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Abstract. Altered expression levels of N‑methyl‑D‑aspartate 
receptor (NMDAR), a ligand‑gated ion channel, have a 
harmful effect on cellular survival. Hyperthermia is a proven 
risk factor of transient forebrain ischemia (tFI) and can cause 
extensive and severe brain damage associated with mortality. 
The objective of the present study was to investigate whether 
hyperthermic preconditioning affected NMDAR1 immunore‑
activity associated with deterioration of neuronal function in 
the gerbil hippocampal CA1 region following tFI via histolog‑
ical and western blot analyses. Hyperthermic preconditioning 
was performed for 1 h before tFI, which was developed by 
ligating common carotid arteries for 5 min. tFI‑induced cogni‑
tive impairment under hyperthermia was worse compared 
with that under normothermia. Loss (death) of pyramidal 
neurons in the CA1 region occurred fast and was more severe 

under hyperthermia compared with that under normothermia. 
NMDAR1 immunoreactivity was not observed in the somata 
of pyramidal neurons of sham gerbils with normothermia. 
However, its immunoreactivity was strong in the somata and 
processes at 12 h post‑tFI. Thereafter, NMDAR1 immuno‑
reactivity decreased with time after tFI. On the other hand, 
NMDAR1 immunoreactivity under hyperthermia was signifi‑
cantly increased in the somata and processes at 6 h post‑tFI. 
The change pattern of NMDAR1 immunoreactivity under 
hyperthermia was different from that under normothermia. 
Overall, accelerated tFI‑induced neuronal death under hyper‑
thermia may be closely associated with altered NMDAR1 
expression compared with that under normothermia. 

Introduction

Transient forebrain ischemia (tFI) can be induced by tempo‑
rary deprivation of arterial blood flow to the forebrain through 
occlusion of bilateral common carotid arteries for five minutes. 
A tFI can cause death (loss) of pyramidal cells (neurons) only 
in the Conus Ammonis 1 region (CA1) of the hippocampus 
of the gerbil (1). Pyramidal cells of the CA1 are called CA1 
pyramidal cells. They will die at 4‑5 days after tFI for 5 min. 
This phenomenon of CA1 pyramidal cell death is called 
delayed neuronal death (DND) (1). Afterward, DND has been 
reported in the hippocampal CA1 of rodents including rats and 
mice (2,3). 

Possible mechanisms of DND after tFI have been reported. 
Among them, transient increase in excitatory amino acid 
transmitter efflux is probably associated with the degrees of 
neuronal damage or death in ischemic brains (4). In detail, 
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during ischemia, high extracellular glutamate level can acti‑
vate ionotropic glutamate receptors (i.e., N‑methyl‑D‑aspartate 
receptor (NMDAR) that are ligand‑gated ion channels leading 
to channel opening and overflow of calcium ions into neurons. 
Finally, neuronal damage/death occurs (5,6). Many researchers 
have reported that brain diseases and dysfunctions are related 
to abnormal NMDAR expressions (7,8). For example, it has 
been reported that pathological activation of NMDAR1 is a 
major cause of neuronal death following brain ischemia (9‑12). 

Brain or body temperature has been thought to be one of 
major factors affecting neuronal survival or death after brain 
ischemic injury (13‑15). Preclinical studies have provided 
evidence that hyperthermia has harmful effects on animal 
models of transient global cerebral ischemia (16,17) and tran‑
sient focal cerebral ischemia models (18,19). Clinical reports 
have confirmed that hyperthermia can accelerate infarction 
and worsen outcomes of ischemic stroke patients (20,21). 
Recently, we have reported that hyperthermia can accelerate 
and worsen neuronal damage or death in the gerbil hippo‑
campus after tFI (13,22,23).

As described above, transient ischemic insults under 
hyperthermic condition can lead to extensive brain damage. 
However, molecular mechanisms involved in deleterious 
effects of hyperthermic condition on results from tFI have 
not yet been fully clarified. Thus, the objective of this study 
was to investigate changes of NMDAR1 expressions in the 
hippocampus and relationships between NMDAR1 changes 
and neuronal damage or death after tFI induction under 
hypothermic condition in gerbils.

Materials and methods

Experimental animals, protocol and groups. Male 
Mongolian gerbils (age, 6 months; body weight, 64‑74 g) 
were used. They were obtained from the Experimental 
Animal Center located in Kangwon National University 
(Chuncheon, Kangwon, Korea). The protocol of this 
research was approved (approval number, KW‑200113‑1) 
on January 13, 2020 by the Institutional Animal Care and 
Use Committee (IACUC) located in Kangwon National 
University. The gerbils used in this study were cared under 
constant temperature (~23˚C) and humidity (~55%) with 
a 12‑h light/dark cycle. The handling and caring animals 
conformed to the guidelines in the ‘Current international 
laws and policies’ of the ‘NIH Guide for the Care and Use 
of Laboratory Animals’ (The National Academies Press, 
8th edition, 2011). Number of the gerbils used for this study 
were minimized, and the suffering caused by our procedures 
used in this experiment was minimized.

Experimental animals (total number=120) were assigned 
to four groups: i) sham‑operated animals with normothermia 
(NT) (NT/sham group, n=12); ii) tFI‑operated animals with 
NT (NT/tFI group, n=12); iii) sham‑operated animals with 
hyperthermia (HT) (HT/sham group, n=48); and iv) tFI‑oper‑
ated animals with HT (HT/tFI group, n=48).

Induction of tFI. As previously described (23), the gerbils to be 
used for tFI were anesthetized with mixture of 2.5% isoflurane 
in 33% oxygen and 67% nitrous oxide via inhalation. Under 
anesthesia, hyperthermia was induced by heating them with 

a heating pad until rectal temperature reached 39.5±0.2˚C for 
1 h before tFI induction. For normothermia, rectal temperature 
was regulated at 37±0.2˚C. tFI was induced as follows. Both 
common carotid arteries were isolated from the carotid sheath 
and occluded using aneurysm clips for 5 min. Thereafter, the 
gerbils were kept in thermal incubator (temperature, 23˚C; 
humidity, 60%) to recover to normothermic level. The gerbils 
of NT/sham and HT/sham groups received the same surgical 
process of tFI without bilateral carotid artery occlusion.

Passive avoidance test (PAT). Short term memory was 
evaluated by PAT used by previous researchers (24,25) with 
modifications. In short, we used a Gemini Avoidance System 
from GEM 392 (San Diego Instruments) consisting of two 
(light and dark) compartments which communicates through 
a sliding door was used. The gerbils received training of 
PAT for three days before tFI. Namely, the gerbils were 
allowed to explore light and dark compartments for 1 min 
while the sliding door was opened. And, when the gerbils 
enter the dark compartment, the door was closed, and they 
received an electric foot‑shock (0.5 mA for 5 sec) from a 
steel grid in the floor. Two and five days after tFI, PAT was 
performed. The PAT was elevated as latency time. Namely, 
the gerbils were put in the light compartment, while the door 
was opened. The latency time was that the gerbils in the 
light compartment went into the dark compartment after 
receiving the electric foot‑shock. Maximum latency time 
was 180 sec, which was to stay in the light compartment 
with the an electric foot‑shock.

Western blot analysis. The gerbils (n=7 at 6 h, 1 day, 2 days, 
and 5 days after tFI) in each group were deeply anesthe‑
tized by intraperitoneal injection of 60 mg/kg pentobarbital 
sodium and sacrificed to analyze the level of NMDAR1 
protein in the hippocampal CA1 region after tFI. As previ‑
ously described (26), the hippocampi were removed, and 
the CA1 regions were obtained. The tissues of the CA1 
regions were homogenized in PBS (5 mM, pH 7.4), which 
contained 0.2% Nonidet P‑40, 0.1 mM ethylene glycol bis 
(2‑aminoethyl Ether)‑N,N,N',N' tetraacetic acid (EGTA) 
(pH 8.0), 10 mM ethylendiamine tetraacetic acid (EDTA) 
(pH 8.0), 15 mM sodium pyrophosphate, 150 mM NaCl, 
50 mM NaF, 2 mM sodium orthovanadate, 100 mM 
β‑glycerophosphate, 1 mM dithiothreitol (DTT) and 1 mM 
phenylmethylsulfonyl fluoride (PMSF). The homogenates 
were separated by centrifugation, and the protein level was 
determined in the supernatants with Micro BCA protein 
assay kit (Pierce Chemical Co.). Aliquots containing total 
protein (20 µg) were boiled in loading buffer (150 mM Tris, 
pH 6.8) containing 6% SDS, 0.3% bromophenol blue, 3 mM 
DTT, and 30% glycerol and loaded onto 12.5% polyacryl‑
amide gel. Subsequently, they were received electrophoresis, 
and the gels were transferred to nitrocellulose transfer 
membranes. To block non‑specific staining, the membranes 
were incubated with 5% defatted milk at room temperature 
for 60 min. The membranes, thereafter, were immunore‑
acted with rabbit anti‑NMDAR1 (diluted 1:1,000, Abcam), 
peroxidase‑conjugated goat anti‑rabbit IgG (diluted 1:250, 
Sigma‑Aldrich Co.; Merck KGaA) and ECL kit (Pierce 
Chemical Co.). 
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The analysis of western blotting was done according to 
a published method (26). In brief, the western bands were 
scanned with computer scanner, and the quantification of 
the analysis was done using a Scion Image software from 
Scion Corp. The expression rate of NMDAR1 protein was 
normalized through the corresponding expression rate of 
β‑actin.

Tissue processing for histology. Sections containing the 
hippocampus were prepared as previously described (13). In 
short, the gerbils in each group were deeply anesthetized by 
intraperitoneal injection of 60 mg/kg pentobarbital sodium 
at 6 h, 1 day, 2 days, and 5 days after tFI. Under anesthesia, the 
brains of the gerbils were perfused with 4% paraformaldehyde 
solution (in 0.1 M PB, pH 7.4). The brains were removed and 
more fixed in the fixative for 4 h. The brain tissues were infil‑
trated with solution of 30% sucrose to avoided tissue damage 
from freeze. The brain tissues were frontally sectioned into 
30‑µm sections in a cryostat, and they were stored in well 
plates containing PBS (pH 7.4).

Histofluorescence with Fluoro‑Jade B. Histofluorescence with 
Fluoro‑Jade B (F‑JB, a fluorescent marker of cellular degen‑
eration or death) was carried out to examine damage/death 
of cells or neurons in gerbil hippocampus after tFI. In short, 
as described in our published papers (13,23). the prepared 
brain sections were immersed in solution of 0.06% potassium 
permanganate and stained with solution of 0.0004% F‑JB 
(Histochem). 

Eight sections with 90‑µm interval were selected in refer‑
ence to anatomical landmarks of the gerbil brain atlas (27). 
The samples were observed using a fluorescence microscope 
from Carl Zeiss with blue excitation fluorescence filter 
between 450‑490 nm. Images of F‑JB positive cells, which 
underwent degeneration, as bright fluoresce, when compared 
to the background (28), were captured and counted with NIH 
ImageJ 1.59 software.

Immunohistochemistry. Immunohistochemistry was 
performed to examine neurons using rabbit anti‑neuronal 
nuclei (NeuN) (diluted 1:1,100, Chemicon International) and 
NMDAR1 using rabbit anti‑NMDAR1 (diluted 1:100, Abcam) 
according to method in our published papers (13,23). Briefly, the 
prepared sections were treated with solution of 0.3% hydrogen 
peroxide (H2O2) and followed by solution of 10% normal goat 
serum. Subsequently, these sections were incubated in each 
solution of primary antibody for 12 h at 4˚C. Thereafter these 
sections were incubated in biotinylated goat anti‑rabbit IgG 
(diluted 1:250, Vector) and streptavidin peroxidase complex 
(diluted 1:250, Vector). Finally, these immunoreacted sections 
were visualized by soaking them in solution of 3,3'‑diamino‑
benzidine tetrahydrochloride.

For the analysis of NeuN‑positive neurons, images of 
NeuN‑positive structures were taken from the CA1 with 
AxioM1 light microscope from Carl Zeiss. For numbers of 
NeuN‑positive neuron, the images of NeuN‑positive neurons 
were captured in a 200x200 µm2 at approximate middle of 
the CA1 region. The cell count was done by averaging the 
total cell numbers from all of the observed sections in each 
group.

The analysis of NMDAR1‑immunoreactive structures in 
the area of interest (strata pyramidale of hippocampal CA1 
region; Fig. S1) was evaluated as relative optical density 
(ROD), as %. Images of NMDAR1‑immunoreactive structures 
were capture like above‑mentioned method. The background 
in the image was controlled, and ROD was calibrated with 
Adobe Photoshop version 8.0 and NIH Image 1.59 software 
according to method by (29). 

Statistical analysis. Data presented here are expressed as the 
mean ± SEM. The differences of the means between the groups 
were statistically analyzed. Analysis of variance (ANOVA) 
with a post hoc Bonferroni's multiple comparison tests with 
SPSS program was used to elucidate tFI‑related differences 
among the experimental groups. In addition, two‑way ANOVA 
was applied with the Bonferroni post hoc for comparison of 
two independent variables between the groups of normo‑
thermia and hyperthermia as well as their interaction. P<0.05 
was used for statistical significance.

Results

PAT. No significant difference in the latency time was shown 
between the NT/sham and HT/sham groups (Fig. 1). At 
2 days after tFI, the latency time was significantly decreased 
in both NT/tFI and HT/tFI groups, but, in the HT/tFI group, 
the latency time was significantly shorter (about 62.5% of 
the NT/tFI group) than that in the NT/tFI group (Fig. 1). 
At 5 days after tFI, the latency time in both of the groups 
was much shorter than that at 2 days after tFI, showing that 
the latency time in the HT/tFI group was significantly shorter 
(about 40% of the NT/tFI group) than that in the NT/tFI 
group (Fig. 1). 

Neuronal damage/death
NeuN‑immunoreactive neurons. NeuN‑immunoreactive 
neurons or cells in the NT/sham and HT/sham groups were 
easily shown in the stratum pyramidale (SP) consisted of pyra‑
midal neurons in the CA1 region (Fig. 2Aa, Ad, Ba, and Bd). 
In the NT/tFI group, NeuN‑positive cells in the SP was rarely 
observed 5 days after tFI (Fig. 2Ac and Bc). However, numbers 
of NeuN‑positive cells in the SP of the HT/tFI group were 

Figure 1. Passive avoidance test in the NT/sham, HT/sham, NT/tFI and HT/tFI 
groups at 2 and 5 days after tFI. At 2 and 5 days after tFI, the latency time in 
the HT/tFI groups was significantly shorter than that in the respective NT/tFI 
group. The data are presented as the mean ± SEM (n=7). *P<0.05 vs. respec‑
tive sham group; #P<0.05 vs. respective NT/tFI group. NT, normothermia; 
HT, hyperthermia; tFI, transient forebrain ischemia.
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dramatically decreased (about 27.6% of the NT/tFI group) 
from 2 days post‑tFI (Fig. 2Ae, Be and C), showing that the 
numbers of the NeuN+ neurons at 5 days after tFI was similar 
to that in the NT/tFI group (Fig. 2Af, Bf and C). 

F‑JB positive cells. F‑JB‑positive cells, which are dead 
cells, were not shown in the CA1 region of the NT/sham 
(Fig. 3Ac, Ba, C). In the NT/tFI group, F‑JB‑positive cells were 
not found at 2 days after tFI (Fig. 3Ab, Bb and C), but many 
F‑JB‑positive cells were shown in the SP at 5 days after tFI 
(Fig. 3Ac, Bc and C).

In the HT/sham group, also F‑JB‑positive cells were not 
shown in the CA1 region (Fig. 3Ad, Bd and C). However, In the 
HT/tFI group, many F‑JB‑positive cells were found in the SP 
at 2 days after tFI (Fig. 3Ae, Be and C). At 5 days after tFI in 
this group, the distribution pattern of F‑JB‑positive cells was 
similar to that at 2 days after tFI (Fig. 3Af, Bf and C).

NMDAR1 protein level. NMDAR1 level in the CA1 region 
of the NT/tFI group was changed after tFI, showing that the 
level began to increase (111.3%) at 1 day, was highest (121.7%) 
at 2 days and very low (30.4%) at 5 days after tFI when 
compared with that in the NT/sham group (Fig. 4). NMDAR1 
level in the HT/sham group was similar to that in the NT/sham 
group (Fig. 4). However, in the HT/tFI group, NMDAR1 level 
was differently altered after tFI compared to the HT/tFI group, 
showing that the level was higher (113.1%) at 6 h, similar 
at 1 day, very lower (17.4%) 2 days and low (13.2%) at 5 days 
after tFI compared with that in the NT/tFI group (Fig. 4).

NMDAR1 immunoreactivity. NMDAR1 immunoreactivity 
in the NT/sham group was shown in the neuropil in the 
stratum oriens (SO) and radiatum (SR), not in the SP of 
the CA1 region (Fig. 5Aa and Ba). In the NT/tFI group, 
NMDAR1 immunoreactivity at 6 h post‑tFI was similar 
to that in the NT/sham group (Fig. 5Ab and Bb), but strong 

Figure 2. (A) Low (x10; scale bar, 200 µm) and (B) high (x40; scale bar, 
50 µm) magnification of immunohistochemical staining for NeuN in the 
CA1 region of the (a) NT/sham, (b and c) NT/tFI at 2 and 5 days after tFI, 
(d) HT/sham and (e and f) HT/tFI groups at 2 and 5 days after tFI. Five days 
after tFI, NeuN+ neurons were rare in the SP. However, in the HT/tFI group, 
NeuN+ neurons in the SP were dramatically decreased from 2 days after tFI. 
(C) Numbers of NeuN+ neurons in the CA1 region. The data are presented 
as the mean ± SEM (n=7). *P<0.05 vs. respective sham group; #P<0.05 vs. 
respective NT/tFI group. SP, stratum pyramidale; SO, stratum oriens; SR, 
stratum radiatum; NT, normothermia; HT, hyperthermia; tFI, transient fore‑
brain ischemia; NeuN, neuronal nuclei.

Figure 3. (A) Low (x10; scale bar, 200 µm) and (B) high (x40; scale bar, 
50 µm) magnification of histofluorescence with F‑JB in the CA1 region of 
the (a) NT/sham, (b and c) NT/tFI at 2 and 5 days after tFI, (d) HT/sham 
and (e and f) HT/tFI groups at 2 and 5 days post‑tFI. In the NT/tFI group, 
numerous F‑JB+ cells were detected in the SP 5 days after tFI. However, in 
the HT/tFI group, numerous F‑JB+ cells were observed from 2 days post‑tFI. 
(C) Numbers of F‑JB+ cells in the CA1 region. The data are presented as the 
mean ± SEM (n=7). *P<0.05 vs. respective sham group; #P<0.05 vs. respec‑
tive NT/tFI group. SP, stratum pyramidale; SO, stratum oriens; SR, stratum 
radiatum; NT, normothermia; HT, hyperthermia; tFI, transient forebrain 
ischemia; F‑JB, Fluoro‑Jade B.
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NMDAR1 immunoreactivity was shown in cells in the SP and 
processes (dendrites) in the SR (Fig. 5Ab, Ac, Bb, Bc and C). 
At 2 days post‑tFI, NMDAR1 immunoreactivity in the 
cells of the SP was increased compared with that at 1 day 
post‑tFI, showing that NMDAR1‑immunoreactive processes 
were broken (Fig. 5Ad, Bd and C). At 5 days post‑tFI, 
NMDAR1‑immunoreactive cells and fibers were decreased 
compared with those at 2 days post‑tFI (Fig. 5Ae, Be and C).

In the HT/sham group, there was no significant differ‑
ence in NMDAR1 immunoreactivity compared to that in the 
NT/sham group (Fig. 5Af, Bf and C). In the HT/tFI group, 
NMDAR1 immunoreactivity at 6 h was significantly higher 
(143.9%) than that in the NT/tFI group, showing that its 
distribution pattern was similar to that at 1 day in the NT/tFI 
group (Fig. 5Ag, Bg and C). At 1 day post‑tFI, numerous 
cells in the SP showed strong NMDAR1 immunoreactivity, 
thereafter, NMDAR1‑immunoreactive structures were gradu‑
ally decreased with time after tFI, showing that the ROD of 
NMDAR1 immunoreactivity was lower than that in the NT/tFI 
group (Fig. 5Ah, Ai, Aj, Bh, Bi, Bj and C). 

Discussion

It has been reported that artificially elevated body tempera‑
ture is closely associated with deterioration of neurological 
deficits, ischemic lesion (infarct), microvascular injury, and 
neuronal damage in various rodent models of brain ischemic 
insults (14,30‑33). In addition, clinical data have shown that 
hyperthermia can increase infarction and worsen the outcome 
of ischemic injury in ischemic stroke patients (20,21,34). 
Namely, hyperthermic condition during ischemic insults can 
markedly augment mortality and severity of ischemic damage 
than under a normothermic condition. 

Our current study showed that hyperthermic precondi‑
tioning prior to tFI in the HT/tFI group could significantly 

reduce short‑term memory function evaluated by PAT 
compared to the control (NT/tFI group). This finding agrees 
with previous studies showing that cognitive impairment is 
accelerated after brain injury under hyperthermia (35,36).

It has been reported that death of pyramidal cells in 
the gerbil hippocampal CA1 region following tFI under 
normothermic condition occurs at 4‑5 days after tFI, and 
this phenomenon is known as ‘delayed neuronal death’ (1). 
However, in the HT/tFI group with memory deterioration, 
death (loss) of pyramidal neurons in the CA1 region was 
accelerated and deteriorated than that in the NT/tFI group. 
In particular, neuronal loss in the HT/tFI group began 
at 2 days post‑tFI, while neuronal loss in the NT/tFI group 
was found at 5 days post‑tFI. Although the present study 
did not confirm neuronal death at 6 h and 1day after tFI, 
this finding is similar to our previously published results 
showing that, under hyperthermic conditions before and 
during ischemia‑reperfusion (IR), neuronal death began 
at 1 day post‑tFI and was accelerated at 2‑3 days post‑tFI, 
and that hyperthermia increased the extent and severity 
of IR‑induced neuronal death and glial activation in the 
hippocampal CA1 region (13,23). Similar findings have 
been reported in a canine model of transient forebrain 
ischemia (37). Taken together, these results suggest that 
hyperthermic conditioning in ischemia can accelerate the 
extent and severity of neuronal death in ischemic brains. 

NMDAR1 is one of Ca2+‑permeable receptors that mediate 
glutamate excitotoxicity (38). In 1992, Choi reported that 
ischemia‑induced excessive glutamate release might result in 
a pathological level of Ca2+ influx through NMDAR, leading 
to subsequent neuronal death (39). It has been reported that 
excessive glutamate release after ischemic brain injury is 
accentuated by hyperthermia in animal models of transient 
brain ischemia (40). Glutamate excitotoxicity is involved in 
the vulnerability of neurons following transient ischemia (41). 
It has been suggested that neuroprotection is provided by late 
NMDA receptor blockade (i.e., blocking of presynaptic release 
of glutamate after excessive activation of glutamate receptors 
and/or blocking of postsynaptic sensitization of NMDA recep‑
tors) (41‑43). In our current study, the expression of NMDAR1 
in pyramidal neurons of the CA1 region in the NT/tFI group 
was diversely altered after tFI. This finding is related to 
the process of damage and death of pyramidal neurons for 
4‑5 days after tFI under normothermic condition. 

In this study, NMDAR1 expression in the HT/tFI group 
was early augmented in the pyramidal neurons and differently 
altered than that in the NT/tFI group. Castillo et al (44) have 
reported a glutamate‑related relationship between increased 
body temperature and deterioration of symptoms in ischemic 
stroke patients clinically. In hyperthermic rats, significantly 
increased glutamate release has been observed in the brain 
following global ischemia (45). Therefore, the effect of hyper‑
thermic condition on glutamate release might be mediated by 
overexpression of NMDARs under a hyperthermic condition. 
Results of our current study and previous studies suggest 
that accumulation of NMDAR1 in the early phase after tFI 
under hyperthermia plays a critical role in the deterioration of 
neuronal function after tFI.

In conclusion, NMDAR1 expression in the HT/tFI group 
was earlier and more increased in pyramidal neurons located 

Figure 4. Western blot analyses of NMDAR1 in the CA1 region of the 
NT/sham, NT/tFI, HT/sham and HT/tFI groups at 6 h, 1 day, 2 days and 
5 days after tFI. The change in NMDAR1 expression in the NT/tFI group 
was different from that in the HT/tFI group. The graph indicates the rela‑
tive optical density of the immunoblot bands. The data are presented as the 
mean ± SEM (n=7). *P<0.05 vs. respective sham group; #P<0.05 vs. respective 
NT/tFI group. NT, normothermia; HT, hyperthermia; tFI, transient forebrain 
ischemia; NMDAR1, N‑methyl‑D‑aspartate receptor 1.
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in the CA1 stratum pyramidale than that in the NT/tFI group, 
suggesting that hyperthermia‑mediated overexpression of 
NMDAR1 might be tightly associated with deterioration in 
memory decline and neuronal damage or death following 
transient ischemic insults.
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pattern of NMDAR1 immunoreactivity was different from that in the NT/tFI group. (C) ROD of NMDAR1 immunoreactivity in the CA1 region. The data are 
presented as the mean ± SEM (n=7). *P<0.05 vs. respective sham group; #P<0.05 vs. respective NT/tFI group. SP, stratum pyramidale; SO, stratum oriens; SR, 
stratum radiatum; NT, normothermia; HT, hyperthermia; tFI, transient forebrain ischemia; ROD, relative optical density; NMDAR1, N‑methyl‑D‑aspartate 
receptor 1.
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