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Cognitive impairment responses are important research topics in the study of degenerative brain diseases
as well as in understanding of human mental activities. To compare response to scopolamine (SPL)induced cognitive impairment, we measured altered parameters for learning and memory ability,
inflammatory response, oxidative stress, cholinergic dysfunction and neuronal cell damages, in Korl:ICR
stock and two commercial breeder stocks (A:ICR and B:lCR) after relevant SPL exposure. In the water
maze test, Korl:ICR showed no significant difference in SPL-induced learning and memory impairment
compared to the two different lCRs, although escape latency was increased after SPL exposure. Although
behavioral assessment using the manual avoidance test revealed reduced latency in all ICR mice after SPL
treatment as compared to Vehicle, no differences were observed between the three lCR stocks. To
determine cholinergic dysfunction induction by SPL exposure, activity of acetylcholinesterase (AChE)
assessed in the three ICR stocks revealed no difference of acetylcholinesterase activity. Furthermore, low
levels of superoxide dismutase (SOD) activity and high levels of inflammatory cytokines in SPL-treated
group were maintained in all three lCR stocks, although some variations were observed between the SPLtreated groups. Neuronal cell damages induced by SPL showed similar response in all three lCR stocks, as
assessed by terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay, Nissl staining
analysis and expression analyses of apoptosis-related proteins. Thus, the results of this study provide
strong evidence that Korl:ICR is similar to the other two ICR. Stocks in response to learning and memory
capacity.
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Learning and memory are basic elements of cognitive
behavior. Learning is the acquisition of information and
technology, whereas memory is defined as the process of
preserving the acquired information and technology, and

considered a higher activity from simple synapse
neural connections to psychological processes [1,2].
Recently, advances in medical technology and rapid
aging has raised an interest in geriatric diseases. Among
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age-related disorders, neural degenerative disorders such
as dementia, increasingly result in memory loss, abnormal
behavior, personality changes and ultimately death [3].
Considering learning and memory, neurodegenerative
disorders are closely related to brain disorders, and are
characterized by memory, judgment, direction, comprehension,
learning abilities and disorders of various cortical
functions, including language [4]. Moreover, death of
abnormal cells due to aging and reduction of nerve cell
activity are thought to be the main causes of
neurodegeneration [5,6].
A variety of neuroscientific studies, ranging from
geriatric diseases to understanding learning and memory
and developing drugs for brain neurological disorders,
require a model that can assess behaviors ranging from
learning and memory to the molecular level of brain
cells. Animal models using rodents having well-defined
methods of evaluating behavior of individual animals as
well as assessing the molecular level of brain cells, are
therefore considered suitable animal models [7].
One of the most common pharmacological models
used in studies of degenerative brain diseases and learning
and memory studies in animal models (including rodents)
is the scopolamine (SPL)-induced memory disorder
model. This model has been applied for many years in
understanding degenerative brain diseases, drug development
and drug evaluation, and extensively studied as a tool for
assessing various tasks such as passive avoidance, YMiro and Morris water maze [8]. It is well documented
that selective muscarinic antagonists differentially affect
the in vivo acetylcholine release and memory performance
of young and aged rats. [9-12]. SPL is a frequently used
muscarinic receptor antagonist in learning and memory
impairment animal models. It blocks the connection
between acetylcholine and muscarinic receptors, thereby
temporarily blocking the information transmission, and
subsequently resulting in learning and memory impairment
[13].
Numerous studies report that in animal models used in
neurobiological studies (particularly mouse studies) the
alterations in neurobiological characteristics are observed
(including behavior) due to genetic differences in mouse
strains [14-17]. Inbred mice such as C57BL/6 and BALB/c
are therefore consistently used to ensure genetically
controlled and reliable animal experiments [18]. Conversely,
out-bred mice such as ICR mice received less consideration
as their variable genetic background results in difficulties
for experimental measurements. Clinically, it is important
Lab Anim Res | December, 2018 | Vol. 34, No. 4

to have a variety of genetic characteristics, and out-bred
mouse models are required due to their inherent
characteristics such as easy breeding and resistance to
diseases [14].
This study compared the SPL-induced responses for
cognitive impairment between the Korl:ICR stock and
two commercial ICR stocks, to verify the characteristics
of Korl:ICR mice as established by the Korea FDA. Our
study results provide various scientific evidences of
similar responses to SPL-induced cognitive impairment,
as observed in the brain of Korl:ICR, A:ICR and B:ICR
stocks, although slight differences were seen in the
magnitude of these effects.

Materials and Methods
Design of animal experiment

All animal protocols used in this study were reviewed
and approved by the PNU-Institutional Animal Care and
Use Committee (PNU-IACUC, approval number PNU2017-1613). Male ICR mice (6-weeks-old) were obtained
from three different sources. The Korl:ICR mice were
kindly provided by the Department of Laboratory
Animal Resources of the National Institute of Food and
Drug Safety Evaluation (NIFDS, Chungju, Korea). The
other two groups of ICR mice (A:ICR and B:ICR) were
purchased from vendors located in the United States
(Vendor A) and Japan (Vendor B), respectively. All ICR
mice were maintained and treated at the Animal Resource
Center of Pusan National University, which is certified
by the Food and Drug Administration (FDA) as accredited
unit number 000231, and Association for Assessment
and Accreditation of Laboratory Animal Care (AAALAC)
International according to the National Institutes of
Health guidelines (Accredited Unit Number; 001525).
During the experiment, all mice were maintained in a
specific pathogen-free (SPF) state under a strict light
cycle (lights on at 08:00 h and off at 20:00 h), at 23±2oC
and 50±10% relative humidity. Animals were provided
with ad libitum access to a standard irradiated chow diet
(Samtako Inc.).
Cognitive impairment was induced as previously described
[19]. The ICR mice (n=64) were first divided into two
groups for Morris water maze test (n=32) and passive
avoidance test (n=32). Briefly, 8-week-old ICR mice in
each group (n=32) were assigned to either a nonimpairment group (Vehicle-treated group, n=8) or an
impairment group (n=24). The impairment group was
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further subdivided into Low SPL-treated (n=8), Mid
SPL-treated (n=8), and Hi SPL-treated (n=8) groups.
Appropriate amount (0.5, 1 and 2 mg/kg) of SPL (SigmaAldrich Co., Missouri, USA) was additionally intraperitoneally injected into each SPL groups for experimental
conditions. Brain samples were collected of all mice
applied to the behavioral test, after being subjected to
euthanasia using a chamber filled with CO2 gas
Morris water maze test

The Morris water maze experiment was conducted in
a circular pool (diameter 180 cm, height 75 cm) with
water maintained at 21±2oC [20]. The pool was divided
into quadrants and the hidden escape platform was
placed 1 cm below the water surface in one of the
quadrants. During the next 5 days, the mice swam three
times a day (180 seconds each) over the platform. In the
event of discovering the platform, the mice were allowed
to remain on the platform for 20 seconds. The time
required to find the hidden platform (latency) during
each test period was recorded using a video tracking
system. After the 5 day training session, the swimming
time of the mouse was recorded on the 6th day with the
escape platform removed from the pool. In the case of
SPL-treated groups, SPL was administered with I.P.
injection 30 minutes prior to start of training.
Passive avoidance test

Passive avoidance test is a well-established experiment
that evaluates short-term memory in studies of learning
and memory [21,22]. Two compartments are made in the
same chamber (Gemini Avoidance System, San Diego,
Calif., USA): one is a well-illuminated compartment and
the other non-illuminated compartment is floored with a
stainless-steel bar; both compartments are separated by
a guillotine door. The target mouse is initially placed in
the light compartment, and they enter the dark compartment
in accordance with the inherent tendency of rodents. The
separating door is locked and a mild electric shock (75
V, 0.5 mA, 50 Hz) is sustained for 5 seconds through the
stainless-steel rod. Eight hours after the initial shock
therapy, the target mouse was placed back in the
illuminated compartment, and time taken for the mouse
to enter the non-illuminated compartment was measured
up to 300 seconds, and determined as the latency in the
acquisition and retention tests.

319

Reverse transcriptase-polymerase chain reaction (RTPCR)

The mRNA expression of IL-1β and COX-2 were
measured using RT-PCR. Total RNA was extracted from
the brain tissue of all experimental animals with RNAzol
CS104 (Tel-Test Inc., Friendswood, USA). The separated
mRNA was reverse transcribed using M-MLV reverse
transcriptase (Promega, WI, USA) at 42oC for 1 hour
according to the manufacturer’s protocol. Next, 10 pmol
of the sense and antisense primers were added, and the
reaction mixture was subjected to 28-32 cycles of
amplification. Amplification was conducted in a PerkinElmer Thermal Cycler using the following cycles: 30 sec
at 94oC, 30 sec at 62oC, and 45 sec at 72oC. The primer
sequences for target gene expression identification were
as follows: COX-2, sense primer: 5'-CAG GTC ATT
GGT GGA GAG GTG TAT C-3', anti-sense primer: 5'CCA GGA GGA TGG AGT TGT TGT AGA G-3'; IL1β, sense primer: 5'-GCA CAT CAA CAA GAG CTT
CAG GCA G-3', anti-sense primer: 5'-GCT GCT TGT
GAG GTG CTG ATG TAC-3'; β-actin, sense primer: 5'TGG AAT CCT GTG GCA TCC ATG AAA C-3' antisense primer: 5'-TAA AAC GCA GCT CAG TAA CAG
TCC G-3'. The experiment was repeated three times, and
all samples were analyzed in triplicate. The final PCR
products were separated on 1-2% agarose gel, followed
by visualization after ethidium bromide staining. The
density of a specific band was quantified using the
Kodak Electrophoresis Documentation and Analysis
System 120 (Eastman Kodak, Rochester, NY).
Analysis of superoxide dismutase (SOD) activity

SOD activity in the brain tissue was estimated using
the SOD Assay Kit (Dojindo Molecular Technologies
Inc., Japan). Briefly, brain tissues of mice from each
group were homogenized in 500 μL of sucrose buffer
(0.25 mol/L Sucrose, 10 mmol/L HEPES, 1 mmol/L EDTA,
pH 7.4). The lysate was harvested after centrifugation
(10,000 ×g, 60 min) and diluted with dilution buffer or
saline as follows: 1, 1/5, 1/52, 1/53, 1/54, 1/55, and 1/56.
For the enzyme reaction, 20 μL aliquot of each sample
solution was placed in 96-well plates, to which 200 μL
of the WST working solution was added. In addition, an
enzyme working solution (20 μL) was added to each
well and the samples were mixed thoroughly. The enzyme
reaction was incubated at 37oC for 20 min. Finally,
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absorbance was measured using a spectrophotometer at
450 nm. The SOD activity was calculated directly, using
the following equation: SOD activity (inhibition rate %)
=[(Ablank 1−Ablank 3)(Asample−Ablank 2)]/(Ablank 1−Ablank 3)×100
where, Ablank 1: absorbance of blank 1, Ablank 2: absorbance
of blank 2, Ablank 3: absorbance of blank 3, Asample:
absorbance of sample.
Determination of acetylcholinesterase (AChE) activity

AChE activity in the brain tissue was determined using
the Acetylcholinesterase Assay Kit (Abcam, Cambridge,
UK). Brain tissue of mice from each group was
homogenized in 0.1 M phosphate buffer (Sigma-Aldrich
Co.) and stored at −70oC until analysis. The sample or
standards and AChE reaction mixture were then incubated
in a 96-well plate for 20 min at room temperature in the
dark. Color alterations were read using a Versa max plate
reader (Molecular Devices, Sunnyvale, CA, USA) at
405 nm.
Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) assay

DNA fragmentation was measured in the brain tissue
using the TUNEL detection kit (BD Bioscience, Franklin
Lakes, NJ, USA). After harvesting the brain tissue from
each group, the tissues were embedded in paraffin; serial
sections 4 μm thick were placed onto slides and stained
with hematoxylin and eosin. For the TUNEL assay,
sections of the brain were deparaffinized, and apoptotic
cells were detected using the specific antibody for
fragmented DNA. The percentage of FITC-BrdU positive
cells and mean green fluorescence intensity were detected
using Moticam pro 285A (Motic, Xiamen, China). All
experiments were performed in duplicate.

sections were added to Nissl staining solution containing
0.1% cresyl violet acetate for 8 minutes and then washed
with dH2O. The dead neurons were evaluated using the
Leica Application Suite (Leica Microsystems, Wetzlar,
Germany).
Western blot

Total proteins prepared from the brain tissue were
separated by 4-20% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) for 2 h, after which
resolved proteins were transferred to nitrocellulose
membranes for 2 h at 40 V. Each membrane was then
incubated separately, overnight at 4oC, with the following
primary antibodies: anti-Bcl2 (Abcam), anti-Bax (Abcam),
and anti-β-actin antibody (Sigma-Aldrich Co.). The
membranes were then washed with washing buffer (137
mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, and 0.05%
Tween 20) and incubated with HRP-conjugated goat
anti-rabbit IgG (Invitrogen, California, USA) and HRPconjugated goat anti-mouse IgG (Invitrogen) at a 1:1,000
dilution, at room temperature for 1 h. Membrane blots
were developed using Amersham ECL Select Western
Blotting detection reagent (GE Heath care, Little
Chalfont, UK).
Statistical analysis

Statistical analyses were performed with SPSS for
Windows, release 10.10, standard version (SPSS, Inc.,
Chicago, IL, USA). One-way analysis of variance followed
by Tukey’s post hoc test for multiple comparisons was
performed to identify significant differences between
groups. All values are reported as the mean±standard
deviation (SD) and a P value <0.05 is considered as
significant.

Result
Nissl staining

Nissl staining was performed as previously described
[23]. Briefly, brain tissues procured from the mice were
placed in neutral buffered formaldehyde for fixation and
perfused with 1× PBS. After perfusion, they were fixed
overnight in neutral buffered formaldehyde, dehydrated
and paraffin embedded. Brain sections (10 μm) of paraffin
embedded tissues were cut using a Leica microtome (Leica
Microsystems, Bannockburn, IL, USA). Deparaffinized
with xylene for Nissl staining, rehydrated with ethanol at
decreasing concentrations from 100-70%, and finally
washed with distilled water (dH2O). Slides with brain
Lab Anim Res | December, 2018 | Vol. 34, No. 4

SPL-induced learning and memory impairment of
three different ICR stock

In order to compare the responses of SPL-induced
spatial learning impairment among the three ICR stocks,
the Morris water maze test was employed to determine
the escape latency after exposure to three different
concentrations of SPL. After the last day of the experimental
period, the escape platform was removed and the freeswimming test was performed for the mouse under
evaluation, to measure the first reaching time in the
target quadrants. Figure 1 shows the time spent for the
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Figure 1. Comparison of the three ICR stocks on SPL-induced
impairment of learning and memory in the Morris water maze.
The first reaching time was evaluated in the target quadrant of
the pool among Korl:ICR (A), A:ICR (B), and B:ICR (C) mice
after exposure to SPL or Vehicle. Each first reaching time was
evaluated as described in Materials and Methods. Data
represents the mean±SEM of n=8/group (*P<0.05 versus
Vehicle control group).

Figure 2. Comparison of behavioral responses of the three ICR
stocks towards SPL-induced learning and memory impairment
in the passive avoidance test. Panel represents the latency
period into the dark chamber for Korl:ICR (A), A:ICR (B), and
B:ICR (C) mice after treatment with SPL or Vehicle. Each
latency period was evaluated as described in Materials and
Methods. Data represents the mean±SEM of n=8/group
(*P<0.05 versus Vehicle control group).

mouse to reach the quadrant where the escape platform
was removed. The reaching time of the group treated
with SPL was slower than the Vehicle group, and this
tendency was similar in all three ICR stocks. We further
compared the short- or long-term memory responses
between the three ICR stocks after exposure to three
different SPL doses, using the passive avoidance test.

Compared to the Vehicle group, the time spent in the
light compartment tended to decrease for all three ICR
stocks after SPL treatment, and there were no significant
differences between ICR stocks (Figure 2). These results
show that the responses of Korl:ICR stock mice to SPLinduced learning and memory impairment were similar
to the responses observed in the two commercial stocks.
Lab Anim Res | December, 2018 | Vol. 34, No. 4
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Figure 3. Comparison of AChE activity in SPL treated brain
samples among the Korl:ICR, A:ICR, and B:ICR mice. Relative
AChE activity levels were measured using the Acetylcholinesterase Assay Kit, according to the experimental procedure
described in the Materials and Methods. A, B, and C plots
present the relative AChE activity of brain tissue from Korl:ICR,
A:ICR, and B:ICR stocks, respectively. Data represents the
mean±SEM of n=8/group (*P<0.05 versus Vehicle control
group).

Alteration of SPL-induced cholinergic dysfunction of
three different ICR stocks

To compare the differences in responses of the three
ICR stocks to SPL-induced cholinergic dysfunction of

Lab Anim Res | December, 2018 | Vol. 34, No. 4

Figure 4. SOD activity was measured in the homogenate of the
brain tissue collected from SPL treated ICR stocks. Each panel
represents the SOD activity of Korl:ICR (A), A:ICR (B), and
B:ICR (C) mice after treatment with SPL or Vehicle. Data
represents the mean±SEM of n=8/group (*P<0.05 versus
Vehicle control group).

the brain, the activity of AChE was assessed in brain
tissues extracted from each ICR stock treated with three
different doses of SPL. As presented in Figure 3,
enhanced level of AChE activity was observed in the
SPL-treated group as compared to the Vehicle group,
with some differences observed in the increase rate
between groups. These results suggest that responses of
Korl:ICR stock to SPL-induced cholinergic dysfunction
were similar to the two commercial stocks.
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Figure 5. Differing inflammatory responses of SPL-treated brain tissue among the three ICR stocks. The mRNA levels of
inflammation related proteins (IL-1β and COX-2) were measured by RT-PCR using specific primers. Amplified DNA products were
electrophoresed on the agarose gel and the intensity of the specific bands was recorded by a gel documentation system. Each
panel represents the mRNA expression level of inflammation related proteins among Korl:ICR (A), A:ICR (B), and B:ICR (C) mice
after treatment with SPL or Vehicle (*P<0.05 versus Vehicle control group).

Alteration of inflammation response and oxidative
stress in the three SPL-treated ICR stocks

To compare the SPL-induced inflammation response
and oxidative stress impairment of the Korl:ICR stock
and the two commercial ICR stocks, we measured the
levels of oxidative stress enzyme and inflammatory
cytokines in the brain tissues extracted from the three
ICR stocks treated with varying doses of SPL. We
observed decreased activity of SOD in all SPL-treated
groups as compared to Vehicle group. These patterns
were commonly observed in all three stocks, with some
differences between each group (Figure 4).
Next, RT-PCR analysis was performed to compare the
SPL-induced inflammatory response in brain tissue of all
ICR stocks since inflammation is known to result in
learning and memory capacity impairment. The expressions
of IL-1β (an inflammatory cytokine) and COX-2 (an
inflammation-related protein) were found to be higher in
all SPL-treated groups as compared to the respective

Vehicle groups. However, the enhanced levels of expression
were similar among the three ICR stocks (Figure 5).
Overall, these results suggest that the inflammatory
response and oxidative stress impairment exhibited by
the Korl:ICR stock to SPL exposure were similar to
responses of the two commercial stocks.
Alteration in the SPL-induced neuronal cell death of
three different ICR stocks

Numerous studies have reported that one of the major
mechanisms of learning and memory impairment in
SPL-treated animal models was the apoptotic induction
of neuronal cells in the brain. We therefore examined the
survival or modification of neuronal cells, DNA
fragmentation and expression of apoptosis-related proteins
in order to compare the responses of the Korl:ICR and
two commercial stocks, to SPL-induced neuronal cell
death using Nissl staining, TUNEL assay and western
blot analysis. We observed significantly increased levels
Lab Anim Res | December, 2018 | Vol. 34, No. 4
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found in neurons, and to identify neuronal cell death
[24]. The area of the hippocampus shown in each panel
of low resolution for structural observing was closely
observation was further observed at higher resolution
(Figure 7). Compared with the neural staining of brain
tissues obtained from the Vehicle control, the brain
tissues of each SPL-treated ICR stocks were abundant in
dark blue stained cells in the hippocampal CA1 and CA3
regions. However, the number of these cells did not
differ between the three ICR stocks (Figure 7). Similar
results are observed in Figure 8, wherein we present the
expression levels of Bax and Bcl-2 (both apoptosisrelated proteins) after SPL exposure. These results
indicate that the increase in apoptosis of brain cells,
which is a mechanism of learning and memory animal
models induced by SPL, do not differ much when
comparing the three ICR stocks.

Discussion

Figure 6. Determination of SPL-induced apoptosis among the
three ICR stocks using TUNEL assay. Representative images
show staining of TUNEL in brain tissues treated with Vehicle or
SPL, as indicated. (A), (B), and (C) panel display fluorescence
of FITC-BrdU on brain tissue from Korl:ICR, A:ICR, and B:ICR
stocks, respectively.

of fragmented DNA in all SPL-treated groups as
compared to their Vehicle group. These patterns were
similarly detected in all three ICR stocks (Figure 6).
Next, in order to compare the degree of SPL-induced
neuronal cell death in the three ICR stocks, the number
of dead neuronal cells were evaluated after Nissl staining
of brain tissues obtained from each of the tested ICR
mice. Nissl staining is a well-known method used to
specifically stain the Nissl body, a large granular body
Lab Anim Res | December, 2018 | Vol. 34, No. 4

In our current study, SPL was used to induce animal
models for dementia, such as Alzheimer’s disease, to
compare the response and mechanism of learning and
memory in Korl:ICR and ICR procured from other
sources.
SPL competitively inhibits the binding of acetylcholine
to muscarinic receptors and is known to cause cholinergic
depression [9-12]. Furthermore, SPL stimulates reactive
oxygen species (ROS) to induce free radical damage,
leading to oxidative stress [25,26]. Many clinical studies
have reported that oxidative stress is closely related to
the pathogenesis of Alzheimer’s disease. [27-30]. SPL
administration significantly reduce the enzymatic activity
of SOD and catalase, the two most important antioxidant
enzymes [31,32]. It has also been reported that SPL
induces a high level of oxidative stress and promotes the
inflammatory response by promoting the production of
inflammatory cytokines [33,34]. The development of
inflammation in the nervous system results in the death
of nerve cells, leading to deterioration of learning and
memory capacity, including degeneration of nerve cells
[35,36]. The SPL administration model for animals is
well known as a useful means of exploring the basic
knowledge of learning and memory response, as well as
developing new drugs towards neurodegenerative diseases
such as Alzheimer’s disease, which has inherent characteristics
of problems with learning and memory response [9,10,
34,37]. Clinical assessment of learning and memory
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Figure 7. Comparison of SPL-induced apoptosis among Korl:ICR, A:ICR, and B:ICR mice using Nissl staining. This staining
represent apoptotic cells in the hippocampus of the brain tissue from each ICR stock. Low intensity was observed in the
hippocampus (4× magnification). Detailed histological features of several regions of the hippocampus are shown at 400×
magnification. (A), (B), and (C) panels display the Nissl staining outcome on brain tissues from Korl:ICR, A:ICR, and B:ICR stocks,
respectively.
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Figure 8. Determination of SPL-induced apoptosis among the three ICR stocks by comparing the Bax/Bcl-2 protein ratio. Total
tissue lysates were prepared from the brain tissues of SPL-treated Korl:ICR (A), B:ICR (B), and B:ICR (C) mice of each group, as
described in Materials and Methods. A total of 50 μg of protein per sample was immunoblotted with antibodies for each protein.
Three samples were assayed in triplicate by western blotting. Data represents the means±SEM of three replicates (*P<0.05 versus
Vehicle control group).

ability is relatively easy to evaluate for humans. However,
unlike methods of evaluating humans, more specific
methods such as open field testing, passive avoidance
and the Morris water maze are used in animals [38,39].
The well-known and preferred assessment method in
animal models of learning and memory abilities is the
Morris water maze, rather than open-field testing and
passive avoidance responses due to variation factors
Lab Anim Res | December, 2018 | Vol. 34, No. 4

such as anxiety, depressive emotions and pain. Using
learning and memory response, the Morris water maze
assesses spatial learning and memory ability by measuring
the swimming time of target animals in a pool, and the
time spent in a particular area to find the supporting
plate. SPL was reported to cause anomalies in acquisition,
immediate maintenance, and working memory [40-42],
and it is well known that SPL impairs learning and

Cognitive impairment response of three ICR stocks

memory processing by functioning as a cholinergic
receptor antagonist [43,44]. Several studies report that
Morris water maze testing is capable of detecting
cholinergic changes [45,46]. Therefore, in the current
study, learning and memory ability among the three ICR
stocks was evaluated by applying the Morris water
maze, as presented in Figure 1.
Kim et al. reported that compared to the in-bred mice,
C57BL/6 and BALB/c mice, the out-bred ICR mice
were more sensitive to evaluating the learning and memory
responsiveness, but were slightly lower in memory
ability [47]. ICR and BALB/c took longer to learn the
same working memory than C57BL/6 mice in the
Morris water maze. These differences are reported to be
due to differences in visual abilities, with C57BL/6 mice
showing normal visual acuity whereas ICR and BALB/
c exhibit poor visual performance [14,16]. Genetically
well-controlled in-bred mice have traditionally been
used in learning and memory studies. Recently, out-bred
mice have also been favored since they represent a
clinical manifestation of genetic diversity, similar to
human.
In conclusion, we identified the conditions for
establishing animal models for learning and memory by
administering SPL in ICR mice. We examined the
differences of cognitive-behavioral response in SPLinduced learning and memory of animal models among
three ICR stocks, namely, Korl: ICR, A:ICR, and B:ICR.
Moreover, we found that cholinergic reactions, oxidative
stress, inflammation and apoptosis of neuronal tissue
after SPL exposure were similar for all three ICR stocks.
Our results suggest that ICR mice from other commercial
suppliers, as well as the Korl:ICR mice, can be
extensively applied to produce learning and memory
animal models using SPL.
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