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Abstract: In the current study, we established a novel murine ischemic brain damage model using a photochemical 
reaction to evaluate the recovery of neurological dysfunction and brain repair reactions. In this model, reproducible 
damage was induced in the frontal lobe of the cortex, which was accompanied by neurological dysfunction. 
Sequential changes in damage size, microglial accumulation, astrocyte activation, and neurological dysfunction 
were studied in C57BL/6J and BALB/c mouse strains. Although the initial size of damage was comparable in both 
strains, the extent of damage was later reduced to a greater extent in C57BL/6J mice than that in BALB/c mice. 
In addition, C57BL/6J mice showed later edema clearance until day 7, less microglial accumulation, and relatively 
more astrocyte activation on day 7. Neurologic dysfunction was evaluated by three behavioral tests: the von Frey 
test, the balance beam test, and the tail suspension test. The behavioral abnormalities evaluated by these tests 
were remarkable following the induction of damage and recovered by day 21 in both strains. However, the 
abnormalities were more prominent and the recovery was later in C57BL/6J mice. These findings demonstrate that 
our novel ischemic stroke model is useful for evaluating brain repair reactions and the recovery of neurological 
dysfunction in mice with different genetic backgrounds. In addition, we found that both the brain repair reactions 
and the recovery of neurological dysfunction after comparable ischemic brain damage varied between strains; in 
that, they both occurred later in C57BL/6J mice.
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Introduction

although various animal models of ischemic brain 
damage have been established [1–3] the size and region 
of induced damage vary considerably among individual 
animals, strains (including C57BL/6j and BaLB/c) 
[4–6], and transgenic/knockout animals with different 
genetic backgrounds [7, 8]. Here we established an isch-

emic brain damage model in which the damage was 
induced by photochemically-induced thrombosis (Pit) 
in the parietal lobe of the cortex (Pit-P model). this 
model demonstrates high reproducibility in terms of both 
the area and region of damage; that is, the difference 
between individual animals and different strains was low 
[5]. In addition, we showed that the difference in the 
initial amount of damage affected the intensity of sub-
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sequent repair responses; that is, a larger size of damage 
elicited stronger repair responses [5]. these results sug-
gest that repair responses should be compared between 
animals with comparable amounts of brain damage in 
stroke. thus, the existing models, in which the size and 
region of damage show relatively large variation, are 
unsuitable for studying repair responses.

given that the damage induced in the Pit-P model is 
not accompanied by behavioral abnormalities, it is un-
suitable for assessing the recovery of neurological dys-
function. therefore, we attempted to establish a new 
stroke model in which reproducible damage is induced 
in the motor and sensory areas in the frontal lobe of the 
cortex using Pit method (Pit-F model). Furthermore, 
we also compared the changes in damage size and patho-
physiological responses, including microglial accumula-
tion and glial scar formation, under histological observa-
tion at low magnification. Finally, we used three 
behavioral tests to examine any differences in neuro-
logical dysfunction between C57BL/6j and BaLB/c 
mice after brain damage using the Pit-F model.

Materials and Methods

all animal experimental procedures were approved 
by the Committee on animal Care and use of the naga-
hama institute of Bio-science and technology (Permit 
number: 017). animal studies were performed in ac-
cordance with institutional and national guidelines and 
regulations and the arriVe (animal research: report-
ing of In Vivo experiments) guidelines (https://www.
nc3rs.org.uk/arrive-guidelines).

in all experiments, 37 male C57BL/6j mice (CLea 
japan, tokyo, japan) and 34 male BaLB/c mice (CLea 
japan), 12–16 weeks old and weighing 25–34 g, were 

used. the number of animals used in each experiment is 
described in the figure legends.

ischemic brain injury was induced using the Pit 
method [5, 9] with some modifications. Briefly, under 
isoflurane anesthesia, mice were placed on a heated pad 
maintained at 37°C, and a cannula was inserted into the 
left jugular vein. the skin on the top of the head was 
incised, and an optic fiber (1.0-mm diameter) was placed 
directly on the surface of the skull at the frontal lobe 
(bregma–lambda=0.0 mm, lateral=3.0 mm to the left). 
immediately after infusion of 20 mg/kg rose Bengal 
(Wako Pure Chemicals, osaka, japan), the areas were 
illuminated with a green light (wavelength, 540 nm; il-
lumination intensity, 4.7 × 10−4 W/cm2) through the 
optic fiber for 10 min using a light source (model L5178; 
Hamamatsu Photonics, Hamamatsu, japan). after illu-
mination, the cannula was withdrawn, and the skin was 
sutured.

to analyze the initial area of damage, the mice were 
deeply anesthetized with 200 mg/kg of secobarbital so-
dium solution (nichi-iko Pharmaceutical Co., toyama, 
japan), and the brains were removed after 24 h (day 1). 
the brains were then stained with 2,3,5-triphenyltetra-
zolium chloride (ttC), either directly or after being 
divided into 6 slices each at 1-mm thickness (Fig. 1) [8].

Histological analysis was performed as described 
elsewhere, with some modifications [5, 9]. Briefly, mice 
were perfused with saline and fixed with 4% paraformal-
dehyde under the euthanasia procedure using deep anes-
thetization with secobarbital sodium. the brains of the 
mice were removed 1, 4, 7, 14, and 21 days after stroke. 
the size of the damaged area was measured on the pho-
tograph of the brain surface, taken at a 45° angle (Fig. 
2d). then, the brains were sectioned into six 1 thick 
slices. each slice was embedded in oCt compound 

Fig. 1. region of brain damage in the Pit-F model. a and B: Photographs of the ttC-stained brain surface 
of C57BL/6j mice (a) and BaLB/c mice (B) on day 1. C and d: specimen photomicrographs of 
ttC-stained 1-mm thick brain slices of C57BL/6j mice (C) and BaLB/c mice (d). White regions 
indicated by arrows are damaged regions. Comparable results were obtained in 6 C57BL/6j mice 
and 4 BaLB/c mice. the width of the grid behind the brain and sections was 1 mm.
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Fig. 2. sequential changes in the size of damage in C57BL/6j and BaLB/c mice in the Pit-F model. a: specimen photomicrographs 
of the center of damage in the sections of C57BL/6j and BaLB/c mice on days 1, 4, 7, 14, and 21. arrows indicate areas of 
damage; bars indicate 500 µm. B and C: sequential changes in the area of damage in terms of volume (B) and percentage of 
volume against day 1 (C). d: specimen photomicrographs of damage on the surface of C57BL/6j and BaLB/c mice on days 
1, 4, 7, 14, and 21. sequential changes of damage size measured on the area of the brain surface (e) and percentage of the area 
against day 1 (F). data represent the mean and sd. a: P<0.05 vs. day 1 in C57BL/6j mice, b: P<0.05 vs. day 1 in BaLB/c mice, 
c: P<0.05 comparison between C57BL/6j and BaLB/c mice. g and H: Correlations between damage volume and damage size 
on the brain surface in C57BL/6J mice (G) and BALB/c mice (H). The correlation coefficient (R2) is shown in each graph. n=6, 
7, 5, 7, and 6 C57BL/6j mice, and n=6, 6, 6, 7, and 5 BaLB/c mice were used on days 1, 4, 7, 14, and 21, respectively.
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(sakura Finetek japan, tokyo, japan), and 5-µm thick 
sections were cut from the rostral edge in frozen condi-
tions prior to staining with hematoxylin (Fig. 2C). the 
volume of brain damage was calculated by multiplying 
the sum of the damage area in each section obtained from 
six brain slices by the thickness of slices (1 mm). in 
addition, the ratio of the size of damage in terms of vol-
ume and area on the surface against day 1 was also cal-
culated.

the net damage volume and edema volume were mea-
sured in hematoxylin & eosin-stained sections. the brain 
damage volume is defined as the net brain damage vol-
ume indicating the volume of damage of the brain pa-
renchyma and the edema volume, which is swelling of 
damaged tissue. after taking photographs, the areas of 
damage (Fig. 3C, area-X), the ipsilateral alive area (Fig 
3C, area-Y), and the contralateral area (Fig. 3C, area-z) 
were measured. the net damage volume was calculated 
by multiplying the sum of the net damage area, which 
was calculated by subtracting the contralateral area from 
the ipsilateral alive area (Z − Y) in each section obtained 
from the six brain slices by the slice thickness (1 mm). 
the volume of edema was calculated by multiplying the 
sum of the enlargement of the ipsilateral area against the 
contralateral area calculated by X + Y − Z in each section 
obtained from six brain slices in a 1 mm2 thickness by 
their thickness (1 mm) [10]. Both the ratio of the volume 
of edema against the volume of day 1 and the edema 
volume indicated as the ratio against the ipsilateral hemi-
sphere area calculated by (X + Y − Z) / Z in percentage 
were also measured. the sequential change in the amount 
of striatum damage was also evaluated in terms of vol-
ume and percentage of the whole striatum area.

For immunohistochemistry, sections obtained from 
the center of damage were incubated with anti-F4/80 
antibody (abcam, tokyo, japan) or anti-gFaP antibody 
(diagnostic Biosystems, Pleasanton, Ca, usa). after 
treatment with an appropriate secondary antibody con-
jugated with Cy3 or fluorescein, the damaged area on 
the sections (Fig. 4a) was imaged by fluorescence mi-
croscopy (BX53; olympus, tokyo, japan). then, the 
thickness of the F4/80- or gFaP-positive layer was 
measured. the thickness of the F4/80-positive layer was 
measured by the average of three individual points sur-
rounding the damage. the thickness of the gFaP-posi-
tive layer was measured by the average of three indi-
vidual points in the cortex (Fig. 5a). When measuring 
the thickness of the gFaP-positive layer, the region of 
white matter was excluded from the measurement.

neurological dysfunction was measured using three 
behavioral tests as follows: the von Frey test [11], the 
balance beam test [12], and the tail suspension test [13], 

with modifications. In the von Frey test, mice were 
placed in a wire mesh grid-based chamber (8 cm × 8 cm), 
and the contralateral hind paw was poked by a von Frey 
filament (0.008, 0.02, 0.04, or 0.07 g/cm2) until the fila-
ment buckled. Poking was initiated with the thinnest 
filament (0.008 g/cm2) before moving on to the next 
thinnest filament. The tension of the thinnest filament 
induced a positive response, which was considered the 
sensitivity threshold in the mouse. in the balance beam 
test, the number of stepping out of the forelimb and 
hindlimb on the contralateral side of the brain damage 
was counted as the mice crossed a 30 cm-long balance 
beam three times. in the tail suspension test, the mouse 
was lifted up by its tail by approximately 20 cm, and the 
number of times and the total length of time that it 
benched its body more than 10° off the vertical to the 
ipsilateral or contralateral side of the damaged hemi-
sphere was measured over a period of 1 min. the per-
centage of the number of times (swing frequency) and 
the total length of time (swing time) to benching to the 
ipsilateral side against the total benching time were then 
calculated.

one-way analysis of variance (anoVa) followed by 
Fisher’s protected least significant difference test was 
used to examine the differences in the sequential change 
within the strain, and student’s unpaired t-test was used 
to examine for differences between strains. For correla-
tions between the damage volume and area on the sur-
face, the r2 value was calculated by Ms excel (Micro-
soft, Washington, redmond, Wa, usa). a P-value <0.05 
was considered significant.

Results

in the Pit-F model, damage was induced in the fron-
tal lobe of the cortex, including a part of the motor area, 
the sensory area, and the association area, in both 
C57BL/6j (Fig. 1a) and BaLB/c (Fig. 1B) mice [14]. 
the damage was induced not only in the cortex, but also 
in a small region of the striatum, which was comparable 
between C57BL/6j (Fig. 1C) and BaLB/c mice (Figs. 
1d, 3H, and 3i).

in this model, the damage size was also comparable 
between C57BL/6j and BaLB/c mice on day 1 in terms 
of both the volume (Figs. 2B and C) and the area of the 
brain surface (Figs. 2d–F). then, the damage decreased 
until day 21 in both strains (Figs. 2a–F). Meanwhile, 
the degree of decrease in the damage size was different 
between the two strains. the amount was larger on days 
4, 14, and 21 in C57BL/6j mice compared to that in 
BaLB/c mice, whereas it was comparable on day 7, as 
shown in the sections at the center of the damage (Fig. 
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2A). Practically, the differences in the damage volume 
and percentage of volume against day 1 were significant 
on days 4, 14, and 21 (Figs. 2B and C). When the amount 
of damage was compared at the area on the surface, the 
size was also larger in C57BL/6j mice (Fig. 2d). this 
difference was significant on days 4, 14, and 21 (Fig. 
2E). The difference in the area was significant on days 

4, 14, and 21 (Fig. 2E), even though no significant dif-
ference was observed in the percentage of area against 
day 1 (Fig. 2F). Furthermore, the damage volume indi-
cated remarkably high correlations with damage size on 
the brain surface in both C57BL/6j (Fig. 2g, r2=0.916) 
and BaLB/c mice (Fig. 2H, r2=0.931).

edema was prominent on day 1 in both C57BL/6j 

Fig. 3. sequential change in net damage volume and edema volume from day 1 to day 7. a and B: Hematoxylin and 
eosin-stained brain section photomicrographs of C57BL/6j mice (a) and BaLB/c mice (B) on day 1; bar in-
dicates 1 mm. C: Partition of the brain section for the measurement of net damage and edema. area-X, Y, and 
z indicate the damaged area (X), ipsilateral alive area (Y), and contralateral area (z) in the section shown in 
A. D: Sequential changes in net damage volume calculated by Z − Y. E–G: Sequential changes in edema volume 
calculated by X + Y − Z (E), percentage of edema volume against day 1 (F), and percentage of edema volume 
against contralateral hemisphere volume calculated by (X + Y − Z) / Z × 100 (G). H and I: Sequential changes 
in the size of striatum damage. damage in terms of volume (H) and percentage of the whole striatum (i). data 
represent the mean and sd. a: P<0.05 vs. day 1 in C57BL/6j mice, and b: P<0.05 vs. day 1 in BaLB/c mice. 
n=6, 7, and 5 C57BL/6j mice, and n=6, 6, and 6 BaLB/c mice were used on days 1, 4, and 7, respectively.
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(Fig. 3a) and BaLB/c mice (Fig. 3B) in the Pit-F 
model. therefore, we evaluated the sequential changes 
in the size of the net damage and edema. the net volume 
of damage did not change significantly until day 7 in 
either strain (Fig. 3d). Meanwhile, the edema was pro-
nounced on day 1, decreased over time, and was almost 
abolished on day 7 after the induction of damage in both 
strains (Figs. 3e–g). this decrease was more remarkable 
in BaLB/c mice than that in C57BL/6j mice from days 
1 to 4, whereas it was comparable from days 4 to 7 (Figs. 
3e–g). We also evaluated the area of damage in the 
stratum and found that it was comparable on day 1 and 
decreased similarly until day 7 in both strains (Figs. 3H 
and i).

to evaluate the accumulation of microglia after brain 

damage, we performed immunohistochemical analysis 
for F4/80, a marker of active microglia. the F4/80-pos-
itive microglia accumulated at the edge of the damaged 
region and formed a layer on day 7 (Fig. 4B), which was 
in line with previous observations [5]. We did not observe 
F4/80 immunoreactivity on days 1 or 4. Moreover, the 
thickness of the layer was significantly thinner in 
C57BL/6j mice than that in BaLB/c mice (Fig. 4C). on 
days 14 and 21, F4/80 positive cells were distributed 
widely inside the damaged region in both strains (Fig. 
4B). on day 14, these F4/80 positive cells were distrib-
uted relatively peripherally from the damaged region in 
C57BL/6j mice, whereas they were additionally distrib-
uted at the center of the damaged region in BaLB/c mice. 
We observed comparable F4/80 immunoreactivity in both 

Fig. 4. immunohistochemistry for F4/80. a: Picture of the brain section. a square indicates an analyzed 
area. B: Photomicrographs of F4/80-stained brain sections from C57BL/6j and BaLB/c mice 
on days 7, 14, and 21. Bars indicate 500 µm on day 7, and 250 µm on days 14 and 21. C: Quan-
tified thickness of the F4/80-positive layer surrounding the area of damage on day 7. Data rep-
resent the mean and sd. ***: P<0.001. Five C57BL/6j mice and six BaLB/c mice were used 
on day 7. on days 14 and 21, 5 and 4 C57BL/6j mice and 6 and 4 BaLB/c mice were analyzed, 
respectively. Comparable results were observed for each day and strain (data not shown).
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strains of mice over the days examined (data not shown).
to evaluate the activation of astrocytes after brain 

damage, we performed immunohistochemical analysis 
for gFaP, a marker of reactive astrocytes. the gFaP-
positive astrocytes formed a glial scar as a layer sur-
rounding the damaged region on day 7 (Fig. 5B), which 
was also in line with previous observations [5]. a gFaP-
positive signal in the white matter was continuously 
observed from day 4 until day 21 (Fig. 5B). Meanwhile, 
the thickness at the cortex was prominent on day 7 and 
decreased over time until day 21 (Figs. 5B and C). the 
thickness of the gFaP-positive layer in the cortex was 
comparable between the two strains on days 7, 14, and 

21, even though there was a tendency for the layer to be 
thicker in C57BL/6j mice on day 7 (P=0.059).

We performed three different behavioral tests to eval-
uate neurological dysfunction. in the von Frey test, 
which evaluates sensory function [11], both strains 
showed a significant increase in the sensory threshold 
on day 1, which was more remarkable in C57BL/6j mice 
than that in BaLB/c mice, and had recovered to a normal 
level by day 7 (Fig. 6a). in the balance beam test, which 
evaluates the motor function of contralateral limbs [12], 
the number of stepping-off was significantly increased 
on days 2 and 5 in the forelimb and on days 2, 7, 14, and 
21 in the hind limb in C57BL/6j mice, whereas on day 

Fig. 5. immunohistochemistry for gFaP. a: Picture of the brain section. a square indicates an analyzed area. the 
arrow indicates the white matter. arrowhead indicates the cortex where the thickness is measured. B: Pho-
tomicrographs of gFaP-stained brain sections from C57BL/6j and BaLB/c mice on days 7, 14, and 21. 
dotted lines indicate the border of the damaged area. the arrows indicate white matter. Bars indicate 1 mm. 
C: Quantified thickness of the GFAP-positive layer surrounding the damaged area in the cortex on days 7, 
14, and 21. data represent the mean and sd. a: P<0.05 vs. day 1 in C57BL/6j mice b: P<0.05 vs. day 1 in 
BaLB/c mice. n=5, 5, and 4 C57BL/6j mice were used on days 7, 14, and 21, respectively, and n=5, 5, and 
5 BaLB/c mice were used on days 7, 14, and 21, respectively.
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7 in the forelimb and on days 2, 5, and 7 in the hind limb 
in BaLB/c mice compared with the level before damage 
(Fig. 6B). this test was not performed on day 1 because 
of the remarkable reduction in spontaneous locomotion 
activity in mice, which likely a resulted of surgery. in 
the tail suspension test, which evaluates the deviation of 
motor function in each hemibody [13], both the time and 
frequency of body suspension significantly deviated to 
the contralateral side on day 1. deviations were con-
tinuously observed until day 21 in C57BL/6j mice, but 
disappeared on day 2 in BaLB/c mice. in particular, the 
difference in body suspension time was significant be-
tween strains on day 21 (Fig. 6C).

Discussion

in this study, we demonstrate that the Pit-F model is 
capable of inducing brain damage with small variation 
between individual animals and different strains, similar 
to the Pit-P model. this damage was associated with 
neurological dysfunction, as determined by three behav-
ioral tests. Furthermore, pathophysiological responses 
after stroke, including edema, microglial accumulation, 
and astrocyte activation, were also observed in this 
model, indicating that the model induced pathophysio-
logical responses comparable to those in existing models. 
although many animal stroke models associated with 

Fig. 6. sequential changes in neurological dysfunction after brain damage in C57BL/6j and BaLB/c mice. a: sensitivity 
threshold of the contralateral hind paw in the von Frey test. B: the numbers of foot-falling in the contralateral 
forelimb and hindlimb in the balance beam test. C: Percentage of body swing time and frequency in the tail suspen-
sion test. data represent mean and sd. a: P<0.05 vs. Pre in C57BL/6j mice, b: P<0.05 vs. Pre in BaLB/c mice, c: 
P<0.05 comparison between C57BL/6J and BALB/c mice. Six C57BL/6J mice and five BALB/c mice were used.
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neurological dysfunction have been established, most of 
them have relatively large variations in stroke outcome 
[1–3]. our previous finding showed that the initial 
amount of damage influences the induction of subsequent 
repair responses [5]. unlike other animal stroke models 
with large variations that are unsuitable for studying 
pathological processes after damage, the current model 
is suitable for studying pathophysiological responses, 
the recovery of neurological dysfunction, and their re-
lationship after stroke.

in the Pit-F model, the surface area of the damage 
was highly correlated with the volume of the damage. 
this high correlation may be due to the fact that the 
damage in the Pit-F and Pit-P models is induced in the 
light-reachable area by photochemical reaction. there-
fore, the amount of damage can be evaluated from the 
damaged area on the surface of the brain in these models.

We also found that the reduction in damage after 
stroke induction was different between C57BL/6J and 
BaLB/c mice, even though the initial amounts of dam-
age were comparable. the reduction in edema was more 
prominent in BaLB/c mice than that in C57BL/6j mice 
from day 1 to day 4, whereas it was comparable from 
day 4 to day 7. given that it has been reported that the 
amount of cerebral blood flow is lower in C57BL/6J mice 
than that in BaLB/c mice [15], the reduction in edema 
by the clearance of intra/intercellular fluid in the edema 
region with blood flow may occur slower in C57BL/6J 
mice than that in BaLB/c mice.

the granular layer, composed of F4/80-positive reac-
tive microglia, was thinner in C57BL/6j mice than that 
in BaLB/c mice on day 7. since phagocytosis by mi-
croglia is involved in the reduction of brain infarction 
in ischemic stroke [16], the reduced accumulation of 
microglia in C57BL/6j mice likely resulted in a later 
reduction in damage compared to that in BaLB/c mice 
after day 7. in addition, reactive microglia were more 
remarkable in the center of the damaged region on day 
14, suggesting that they are activated to a greater extent 
in BaLB/c mice than that in C57BL/6j mice. as it is 
known that microglial accumulation after ischemic 
stroke is regulated by macrophage chemoattractant pro-
tein 1 [17], its induction might be lower in C57BL/6j 
mice than that in BaLB/c mice. since the F4/80-positive 
microglia were widely distributed inside the damaged 
region on days 14 and 21 in both strains, the difference 
in the amount of damage on days 14 and 21 might have 
resulted from the difference in the activation of microg-
lia on day 7.

the layer of glial scar composed of gFaP-positive 
activated astrocytes tended to be thicker in C57BL/6j 
mice than that in BaLB/c mice on day 7 (P=0.059). the 

glial scar functions as a “wall” to protect intact brain 
tissue from harmful factors as a result of tissue damage 
[18]. it is known that several signaling molecules, includ-
ing transforming growth factor, ciliary neurotrophic 
factor, interleukin-6, leukemia inhibitory factor, and 
oncostatin M, trigger astrocyte activation [19]. there-
fore, the difference in astrocyte activation between the 
strains may have resulted from the difference in one or 
more of these molecules.

in the Pit-F model, brain damage was associated with 
neurological dysfunctions, which likely resulted in dam-
age to the sensory, motor, and association regions in the 
cortex. therefore, this model is also useful for assessing 
the recovery of neurological dysfunction after ischemic 
stroke. in the current study, the neurological dysfunction 
recovered, at least partially, over time. Both neuronal 
loss and functional impairment of neurons are considered 
to cause neurological dysfunction. We also found that 
the net amount of damage was comparable from day 1 
to day 7 in both strains, and neuronal loss reached the 
maximum level on day 1 in this model. therefore, the 
recovery from day 1 to day 21 was not associated with 
the ratio of neuronal loss. the neurological dysfunction 
caused by functional impairment of neurons can be re-
covered by the improvement of these neurons. since 
edema of the damaged region compresses the surround-
ing tissue and leads to neuronal impairment [20], its 
improvement is likely to assist with the recovery of 
neurological dysfunction. in this model, edema was re-
duced until day 7; therefore, the recovery of neurologi-
cal dysfunction at day 7 may be associated with the 
improvement of edema. the neurological dysfunction 
can be recovered by neural network reconstruction with 
neurogenesis or network remodeling. neurogenesis is 
noticeable 3 weeks after the induction of damage [21], 
and neural network reconstruction is thought to be 
mainly attributed to network remodeling until day 21. 
reconstruction for functional improvement can occur 
near the damaged region but also in the region further 
away, including the spinal cord [22]. the involvement 
of edema reduction and neural network reconstruction 
in the recovery of neurological dysfunction is poorly 
understood. the relatively large variation in both the 
amount of damage and the subsequent pathophysiologi-
cal responses in the existing stroke models makes anal-
ysis difficult. Therefore, their involvement should be 
clarified with this model.

We also found that the recovery of both neurological 
dysfunctions and repair reactions was different between 
the two strains, in that dysfunction was relatively more 
severe, and the repair reactions recovered later in 
C57BL/6J mice than that in BALB/c mice. These differ-
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ences between strains should be taken into account when 
the recovery of neurological dysfunction is assessed in 
transgenic/knockout mice with different genetic back-
grounds. One potential explanation for these differences 
is that the distribution of the motor, sensory, and asso-
ciation areas in the cortex varies between strains, and 
comparable damage induction might cause different 
degrees of damage in each area. another possibility is 
that the recovery responses to neurological dysfunction 
are different between stains. Indeed, the improvement in 
edema, which impairs neurological dysfunction, was 
more prominent in BaLB/c mice than that in C57BL/6j 
mice from days 1 to 4, whereas it was comparable on 
days 4 to 7, which may have resulted in the later recov-
ery of neurological dysfunction in C57BL/6j mice than 
that in BaLB/c mice. in addition, F4/80-positive mi-
croglial accumulation was more prominent in BaLB/c 
mice than that in C57BL/6j mice on day 7. Considering 
that microglia accelerate neuronal plasticity [23], the 
more prominent accumulation of microglia in BaLB/c 
mice may be involved in the recovery of neurological 
dysfunction. Furthermore, the layer of gFaP-positive 
reactive astrocytes in the cortex tended to be thinner in 
BaLB/c mice than in C57BL/6j mice. given that reac-
tive astrocytes secrete chondroitin sulfate proteoglycans, 
which inhibit axonal outgrowth [24], more astrocyte 
activation in the cortex in C57BL/6j mice than that in 
BaLB/c mice might result in less reconstruction of the 
neural network in the surrounding region to facilitate 
improvements in neurological dysfunction. these pos-
sibilities should be clarified by further studies.
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