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Abstract 
Consumption of fructose is associated with the development of insulin resistance. Naringin, the major grapefruit flavonoid, 

has antioxidant,  lipid lowering, insulin sensitizing, and cardiovascular protective activities. Therefore, the aim of this study was 
to evaluate the effect of naringin treatment on insulin resistance and oxidative stress in fructose fed rats. Male rats were divided 
into three groups: control (C), fructose (F), and fructose+ naringin (FN).  Fructose fed rats received 10% fructose (w/v) in the 
drinking water for 12 weeks. Naringin (100 mg/kg/day) was orally administered for the final 4 weeks of the study. At the end 
of the study, the levels of  insulin and blood glucose, as well as an insulin resistance index ( HOMA-IR)  were determined. 
Hepatic and serum levels of malondialdehyde ( MDA)  and antioxidant enzyme, including superoxide dismutase ( SOD)  and 
glutathione peroxidase (GPx) activities were measured.  Results showed that fructose-fed rats exhibited a significant increase in 
serum insulin, glucose, and HOMA-IR index.  Fructose feeding also increased hepatic and serum MDA levels.  Treatment of 
the fructose-fed rats with nargin reversed these alterations.  These results suggest that naringin treatment for 4 weeks improves 
high fructose induced insulin resistance and oxidative stress in rats.  
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Introduction 
 

The use of fructose in soft drinks and food 
products is dramatically increased in recent decades 
(Tappy, Le, Tran, & Paquot, 2010). It is now 
widely recognized that both sedentary lifestyle and 
unhealthy dietary habits contribute to the 
development of metabolic disorders (Stanhope, 
2016). There is increasing evidence that the 
consumption of high amounts of fructose, mainly 
through soft drinks, increases the risk of metabolic 
disturbance including hyperglycemia, insulin 
resistance, and hyperinsulinemia (Ferder, Ferder, & 
Inserra, 2010; Ter Horst, Schene, Holman, Romijn, 
& Serlie, 2016).  Insulin resistance is a pathological 
condition in which tissues cannot fully respond to the 
hormone insulin. This hormone regulates the blood 
glucose levels in body by promoting glucose uptake 
into body cells and regulating carbohydrate and 
protein metabolism  Insulin resistance plays an 
important role in the initiation of type 2 diabetes, a 

major risk factor for cardiovascular disease 
(Tangvarasittichai, 2015; Tran, Yuen, & McNeill, 
2009).  

There is evidence demonstrated that oxidative 
stress is closely associated with insulin resistance 
(Rains & Jain, 2011; Tangvarasittichai, 2015). An 
elevation of reactive oxygen species (ROS) 
generation results in damage to lipid, protein, and 
other molecules, which may contribute to the 
development of insulin resistance (Rains & Jain, 
2011; Tangvarasittichai, 2015). Fructose 
consumption has also been reported to increase 
oxidative stress and induce insulin resistance 
(Hininger-Favier, Benaraba, Coves, Anderson, & 
Roussel, 2009; Murunga et al., 2016). There are 
several studies demonstrating that administration of 
antioxidant agents to rodents can decrease plasma 
insulin, glucose, and ameliorate insulin resistance in 
fructose fed conditions (Faure et al., 1997; 
Hininger-Favier et al., 2009; Suwannaphet, 
Meeprom, Yibchok-Anun, & Adisakwattana, 2010). 
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Therefore, a decrease in ROS formation might be a 
therapeutic approach to reduce fructose induced 
insulin resistance. 

Naringin (4,5,7-trihydroxyflavanone 7-
rhamnoglucoside), the major compound of flavonoid 
found in grapefruit, is reported to possess beneficial 
pharmacological effects, including antihyperlipidemic, 
antioxidant, and antihyperglycemic activities in vivo 
models (Adebiyi, Adebiyi, & Owira, 2016; Alam, 
Kauter, & Brown, 2013; Mahmoud, Ashour, Abdel-
Moneim, & Ahmed, 2012; Pu et al., 2012). In 
animal experiments, naringin could also improve 
insulin signaling (Alam et al., 2013). However, no 
studies were undertaken on the effect of naringin 
against high fructose-induced insulin resistance and 
oxidative stress. Therefore, the aim of present study 
was to investigate whether naringin treatment 
reduces insulin resistance and oxidative stress in 
fructose fed rats. 
 

Methods and Materials 
 

Chemicals 
Naringin, fructose, and carboxymethylcellulose 

(CMC) were purchased from Sigma Chemical Co. 
(St. Louis, MO, USA). Rat/Mouse Insulin 
ELISA kit was obtained from Merck Milipore 
(Madrid, Spain). Naringin was dissolved in 
0.1%CMC before use. 

Animals and experimental protocol 
Male Sprague-Dawley (SD) rats weighing 180–

200 g were obtained from the National Laboratory 
Animal Center, Mahidol University, Bangkok, 
Thailand. All animals used in this study were housed 
at a constant  temperature of 20 - 22°C, with a 12-
h light-dark cycle and were allowed free access to 
tap water and the standard rat chow for one week. 
After acclimatization, rats were randomly divided into 
the following groups (8 rats per group): control (C), 
receiving tap water ad libitum; fructose (F), 

receiving fructose solution and vehicle 0.1% CMC; 
and fructose+naringin (FN), receiving fructose 
solution and  naringin (100 mg/kg body weight/d).  
Fructose solution was administered to the rats as 
10%  fructose (w/v)  in drinking water ad libitum 
for 12 weeks. Naringin (100 mg/kg body weight 
/d) was dissolved in 0.1% CMC and orally 
administrated to rats during the last four weeks of 
fructose feeding. The consumed fructose solution 
were measured daily. All animal procedures were 
performed within the institutional guidelines for the 
care and use of laboratory animals and were approved 
by the Animal Ethics Committee of Naresuan 
University, Thailand.  

Sample preparation 
At the end of 12 weeks of fructose feeding, 

overnight fasted rats were euthanized with 
intraperitoneal pentobarbital (50 mg/kg). Blood 
samples were collected by cardiac puncture and 
subsequently centrifuged at 10,000g for 15 min at 
4 °C. Serum supernatants were subsequently 
separated for biochemical analysis. Liver tissue of 
animals was rapidly dissected and immediately 
homogenized in ice cold phosphate buffer (50 mm, 
pH 7.4). The homogenate was then centrifuged at 
3000 g for 20 min at 4 °C and the supernatant was 
collected for subsequent measurement of MDA, 
SOD, and GPx. 

Measurement of glucose, insulin and advanced 
glycation end products (AGEs)  

Fasting blood glucose levels were measured using 
a glucometer (Accu-Chek, Roche Diagnostic, 
France). The total insulin concentration in the serum 
was measured by using Rat/Mouse Insulin ELISA kit 
(Merck Milipore, Madrid, Spain) according to 
manufacturer's instructions. Insulin resistance was 
determined using the homeostasis model assessment 
index for insulin resistance (HOMA-IR) formula: 
HOMA-IR = [fasting insulin (ng/ml) x fasting 
glucose (mg/dL)] /405 (Chutia & Lynrah, 2015). 
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The serum AGE formation was determined  according 
to a previous method (El-Bassossy, Badawy, 
Neamatallah, & Fahmy, 2016). Briefly, serum was 
diluted in saline (1:15 v/v) and the fluorescence 
intensity was measured at an excitation wavelength of 
370 nm and emission wavelength of 440 nm. 

Determination of oxidative stress. 
Level of malondialdehyde (MDA) was 

determined using the TBRAS assay kit (Cayman 
Chemical, Ann Arbor, MI, USA).  Briefly, 
supernatants from liver homogenates or serum (0.1 
mL) was mixed with a sodium dodecyl sulfate 
solution (0.1 mL) and color reagent (4 mL). The 
reaction mixture was heated in a boiling water bath at 
95°C for 60 minutes and then rapidly cooled. After 
centrifugation, the absorbance of the supernatant was 
measured at 532 nm. 

The activity of superoxide dismutase (SOD) in 
the liver homogenates and serum was determined 
using the superoxide dismutase kit (Cayman 
Chemical, Ann Arbor, MI, USA) in accordance with 
the manufacturer's instructions. Briefly, supernatants 
from liver homogenates or serum was suspended in 
radical detector. The reaction was started by addition 
of xanthine oxidase.  After an incubation of 30 
minutes at room temperature, the absorbance was 
measured at 450 nm.  

The glutathione peroxidase (GPx) activity was 
determined using a GPx assay kit (Cayman 
Chemical, Ann Arbor, MI, USA) according to the 
manufacturer's protocol.  Briefly, supernatants from 
liver homogenates or serum (20 µL) was mixed with 
100 µL of assay buffer (50 mM Tris-HCl, pH 7.6, 
containing 5 mM EDTA) and 50 µL of co-substrate 
mixture (lyophilized powder of NADPH, glutathione, 
and glutathione reductase). The reaction was initiated 
by addition of cumene hydroperoxide (20 µL). 

Absorbance at 340nm was measured at 60 sec 
intervals for 6 min. 

Statistics 
Results are expressed as the mean ± SEM. Data 

were analyzed by one-way analysis of variance 
(ANOVA) followed by Dunnett’s test (GraphPad 
Prism 4.0 software, San Diego, USA). P < 0.05 was 
considered statistically significant.  

 
Results 

 
Effect of naringin on blood glucose, insulin and 

advanced glycation end products (AGEs) 
There was no difference in fluid intake among the 

three experimental groups (control 43± 6; fructose 
37±8; fructose+naringin 38±7 mL/day/rat). Rats 
treated with 10% (w/v) fructose in drinking water 
significantly increased levels of blood glucose and 
serum insulin, and HOMA-IR index when compared 
to control group. Treatment with naringin for 4 
weeks reversed these parameters in fructose fed rats 
(Figure 1). Serum AGEs formation of the F group 
significantly increased in comparison with that of the 
C group. However, treatment of fructose fed rats with 
naringin decreased fructose induced AGE formation 
(Table 1). 

Effect of naringin on oxidative stress 
In fructose fed rats, the serum and liver MDA 

levels, a biomarker of lipid peroxidation, were 
statistically higher than those of control rats. 
However, activities of antioxidant SOD and GPx in 
both serum and liver of fructose fed rats were not 
significantly different from those of control rats. Oral 
administration of naringin to fructose fed rats caused 
a significant reduction in MDA levels, but had no 
effect on antioxidant activities in both serum and liver 
(Table 1 &2) 
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Figure 1  Effect of naringin treatment on the  levels of  blood glucose (A) , serum insulin (B) , and HOMA-IR index (C) in 

fructose fed rats. Data are expressed as mean ± SEM (n=8 in each group). Control(C), fructose fed rats (F), fructose 
fed rats treated with naringin (100 mg/kg/day) (FN).*P < 0.05 as compared to control; #P < 0.05 as compared to 
fructose. 
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Table 1 Effect of daily oral administration of naringinon on levels of serum MDA, SOD, GPx, and AGEs in fructose-fed rats  
Group MDA (µM/mL) SOD (U/mL) GPx (µU/mL) AGE 

(fluorescent units) 
C 0.8 ± 0.06 30.3 ± 0.9 90± 7.8 51±5 
F 1.3 ± 0.06* 28.9 ± 1.9 80± 5.4 79±5* 

FN 0.7 ± 0.07# 33.7 ± 4.6 93± 8.9 49±3# 
Values are expressed as the mean ± SEM; *P < 0.05compared with control group; #P < 0.05 compared with F group. 
 
Table 2 Effect of daily oral administration of naringinon on levels of hepatic MDA, SOD, and GPx in fructose-fed rats  

Group MDA (nM/mg protein) SOD (U/mg protein) GPx (µU/mg protein) 
C 10.5± 1.1 60.3 ±4.9 58± 6.7 
F 19.1±2.6* 52.8±5.8 45± 5.9 

FN 12.3± 1.7# 65.9± 6.6 56± 6.1 
Values are expressed as the mean ± SEM; *P < 0.05compared with control group; #P < 0.05 compared with F group. 

 
Discussion 

 
Chronic consumption of dietary sugars is 

associated with accelerating insulin resistance which 
precedes the development of type 2 diabetes (Shanik 
et al., 2008). Insulin resistance refers to the 
condition of reduced cellular sensitivity to hormone 
insulin, which mediates glucose uptake. This leads to 
decreased glucose metabolism and increased blood 
glucose concentration. The decreased responsiveness 
of tissues to insulin leads to the pancreas 
compensation and subsequently increased insulin 
secretion to maintain blood glucose concentration 
(Shanik et al., 2008). Fructose is widely used as a 
sweetener in several foods and beverages 
(Basaranoglu, Basaranoglu, Sabuncu, & Senturk, 
2013; Hanover & White, 1993). Numerous studies 
have been shown that high fructose consumption 
caused hyperinsulinemia and insulin resistance in 
animals (Hozayen, Mahmoud, Soliman, & Mostafa, 
2016; Putakala, Gujjala, Nukala, & Desireddy, 
2017). The insulin resistance is commonly 
determined by the homeostatic model assessment of 
insulin resistance (HOMA-IR) index, which 
calculated by both fasting blood glucose and insulin 
levels (Tangvarasittichai, 2015; Wallace & 
Matthews, 2002). 

Our results showed that the administration of 
fructose (10% w/v) in drinking water to rats for 12 
weeks causes the development of insulin resistance as 
indicated by the significant increase in blood glucose 
and serum insulin levels and HOMA-IR values. This 
is in agreement with previous studies reporting the 
development of insulin resistance in fructose fed 
animals (El-Bassossy et al., 2016; Hininger-Favier 
et al., 2009). However, the mechanisms of insulin 
resistance due to fructose intake are not completely 
understood. Several hypotheses have been proposed 
to explain the development of insulin resistance in 
fructose fed conditions, including an impairment of 
intracellular insulin signaling pathway, a change in 
the activities of several enzymes regulating hepatic 
glucose metabolism, and a generation of reactive 
oxygen species (ROS) (Basciano, Federico, & Adeli, 
2005; Tran et al., 2009). 

The present study demonstrated that naringin 
treatment for 4 weeks lowered blood glucose and 
insulin, and improved insulin resistance in fructose 
fed rats. It has been demonstrated that naringin 
reduced the levels of blood glucose and insulin in 
high fat fed mice and diabetic rats (Mahmoud et al., 
2012). In type 2 diabetic db/db mice, naringin 
increased glycolysis and decreased gluconeogenesis in 
liver, leading to reduced blood glucose levels (Jung, 
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Lee, Jeong, & Choi, 2004). In mice fed high fat 
diet, naringin could improve insulin resistance via 
activation of the AMP activated protein kinase 
pathway (Pu et al., 2012). Therefore, naringin 
might have a beneficial effect against the 
development of insulin resistance induced by high 
fructose intake. 

In addition to insulin resistance, high fructose 
consumption could also trigger ROS generation.  
After absorption, fructose is primarily metabolized 
via fructolysis in the liver. Rapid fructolysis results in 
ATP depletion, resulting in enhancing oxidative 
stress, which causes the cellular function disruption 
and damage (Zhang, Jiao, & Kong, 2017). 
Furthermore, there is an evidence that fructose and its 
metabolites cause advanced glycation end products 
(AGEs) formation and subsequently ROS production, 
leading to lipid peroxidation (Zhang et al., 2017). 
MDA levels have been used as the indicator of 
oxidative damage initiated by ROS. Oxidative stress 
has been shown to play an important role in the 
development and progression of  insulin resistance 
(Rains & Jain, 2011; Tangvarasittichai, 2015). It 
has been reported that insulin signaling was impaired 
under oxidative stress conditions, leading to insulin 
resistance of the cell (Rains & Jain, 2011). In 
animal experiments, overproduction of ROS in liver 
and adipose tissue induced the development of insulin 
resistance (Matsuzawa-Nagata et al., 2008). Our 
results were consistent with previous studies 
demonstrating that fructose feeding elevated oxidative 
stress as evidenced by an increase in serum MDA 
levels (Develi-Is et al., 2014; Mahmoud & 
Elshazly, 2014). In addition, our study also found 
that there were no changes in antioxidant enzyme 
activities (SOD and GPx) in serum and liver 
homogenates among the three experimental groups. 
However, previous studies have reported increase in 
(Demirtas, Pasaoglu, Bircan, Kantar, & Turkozkan,  
 

2015) and decrease in (Ajiboye et al., 2016; 
Dornas et al., 2013) antioxidant enzyme activities in 
fructose fed animals. One possible explanation for a 
lack of significant change in the activity of SOD and 
GPx  in the present study probably due to the 
different concentrations of sugar used or a degree of 
severity of metabolic abnormalities. Furthermore, 
serum AGEs levels were also elevated in fructose fed 
rats. Naringin has been reported to have free radical 
scavenging and antioxidant properties in several 
animal models (Mahmoud et al., 2012; Murunga  
et al., 2016). In our study, administration of 
naringin decreased serum TBARS and AGEs levels in 
fructose fed rats. These results suggested that 
naringin could inhibit high fructose induced oxidative 
stress damage in rats.  

 
Conclusion and Suggestion 

 
The present study demonstrates that high fructose 

intake induces insulin resistance and oxidative stress 
in rats. Oral administration of naringin for 4 weeks 
ameliorates high fructose induced insulin resistance 
and oxidative stress. Our findings provide the 
beneficial effect of naringin for treating fructose 
induced insulin resistance. However, further studies 
are needed to explain the exact underlying 
mechanisms of insulin sensitizing effect of naringin 
in fructose fed conditions. 
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