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1. Introduction

iabetes mellitus (DM) is a common meta-
bolic disorder that is characterized by 
hyperglycemia and other complications 
(Popovic, Biessels, Isaacson, & Gispen, 
2001). Elevated blood glucose levels in dia-

betic patients involve alternations in neurotransmission, 
electrophysiological abnormalities, structural changes, 
and cognitive deficits (Biessels et al.,, 1996, 1994; 
Monaghan, 1995; McCall, 1992). It has been reported 
that anxiety symptoms increased and were common 
among types 1 and 2 diabetic patients (Grigsby, Ander-
sona, Freedlanda, Clouse, & Lustmana, 2002; Skenazy 
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& Bigler, 1984; Lustman & Clouse, 1990), and such pa-
tients certainly suffer from reduced motor activity and 
increased risk of dementia and cognitive dysfunction 
(Gispen & Biessels, 2000). Such that, diabetic individu-
als performed poorly on tasks requiring motor efficacy 
and somatosensory discrimination (Lustman, 1988). 
Continuously, it has been suggested that anxiety is as-
sociated with poor control of glycemia (Lloyd, Dyert, 
& Barnett, 2000; McGrady & Horner, 2001; Rubin & 
Peyrot, 2001). Also, poor glycemic control can be a risk 
factor for various diseases, including myocardial infarc-
tion, stroke, Alzheimer's disease, bone fractures, and 
colorectal, liver, pancreas, bladder, and breast cancers 
(Croft & Hannaford, 1989; Coughlin, Calle, Teras, Pe-
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trelli, & Thun, 2004; Stegmayr & Asplund, 1995; Ott et 
al., 1999; Vestergaard, Rejnmark, & Mosekilde, 2005).

In recent years, more attention has been focused on the 
relationship between neurochemistry, neuroanatomy 
and behavior. That is, our previous studies determined 
that hippocampal neuronal density decreased signifi-
cantly and the susceptibility to Pentylentetrazol (PTZ) 
induced convulsions increased in experimental animals 
that were exposed to repeated acute hyperglycemia in 
infancy period (Moghadami, Moghimi, Jalal, Behnam-
Rasouli, & Mahdavi-Shahri, 2011).  Furthermore, sev-
eral studies have demonstrated that diabetes is associ-
ated with behavioral changes in animals (Mooradian, 
1988; Tomlinson, Gardiner, Hebden, & Bennett, 1992). 
So, it has been shown increased grooming activity in a 
novel environment (Ahmad & Merali, 1988), more anx-
iogenic activity (Ramanathan, Jaiswal, & Bhattacharya, 
1998) in rats, decreased locomotor activity, increased 
immobilization time and anxiety behavior in diabetic 
mice (Asakawa, Toyoshima, Inoue, & Koizumi, 2007), 
reduced locomotor and exploratory behaviors in hyper-
glycemic females  (Inhasz Kiss et al., 2009). Also cog-
nitive deficits (Singh, Chopra, & RajatSandhir, 2008) 
and decreased behavioral activity were observed in dia-
betic animals using elevated plus maze, open field tests 
(Volchegorskii, Tseilikman, Ship, Bubnov, & Sinitskii, 
2003), and hole-board test (Junzo Kamei, Ohsawa, Tsu-
ji, Takeda, & Matsumiya, 2001).  Likewise, offspring of 
diabetic dams showed hyperactivity and anxious behav-
ior (Ramanathan et al., 2000). 

Thus, these data indicate that hyperglycemia is enough 
to impair behavioral activity. But little is known about 
the effects of hyperglycemia in immature infants and its 
influence on behavioral alternations in adults. Further-
more, in the present study, hyperglycemia was induced 
in newborn rats and behavioral alternations in adult life 
were examined. 

2. Methods 

2.1. Subjects

Wistar rats (n=40) which were bred in the animal house 
of Ferdowsi University of Mashhad, Iran, were random-
ly divided into 4 groups (n=10 in each): hyperglycemic 
and control males and females. They were housed in 
the standard Plexiglas cages in temperature-controlled 
rooms (20°C) with a 12:12-hr light:dark cycle and free 
access to water and standard rodent diet (Javaneh Kho-
rasan Co., Mashhad). The offspring were obtained by 
mating a normal father with a normal mother and birth 

day take into 0 day. Body weights of rats were moni-
tored daily during the experiments. All experimental 
procedures were approved by the Institutional Animal 
Care and Use Committee and were conducted in accor-
dance with the National Principle for the care and use of 
laboratory animals.    

2.2. Hyperglycemia Induction and Blood Glucose 
Measurements 

Hyperglycemia was induced by intraperitoneal injec-
tion of dextrose solution (Pasteur Institute of Iran; 50%, 
2 g/kg i.p., 2 times/day) in hyperglycemic male and 
female groups at 10 days of age (n=10). Repeated in-
traperitoneal administrations of dextrose solution were 
continued for 15 days (Moghadami et al., 2011). To de-
termine the glycemic state of the rats, blood glucose lev-
els were measured in the blood samples, obtained by tail 
prick, using a strip operated glucometer (BIONIME), 
before injection (0 min), 30, 60, and 120 min after in-
jection. Male and female control animals were injected 
with saline only (n=10). And then animals were kept to 
reach 60 days old. 

2.3. Behavioral Tests 

Adult animals (60 days old) were tested in two types 
of behavioral tasks, elevated plus-maze (EPM) and 
open field (OF) tests to assess differences in emotional-
ity and anxiety in a random order. Immediately before 
the testing, animals were brought into the testing room 
in their home cage, and testing started immediately with 
no acclimatization period. 

2.4. Elevated Plus Maze Test

Adult rats were subjected to elevated plus-maze and 
were recorded on various behavioral parameters. The 
experimental procedure was similar to that described by 
Pellow, Chopin, File, and Briley (1985). Subjects were 
placed one at a time in the central area of the apparatus 
facing a closed arm, and a timer was started. The appa-
ratus consisted of two open arms (50 x 10 cm) and two 
closed arms (50 x 10 x 20 cm). The arms extended from 
a central platform (5 x 5 cm), and the maze was elevated 
to a height of 50 cm from the floor. During the 5 min 
test period, the following parameters were measured to 
analyze the behavioral changes of the experimental rats: 
open arm entry, closed arm entry, percentage of arm en-
try, total arm entry, time spent in open arms, time spent 
in closed arms, and percentage of time spent in open 
arm and closed arm (Espejo, 1997; Guimaraes, Del Bel, 
Padovan, MendonçaNetto, & Titze-de-Almeida, 1993). 
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An entry was defined as entering with all limbs into one 
arm. A decrease in open arm entries and also the time 
spent in these arms are indicative of anxiogenic activity 
shown by experimental rats. So that, the more anxious 
animals enter the open arms less frequently and spend 
less time in open arms. Overall animal locomotor activ-
ity can be measured by the total number of entries into 
both open and closed arms. Once the test was complet-
ed, each rat was returned to its home cage, the apparatus 
was cleaned with 75% Ethanol, and fully dried before 
performing the next experiment. 

2.5. Open Field Test 

To evaluate locomotor and exploratory activities in 
a novel environment, adult animals were subjected to 
an open-field activity test. Rats were placed in an open 
field box (40 × 100 x 100 cm) marked off into 25 equal 
squares, 9 holes were inserted in each square (on the 
center, corners and middles of square’s ribs). All experi-
ments were conducted in a quiet room under normal 
light. Each animal was tested in the apparatus once. To 
determine open field activity, each animal was placed for 
the first time in a fixed corner of the open field box. Dur-
ing a 5 minute period animals were permitted to move 
and explore the new environment (open field box). The 
number of rows of crossed squares (outer and inner) 
with all four paws, number and duration of grooming 
and rearing (defined as standing upright on hind limbs), 
the frequency of defecations, total locomotor activity 
and number of head dipping into holes were recorded 
using a video camera placed on the box. (Hallam, Hor-
gan, McGrath, & Norman, 2004; Kennett, Dickinson, & 
Curzon, 1985). The animal exploratory performance in 
outer rows of squares adjacent to the walls of the box is 
considered as less anxiety. Total movement in the appa-
ratus reflects general activity and the relative movement 
or crossing the central or peripheral squares are corre-
lated to the anxiety state of rats. Therefore, exploratory 
activities determined by frequency of head-dipping into 
holes, fear-related behaviors are expressed by rearing 
and frequency of defecation. So, more defecation and 
less locomotor activity imply fear behavior in rats or 
mice (Bronikowski et al., 2001).

2.6. Statistical Analysis 

All data are expressed as group means ± SEM. Sta-
tistical significance between groups was determined 
by one-way or two-way ANOVA followed by Dun-
nett's post-hoc test, or Student's t-test, as appropriate. A 
P<0.05 was considered significant. 

3. Results 

3.1. Anxiety Level in the EPM Apparatus 

In the elevated plus maze test, hyperglycemic males 
showed a significant decrease in locomotor activity 
(Fig. 1A, p<0.05), increased numbers of entry and time 
spent in the closed arms (Fig. 1C, 1E, p<0.05), com-
pared to controls. Also, the percentage of the total num-
ber (% entry) and the total time (% time) of entries in the 
open arms were reduced compared to control rats (Fig. 
1D, 1B, p<0.05). Likewise, in experimental females, a 
significant decrease in the total locomotor activity (Fig. 
1A, p<0.01), and closed arm entry (Fig. 1C, p<0.05) 
was observed. Also, results revealed no differences in 
performance between male and female hyperglycemic 
animals on these experiments but there were significant 
differences between controls at closed arm entry, the 
spent time in opened arm and open arm entry param-
eters (Fig. 1B, 1C, 1D). 

3.2. Exploratory & Emotional Behaviors in the 
Open Field Apparatus 

Open-field testing is used to assess locomotion, explo-
ration, and anxiogenic-like behavior of rats. Compared 
to controls, hyperglycemic males spent less time in 
the outer rows of the field (Fig. 2A, p<0.01). Results 
showed that they crossed more inner rows (Fig. 2B, 
p<0.05), defecated less frequently (Fig. 2F, p<0.001), 
groomed more frequently (Fig. 2D, p<0.001), and their 
total locomotor activity was reduced significantly (Fig. 
2H, p<0.01). However, there were no significant differ-
ences in the number of rearing and head-dipping be-
haviors between control and experimental male groups. 
Also, similar tests comparing locomotor and explorato-
ry activities in female rats determined a significant in-
crease in times of inner squares entry (Fig. 2B, p<0.05). 
Hyperglycemic females crossed less outer rows of field 
(Fig. 2A, p<0.05), with a reduced head-dipping fre-
quency (Fig. 2G, p<0.05), and a decreased defecation 
frequency (Fig. 2F, p<0.05), and groomed more fre-
quently (Fig. 2D, p<0.01). But there were no significant 
differences in the number of rearing behaviors and total 
locomotor activity between control and hyperglycemic 
females. Also, there were no differences between male 
and female experimental groups but there were signifi-
cant differences between controls at head dipping, dura-
tion of grooming, inner rows entry parameters (Fig. 2G, 
2C, 2B). As that implies, the control animals were more 
active in the open field (Fig. 2). 
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Figure 1. Effects of infantile repeated hyperglycemia on anxiety state in the elevated plus maze. During the 5 min test period 
the following parameters were measured to analyze the behavioral changes of the experimental groups: A) Total locomotor 
activity, B) Time spent in open arms, C) Closed arm entry, D) Open arm entry, E) Time spent in closed arms. Results are ex-
pressed as mean ± S.E.M. n=10 for each group. *: P < 0.05, **: P< 0.01, ***: P< 0.001 compared to the control group. 
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Figure 2A.

Figure 2C.

Figure 2E.

Figure 2B.

Figure 2D.

Figure 2F.
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Figure 1G. Figure 1H.

Figure 2. Effects of infantile repeated hyperglycemia on exploratory and emotional behaviors in the open field test. During the 
5 min test period the following parameters were measured to analyze the behavioral alternations of the experimental animals: 
Outer rows entry (A), Inner rows entry (B), Time spent of grooming (C), Frequency of grooming (D), Frequency of rearing 
(E), Frequency of defecation (F), Frequency of head dipping (G), Total locomotor activity (H). Results are expressed as mean ± 
S.E.M. n=10 for each group. *: P < 0.05, **: P< 0.01, ***: P< 0.001 compared to the control group. 

4. Discussion 

Our results indicated that adult rats with infantile re-
peated hyperglycemia showed anxiogenic activity on 
the EPM and hypo activity and less exploratory be-
haviors in the open field test. Although no such gender 
differences were found in activity and anxiety levels 
in the present study among hyperglycemic adult rats. 
We can suggest that although in normal males and fe-
males, abovementioned behaviors are significantly dif-
ferent, maybe hyperglycemia during infantile period of 
brain development will prevent the sexual dimorphism 
of brain anatomical and biochemical mechanisms and 
functions. 

The time an animal spends in the open arm of the 
EPM apparatus reflects its anxiety level. Thus anxious 
animals spent most of the time in the closed arms while 
less anxious animals explored open areas longer. Hy-
perglycemic rats showed an increased percentage in the 
attempt made towards closed arm entry and the animals 
also remained in closed arms of EPM for a longer pe-
riod, thereby causing hypo locomotion in experimental 
rats. Besides, reduced overall locomotor activity and el-
evated inner squares entry are exhibited in the open field 
test that is related to increased fear and anxiety state. 
Therefore, infantile repeated administration of dextrose 
solution may be correlated to increased anxiety state in 
adults. 

Just as suggested, anxiety is a neurological problem 
associated with diabetes mellitus (Grigsby et al., 2002; 

Skenazy & Bigler, 1984; Gispen  Biessels, 2000). Previ-
ous studies have reported that STZ-induced diabetic rats 
exhibited heightened anxiety, reduced locomotor activ-
ity on the EPM and open-field tests (Lustman, 1988; 
Inhasz Kiss et al., 2009; Ramanathan et al., 2000) and 
increased expression of fear-related behavior (Miyata, 
2007) in various experimental paradigms. Moreover, rat 
offspring of diabetic mothers showed anxiogenic activ-
ity in the EPM test (Ramanathan et al., 2000). Addition-
ally, offspring of control and diabetic dams did not differ 
in the amount of time spent in the open or closed arms 
(Sandrini, Vitale, Vergoni, Ottani, & Bertolini, 1997). 

These results are in contrast with each other. Taken as 
a group, these studies and others have not yet yielded 
reliable conclusions as to whether neurodevelopmental 
differences exist between male and female groups. To 
our knowledge, no human or animal studies have been 
done specifically comparing anxiety and exploratory 
behaviors in the animals that have been exposed to el-
evated blood glucose concentrations in infancy period. 
Therefore, we set out to assess hyperglycemic effect in 
immature newborns on the exploratory and anxiety be-
haviors in the adult rats. 

Taken together, previous studies (Muneoka et al., 
1997; Thomas, Suzanne, Michael, Caroline, & Austin, 
1995) revealed the correlation between diabetic anxiety 
and some neurochemical systems such as serotonergic 
mechanisms. Therefore, that is possible, anxiogenic 
effect shown in this research, is related to its effect on 
serotonergic transmission. Afterwards, further stud-
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ies should be done to investigate this relationship and 
brain areas for possible alterations resulting from el-
evated levels of glucose and insulin. Also, the under-
lying mechanisms which indicate that diabetes mellitus 
influences behavior, remain to be determined. Then, it is 
clear that neurological and neurodevelopmental tests on 
effects of hyperglycemia are needed to begin to resolve 
the controversy and further studies will be required to 
elucidate how these functional alterations of nervous 
system and behavioral abnormalities occur. 

5. Conclusion

These findings determined that hyperglycemic rats 
may behave differently from controls when subjected 
to a novel environment and the change in blood glu-
cose rate in infantile period is related to the various be-
havioral and psychological changes in adults. It may be 
concluded that exposure of offspring to repeated hyper-
glycemia can lead to anxiogenic/emotional behaviors in 
adult life. 
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