
INFLUENCE OF NMDA, A POTENT AGONIST OF
GLUTAMATE RECEPTORS, ON BEHAVIORAL ACTIVITY
IN 4-WEEK STREPTOZOTOCIN-INDUCED DIABETIC RATS

Konstanty Wiœniewski�, Ma³gorzata Fedosiewicz-Wasiluk,
Zdzis³aw Z. Ho³y, Halina Car, Emilia Grzêda

���������� 	
 ������	�	��� ������ ������� ��������� �� �� ������ ����� �	�� �	����

Influence of NMDA, a potent agonist of glutamate receptor, on beha-
vioral activity in streptozotocin-induced diabetic rats. K. WIŒNIEWSKI,
M. FEDOSIEWICZ-WASILUK, Z.Z. HO£Y, H. CAR, E. GRZÊDA. Pol. J.
Pharmacol., 2003, 55, 345–351.

The study was designed to investigate the effects of NMDA receptor
agonist on the behavioral activity in rats with experimental diabetes mellitus
(DM). Experimental diabetes was induced by a single intravenous injection
of streptozotocin at a dose of 65 mg/kg dissolved in saline. Rats treated with
saline (0.9%) served as control. Stimulation of the NMDA glutamatergic re-
ceptor was evoked by ip injection of an agonist N-methyl-D-aspartate acid
(NMDA), at a dose of 15 mg/kg 30 min before the experiments. Memory
motivated affectively was evaluated in the passive avoidance responses. Pos-
sible influence of the treatment on locomotor and exploratory activity was
tested in open field test. Moreover, the working memory was evaluated in
the T-maze test.

We observed that NMDA given alone did not have significant influence
on motor activity in control rats except for the number of bar approaches,
while in rats with DM NMDA significantly increased motor activity in the
open field test. In rats with experimental diabetes, NMDA increased acquisi-
tion, but it did not have any significant influence on consolidation and recall
of a passive avoidance responses. NMDA at the tested dose had no influence
on a passive avoidance latency in control rats. In the T-maze test, NMDA in-
creased working memory but only in diabetic rats.
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INTRODUCTION

Diabetes mellitus (DM) is a common metabolic
disorder characterized by hyperglycemia due to an
absolute or relative insulin deficiency [30]. DM is
known to be associated with neurological compli-
cations in both the peripheral and the central nervous
system [12]. Manifestations of cerebral disorders in
diabetic patients include alternations in neurotrans-
mission, electrophysiological abnormalities, struc-
tural changes and cognitive deficits [4, 6, 20, 21].
In diabetic rats, spatial learning impairments have
been reported [4].

It is known that cognitive deficit is associated
with changes in the hippocampal synaptic plasticity
including an impaired expression of long term po-
tentiation (LTP) and enhanced expression of long-
term depression (LTD) [4, 9, 18].

In recent years, much attention has been fo-
cused on the relationship between neurochemistry
and behavior. It is known that excitatory transmis-
sion in the brain is mediated by glutamate acting
through both classes of receptors: ionotropic
(NMDA, AMPA) and metabotropic (mGluRs). In
this research, the role of the glutaminergic NMDA
receptors has received special interest. NMDA re-
ceptors are heteromeric glutamate-gated ion chan-
nels in the central nervous system [16, 27]. Be-
cause NMDA receptors are believed to be involved
in LTP, this receptor type seems to be very impor-
tant for learning and memory [11, 24, 26, 28]. It is
well know that pretraining administration of NMDA
receptor antagonists impairs the acquisition of the
passive avoidance task, while postraining admini-
stration also impairs memory in passive avoidance
test [31, 32].

It is known that expression of NMDA receptor
subunits is decreased in the brain of streptozotocin
(STZ)-diabetic rats. Furthermore, reduction of the
activity of the NMDA receptor complex develops
in time after induction of diabetes. In 2002, Gar-
doni et al. showed that one month of STZ-diabetes
did not affect the NMDA receptor complex. In con-
trast, 4 months after induction of diabetes NR2B
subunit immunorectivity, CaMKII and Tyr-depen-
dent phosphorylation of the NR2A/B subunits of
the NMDA receptor were reduced [15]. This fact
seems to contribute to memory deficits in diabetic
rats.

The purpose of our study was to investigate an
influence of NMDA, an agonist of glutamate recep-
tor, on behavior in STZ-induced diabetic rats.

MATERIALS and METHODS

Animals

The study was conducted on white, male Wistar
rats weighing 250–300 g. They were housed in
cages (55 × 40 × 20 cm), 8 animals per cage, in an
air conditioned room under 12 h light/12 h dark cy-
cle beginning at 07.00. The animals were fed stan-
dard diet, food and water were freely accessible.
The experimental procedures applied in this study
were in compliance with the Board for Ethical Af-
fairs and Supervision over Research on Animals
and Individuals, Medical Academy of Bia³ystok.

Streptozotocin-induced diabetes in rats

Experimental diabetes was induced by STZ
(Sigma, Germany) administration. The single intra-
venous injection of STZ at the dose of 65 mg/kg
was given as a freshly prepared STZ solution. In
this work, 5 days after the injection, urine glucose
level was measured by Tetra Phan Dia test (Pliva
Lachema). Urine glucose level was determined in
all STZ-injected animals. We observed glukosuria
in all STZ-injected animals. All experiments were
carried out after 4 weeks from STZ administration.

Drugs

NMDA (Tocris, UK) at the dose of 15 mg/kg
per rat was injected ip. The injections, as a freshly
prepared NMDA solution, were given 30 min be-
fore the open field and elevated plus maze tests or
before the trial on the second day of the experiment
in acquisition stage and on the 3rd day of the test in
recall of the passive avoidance situation. In con-
solidation of passive avoidance responses, NMDA
was injected immediately after the trial on the 2nd
day of experiment in passive avoidance situation.
The control rats received 0.9% NaCl (Polfa, Po-
land) ip.

After completion of each experiment, all ani-
mals were anesthetized with chloral hydrate at the
dose of 0.4 g/kg per rat and after that they were
killed by decapitation.
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Behavioral tests

All experiments were carried out in a quiet, dif-
fusely lit room between 08 h and 13 h p.m. with
each group equally represented at the times of test-
ing. Rats were randomly allocated to treatment
groups and used only once. Passive avoidance re-
sponses were selected to estimate acquisition, con-
solidation and recall memory. Moreover, the putative
influence of the treatment on motor and explora-
tory activity was tested in open field, respectively.

Training of passive avoidance responses

The response was induced using the one-trial-
learning method of Ader et al. [1]. The apparatus
consisted of a 6 × 25 cm platform illuminated with
a 25 W electric bulb connected through a 6 × 6 cm
opening with a dark compartment (40 × 40 × 40 cm).
The floor of the cage was made of metal rods 3 mm
in diameter, spaced at 1 cm. The investigation took
advantage of the natural preference of rats to stay
in dark compartments. The test lasted 3 days. On
the first day, after 2 min of habituation in the dark
compartment, rats were immediately removed. Two
similar trials, at an interval of 2 min, were carried
out on the second day. After the first trial, rats were
allowed to stay in the dark compartment for 10–15 s.
In the second trial, when a rat entered the dark
compartment, it received a foot shock (0.25 mA,
3 s) delivered through the metal rods. The presence
of the passive avoidance was checked 24 h later.
Rats were placed on the illuminated platform once
more and latency to enter the dark compartment
was measured, with the cut-off time of 300 s. To
determine the effect of drug treatment on retrieval,
according to the protocol proposed by Matthies,
NMDA was administrated on the third day 30 min
before retention test. To determine NMDA effect on
consolidation, the drug was given immediately after
the completion of induction of passive avoidance.

Locomotor and exploratory activity

The open field test was used for estimation of
locomotor activity of rats. The apparatus consisted
of a square with 100 × 100 cm white floor, which
was divided by 8 lines into 25 equal squares, and
surrounded by white wall, 47 cm high. Four plastic
bars, 20 cm high, were located at four different line
crossings in the central area of the floor. A single
rat was placed inside the apparatus for 1 min of
adaptation. Subsequently, crossing, rearings and

bar approaches were counted manually for 5 min.
NMDA was given 30 min before the test.

T-maze

The procedure of T-maze test was described in
detail elsewhere (modified by Braszko et al.) [8].
Briefly, a wooden runway, 68 × 8 × 7.5 cm was
connected at the half of its length to the other run-
way, 48 × 8 × 7.5 cm constituting the base of the
T-maze. The roof of the maze, made of wood, was
appropriately hinged to longer runway and had a 12
× 7.5 window over the start area at the beginning of
the base. The start area was closed by hinged door.
Aluminum plates (7 × 7 × 0.1 cm) were distributed
on the floor of both runways at 12 cm intervals.
The floor-facing surface of each plate was con-
nected to the pressure-sensitive microswitch. The
microswitch was connected to the microbulbs lo-
cated on the upper surface of the roof. This system
signalled the rat’s position inside the maze. Prior to
the learning session animals were deprived of food
for 42 h. For learning each rat was placed in the
start area directly under the window. The bright
light, emitted by a 60 W lamp located 20 cm above
the window, prompted the animal to enter the dark
parts of the maze (rats prefer dark). The rats, which
did not start moving into the maze within 60 s,
were discarded from the experiment. A piece of
standard laboratory chow food was placed in a dish
located 1cm from the end of its side arm. A correct
choice was recorded when the rat approached the
food. Upon touching the food with its snout but
without allowing eating it, the animal was re-
moved. The procedure was repeated until 2 con-
secutive correct choices or 10 trials (whichever oc-
curred first) were completed. After the learning
session was carried out with one animal, the posi-
tion of food was recorded, the maze was carefully
cleaned, and the dish with food was placed in an-
other arm. The rats, which did not reach the learn-
ing criterion (2 subsequent correct choices), were
discarded from the experiment. Retention was
tested after another 24 h of food deprivation fol-
lowing the feeding period. Each rat was given 5 test
trials identical to the learning trials but carried out
without food in the maze. During retention testing,
a correct choice was the one in which the rat en-
tered the maze side arm which previously, during
the learning session, contained food. The percentage
of the correct choices was calculated for each ani-
mal and taken as measure of retention.
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Statistical analysis

The statistical significance of the results was com-
puted by one-way analysis of variance (ANOVA)
followed by Student’s t-test and by Newman-Keuls
test, except for passive avoidance behavior as-
sessed with Mann-Whitney ranking test. F – ra-
tions, degrees of freedom and p values are reported
only for significant differences. For all compari-
sons, differences between particular groups with p
equal to or less than 0.05 were considered signifi-
cant.

RESULTS

The influence of NMDA on locomotor and

exploratory activity in rats with DM

in the open field test (Fig. 1)

We observed that NMDA at the examined dose
did not change the number of crossed fields and
rearings, but increased the number of bar appro-
aches in control rats. In diabetic rats, NMDA sig-
nificantly increased locomotor and exploratory ac-
tivity in the open field test. NMDA changed loco-
motor and exploratory activity in STZ-induced
diabetic rats.

The effect of NMDA on acquisition, con-

solidation and recall of passive avoidance

in diabetic rats (Fig. 2)

Our examination showed that NMDA in rats
with experimental diabetes increased acquisition,
but it had no significant influence on consolidation
and recall of a passive avoidance responses. NMDA
at the tested dose had no influence on a passive
avoidance latency in control rats. In memory test-
ing NMDA increased acquisition in diabetes, but
had no effect on consolidation and recall.

The effect of NMDA on working memory

in diabetic rats in T-maze test (Fig. 3)

In our examination, we observed that NMDA
given at a dose of 15 mg/kg significantly increased
working memory in STZ-induced diabetic rats. At
the tested dose, NMDA caused no change in mem-
ory in control rats. NMDA changed memory in
T-maze in diabetic rats.

DISCUSSION

The aim of this study was to determine whether
NMDA plays a role in the mechanisms involved in
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behavioral activity in diabetic rats. Stimulation
with NMDA at a dose of 15 mg/kg had no influ-
ence on locomotor activity in the control, except
the number of bar approaches, but this activity was
significantly increased in STZ-diabetic rats.

In the memory tests, in rats with experimental
diabetes, NMDA increased acquisition, but it did
not have any significant influence on consolidation
and recall of a passive avoidance responses. NMDA
at the tested dose had no influence on a passive
avoidance latency in control rats. This data corre-
late with our previous results showing that NMDA
given at a dose of 15 mg/kg had no significant in-
fluence on memory processes in control rats in this
test, but at a dose of 30 mg/kg, it increased passive
avoidance latency. In the T-maze test, NMDA in-
creased working memory in diabetic rats.

DM is known to be associated with neurologi-
cal complications in both the peripheral and central
nervous system. Impairment of learning and mem-
ory is recognized as a complication of diabetes.
Cognitive deficits can result from metabolic impair-
ment or cerebral vascular complications [25, 29].

In animal models of diabetic pathology, such as
the STZ-diabetic rat, spatial learning impairments
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have been reported [4]. STZ-diabetic rats also dis-
play deficits in cognitive tasks, such as perform-
ance in the Morris water maze [5, 17]. Further-
more, STZ-induced diabetes in rats results in the al-
tered function of NMDA [12] and AMPA [9] type
glutamate receptors, which are implicated in learn-
ing and memory processes [10].

Our data showed reduction of acquisition but
not of consolidation and recall in a passive avoid-
ance test in STZ-diabetic rats. Perhaps deficit of ac-
quisition is associated with changes in the hippo-
campal synaptic plasticity including an impaired
expression of LTP [4, 9]. It is known that LTP plays
a crucial role in consolidation of memory. Perhaps
it can take part in electrophysiological alternations
in acquisition as well.

On the other hand, some biochemical modifica-
tions may have important behavioral impact in dia-
betes. In 1989, Linda found that diabetic rats showed
significantly better retention of the task than non-
diabetic rats in a passive avoidance learning. Dia-
betic rats had higher epinephrine excretion and
non-diabetic rats had lower excretion after foot-
shock training relative to baseline measurements,
which was associated with retention differences
[3]. This result is in agreement with previous find-
ings of enhanced retention of passive avoidance in
STZ-treated mice [19, 22]. So, stress can be seen to
affect diabetics differently from the way in which it
affects nondiabetics [3].

Furthermore, intensity of electrophysiological
abnormalities, structural changes and cognitive de-
ficits may increase in the course of diabetes.

Genetic studies showed that in rats with a dia-
betes lasting 3 months, the immunoreactivity for
NR2B subunits of NMDA receptor was reduced by
about 40% [12]. In 2002, Gardoni et al. showed
that one month of STZ-diabetes did not affect the
NMDA receptor complex. On the contrary, 4 months
after induction of diabetes, NR2B subunit immuno-
reactivity, CaMKII and Tyr-dependent phosphory-
lation of the NR2A/B subunits of the NMDA re-
ceptor were reduced [15]. This fact seems to con-
tribute to memory deficits in diabetic rats.

Furthermore, it was discovered that memory
deficits and changes in LTP increased along with
age of rodents. In STZ-induced diabetes lasting 10
and 11 weeks, there was a dysfunction of memory
processes in the Morris water maze test [4, 5, 14,
18]. It is known that LTP is impaired in 11-week
STZ-induced diabetic rats, which is believed to be

related to the cellular mechanisms of learning and
memory [2, 4, 7, 18]. Intensity of deficits of learning
and memory may increase in the course of diabetes
and with intensification of pathological processes.

Furthermore, locomotor and exploratory activ-
ity may have an influence on the passive avoidance
behavior. The number of entries, crossings and bar
approaches was significantly decreased in STZ-
diabetic rats, while NMDA increased locomotor
activity in those rodents in the open field test.

On the other hand, our data showed deficits of
working memory in the T-maze test in 4-week
STZ-diabetic rats. NMDA significantly increased
the number of correct entries in diabetic rats in this
test. These data are in agreement with those of Flood
at al., where mice with STZ-induced diabetes
showed impairment in T-maze performance [14].

It is known that NMDA receptors are involved
in some effects of glutamatergic system on learning
and memory [11, 23, 24, 26, 28]. NMDA at the
tested dose of 15 mg/kg increased acquisition in
diabetic animals but had no significant influence on
control rats and did not influence consolidation and
recall in the passive avoidance test in both of ex-
aminated groups of animals. It cannot be excluded
that an influence of NMDA on memory processes
depends on the dose. Our other experiments showed
that NMDA given at a dose of 15 mg/kg had no
significant influence on memory processes but its
dose of 30 mg/kg significantly increased passive
avoidance latency in control rats [13].

The behavioral effects after NMDA receptor
stimulation in 4-week STZ-diabetic rats demon-
strated by our experiments are still difficult to inter-
prete. In our study, we have shown that NMDA re-
ceptors may have an influence on cognitive func-
tions in diabetic rats. Further studies in 11-week
diabetic rats may provide some more details that
could help to solve this problem.
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