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Visual recognition memory is related to basic expression level of NMDA
receptor NR1/NR2B subtype in hippocampus and striatum of rats1
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Abstract
Aim: To examine the basic expression levels of N-methyl-D-aspartate (NMDA)
receptor NR1 and NR2B subunits in six brain regions of Sprague-Dawley (SD) rats
with different visual recognition memory.  Methods: Rats were tested by a novel-
object-recognition model and grouped into the high and the low visual recogni-
tion memory groups.  The expression levels of NR1 and NR2B subunits in the
cortex, hippocampus, striatum, amygdala, diencephalon, and olfactory bulb were
measured by semiquantitative immunoblotting.  Results: The NR1 and NR2B
subunit protein levels in the hippocampus of the high visual recognition memory
group were 35.9% (P<0.01) and 53.4% (P<0.05) higher respectively than those in
the low group.  In addition, the NR2B level in the striatum in the high visual
recognition memory group was 25.0% (P<0.05) higher than that in the low one.
However, no significant difference was found in the levels of the subunits be-
tween the two groups in other brain regions.  Conclusion: The visual recognition
memory in rats is related to the basic expression level of NMDA receptor NR1/
NR2B subtype in the hippocampus and striatum.
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Introduction
N-Methyl-D-aspartate (NMDA) receptors, the major

ionotropic glutamate receptors in the central nervous system,
play key roles in excitatory synaptic transmission and
plasticity, and are involved in many physiological and patho-
logical processes[1,2].  NMDA receptors are mainly composed
of NR1 subunit and NR2A, NR2B, NR2C, or NR2D subunit,
respectively, and the different subunit combinations form
different NMDA receptor subtypes with distinct functional
properties[3,4].

It has been demonstrated that NMDA receptors are in-
volved in long-term synaptic plasticity and certain forms of
learning and memory[5–8].  For example, numerous data indi-
cate that NMDA receptor activity and NMDA receptor-de-
pendent synaptic plasticity in the hippocampus are crucial
for spatial recognition memory[7,8].  However, there have been
a few reports about the role of NMDA receptors in visual
recognition memory[9–12], and there are some discrepant or
even contradictory results in the visual recognition memory
with regard to different doses of NMDA receptors antagonist,

and animal species.  Furthermore, most of those findings
were mainly obtained from animals with specific brain region
injuries, pharmacological manipulated animals or transgenic
mice with one of NMDA receptor subunits abnormally
expressed.  Little is known whether the basic expression lev-
els of NMDA receptors is related to different visual recogni-
tion memory in normal adult rats.

Therefore, the objective of our studies was to examine
the relationship between the basic expression levels of NR1
and NR2B subunits in six specific regions (cortex,
hippocampus, striatum, amygdala, diencephalons, and olfac-
tory bulb) and visual recognition memory in rats.

Materials and methods
Animals  All experiments were carried out in accordance

with the National Institutes of Health Guide for the Care and
Use of Laboratory Animal.  The animals used in this study
were 6-week old male Sprague-Dawley (SD) rats, weighing
175–190 g (Grade II, Certificate No 22-9601018, Experimental
Animal Center, Zhejiang University, China), maintained in
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an air-conditioned room with controlled temperature (22–
26 ºC) and humidity (40%–70%), housed in cages with a 12-
h light/dark cycle (lights on from 8:00 AM–20:00 PM) with
food and water available.  Experiments were carried out each
day between 10:00 AM–17:00 PM.

Novel object recognition task  Rat was individually ha-
bituated to an open-field box (50 cm×50 cm×30 cm high)
for 3 d.  During training sessions, two novel objects were
placed into the open field and the animal was allowed to
explore for 5 min.  The time spent for exploring each object
was recorded.  During retention tests, the animal was placed
back into the same box after a 24-h delay, in which one of the
objects used during training was replaced by a novel object,
and allowed to explore freely for 5 min.  Behaviour was con-
sidered exploratory when an animal was touching or directed
towards the object at a distance ≤2 cm with its nose; while
behaviour was not considered exploratory when an animal
was turning around or sitting on the object.  To avoid inter-
ference effect of the olfactory cue due to scent traces left,
after each experiment, both the objects and the arena were
scraped by 10% ethanol.  The preference index, a ratio of the
amount of time spent exploring any one of the two objects
(training session) or the novel one (retention session) over
the total time spent exploring both objects, was used to mea-
sure recognition memory.  All 40 male SD rats were ranked by
the preference index.  From these, eight superior and eight
inferior rats were used as high visual recognition memory
group and low visual recognition memory group,
respectively, in the present study.

Preparation of tissue  The rats were killed by decapita-
tion and the brains were quickly removed.  The brains were
dissected on ice into six specific regions (cortex,hippo-
campus, striatum, amygdala, diencephalon, and olfactory
bulb), and homogenized twice in 100 volumes (100×wet
weight) of ice-cold 10 mmol/L Tris-HCl (pH 7.4) containing
320 mmol/L sucrose with a Tissuemizer (Heidolth DIA×900)
at speed 5 for 10 s with a 20 s interval between bursts.  The
tissue homogenate was centrifuged at 700×g for 10 min at 4 ºC.
The supernatant was collected and centrifuged at 37 000×g
for 40 min at 4 ºC.  This high-speed pellet was resuspended
in 10 mmol/L Tris-HCl (pH 7.4).  Protein concentrations were
determined using Folin phenol reagent with bovine serum
albumin as a standard.

Semiquantitative Western blot  Sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transfer of proteins to nitrocellulose membranes were per-
formed according to conventional methods.  The denatured
membrane proteins were separated on 7.5% polyacrylamide
gels and transferred to nitrocellulose membranes in transfer

buffer (Tris 25 mmol/L, glycine 192 mmol/L, 20% methanol
and 0.05 % SDS, pH 8.3).  The membranes were incubated
with a blocking buffer of 5% non-fat dry milk in TBST (Tris-
HCl 20  mmol/L, NaCl 140 mmol/L, 0.1% Tween-20, pH 7.4) at
room temperature for 1 h.  The membranes were then incu-
bated with anti-NR1, and anti-NR2B antibodies (1 g/L) in
blocking buffer overnight at 4 ºC.  After several washes with
TBST, the membranes were incubated with horseradish per-
oxidase-conjugated secondary antibody in blocking buffer
for 1 h at room temperature.  Following washes for 20 min
with four intermediate changes with TBST, proteins were
visualized with enhanced chemiluminescence.  The result-
ing film was scanned and analyzed using a laser densitom-
eter and GelScan XL software (Pharmacia LKB).  In order to
make different gel samples evaluable, every gel was run with
three lanes of the same cortex proteins as a standard[13,14].

Statistical analysis  All results were expressed as mean±
SD.  Differences were analyzed by group comparisons t-test
with Mann-Whitney Test by  SPSS 11.0 software.  P<0.05
was considered statistically significant.

Results
Novel object recognition task  The preference indexes

for the high visual recognition memory group and the low
visual recognition memory group were summarized in Fig-
ure 1.  During the training sessions, no significant difference
was found in the exploratory preference between the two
groups (0.43±0.12 vs 0.49±0.11, P>0.05).  During the reten-
tion sessions, the exploratory preference of the high visual
recognition memory group was significantly higher than that
of the low one (P<0.01).

Figure 1.  Exploratory preference of rats with different visual rec-
ognition memory during the training session and the retention ses-
sion in the novel-object-recognition task.  n=8.  Mean±SD.  aP>0.05
vs the training session of the group with low visual recognition
memory.  fP<0.01 vs  the retention session of the group with low
visual recognition memory.
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Relationship between basic expression level of NR2B
subunit and visual recognition memory in rats  As shown in
Figure  3, the protein level of NR2B subunit in the hippocam-
pus in the high visual recognition memory group was 53.3%
higher than that in the low group (2.04±0.22 vs 1.33±0.57,
P<0.05).  In addition, the NR2B level in the high one was
25.0% higher than that in the low group in the striatum (P<
0.05).  While, no significant difference was found in the pro-
tein levels of NR2B subunit in other brain regions between
the two groups (P>0.05).

Discussion

In the present study, we observed that both NR1 and
NR2B subunits in the hippocampus in the high visual recog-
nition memory group were remarkably higher than those in
the low group.  So the NMDA receptor NR1/NR2B subtype
is higher in the high visual recognition memory group, al-
though it is unclear whether there is any difference in the
basic expression levels of the other subtypes of NMDA

receptors.  The result is consistent with the previous studies,
which found that the transgenic mice overexpressing NR2B
subunit in the forebrains exhibited an enhancement of novel
-object-recognition memory[10], and the CA1-specific NR1
subunit knockout mice exhibited impairment in object recog-
nition[15].  Therefore, our data provided more evidence in
vivo to support the concept that NMDA receptors in the
hippocampus are involved in visual recognition memory.

Previous studies showed that lesions to the perirhinal,
postrhinal cortex and associated structures induced deficits
in the ability to recognize single objects[16,17], and that NMDA
receptor blockade in the perirhinal cortex impaired object
discrimination in rats[18].  It seems that NMDA receptors in
the cortex are related to visual recognition memory.  However,
in our study, no change in the basic expression levels of
NR1 and NR2B subunits in the cortex was found between
the groups with different visual recognition memory.  Quinlan
et al also reported that the NR2B subunit level in the visual
cortex remained unchanged by visual experience[19].  The
explanation for these converse results might be that the cor-
tical coding of object recognition decays quickly and is not
sufficient for maintaining information about objects across
longer retention intervals (eg 24 h)[20].  It is also possible that
the NMDA receptor NR2B subunit in some sub-regions of
the cortex is related to visual memory.  So our results at least
suggest that the basic expression levels of NR1 and NR2B
subunits in the cortex  correlated less with visual recogni-
tion memory when a 24 h retention interval was imposed.

The striatum is a brain region involved in procedural

Relationship between the basic expression level of NR1
subunit and visual recognition memory in rats  The protein
level of NR1 subunit in the hippocampus in the high visual
recognition memory group was 35.9% higher than that in the
low group (1.89±0.18 vs 1.39±0.39, P<0.01).  However, no sig-
nificant difference was found in the protein levels of NR1
subunit in the cortex, striatum, amygdala, diencephalon and
olfactory bulb of rats between the two groups (Figure 2).

Figure 2.  Relative expression levels of NR1 subunits in six brain
regions in ra ts with different visual recognition memory.  n=8.
Mean±SD.  aP>0.05, cP<0.01 vs the group with low visual recogni-
tion memory.

Figure 3.  Relative expression levels of NR2B subunits in six brain
regions in ra ts with different visual recognition memory.  n=8.
Mean±SD.  aP>0.05, bP<0.05 vs the group with low visual recogni-
tion memory.
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memory and diverse forms of implicit memory[21,22].  It is well
known that glutamatergic input from the cortex to the stria-
tum is critical for striatal learning[23] and NR2B subunit in the
striatum is correlated with water maze performance in the
inferior group of the aged rats[24].  Our results here provided
more evidences that the basic expression level of NR2B sub-
unit in the striatum was also correlated with visual recogni-
tion memory.

The novel-object-recognition task was used in this study,
which is based on the spontaneous preference that animals
display for novel objects.  This task is considered to need
only “familiarity judgment” as to whether the objects pre-
sented in the choice phase are novel or familiar to the ani-
mals[25].  The advantage of this method is that performance
does not depend on the retention of a rule, and it is not
influenced by changes in response to reward, which can
provide a relatively pure measure of  “working memory”[26].

In conclusion, the main finding of the present study is
that the basic expression level of the NMDA receptor NR1/
NR2B subtype in the hippocampus and striatum is related to
visual recognition memory.
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