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Immunohistochemical Study on the Distribution of Kv1.2

in Aged Rat Brain

Yoon-Hee Chung, Sung-Su Kim, Kyung-Yong Kim, Won-Bok Lee

Department of Anatomy, College of Medicine, Chung-Ang University

In the present study, we demonstrated-@dgted changes in Kv1.2 immunoreactivity in the rat brain for the first
time.

Twelve adult (46 month old) and 15 aged (229 month old) SpraguBawley rats were examined in this study.
Immunohistochemistry was performed in accordance with theflisagéng method, and densitometric measurement
using a NIH image program (Scion Image) determined the staining density.

In the cerebral cortex of aged rats, there was a significant increase in the number efmwindreactive neurons
in the cingulate cortex, infralimbic cortex and piriform cortex, compare to adult rats. In the hippocampal CA1
regions, moderate Kv1.2 immunoreactivity was found in the cell bodies and processes of some mediursitedarge
neurons in aged rats. The intensity was increased in the cell bodies off¢giti2e neurons in the amygdala of aged
rats, whereas the number of immunoreactive neurons was not significantly increased. It was noteworthyelatddge
changes in Kvl-2mmunoreactive neurons were prominent in the facial nuclei, raphe magnus nuclei, and pontine and
medullary reticular formation.

Although the present study has not addressed multiple mechanisms contributing to neuronal degeneration during
aging, the first demonstration of agelated changes in Kv1.2 immnuoreactivity may offer a comprehensive
understanding of the pathophysiology of aging andralzged neurodegenerative diseases such as Alzheimer’s disease.
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Introduction Shattock 1991, Ruppersburg et al. 1991). Modifica-

tions of Kv channel activity by reactive oxygen spec-

A proper understanding of many CNS diseases andes would lead to drastic changes in the electrical ex-

agerelated disorders requires identification of the ion citability of neuronal cells and could easily explain a

channels underlying them and knowledge of their tendency to brain hyperexcitability or neuronal death.

normal physiological roles. Recently, several studiesDuprat et al. (1995) showed that different types of Kv

have reported the possibility that reactive oxygen channels are differently modified by reactive oxygen

species alter ionic channel function (Matsuura andspecies. Conforti et al. (2000) provided evidence of
*This research was supported by the Chung-Ang University the O, sensitivity of native Kv1.21 subunits of K
Research Grants in 2006. channels. Inwardly rectifying Kcurrents (Kg) were
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partial recovery (Koller et al. 2000). Although oxida- month old) Spragu®awley rats were examined in
tive stress as well as amyloids may result in a poten-his study. The rats used in this study were treated in
tial decrement in blood flow and oxygen delivery to accordance with the ‘Principles of Laboratory Animal
the brain during aging (Ajmani et al. 2000), very little Care’ (NIH publication No. 8&3). The animals were
is known about ageelated changes in Kv1.2 expres- perfused transcardially with cold phosphate buffered
sion in the whole brain. saline (PBS, 0.02 M, pH 7.4), and then with-amd

Transient cerebral ischemia initiates a process 0f4% paraformaldehyde. Brains were cryoprotected in a
cellular events that lead to the delayed neuronal deseries of cold sucrose solutions, and were cut g0
generation of several brain regions in both humansin the coronal plane. The sections were incubated
and animal models (Pulsinelli et al. 1982, Petito andusing the fredloating method for 48 72 hrs at 4C
Pulsinelli 1984). In recent years, accumulating evi- in primary antiserum containing Triton-X00 (0.3%),
dence has indicated that many neurons undergdovine serum albumin (0.5 mg/mL) and normal goat
apoptosis after global or focal ischemia. Studies haveserum (3 drops/10 mL), and polyclonal aktv1.2
shown that increased 'Kefflux might be a primary  antibody (product No. 010, Alomone Labs, Jerusalem,
step leading to apoptosis. Pasthemic injury may Israel) Sections were visualized according to the
include increased extracellulart[K *],), which is avidin-biotin complex (ABC) method, using an ABC
mediated initially by the opening of voltagated K kit (Vectastaii™, Vector Laboratories, Berlingame,
(Kv) channels and later AF@ependent K channels.  CA), and then developed for peroxidase reactivity
The anoxic depolarization caused by elevateti][K  with 3, 3-diaminobenzidine (DAB) (Sigma, St. Louis,
may result in the excessive release of neurotransmitMO).
ters, in particular, glutamate, promoting further spatial A sample of sections was reacted without any pri-
spread of cellular depolarization, depletion of energy mary antiserum, whereas a different sample was react-
stores, and advancement of injury cascade (Lee et alked with a primary antiserum that had been preincu-
2000). Given that impaired blood flow and associatedbated for 24 hours with control antigen peptides. No
decrements in oxygen delivery can produce neuronakections from both groups exhibited any of the immu-
damage during aging, it could be hypothesized that thenoreactivity described in this report. Sections from
properties of Kvl channels could be changed witheach adult and aged group were stained together eli-
aging. In the previous study, we demonstrated-jgast minating conflicts between different experimental
chemic changes of Kv1.2 channel distribution (Chung conditions. Visual assessment and densitometric mea-
et al. 2001). Therefore, we examine the expression osurement using a NIH image program (Scion Image)
Kv1.2 channel in the adult and aged rat brain by im-determined the staining density. Studeté¢dt was
munohistochemistry. Our results have revealed for theperformed to investigate whether agd¢ated changes
first time that immunoreactivity for Kv1.2 was in- were statistically significant (*g 0.05).
creased in the cerebral cortex, hippocampus, amyg-
dala and brainstem of aged rats.

Results

Materials and Methods In the present study, increased expression of Kv1.2

was obvious in the cerebral cortex, hippocampal re-
Twelve adult (4-6 month old) and 15 aged (229 gions, amygdaloid complex and brainstem of aged rats
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(Table 1). In the cerebral cortex, several Kvitn2nu- in the control group (Fig. 1A). In aged rats, Kv1.2
noreactive neurons with a long process were scatterednmunoreactivity was found in the apical dendrites
and the cell bodies of pyramidal cells (Fig. 1B). There

Table 1.Changes in mean densities of Kv1.2 immunoreactivity was a significant increase in the number of Kv1.2
in several brain regions during aging

Area Adult Aged

Cerebral cortex 53466.3 71+9.1*
Hippocampus

immunoreactive neurons in several regions of aged

cerebral cortex, including the cingulate cortex, infra-
limbic cortex (Fig. 1C) and piriform cortex (Fig. 1D).

CA1-3 region 44.2-3.6 52.8+4.5* In the hippocampal regions, the number and intensity
Dentate gyrus 46856 60.2:4.1* of Kv1.2-immunoreactive neurons were also increased
Septal Nucleus 61#44.3 75.0£6.7* . . .
Amygdala 63.0-6.2 79.1+8.4* in aged rats (Fig. 2M). Moderate Kv1.2 immuno-
Facial nucleus 69554 83.1£7.1 reactivity was found in the cell bodies and processes
Raphe magnus nucleus 728.8 92.3+9.2* X . . .
Reticular formation 7549.3 102+ 11.2* of some medium to larggized neurons in the hippo-

Mean density is the sum of the gray values of all the pixels in theCampal CA13 regions (Fig. 2B) and in the polymor-

selection that was divided by the nu_mper of pixels within the selection.phic layer of the dentate gyrus (Fig. 2D) in aged rats.
Values are the meanstandard deviations. Student'seist was per-

formed (*p< 0.05). The intensity was increased in the cell bodies of

Fig. 1.Cellular Localizations of Kvl-2mmunoreactive neurons in the cerebral cortex of control (A) and aged (B, C, D) rats. In the
control group, several Kvl-tnmunoreactive neurons with a long process were scattered in the cerebral cortex (A). In aged rats,
Kv1.2 immunoreactivity was found in the apical dendrites and cell bodies of pyramidal cells (B). In aged cerebral cortex, there
was a significant increase in the number of KvilmPnunoreactive neurons in several regions, including cingulate cortex,
infralimbic cortex (C) and piriform cortex (D). Scale b&0pm
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Fig. 2.Localizations of Kvl.AZmmunoreactive neurons in CAl subfield (A, B), dentate gyrus (C, D) and amygdala (E, F) of control (A,
C, E) and aged (B, D, F) rats. In aged rats, moderate Kv1.2 immunoreactivity was found in the cell bodies and processes of some
medium to largesized neurons in the hippocampal CA1 region and in the polymorphic layer of the dentate gyrus, compared to
control rats (AD). The intensity was increased in the cell bodies of kypbgitive neurons in the amygdala of aged rats, whereas
the number of immunoreactive neurons was not significantly increased (E, F). P, pyramidal cell layer; Po, polymorphic layer; R,
stratum radiatum. Scale kaOum

Kv1.2-positive neurons in the amygdaloid nuclei of stem (Fig. 3). The number and intensity of Kvin2
aged rats, whereas the number of immunoreactivemunoreactive neurons were increased in the facial nu-
neurons was not significantly increased (Fig. 2E, F). Itclei (Fig. 3A, B), raphe magnus nuclei (Fig. 3C, D),
was noteworthy that agelated changes in Kvl.2 and pontine and medullary reticular formation of aged
immunoreactive neurons were prominent in the brain-rats.
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Fig. 3.Localizations of Kvl.Ammunoreactive neurons in the facial nuclei (A, B) and raphe magnus nuclei (C, D) of control (A, C) and
aged (B, D) rats. It was noteworthy that agkated changes in KvEitnmunoreactive neurons were prominent in the brainstem.
The number and intensity of Kvtidimunoreactive neurons were increased in the facial and raphe magnus nuclei of aged rats
(B, D). Scale ba=50um

to Alzheimer’'s disease (Ajmani et al. 2000). These
Discussion findings emphasize the importance of considering the
normal agedependent changes in blood hemorheo-
In aged rats used in this study, impaired blood flow logy and blood flow in the etiology of Alzheimer’s
and associated decrements in oxygen delivery cardisease. The relationships shown to exist between
produce neuronal damage in the central nervoushemorheology, blood flow, amyloids, oxidative stress,
system (Ajmani et al. 2000), which may be attributed and cognitive function suggest that Kv1.2 channel
to increased expression of Kv1.2. Aging produces amay be one of the mechanisms operating in the com-
hemorheological decrement resulting in part from en-plex pathology of aging and Alzheimer’s disease.
hanced oxidative stress in old subjects. These changes Conforti and colleagues (1997) showed that the
can contribute to impaired cerebral blood flow, and gene encoding the Kv1.2 subunit was selectively
influence the delivery of oxygen to the neurons asso-stimulated during prolonged exposure to hypoxia, and
ciated with cognitive function. In older human sub- that the increased expression of the Kv1.2 subunit
jects, impaired cerebral blood flow/oxygen delivery gene was correlated with an enhanced response to
may be involved in a cascade of other changes relatetiypoxia. Their recent research provided evidence that
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the Ko, channel in the @sensitive PClclonal cell physiology of aging and agelated neurodegene-
line is a K, channel composed of Kv1.2 subunits rative diseases such as Alzheimer’s disease. The eluci-
(Conforti et al. 2000). IrXenopusbocytes, anoxia in-  dation of the precise role of Kv channel subunits dur-
hibited the K current carried by Kv1.2 (Conforti et ing aging will be a major topic for further study.

al. 2000). Since the Kv1.2 subunit is expressed in

many different tissues including the nervous system, it

might play a special role in neuronal cells with aging References
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