animals 
in each. Group I (untreated controls): normal rats 
receiving water and fed ad libitum and served as a 
control group; Group II (treated controls): normal 
rats receiving water and fed ad libitum and 
naringerin; Group III (untreated diabetics): 
diabetic rats receiving water and fed ad libitum 
and served as diabetic control rats and Group IV 
(treated diabetics): diabetic rats receiving water 
and fed ad libitum and naringerin. 
The food intake (g) and water intake (mL) of 
individual rats was measured daily. Body weight 
(g) of the rats was measured weekly. After 30 
days, the animals were deprived of food overnight 
and sacrificied by decapitation. 

Biochemical analysis of serum and tissues 
Blood glucose concentration was determined by 
automatic glucose analyser (Boehringer 
Mannheim, Eli Lilly Ltd, São Paulo, Brazil).  
Serum insulin concentration was determined by 
enzyme immune assay kit (EIA kit, Cayman 
Chemical, USA), using an ELISA reader (Biotech 
Instruments, INC, USA). 
Total cholesterol levels were measured using a 
cholesterol ester/oxidase enzymatic procedure. 
High density lipoprotein (HDL) levels were 
measured directly using an enzymatic colorimetric 
method that incorporated polyethylene glycol-
modified cholesterol ester oxidase. Low density 
lipoprotein (LDL) was calculated by the 
Friedewald formula. Serum glucose levels were 
determined by using GOD/POD enzymatic 
method. 
Triacylglycerols concentration was assayed 
enzymatically with glycerol kinase after lipase 
hydrolysis Soloni (1971).  
The enzymatic activities of alanine 
aminotransferase (ALT – E.C. 2.6.1.2), aspartato 
aminotransferase (AST – E.C. 2.6.1.1) and lactate 
dehydrogenase (LDH – E.C. 1.1.1.27) in serum, 
liver and heart were measured by the enzymatic 
method of Reitman and Frankel (1957), following 
the rate of oxidation of NADH during the reaction 
which is proportional to alanine aminotransferase, 
aspartate aminotransferase and lactate 
dehydrogenase activities. 
Samples of 200mg of the liver and heart (left 
ventricle) were homogenized in 0.6M perchloric 
acid and the amount of free glucose determined 
using the glucose oxidase procedure (test kit 
CELM, Modern Laboratory Equipment Company, 
São Paulo, Brazil). Tissue glycogen was then 
hydrolysed to glucose directly in homogenates by 
treatment with amyloglucosidase (Sigma, St. 
Louis, MO, USA) and the glucose released was 
measured. The glycogen level was calculated as 
the difference between total and free glucose 
(Roehrig and Allred, 1974). 
The hepatic triacylglycerol was extracted usind the 
procedure developed by Bligh and Dyer, (1959). 
Part of the sample (approximately 200mg) was 
homogenized in chloroform-methanol 2:1 (v/v); 
the chloroform layer containing all the lipids and 
the methanolic layer containing all the non-lipids 
(Soloni, 1971).   
Samples of 200mg of the liver and heart (left 
ventricle) were homogenized in 5 mL chilled 0,01 
M phosphate buffer (pH 7.4) with Potter-Elvehjem 
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homogenizer. The homogenates were centrifuged 
at 12 000xg for 20 min at 4o C (Pereira et al., 
1998), and then the supernatant fractions were 
used for activities the of aspartate and alanine 
aminotransferase and dehydrogenase lactate. 
 
Statistical analysis 
Values reported are expressed as mean ± SEM. 
Statistical significance of the difference between 
groups was determined by analysis of variance 
(ANOVA) followed by Tukey’s test. The values 
were considered to be significantly different when 
the P value was less than 0.05 (Zar, 1996). 
 
 
RESULTS 
 
The body weight gain for the non-diabetic rat 
group (I and II) was higher than those of the 
diabetic rat group (III and IV); while that untreated 
diabetic rat group (III) gained less (p<0,05) 
wheight than treateds diabetic rat group (IV).

However, administration of the naringerin 
increased body weight gain in diabetic rats 
(Table1). 
The food intakes was significantly increased in the 
untreated STZ- diabetic rat group (III) (p<0,05) 
when compared with others groups (I, II and IV). 
Similarly, the water intakes was significantly 
greater (p<0,05) in the untrated STZ-diabetic rat 
group (III). 
The influence of dietary naringerin on serum 
biochemical parameters in non-diabetic rat and 
diabetic rats are presented in Table 2. Insulin 
levels in serum were significantly lower (p<0,05) 
in the diabetic group than in controls. However, 
there were no significant differences between the 
untreated and treated diabetic rats for the serum 
insulin concentrations. The levels of glucose, total 
cholesterol, LDL-cholesterol and triacylglycerol in 
the serum of the diabetic rat group administered 
naringerin (IV) were lower (p<0,05) than in the 
untreated diabetic rat group (III). Whereas that 
HDL-cholesterol level was significantly higher. 

 
Table 1 - Effect of naringerin on body weight gain, food and water intakes in non-diabetic and STZ diabetic rats 
after 4 weeks. 

Groups 
Parameters 

I II III IV 
Body weight  gain g 146.44±17.00c 147.26±13.96c 7.81±2.64a 97.04±10.54b 
Food intakes  g rat-1 day-1 27.75±5.78a 32.22±10.11a 48.85±12.47b 30.40±8.11a 
Water intakes  mL rat-1 day-1 48.27±8.01a 51.57±10.15ab 109.43±25.31c 58.35±9.02b 

Values are expressed as means ± SD (n=10). In each row, values not sharing a common superscript roman letter are significantly different at p< 
0. 05. Group I: untreated controls; group II: treated controls; group III: untreated diabetics; group IV: treated diabetics. 

 
 
Table 2 - Effect of naringerin on serum in non-diabetic and STZ-diabetic rats after 4 weeks. 

Groups Biochemical  
Parameters I II III IV 
Insulin  ng/ml 1.35±0.34b 1.30±0.22b 0.29±0.10a 0.46±0.18a 
Glucose  mmol/L 10.59±2.15a 10.84±1.59a 34.34±4.03b 12.21±.2.37a 
Total cholesterol mmol/L 3.16±0.42ab 3.07±0.47a 4.16±1.14b 2.84±0.62a 
LDL-Cholesterol  mmol/L 2.52±0.42a 2.25±0.41ac 3.18±1.25ab 1.77±0.62c 
HDL-cholesterol  mmol/L 0.18±0.08a 0.22±0.09ab 0.18±0.03a 0.29±0.13b 
Triacylglycerols  mmol/L 0.94±0.24a 1.27±0.35a 3.77±0.49b 1.15±0.15a 

Values are expressed as means ± SD (n=10). In each row, values not sharing a common superscript roman letter are significantly different at p< 
0. 05. Group I: untreated controls; group II: treated controls; group III: untreated diabetics; group IV: treated diabetics. 

 
 
Activities of alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and lactate 
dehydrogenase (LDH) were increased in the serum 
of untreated diabetic animals. However, the serum 
ALT, AST and LDH did not return to the basal 
level compared to untreated controls (I) (Table 3). 

When narigerin was administered to diabetic rats, 
hepatic activities ALT and AST increased 
(p<0,05). The data in Table 3 show that naringerin 
in diabetic rats caused an increase in cardiac tissue 
activities of AST and LDH. 
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Table 3 - Effect of naringerin on the activity of ALT, AST and LDH in the liver, heart and serum in non-diabetic 
and STZ-diabetic rats after 4 weeks 
Enzymatic activity Groups 
Serum  IU/L I II III IV 
AST 84.22±13.90a 85.04±18.52a 189.18±16.47b  87.38±12.52a 
ALT 50.26±4.61a 55.49±5.59a 120.18±13.54b 66.38±2.52a 
LDH 159.05±16.48a 166.23±12.35a 262.30±26.68b 170.08±11.24a 
Liver  IU/mg protein     
AST 141.76±16.87b 135.19±8.63b 77.72±7.49a 122.72±15.09b 
ALT 73.02±14.81b 70.98±4.38b 54.18±4.60a 68.40±5.36b 
Heart  IU/mg protein     
AST 77.88±6.42b 80.92±8.92b 48.78±6.15a 75.70±8.29b 
LDH 151.64±12.07b 149.73±11.76b 125.76±10.50a 143.95±9.07b 

Values are expressed as means ± SD (n=10). In each row, values not sharing a common superscript roman letter are significantly different at p< 
0. 05. Group I: untreated controls; group II: treated controls; group III: untreated diabetics; group IV: treated diabetics. 

 
 
As shown in Table 4, dietary naringerin caused a 
significant improvement on these parameters of 
lipid metabolism (triacyglycerols) in the liver 
tissue of diabetic animals (group IV). In diabetic 
animals, naringerin reduced the rise in hepatic 
triacylglycerol level. In addition, hepatic glycogen 
increased significantly in treated diabetic rats 
(group IV) compared to untreated diabetic rats 
(group III). The liver weights (% body weight) for 

the diabetic rat (group III) were higher than those 
of the non diabetic rats (group I). 
As shown in Table 5, cardiac tissue glycogen 
concentration was significantly higher in treated 
diabetic rats than in untreated diabetic rats. 
Triacylglycerol levels, however, were unaffected 
by streptozotocin injection or naringerin 
administration. 

 
Table 4 - Effect of naringerin on liver in non-diabetic and STZ - diabetic rats after 4 weeks. 

Groups Parameters 
Biochemical I II III IV 
Liver weight  % body weight 4.38±1.47a 4.72±1.56a 8.93±1.80b 5.74±1.66a 
Triacylglycerols  mmol/g tissue 0.10±0.01a 0.12±0.02a 0.24±0.03b 0.12±0.01a 
Glycogen  mmol/g tissue 1.90±0.22a 1.72±0.19a 1.22±0.14b 1.84±0.19a 

Values are expressed as means ± SD (n=10). In each row, values not sharing a common superscript roman letter are significantly different at p< 
0. 05. Group I: untreated controls; group II: treated controls; group III: untreated diabetics; group IV: treated diabetics. 

 
 
Table 5 - Effects of naringerin on heart in non-diabetic and STZ – diabetic rats after 4 weeks. 

Groups Parameters  
Biochemical I II III IV 
Triacylglycerols mmol/g tissue 0.03±0.004a 0.04±0.005a 0.03±0.004a 0.03±0.005a 
Glycogen  mmol/g tissue 1.10±0.08a 1.02±0.09a 0.58±0.04b 1.00±0.09a 

Values are expressed as means ± SD (n=10). In each row, values not sharing a common superscript roman letter are significantly different at p< 
0. 05. Group I: untreated controls; group II: treated controls; group III: untreated diabetics; group IV: treated diabetics. 

 
 
DISCUSSION 
 
The present study was designed to investigate 
actions of naringerin on serum and tissue 
biochemical parameters in STZ-induced diabetic 
rats and normal non-diabetic rats. Following 
injection with streptozotocin, these animals 
displayed the expected symptoms of insulin-
dependent diabetes mellitus, i.e., hyperglycemia, 
polydipsia, depression of body mass gain, the 

increase in food and water intake and the decrease 
in insulin concentration, as previously observed 
for Mak et al, (1996) and Robert (2001). 
The administration of naringerin (50mg kg-1) to 
STZ-diabetic rats caused a statistically significant 
reduction in food and water intakes, and an 
increase in the body weight gain. This could be the 
result of improved glycemic control produced by 
naringerin. 
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In our study, it is evident from the above results 
that the naringerin reduced (p<0,05) serum glucose 
in STZ-diabetic rats.  
The serum glucose lowering effect in the absence 
of a significant change in serum insulin 
concentration suggest that the naringerin treatment 
may involve an insulin-independent-mechanism. 
The naringerin might be producing its 
hypoglycaemic effect by an extra-pancreatic 
action, e.g., possibly by stimulating glucose 
utilization in extra-hepatic tissues or increases  in 
the expression of insulin receptors in the liver 
plasma membranes (Jouad et al., 2000; Patel et al., 
2001; Mezei et al., 2003; Pinent et al., 2004).  
Flavonoids are able to indirectly participate in the 
reduction of oxidative stress in diabetic patients by 
improving glycemic control and/or are able to 
exert antioxidant activity (Bonnefont, 2004). 
The increase of glucose utilization by myricetin 
was further characterized using the enhancement 
of glycogen synthesis in hepatocytes of STZ-
diabetic rats (Liu et al., 2005). 
This decrease in the glucose concentration is in 
part explained by an effect of naringerin on the 
metabolism and in part by the direct action of 
naringerin on cell membranes. The flavonoid exert 
their effect by either promoting the entry of 
glucose into cells, stimulation of glycolytic 
enzymes and glycogenic enzymes, depression of 
gluconeogenic enzymes or inhibiting the glucose-
6-phosphatase in the liver, subsequently reducing 
the release of glucose in the blood (Naik et al., 
1991). 
Alterations in plasma lipoprotein metabolism are 
common in diabetes, which tend to exaggerate any 
pre-existing tendencies towards elevated lipid 
levels (Merzouk et al., 2004). In addition, diabetes 
is associated with increased dyslipidaemia (Brown 
and Goldstein, 1999; Daniel et al., 2003). A 
number of reports have suggested that these 
compounds may also influence atherogenesis 
through an effect on lipid and lipoprotein 
metabolism (Wilcox et al., 2000). 
The levels of triacylglycerols and total cholesterol 
in the serum of the diabetic rats had been reported 
to be greatly elevated (Mak et al., 1996; 
Wittenstein et al., 2002). The rise in serum 
triacylglycerols, cholesterol and LDL-cholesterol 
levels in present study indicate a derangement in 
the lipid metabolism and increased incidence of 
cardiac dysfunction in diabetic pacients. Elevation 
of serum lipids indicates either the defective 
removal or overproduction (or both) of one or 

more lipoproteins (Akula et al., 2003). The level of 
triacylglycerols, total cholesterol and LDL-
cholesterol in the serum of the diabetic rat groups 
administered naringerin (group IV) was lower 
(p<0,05) than in the diabetic rat group (III). 
Flavonoids decreased the triacyglycerols and total 
cholesterol in the blood of rats (Miyake et al., 
1998). Naringerin is potent agents for the 
inhibition of HMG-CoA reductase and also 
benefical for lowering serum cholesterol levels 
(Bok et al., 1999). 
Consequently, these results indicate that 
administration of naringerin facilitates lipid 
metabolism in the diabetic rats. It has been 
suggested that dietary flavonoids may be anti-
atherogenic agents. 
The decrease of LDL levels may occur due to the 
reduction of VLDL and the increase of hepatic 
depuration of LDL precursors (Knekt et al., 2002). 
In nonhuman primate, dietary genistein, the 
isoflavone analog of naringenin, significantly 
reduces plasma LDL and VLDL cholesterol levels 
(Wilcox et al., 2000). 
Results of HDL-cholesterol, shown in the Table 2, 
evidence that the best treatment was accomplished 
with naringerin (group IV). That is an advantage, 
since HDL-cholesterol is responsible for the 
transportation of cholesterol from peripheric 
tissues to the liver for metabolization. Naringerin 
thus has the potential to prevent the formation of 
atherosclerosis and coronary heart disease which 
are the secondary diabetic complications of severe 
diabetes mellitus (Nigdikar et al., 1998). 
The present study was carried out to examine the 
protecting effect of the naringerin on the changes 
in the enzymatic activities in the serum, liver and 
heart injured by the exposure to streptozotocin in 
rats. 
Elevated activities of serum aminotransferases are 
a common sign of liver and cardiovascular 
diseases and are observed more frequently among 
people with diabetes than in the general population 
(Arkkila et al., 2001).  
Naringerin treatment prevented both the decrease 
in AST, ALT and LDH activities in the liver and 
heart and the increase in these enzymatic activities 
in serum that was caused by STZ administration. 
Antioxidants inhibited the increase in serum levels 
of AST and ALT in streptozotocin-treated mice 
(Imaeda et al., 2002). 
Narigerin significantly lowered the pathway 
enzymes in diabetic rats and reversed the changes 
in enzyme activities of energy metabolisms that 
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occurred due to diabetes. This beneficial effect 
may have resulted primarily from the 
hypoglycemia potencial of dietary flavonoids in 
diabetes (Bolkent et al., 2004). 
Aminotransferases of hepatic tissue were low in 
diabetic rats, and dietary naringerin showed a 
pronounced reversing trend on this. 
Aminotransferases are involved in the 
interconversion of metabolic intermediates relative 
to energy metabolism and gluconeogenesis (Babu 
and Srinivasan, 1999). Therefore, naringerin has a 
protective effect against the hepatotoxicity 
produced by STZ-diabetes. 
Liver weight, expressed as % body weight, for the 
diabetic rat group (III) was higher than those of the 
non-diabetic rat group (I and II) because of the 
hypertrophy of the liver caused by the STZ 
induction (Table 4). These are typical symptoms 
of diabetic rats (Mak et al., 1996; Sugiura et al., 
2006). The liver weight for the diabetic rat group 
administered naringerin (group IV) were 
significantly lower (p<0,05) than for the diabetic 
rat group (III). The narigerin may play an 
important role for improvement of the hypertrophy 
of the liver in the diabetic rats. 
Liver hypertrophy in diabetic rats is mainly due fat 
deposition (triacyglycerols – Table 4) stores in the 
liver. 
Restoration of hepatic glycogen by naringerin 
could be due to inhibition of glucose-6-
phosphatase in the liver, thereby preventing 
conversion of glucose-6-phosphate to glucose 
(Wittenstein et al., 2002). The pathway of 
glycogen synthesis in liver is mainly via 
gluconeogenesis (indirect pathway) or a glucose 
phosphorylation step (direct pathway) (Mc Garry 
et al., 1987). Hence, glucose-6-phosphate formed 
can be converted to glycogen. 
Hepatic glucokinase activity and glycogen 
concentration were both significantly elevated in 
the naringin-supplemented groups. Naringin also 
markedly lowered the activity of hepatic glucose-
6-phosphatase and phosphoenolpyruvate 
carboxykinase (Jung et al., 2004). 
Naringin play important roles in preventing the 
progression of hyperglycemia, partly by increasing 
hepatic glycolysis and glycogen concentration 
and/or by lowering hepatic gluconeogenesis (Jung 
et al., 2004). 
The glycogen content of the liver treated diabetic 
rats group (IV) may contribute to maintain a liver 
weight similar to that of the controls rats (I and II).     
 

RESUMO 
 
Dentre as numerosas terapias para minimizar as 
complicações diabéticas, os antioxidantes e 
flavonoides são testados na clínica médica. Foi 
analisado o efeito da naringerina sobre os 
parâmetros bioquímicos em ratos diabéticos 
induzidos por estreptozotocina (STZ – 60mg/kg, 
i.p.). Ratos machos foram divididos em 4 grupos: 
G1: controle não tratado; G2: ratos normais que 
receberam naringerina; G3: diabéticos não 
tratados; G4: ratos diabéticos que receberam 
naringerina. Naringerina (50mg/kg, i.p.), 
decresceu a hiperglicemia e a hiperlipidemia em 
ratos diabéticos. A concentração sérica de insulina 
em ratos tratados tendeu aumentar. A naringerina 
preveniu as alterações, provocadas pela 
estreptozotocina, na atividade hepática e cardíaca 
de ALT, AST e LDH, indicando o efeito protetor 
da naringerina sobre estes tecidos, contra 
toxicidade provocada pela STZ. O nível de 
glicogênio nos tecidos cardíaco e hepático elevou 
com a naringerina em ratos diabéticos. A 
naringerina melhorou o metabolismo da glicose e 
de lipídios e preveniu as complicações diabéticas.  
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