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Abstract 
The aim of the present research was to evaluate the effects of a natural polyphenol, the Hesperidin, on 
induced diabetic wistar rats, on their neuro-behavioral alterations and movement functions. Four series of 
rats were used in the assays representing the control, and the treated series (Hesperidin, Streptozotocin 
and Hesperidin with Streptozotocin). After inducing the diabetes, the animals were exposed individually 
to the labyrinth in cross heightened test for a period of 5mn. Results of The test showed a slowing down 
in the movements, flexibility and a high level of anxiety on the diabetic rats. Thus, our results confirm 
the capacity of hesperidin as an antioxidant to reduce and to correct neurobehavioral and locomotion 
disorders related to diabetes and its complications by neutralizing free radicals generated by this 
metabolic disease. 
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1. Introduction 
The diabetes is a complex and progressive metabolic disease, characterized by a chronic 
hyperglycemia, resulting from a defect of the insulin secretion or its action or these both 
anomalies, with differed effects on the central nervous system and peripheral neuronal [1]. It 
was confirmed that diabetes induces adverse changes in the central nervous system, causing 
neuro-behavioral disorders, depression and cognitive dysfunction [2, 3, 4]. Diabetes also 
stimulates the increase in the activity of hypothalamic-pituitary-adrenal, consequently affects 
the stress response [5, 6]. Also it causes alterations in vessels, eyes and peripheral nerves, as 
traduced by the frequency of neuropathic pain in diabetics [7] and a peripheral neurological 
deficit induced by a neuronal degeneration and slowing nerve impulses [8]. Therefore the 
implication of diabetes to psychiatric manifestations; such as depression [7], behavioral 
disorders and anxiety [9], cognitive dysfunction [10, 11] and a slower movement [12, 13], were 
approved. As well the anxious behavior of a high level was showed in the elevated plus-maze 
[10, 14] and by the open field tests [15]. Diabetes involves several factors, such as metabolic 
disorders, vascular complications and the accumulation of free radicals [16, 17, 18]. In diabetic 
animals and in patients with type1 and type2 high levels of glucose, in the extra and 
intracellular environments, was defined as an imbalance between pro-oxidant and antioxidant 
[19]. Oxidative stress has been implicated to be as the main insidious in the genesis of various 
chronic diseases and degenerative complications by inducing either by the excessive 
production of reactive oxygen species or nitrogen or a depletion of antioxidant defense 
capabilities [20]. Therefore it is hypothesized that administration of antioxidants, as adjuvant 
therapy [21] to diabetic patients could reduce the risk of developing neuro-behavioral and 
cognitive disorders. To confirm this hypothesis, we assessed a contribution of an antioxidant 
for the prevention of the abnormal locomotors, behavioral and cognitive functions in induced 
diabetic rats with Streptozotocin and then treated with a natural polyphenol, Hesperidin. The 
evaluation of the neuro-behavioral and movements of Hesperidin treated rats were conducted 
using the labyrinth in cross heightened test. 
 
2. Materials and Methods 
2.1 Rearing rats 
Wistar rats weighting 200±20g were obtained from Pasteur Institute, Algiers. They have been 
reared in the rearing house of the Department of Biology, University of Annaba inside 
polyethylene cages with a mean temperature of 25±2 °C, standardized photoperiod and  
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humidity. Rats were supplied with water and fed on standard 
diet made up in the form of rods produced by locally.  
 
2.2 Rat treatments 
The present rats were divided on equal four groups; The 
control group known as control vehicle (CV), treated group 
with Hesperidin (CHS), Group of diabetic rats inducted with 
Streptozotocin, considered as diabetic vehicle (DV) and the 
group rats treated with Hesperidin + Streptozotocin represent 
the (DHS). The CV received daily saline solution of NaCl 
0.9% at 1ml/kg. Hesperidin CHS group, the rats received 
Hesperidin at dose of 50 mg/kg daily during 21 days diluted 
in 1ml/kg of NaCl 0.9%. Induction of diabetes in the rats of 
DV was done by a single intraperitoneal injection of 
Streptozotocin [Sigma ST Lowis, Mo] at the dose of 60 
mg/kg body weight, with a volume of 1 ml/kg. Streptozotocin 
was prepared extemporaneously in a citrate buffer 0.1M (pH 
4.5). After 72 hours of inducting diabetes in the group DHS, 
Hesperidin (50 mg/kg) was dissolved in NaCl and given by 
stomach tube to animals for a period of 21 days. Glycemia 
measurement of fasting glucose in blood was done at different 
periods (3, 7, 15 and 21 days) and was confirmed by the 
presence of glycosuria in urine by the use of dipstick bili 
labstix®.  
 
2.3 The labyrinth in cross heightened test 
The labyrinth in cross heightened is used to measure the 
degree of anxiety of the rodents [21]. The unit structure is 
heightened by 50 cm of the ground and consisted of four 
wooden arms; among which two opened of (50×10) cm 
opposing two closed others of (50×10) cm fixed in 
perpendicular way. Both closed arms rise of 40 cm of 
Plexiglas from their basis. The intersection of the four arms 

(central platform) measures 10cm [22, 23]. The test conducted 
for a period of 5 min by introducing individual rat in the 
central area of the unit, in the face of an open arm. It is known 
that the rat afraid of the empty and high spaces, its exploration 
in the open arms shows a less anxious behavior. In contrast 
more the animal is located in closed arms closed more its 
behavior is perceived as anxious [24]. After every test, the rat is 
put back in its cage and the labyrinth unit is cleaned with an 
alcoholic solution by wet paper towels and to be dried before 
the next test. The test parameters measured were movement 
activities, standing position, Also during the test spent time; 
in the open arms and the closed arms were measured and the 
number of entrance to the open arms and to the closed arms 
were counted. The anxiety level was estimated by the 
reference to the displacements in the two types of arms. It is 
considered that when the spent time in the central area is 
higher the rat's anxiety level will be lower.  
 
2.4 Statistical analysis 
The results were expressed in mean ± SEM and compared to 
control and analysed using Student's t-test, at P<0.05. 
 
3. Results 
3.1 Glycemia 
Diabetes appeared in rats treated with Streptozotocin after 48 
hours. Diabetes was checked at different periods in order to 
survey the increasing of glycemia. The rats subjected to 
treatment that inducts diabetes, their glycemia was increased 
significantly (P<0.001), from the day 3 after treatment with a 
glycemia recorded at more than 4g/l in day 21 (Table 1). 
However, this hyperglycemic state decreased significantly, 
after treatment of these animals with Hesperidin; therefore the 
glycemia was not regulated in comparison to control (Fig. 1). 

 
Table 1: Concentration of blood glucose (mg/l) of the rat groups at different period. For each group, mean values followed by the same letter are 

not significantly different (P< 0.05). 
 

Treated group rats 
Concentration of blood glucose (mg/l) of the rat groups at different periods (days) 

after treatment 
3 days 7days 15days 21days 

Control vehicle (CV) 101±8a 103±3 a 101±9 a 102±2 a 
Treated control (CHS) with Hesperidin 101±5 a 108±3 a 111±9 a 108±2 a 

Diabetic vehicle (DV) Treated with Streptozotocin 302±25b 368±13 b 396±12 b 401±8 b 
Treated with Streptozotocin and Hesperidin (DHS) 306±6 b 290±12 b 280±15 b 245±15 b 

 
3.2 The labyrinth in cross heightened test 
The labyrinths in cross heightened tests were evaluated by the 
spent time of the rats in different parts of the unit structure; 
closed arms, open arms and center part.  
 
3.2.1 Treatment effects on spent time in the closed arms of 
the unit test 
Results of the present test showed that the diabetic vehicle 

group DV spent more times in the closed arms compared to 
other groups (Figure 1). This traduces the high anxiety of 
these rats. After treatment the rats with Hesperidin (CHS), it 
was noticed the rats spent significantly less time in the closed 
arms compared to the control (DV). However this isolation in 
the closed arms was significantly higher compared to control 
(CV) which spent short time in this area (Figure1). 
 

 

 
 

Fig 1: The spent time (s) in the closed arms by the rats of different treated groups [Treated rats (CV, CHS, and DHS) compared to the control 
(CV) ***= p 0.001]. 
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3.2.2 Treatment effects on spent time in the open arms of 
the unit test 
Results of the present test showed that the Control group of 
rats spent much time in the open arms. Therefore the treated 
group with Hesperidin (CHS) spent more time compared to 
the other groups even the control one (Figure 2). The treated 
groups (DV and DHS) rats refused to spent time in the same 
place and showed a trouble in their behavioral movement. 
 

 
 

Fig 2: The spent time (s) in the open arms by the rats of different 
treated groups. [Treated rats (CV, CHS, and DHS) compared to the 

control (CV) ***= p 0.001]. 
 
3.2.3 Treatment effects on spent time in the unit center 
test 
Results showed that the diabetic vehicle group DV spent 
fewer times in the center part of the unit compared to other 
groups (Figure 3). This traduces the high anxiety of these rats 
that moved everywhere. The treated rats with hesperidin 
(CHS), presented stability in their movement by staying in the 
center area; where the spent time was not significantly 
different to the control one (Figure 3). 
 

 
 

Fig 3: The spent time (s) in the unit center by the rats of different 
treated groups. [Treated rats (CV, CHS, and DHS) compared to the 

control (CV) ***= p 0.001]. 
 
4. Discussion 
The objective increase in diabetic rats treated with 
Streptozotocin was traduced with hyperglycemia after 24 
hours compared with control group and these results concord 
with previous studies [20, 21, 15]. The administration of the 
Streptozotocin has inducted the fast destruction of pancreatic 
ß cells in Langherans islands of the treated rats. This effect 
lead to a change of the insulin secretion translated by a rise of 
the glycemia and a decrease of the absorption of the glucose 

in peripheral tissues; such as the skeletal muscles, the liver 
and the adipose tissues [22], The control of the glycogen 
metabolism; in the liver by an inter conversion between the 
activated forms and not activated by glycogen synthetase, was 
explained by activation of enzymes [23] and an increase of the 
neoglucogenesis and the production of hepatic glucose [24]. 
The treatment by the Hesperidin induces a decrease of the 
glycemia level of the diabetic rats. This result confirmed the 
previous study tested in serum glucose of rats. Blood glucose 
in the presence of this antioxidant has returned to normal level 
as that of the control and confirmed previous work [25]. 
Similar results have been reported by after treatment of Ruta 
graveolens and rutin with nicotinamide/streptozotocin 
diabetic rats [8]. 
Oxidative stress is considered as the main insidious of various 
chronic diseases and degenerative complications, like 
diabetes. It is induced either by the excessive production of 
reactive oxygen species or nitrogen or a depletion of 
antioxidant defense capabilities [13, 26, 27]. Several bio-
flavonoids present in plants and in components of the human 
food were described to correct the hyperglycemia in the sweet 
diabetes, by allocating the glucose transport [28, 29], for their 
properties of the insulin-like function [30] and of the insulin 
analogue at the receptors [31].  
The analysis of these results of the tests traduced by the level 
of anxiety, locomotor function and mental flexibility, showed 
an increase in spent time of diabetic and diabetic treated rats. 
Similar results were obtained when male wistar rats were 
treated with a natural flavonoid, the Quercetin [32]. This it 
demonstrates a high level of anxiety and a slowdown in motor 
function [13]. It was reported too music is used as a therapy 
that modulates a combined predator and noise stress induced 
anxiety-like behavior in male wistar rat [33]. Hespéridine, 
bioflavonoids of citrus fruits, present biological and 
pharmacological properties. It exhibits an anti-inflammatory, 
anti-carcinogenic and anti-oxidant activity [34]. In this study, 
diabetic rats showed a stressful behavior traduced by the 
decrease of the spent time in the open arms. Many studies 
used this behavioral criterion as a parameter of anxiety and 
confirmed these results [35, 36]. A deficiency of the cognitive 
function was observed at diabetic patients as well as at 
animals [37]. The treatment by the Hesperidin to diabetic rats 
was proposed to modulate the anxious behavior. This got 
oxidative capacities in the modulation of the cerebral neuronal 
transmission and the HPA activation. Hesperidin was reported 
to ameliorate the behavioral and biochemical indicators of 
mice and that by modulating the nitrergic pathway [38]. These 
results support the findings of previous studies that also 
showed an improvement in the number of entry and the time 
spent in the open arms of the treatment after repeated 
Hesperidin treatment. It is concluded that the present study 
showed a high level of anxiety and a slowdown in locomotion 
and mental flexibility and modulate the disorders related to 
diabetes [36].  
 
5. Conclusion 
The obtained results of the labyrinths in cross heightened tests 
confirm the capacity of Hesperidin to correct neurobehavioral 
disorders related to diabetes and its complications by 
neutralizing free radicals, of cell aging and apoptosis. It also 
has the capacity to control the neuro-degenerative symptoms. 
Therefore it is suggested that Hesperidin can be used as a 
therapeutic complement against neuro-behavior disorders.  
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