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Change of calbindin D-28k protein expression in the mice hippocampus after 
lipopolysaccharide treatment
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ABSTRACT.	 A previous study showed that 1 mg/kg lipopolysaccharide (LPS) treatment did not lead to the any neuronal death/degeneration 
in the mouse hippocampus. In the present study, we examined the time-dependent changes of calbindin D-28k (CB) protein expression in 
the mouse hippocampus after a systemic administration of 1 mg/kg LPS. CB immunoreactivity was markedly increased in pyramidal cells 
of the hippocampal CA1/2 regions and in granule cells of the dentate gyrus from 3 hr to 48 hr after LPS treatment. At this point in time, 
CB protein level was also significantly increased in the mouse hippocampus. Thereafter, CB protein expression was decreased at 96 hr 
after LPS treatment. These results indicate that changes of CB protein expression may be associated with no neuronal death in the model of 
neuroinflammation with systemic administration of 1 mg/kg LPS.
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Calcium binding proteins, which act as calcium buffer, 
control the intracellular calcium homeostasis and cellular 
activity [3, 9]. Among the calcium binding proteins, calbin-
din D-28k (CB) binds to calcium ion with a fast association 
rate [4, 18]. In the brain, neuronal CB is thought to regulate 
intracellular response against various stimuli and provide 
neuroprotection against calcium-mediated neurotoxicity 
[2, 17]. In addition, CB-containing neurons play roles in 
memory, learning and long-term potentiation in the hippo-
campus [15].

Lipopolysaccharide (LPS), an endotoxin from gram-neg-
ative bacteria, leads to a strong response from normal animal 
immune system [16, 24]. LPS has been commonly used as 
a reagent for a model of systemic inflammatory response 
induced by infections, and systemic LPS treatment leads to 
neuroinflammation with neuroanatomical and neurochemi-
cal changes in some regions of the brain [8, 13]. Among the 
brain regions, the hippocampus is one of the brain regions 
most sensitive to LPS [6, 7].

Many previous studies have focused on effects of LPS on 
neuronal degeneration and immune response in various re-
gions of the brain [19–21]. In addition, our previous studies 
showed that systemic administration of 1 mg/kg LPS led to 
microglial activation without any neuronal damage as well 
as changes of DNA repair ability in the mouse hippocampus 
[6, 11]. However, there is no study on LPS-induced changes 
of CB protein expression in the hippocampus. Therefore, in 

the present study, we examined the time-dependent changes 
of CB immunoreactivity and protein level in the mouse hip-
pocampus after a systemic administration of 1 mg/kg LPS.

Six-week-old male ICR mice were purchased from Raon-
Bio Inc. (Yongin, South Korea). The animals were housed 
in a conventional state under adequate temperature (23 ± 
3°C) and relative humidity (55 ± 5%) control with a 12-hr 
light/12-hr dark cycle and provided with free access to food 
and water. The procedures for animal handling and care ad-
hered to guidelines that are in compliance with the current 
international laws and policies (Guide for the Care and Use 
of Laboratory Animals, The National Academies Press, 8th 
Ed., 2011) and were approved by the Institutional Animal 
Care and Use Committee at Dankook University. All of the 
experiments were conducted to minimize the number of ani-
mals used and the suffering caused by the procedures used 
in the present study.

LPS (Sigma, St. Louis, MO, U.S.A.) was dissolved in 
saline and administered intraperitoneally with 1.0 mg/kg/ 
10 ml dose. The control animals were injected with the same 
volume of saline.

Mice (n=5 at each time point) were sacrificed at desig-
nated times (3, 6, 12, 24, 48 and 96 hr after LPS treatment). 
For the histological analysis, animals were anesthetized with 
zoletil 50 (30 mg/kg, Virbac, Carros, France) and perfused 
transcardially with 0.1 M phosphate-buffered saline (PBS, 
pH 7.4) followed by 4% paraformaldehyde in 0.1 M phos-
phate-buffer (PB, pH 7.4). The brain tissues were removed, 
cryoprotected and serially sectioned on a cryostat (Leica, 
Wetzlar, Germany) into 30 µm coronal sections, and they 
were then collected into 6-well plates containing PBS.

According to the method of our previous study [6, 11], 
immunohistochemical staining for CB was performed using 
rabbit anti-CB (1:200, Millipore, Temecula, CA, U.S.A.), 
biotinylated goat anti-rabbit IgG (1:200, Vector, Burlin-
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game, CA, U.S.A.) and streptavidin peroxidase complex 
(1:200, Vector). In order to establish the specificity of the 
immunostaining, a negative control test was carried out with 
pre-immune serum instead of primary antibody. The nega-
tive control resulted in the absence of immunoreactivity in 
any structures (data not shown).

Six sections with 120 µm intervals per animal were 
selected to quantitatively analyze CB immunoreactivity. 
Digital images of the hippocampal subregions were captured 
with an AxioM2 light microscope (Carl Zeiss, Göttingen, 
Germany) equipped with a digital camera (Axiocam, Carl 
Zeiss) connected to a PC monitor. Semi-quantification of 
the immunostaining intensities in the pyramidal cells of the 
hippocampal CA1/2 region and in the granular cells of the 
dentate gyrus was evaluated with Image J 1.46 (National 
Institutes of Health, Bethesda, MD, U.S.A.). The mean inten-
sity of immunostaining in each immunoreactive structure was 
measured by a 0–255 gray scale system (white to dark signal 
corresponded from 255 to 0). Based on this approach, the level 
of immunoreactivity was scaled as −, ±, + or ++, representing 
no staining (gray scale value: ≥200), weakly positive (gray 
scale value: 150–199), moderate (gray scale value: 100–149) 
or strong (gray scale value: ≤99), respectively.

To confirm change in CB levels in the hippocampus at 
designated times (3, 48 and 96 hr after LPS treatment), 
animals at each time point (n=5) were used for western 
blot analysis according to the method of our previous study 
[6, 11]. In brief, after the hippocampus was homogenized 
and centrifuged, the supernatants were subjected to western 
blot analysis. Rabbit anti-CB (1:1,000, Millipore) or mouse 
anti-β-actin (1:5,000, Sigma) was used as a primary anti-
body. The result of the western blot analysis was scanned, 
and densitometric analysis for the quantification of the bands 
was done using Image J 1.46, which was used to count rela-
tive optical density (ROD). CB level was normalized with 
β-actin level, used for internal control protein. A ratio of the 
ROD was calibrated as % with the control-group designated 
as 100%.

Data are expressed as the mean ± SEM. The data were 
evaluated by SPSS program and the means assessed using 
two-tailed Student t-test or one-way ANOVA test. Statistical 
significance was considered at P<0.05.

In the hippocampal CA1 and CA2 regions of the control-
group, weak CB immunoreactivity was detected in pyramidal 
cells of the striatum pyramidale (Table 1, Fig. 1A). At 3 hr 
after LPS treatment, CB immunoreactivity was markedly in-

creased in the pyramidal neurons, and increased CB immu-
noreactivity was maintained until 48 hr after LPS treatment 
(Table 1, Fig. 1B and 1C). Thereafter, CB immunoreactivity 
in pyramidal cells of the striatum pyramidale was decreased 
at 96 hr after LPS treatment (Table 1, Fig. 1D).

In the CA3 region of the control-group, CB immuno-
reactivity was observed in the stratum lucidum, not in the 
stratum pyramidale (Fig. 1E). CB immunoreactivity in the 
stratum lucidum was also increased from 3 hr to 48 hr after 
LPS treatment (Fig. 1F and 1G). At 96 hr after LPS treat-
ment, CB immunoreactivity was distinctively decreased in 
the stratum lucidum (Fig. 1H).

In the dentate gyrus of the control-group, CB immunore-
activity was well observed in granule cells (Table 1, Fig. 1I). 
From 3 hr to 48 hr after LPS treatment, CB immunoreactiv-
ity in granule cells was markedly increased, compared to that 
in the control-group (Table 1, Fig. 1J and 1K). Thereafter, 
CB immunoreactivity at 96 hr after LPS treatment was ap-
parently decreased, compared to that at 48 hr after LPS treat-
ment (Table 1, Fig. 1L).

Western blot analysis showed that the CB protein level 
was changed in the mouse hippocampus after LPS treatment, 
and the pattern of change of CB protein level was similar to 
that observed in the immunohistochemical data. CB protein 
levels were significantly increased at 3 hr and 48 hr after 
LPS treatment. At 96 hr after LPS treatment, the CB protein 
level was similar to that in control-group (Fig. 2).

LPS leads to neuronal death by activations of microglia 
and astrocytes as well as by increase of oxidative stress and 
alteration of calcium homeostasis [12, 19–21, 25]. It was 
reported that PC12 neurons showed a significant intracel-
lular calcium overload in response to 20 µg/ml of LPS for 48 
hr and that nonselective cationic channel blockers inhibited 
LPS-induced neuronal death [19]. In addition, systemic LPS 
treatment induced cognitive impairment in mice [22, 23] and 
led to neuroinflammation, sickness and mild depressive-like 
behavior [5]. It has been also known that systemic inflam-
mation induced by 10 mg/kg LPS treatment led to cellular 
apoptosis (15% neurons and 85% glia) in the rat hippocam-
pus [21]. Previously, we reported that 1 mg/kg LPS treat-
ment did not lead to the neuronal death/degeneration in the 
pyramidal and granule cells of the mouse hippocampus [6], 
although DNA repair ability in the hippocampal pyramidal 
and granule cells was affected after 1 mg/kg LPS treatment 
[11]. Therefore, it has been thought that neuronal death after 
systemic LPS treatment is dependent on the dose of LPS.

Table 1.	 Semi-quantifications of CB immunoreactivity in the mouse hippocampus after LPS 
treatment

Groups
Control LPS treatment

3 hr 6 hr 12 hr 24 hr 48 hr 96 hr
Pyramidal cells of CA1/2 region ± ++ ++ ++ ++ ++ ±
Granule cells of dentate gyrus + ++ ++ ++ ++ ++ ±

Immunoreactivity is scaled as −, ±, + or ++, representing no staining, weakly positive, moderate 
or strong, respectively.
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In the present study, we examined the changes of CB 
protein expression in the hippocampal CA1-3 regions and 
dentate gyrus after systemic treatment with 1 mg/kg LPS. It 
was reported that CB immunoreactivity was found predomi-

nantly in the pyramidal cells of the CA1/2 regions, not CA3 
region, and in the granule cells of the dentate gyrus of the rat 
hippocampus [14]. We observed that the CB immunoreactiv-
ity in the pyramidal cells of the CA1/2 regions and in the 
granule cells of the dentate gyrus as well as the CB protein 
level in the hippocampus was markedly increased from 3 hr 
to 48 hr after LPS treatment. Although it is hard to exactly 
explain why CB protein expression was increased in the hip-
pocampus after LPS treatment, it can be postulated that the 
increase of CB immunoreactivity in pyramidal and granule 
cells may be related to neuroprotection against LPS-induced 
neuronal death/degeneration in the mouse hippocampus, 
based on the results of the previous study [19]. In addition, 
we observed that CB immunoreactivity was increased in the 
stratum lucidum of the hippocampal CA3 region. It has been 
known that CB is closely associated with long-term potentia-
tion, synaptic plasticity and memory functions [1, 10, 14]. 
Therefore, this result indicates that increase of CB immuno-
reactivity in the stratum lucidum may be related to the LPS-
induced changes of hippocampal function, although we did 
not examine the changes of long-term potentiation, synaptic 
plasticity and memory functions after LPS treatment in the 
present study.

In conclusion, CB protein expression was apparently 
increased in the mouse hippocampus after systemic admin-
istration of 1 mg/kg LPS. These results indicate that changes 
in CB protein expression may be associated with no neuro-
nal death in the model of neuroinflammation with systemic 
administration of 1 mg/kg LPS.

Fig. 1.	 Immunohistochemistry for CB in the CA1 region (A–D), the CA3 region (E–H) and the dentate gyrus (I–L) of the 
control- (A, E and I) and LPS-treated (B–D, F–H and J–L)-groups. From 3 hr to 48 hr after LPS treatment, CB immunoreactivity 
is markedly increased in the stratum pyramidale (SP, arrows) of the CA1 region, in the stratum lucidum (SL, asterisks) of the 
CA3 region and in the granule cell layer (GCL, arrowheads) of the dentate gyrus. SO; stratum oriens, SR; stratum radiatum, ML; 
molecular layer, PL; polymorphic layer. Scale Bar=100 µm.

Fig. 2.	 Western blot analysis of CB in the mouse hippocampus 
of the control- and LPS-treated-groups. Relative optical density 
(ROD) as % values of immunoblot band is also represented (n=5, 
*P<0.05, significantly different from the control-group). The bars 
indicate the means ± SEM.
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