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Abstract: In the present study, we examined change of ionized calcium-binding adapter molecule 1 (Iba-1) in the adult and
aged gerbil spinal cords. Significant change of morphological feature and neuronal cell loss were not observed in both adult and
aged spinal cords of gerbil after NeuN immunohistochemistry and Fluoro-Jade B histofluoresce staining. Iba-1-immunoreactive
microglia broadly distributed in the spinal cord. Most of Iba-1-immunoreactive microglia showed ramified forms in the adult
gerbil cervical and lumbar spinal cords. However, morphological changes of Iba-1-immunoreactive microglia were observed
in the cervical and lumbar regions of the aged gerbil spinal cord. These microglia were showed a hypertrophied body with
shortened swollen processes which was characteristic of activated microglia. In addition, Iba-1 protein level significantly higher
in aged cervical and lumbar spinal cords than those in the adult gerbil. The present study showed an increase of activated forms
of Iba-1-immunoreactive microglia and its protein level without marked changes in morphological features and neuronal
loss in the aged spinal cord compared to those in the adult gerbil spinal cord. This result suggests that the increase of Iba-1
expression in the aged spinal cord may be closely associated with age-related changes in aged gerbil spinal cord.
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Introduction

Slow and progressive changes in the central nervous sys-
tem (CNS) are characteristics in aging, and are closely associ-
ated with functional and morphological changes in the aged
CNS. Among the various causes of aging, age-related changes
of the immune system appears to play an important role in
the processes of aging [1]. It has reported that aging is related
closely to inflammation in the spinal cord [2, 3]. Neurofibril-
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lary pathological changes in the spinal cord were also re-
ported in Alzheimer mouse model as well as in Alzheimer pa-
tients [4, 5]. Microglia, a type of glial cells, act as the first and
main form of active immune defense in the CNS [6]. They are
broadly distributed in the parenchyma of the CNS. It is well
known morphological microglial types such as ramified or
resting, activated and amoeboid forms and microglia are very
sensitive to even mild pathological changes. The ramified
microglia are referred as a normal or resting state of microglia
and they are transformed into activated or amoeboid forms of
microglia under the pathological condition in the CNS [7, 8].
Ionized calcium-binding adapter molecule 1 (Iba-1) is
a calcium-binding protein that plays an important role in
functional change of microglia [8-10]. Iba-1 is widely used
as a specific marker for all forms of microglia in the CNS as
well as other organs. Many previous studies reported that
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up-regulation of Iba-1 in activated microglia under immune
responses in the CNS [11, 12].

Mongolian gerbil is a good animal model for aging and
ischemic experiments because of its brain vasculature and ge-
netic characteristics [13-17]. In addition, it was reported that
gerbil could be used to study the role of substance P in neuro-
pathic pain, because neurokinin 1 receptors in gerbils is com-
parable to those in humans [18, 19]. Although, some recent
studies have reported age-related increase in the number of
activated microglia in mice and rats, there was no compara-
tive study on age-related changes in Iba-1 in the gerbil spinal
cord. Therefore, in this study, we investigated differences of
Iba-1 expression and its protein level between the adult and
aged gerbil spinal cord.

Materials and Methods

Experimental animals

Male Mongolian gerbils (Meriones unguiculatus) were used
in this study. Postnatal month (PM) 6 (n=12) gerbils for adult
group PM 24 (n=12) gerbils for aged group were housed in
a conventional state under adequate temperature (23°C) and
humidity (60%) control with a 12-hour light/12-hour dark
cycle, and free access to food and water. The procedures for
handling and caring for the animals adhered to the guidelines
that are in compliance with the current international laws and
policies (NIH Guide for the Care and Use of Laboratory Ani-
mals, NIH Publication No. 85-23, 1985, revised 1996). All of
the experiments were conducted to minimize the number of
animals used and the suffering caused by the procedures used
in the present study.

Tissue processing

The animals (n=7) were anesthetized with Zoletil50 (8
mg/kg) and xylazine (2 mg/kg) mixture and perfused trans-
cardially with 0.1 M phosphate bufferd saline (PBS; pH 7.4)
followed by 4% paraformaldehyde in 0.1 M PB (pH 7.4) for
histochemical study. The spinal cords were removed and
postfixed in the same fixative for 4 hours. The cervical (C,-Cy)
and lumbar (L;-Ly) spinal cord tissues were cryoprotected by
infiltration with 30% sucrose overnight. Thereafter the frozen
tissues were serially sectioned on a cryostat (Leica, Wetzlar,
Germany) into 30 pm thickness.

Fluoro-Jade B histofluorescence staining
Fluoro-Jade B (F-] B) histofluorescence staining proce-
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dures were conducted according to the method by previous
study [20]. Briefly, the sections were first immersed in a solu-
tion containing 1% sodium hydroxide in 80% alcohol, and
followed in 70% alcohol. They were then transferred to a
solution of 0.06% potassium permanganate, and transferred
to a 0.0004% F-J B (Histochem, Jefferson, AR, USA) staining
solution. The sections were placed on a slide warmer (ap-
proximately 50°C), and then examined using an fluorescent
microscope (BX53, Olympus, Tokyo, Japan) with blue (450-
490 nm) excitation light and a barrier filter. With this method
neurons that undergo degeneration brightly fluorescence in
comparison to the background [16].

Immunohistochemistry for NeuN and Iba-1

Immunohistochemistry for neuronal nuclei (NeuN) and
Iba-1 was performed under the same conditions in gerbils
of different ages and spinal cord levels in order to examine
whether the degree of immunohistochemical staining was ac-
curate. The sections were sequentially treated with 0.3% H,O,
in PBS and 10% normal goat serum in 0.05 M PBS. They
were then incubated with diluted mouse anti-NeuN (diluted
1:500, Millipore, Darmstadt, Germany) or rabbit anti-Iba-1
(diluted 1:400, Wako, Tokyo, Japan) respectively and subse-
quently exposed to biotinylated goat anti-mouse or rabbit and
streptavidin peroxidase complex (1:200, Vector, Burlingame,
CA, USA). They were then visualized by staining with 3,3'-di-
aminobenzidine in 0.1 M Tris-HCI buffer (pH 7.2) and were
mounted in Canada balsam (Kanto, Tokyo, Japan) following
dehydration. Images of all NeuN-immunoreactive structures
taken from the cervical and lumbar spinal cords were ob-
tained through a microscope (BX53, Olympus) equipped with
a digital camera (DP72, Olympus). For calculating the num-
ber of NeuN-immunoreactive cells, 30 sections with 180-pm
interval per animal were selected in the cervical and lumbar
spinal cords. The number of NeuN-immunoreactive neurons
in each groups was counted using an image analyzing system
equipped with a computer-based digital camera (software:
Optimas 6.5, CyberMetrics, Scottsdale, AZ, USA) in 30 sec-
tions per animal. Cell counts were obtained by averaging the
counts from the sections of each animal and data represent as
the number per section.

Analysis of the Iba-1-immunoreactivity in the spinal cords
was performed using an image analysis system. Images were
calibrated into an array of 512x512 pixels. Each pixel resolu-
tion was 256 gray levels. The intensity of Iba-1 immunoreac-
tivity was evaluated by relative optical density (ROD), which
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was obtained after transformation of the mean gray level
using the formula: ROD=log(256/mean gray level). ROD of
background was determined in unlabeled portions and this
value was subtracted for correction, yielding high ROD values
in the presence of preserved structures and low values after
structural loss using Image] 1.50 software (National Institutes
of Health, Bethesda, MD, USA). A ratio of the ROD was
calibrated as percentage compared to corresponding adult

Adult cervical Adult lumbar Aged cervical
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groups.

Western blot analysis

To confirmed changes in Iba-1 protein level in the cervical,
lumbar spinal cords, animals (n=5 per group) were sacrificed
and spinal cord were removed for western blot analysis. The
tissues were cut to 500 um thickness in a vibratome (Leica)
and were homogenized in 50 mM PBS (pH 7.4) containing
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0.1 mM ethylene glycol-bis(2-aminoethyl ether)-N,N,N’,N’
tetraacetic acid (pH 8.0), 0.2% nonidet P-40, 10 mM ethyl-
endiamine tetraacetic acid (pH 8.0), 15 mM sodium pyro-
phosphate, 100 mM B-glycerophosphate, 50 mM NaF, 150
mM NaCl, 2 mM sodium orthovanadate, I mM phenylmeth-
ylsulfonyl fluoride, and 1 mM dithiothreitol (DTT). After
centrifugation, the protein level was determined in the super-
natants using a Micro BCA protein assay kit with bovine se-
rum albumin as the standard (Pierce Chemical, Rockford, IL,
USA). Aliquots containing 20 pg of total protein were boiled
in loading buffer containing 150 mM Tris (pH 6.8), 3 mM
DTT, 6% sodium dodecyl sulfate, 0.3% bromophenol blue
and 30% glycerol. Then, each aliquot were loaded onto a 15%
polyacrylamide gel. After electrophoresis, the gels were trans-
ferred to nitrocellulose transfer membranes (Pall Crop, East
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Hills, NY, USA). To reduce background staining, the mem-
branes were incubated with 5% non-fat dry milk in PBS con-
taining 0.1% Tween 20 for 45 minutes, followed by incubation
with rabbit anti-Iba-1 (diluted in 1:500, Wako), peroxidase-
conjugated goat anti-rabbit IgG (Sigma, St. Louis, MO, USA)
and an ECL kit (Pierce Chemical). The blot was scanned for
quantification of the relative optical density of each band us-
ing Image] 1.59 software (National Institutes of Health).

Statistical analysis

Data are expressed as the mean+SEM or as the mean+SE.
The data were evaluated by student ¢ test using GraphPad
Prism 5.01 software (GraphPad Software, Inc., La Jolla, CA,
USA). Statistical significance was considered at P<0.05.
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gerbils. High magnification photos of
white boxes in panels (A) and (D) show
in panels (B) to (C) and panels (E) to
(F) with same character, respectively.
(G, H) High magnification photos of
white boxes in panels (C) and (F) show
ramified and activated forms of Iba-1-
immunoreactive microglia respectively.
Scale bar=200 pm (A, D), 80 um (B, C,
E,F),20 um (G, H).
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Results

Neuronal changes in the adult and aged gerbil spinal
cord

To investigate structure and distribution of neurons in the
cervical and lumbar levels of the spinal cord, NeuN (a neu-
ronal marker) staining was performed in the adult and aged
gerbils. NeuN-immunoreactive neurons were distributed
throughout the gray matter of the spinal cord (Fig. 1A-D).
The number of NeuN-immunoreactive neurons was not sig-
nificantly different between groups (Fig. 1M).

Fluoro-Jade B histofluorescence staining
To examine neuronal death in the spinal cord, F-] B (a
useful marker for neuronal degeneration) staining was per-
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formed in the adult and aged spinal cords. F-] B positive cells
were not observed in the cervical and lumbar levels of the
spinal cord in the adult and aged gerbil (Fig. 1D-L).

Iba-1 Immunohistochemistry in the spinal cord

Iba-1 immunoreaction was well detected in both gray and
white matter in the cervical and lumbar spinal cord of the
adult and aged gerbils (Figs. 2, 3). In the adult group, most of
Iba-1-immunoreactive microglia had a small cell body with
highly ramified processes: These cells were identified as rami-
fied microglia based on their morphology (Fig. 2G). In addi-
tion, some Iba-1-immunoreactive microglia showed a hyper-
trophied cell body with shortened and swollen processes (Fig.
2H). They were identified as activated microglia based on
their morphology.

Fig. 3. Inmunohistochemical staining
for ionized calcium-binding adapter
molecule 1 (Iba-1) in the lumbar region
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In the aged group, Iba-1-immunoreactive ramified forms
of microglia were easily found. However, many of Iba-1-
immunoreactive microglia showed activated forms in both
the lumbar and spinal cords of the aged group than the adult
cords (Figs. 2, 3). Very scarcely, Iba-1-immunoractive mi-
croglia showed amoeboid forms that had a large round body
with some punctum in the aged lumbar spinal cord (Fig. 3I).
Iba-1-immunoreactivity of aged spinal cords increased sig-
nificantly to 128.9% and 157.1% than those in the adult cervi-
cal and lumbar spinal cords, respectively.

Iba-1 protein levels

Western blot was performed to investigate change of Iba-1
protein levels in the adult and aged cervical and lumbar spinal
regions in the gerbil. The result showed that Iba-1 protein lev-
els in both spinal regions of the aged group were higher than
those in the adult group (Fig. 4).

Discussion

In the present study, we observed no significant changes
in morphology and neuronal loss after NeuN immunohis-
tochemistry in the adult and aged gerbil spinal cord. It was
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Fig. 4. Western blot analysis of ionized calcium-binding adapter mole-
cule 1 (Iba-1) in the adult and aged spinal cords. Relative optical
dcnsity of immunoblot band values are normalized to corrcsponding
adult spinal region represents as percent (n=5 per group; *<0.05, sig-
nificantly different from the corresponding adult spinal region). The
bars indicate the mean+SE.

https://doi.org/10.5115/acb.2017.50.2.135

Kwon Young Lee, et al

reported that not marked loss of neurons in the aged spinal
cords of dog [21, 22]. In addition, we hardly observed F-J
B stained neuron in the both cervical and lumbar region of
adult and aged spinal cords. Therefore, marked neuronal loss
in aged cervical and lumbar spinal cord may not be occur-
ring with aging. This result is supported by previous studies
reported that no significant neuronal loss of spinal neurons in
the aged mice and dog [2, 21].

We found abundant Iba-1-immunoractive microglia in
both adult and aged spinal cords and most of microglia had
a small cell body with highly ramified processes which is a
characteristic of ramified microglia in the gerbil spinal cord
in the present study. These Iba-1-immunoreactive microglia
showed distinct morphological changes in the cervical and
lumbar regions in the aged gerbil spinal cord compared to
those in the adult. They had a swelled cell body with thick and
short process which is characteristic an activated form of mi-
croglia based on previous studies [7, 23]. It is well known that
ramified microglia are transformed into activated microglia
and phagocytic microglia after some pathological events fol-
lowing with inflammatory in the CNS [24, 25]. The increase
Iba-1-immunoreactive activated forms of microglia in the
aged gerbil spinal cord could reflect that certain circumferen-
tial changes are ongoing with aging in aged gerbil spinal cord
without distinct neuronal degeneration. In addition, Iba-1
immunoreactivity significantly increased in both cervical and
lumbar regions of aged gerbil spinal cords compared to those
in adult gerbil. We also found significant increases of Iba-1
protein levels in both cervical and lumbar spinal cords of aged
gerbil compared to those in adult. This result is supported by
previous studies reported that an increase of Iba-1 expression
on activated microglia in the brain and spinal cord [8, 11, 26].

In the present study, we found increases Iba-1-immu-
noroeactive microglia activation and its immunoreactivity
and protein levels in aged gerbil spinal cord without signifi-
cant change of neuronal numbers. It has reported that mi-
croglial activation was increased in the spinal cords without
neuronal loss in mice and dogs [22, 27]. Age related degen-
erative process in the spinal cord is accompanied by changes
in various factors such as neurotransmitters, hormones, oxi-
dative stress, and inflammation [28-32]. In addition, activated
microglia had bidirectional function. It has reported that
activated microglia contribute to neurodegenerative diseases
via various cytotoxic molecules production [7, 33, 34]. On the
hand, activated microglia also play important roles in protec-
tion against various pathological conditions in the CNS [35,
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36]. Therefore, it needs further study to elucidate functional
roles of activated Iba-1-immunoreactive microglia in the aged
spinal cord.

In conclusion, the present study showed that morphologi-
cal changes of Iba-1-immunoreactive microglia and increase
of its protein level without neuronal loss in the cervical and
lumbar spinal cords of the aged gerbil compared to those in
the adult gerbil. This result suggests that increase of activated
Iba-1-immunoractive microglia and its protein level may be
related with aging process in the gerbil spinal cord.
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