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The voltage-gated Kv1.5 channel underlies the ultra-rapid delayed rectifier

K+ current (I
Kur

) that is present in atrium but not in ventricle in humans.

Blockade of human Kv1.5 (hKv1.5) channels leads to a prolongation of

atrial effective refractory period, which has been regarded as a promising

strategy for the treatment of reentry-based atrial fibrillation. The present

study investigated the molecular determinants mediating the drug

sensitivity of hKv1.5 channel, using site-directed mutagenesis combined

with whole-cell patch-clamp technique, as well as computer docking

simulations. SKF-96365, which is used as transient receptor potential

canonical (TRPC) channel blocker, reversibly and concentration-

dependently (IC
50

, 2.5 µM) inhibited hKv1.5 channel current. The SKF-

96365-induced inhibition was minimal at the onset of depolarization but

markedly progressed during depolarization, suggesting that SKF-96365

acts as an open-channel blocker. The degree of current block was

significantly altered in T479A, T480A, R487V, I502A, V505A, I508A,

L510A, V512A and V516A mutants. Docking simulation predicted that

SKF-96365 interacts with M478, T479, T480, V505, I508, A509, V512, P513

and V516 in hKv1.5 channels. The T-type and L-type Ca2+ channel blocker

efonidipine also affected hKv1.5 channel as an open-channel blocker. The

docking simulation predicted similar residues to interact with hKv1.5

channel. Overall, our results suggest that T479, T480, V505, I508, V512 and

V516 can be important drug binding residues in hKv1.5 channel. (COI:No)
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KCNQ1 encodes a voltage-gated potassium channel α subunit and is

expressed in many tissues including heart, inner ear, kidney, intestine and

pancreas. The gating behavior of KCNQ1 channels is critically dependent

on the type of KCNE proteins co-expressed in the tissue. KCNE3, one of the

five KCNE family proteins, produces voltage-insensitive, constitutively-

active potassium currents in association with KCNQ1. This KCNQ1/

KCNE3 channel plays an important role in potassium ion recycling in

epithelial tissues such as colon, small intestine and airways. KCNE3 is

assumed to bind the voltage sensor domain (VSD) of the KCNQ1 channel

and fix the VSD in the up state to cause channel opening. However, it

remains poorly understood how KCNE3 fixes the VSD in the up state. Here,

we isolated a KCNE3 ortholog gene from zebrafish Danio rerio (zkcne3),

arguably one of the oldest KCNE3 genes identified, and tested its function

by co-expression with zebrafish KCNQ1 (zkcnq1) or human KCNQ1

(hKCNQ1) channel in Xenopus oocytes. Interestingly, zkcne3 transformed

neither zkcnq1 nor hKCNQ1 into a constitutively-active channel: zkcne3

increased the zkcnq1 current with a positive shift of its voltage dependence,

while the same zkcne3 almost abolished the hKCNQ1 current. The mouse

KCNE3 protein, in contrast, successfully rendered both hKCNQ1 and

zkcnq1 constitutively active. These results suggest that the zebrafish kcne3

lacks some amino acid residues for binding and modifying the VSD

movement to open the KCNQ1 channel. Mammalian KCNE3 proteins

acquired the new modulatory function at some point during the course of

evolution. (COI:No)
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hERG channel belongs to the voltage-gated K+ channel family and has the

cyclic nucleotide (CN) binding homology domain (CNBHD) like HCN and

CNG channels. Whereas HCN and CNG channels are known to be

modulated by CNs, it has been known that the CNBHD of the hERG

channel is not sensitive to CNs, but can regulate its characteristic slow

deactivation kinetics. However, the mechanisms of slow deactivation are

not fully understood. We previously showed that there are two electrostatic

interactions between the CNBHD and the C-linker domain (CLD, it links

CNBHD and activation gate) to regulate the slow deactivation; Asp727 in

CLD and Arg752 in CNBHD, and Arg696 in CLD and Asp767 in CNBHD.

In this study, to further confirm these interactions, we performed the

cysteine (Cys) bridge experiments using a membrane permeable oxidizing

reagent TbHO
2
 under two electrode voltage clamp in Xenopus oocytes.

When Asp727 in CLD and Arg752 in CNBHD were simultaneously

substituted to Cys, the double mutant showed the current decrease and the

accelerated deactivation after adding TbHO
2
. In case of Arg696 in CLD and

Asp767 in CNBHD, however, no clear change was induced by TbHO
2
. These

results suggest that the introduced Cys residues formed disulfide bond only

between the positions of Asp727 and Arg752. Furthermore, the extent of the

current decrease was larger when TbHO
2
 was applied at hyperpolarized

condition (closed) than at depolarized condition (open), suggesting that the

disulfide bond formation depends on the channel state. (COI:No)

2P-004
.�������	���������	�����	��������	����������
�	����	�

(2�����		���

)����
����

���

 ��������������
���

�
�� � ��
��,�� ��� ���	
$�
��� ��.-�� ("4"��� +����

�
.�,��
�� -��� -()���%��

!,���+��

Antiparasitic agents, avermectins (AVMs), were isolated from Streptomyces
avermectins by Dr. Campell and Omura to whom the 2015 Nobel Prize was

awarded. AVMs kill nematode by activating glutamate-gated Cl- channel

and also target other ligand-gated channels, such as GABA
A

Rs, GlyRs,

nAChRs and P2X4. Recently, we, for the first time, observed that AVMs

activate G-protein-gated inwardly rectifying K+ (GIRK) channel. However,

the activation mechanisms of AVMs on GIRK channel are totally unknown.

In the present study, we aimed to clarify the effects and activation

mechanisms of AVMs on GIRK channel. By using Xenopus oocytes

expressing GIRK1/2 without G-protein-coupled receptors, we examined the

effects of several AVMs, including ivermectin (IVM), abamectin, doramectin

and eprinomectin. IVM induced GIRK current via a PTX-insensitive

pathway, suggesting the activation of GIRK current by IVM is independent

of Gβγ. We next compared the effects of IVM on different types of GIRK

heterotetramers and observed that IVM possesses higher effect on GIRK1/2

than GIRK1/4. To identify the IVM binding site on GIRK channel, we

created chimeras composed of different regions of GIRK2 and GIRK4, and

examined their IVM-induced GIRK current. Unlike ligand-gated channels,

the transmembrane domains of GIRK2 channel do not play a critical role for

IVM binding. Taken together, the present data showed that IVM directly

activates GIRK channel and provided us with a clue toward the

identification of the activation mechanisms of AVMs on GIRK channel.

(COI:No)
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Ion channels are pore-forming membrane proteins and well-recognized as

targets of remedies for treating a variety of disease states. Most K+

channels are present as a tetramer, and various Na+ and Ca2+ channels

possess a pseudo-tetrameric structure, so that many cation channels share

a similar molecular architecture with a central cavity at the membrane

plane along an ion conduction pathway at four-fold symmetry axis. Blockers

for this type of channels used to bind inside the central cavity and prevent

ionic flow. This similar mode of binding of channel blockers leads to a low

specificity to cation channels. Previously we reported that a disinfectant

bacteriostatic agent, proflavine, is a pore blocker of inward rectifier K+

channel Kir3.2. This acridine derivative also inhibited Kir1.1, but the

blockage was unique to its reversibility, and rapid on- and off-rates of the

development of current inhibition. Among 11 acridine derivatives, three of

them reversibly blocked Kir1.1. Most potent blocker failed to inhibit Kir3.2,

suggesting that the inhibition is selective. Mutations introduced at the

extracellular region reduced sensitivity to the blockers. The compounds

blocked Kir1.1 in a concentration-dependent manner with a Hill coefficient

of 3.2. These results suggest that acridine derivatives recognize

extracellular portion of Kir1.1 where is a novel binding site for small

molecules to inhibit tetrameric channels. Furthermore, these implied that

Kir channel alters its conformation at the extracellular portion during

gating and the drugs blocked its current as an allosteric modulator. (COI:

No)
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The WNK kinases, a family of serine/threonine kinases, have been shown to

play a key modulatory role in maintenance of chloride homeostasis by

phosphorylating cation coupled chloride cotransporters NKCC1and KCC2.

Furthermore, WNK3 which is expressed in cortical pyramidal neurons may

regulate expression of proteins involved in synaptic transmission and

membrane excitability by suppressing RBFOX1 mediated splicing. However

there have been no detailed reports of WNK3 function affecting

electrophysiological phenotype. In this study, we used a WNK3 knockout

mouse and examined membrane properties, action potential (AP) firing and

miniature postsynaptic currents in layer V prefrontal pyramidal neurons of

the knockout mice at postnatal day 21-27, using brain slice preparations.

Our results indicated that loss of WNK3 activity significantly reduced

membrane excitability by increasing the inward rectifying potassium

conductance. Analysis of miniature postsynaptic currents indicated an

increase in frequency of inhibitory miniature events and in contrast a

decrease in frequency of excitatory miniature events in WNK3 KO mice.

Analysis of AP firing also suggest effects on different ion channels which

need to be further investigated. Together these results suggest that the

basal WNK3 activity would maintain excitability of layer V pyramidal

neurons in the prefrontal cortex. (COI:No)
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Vitamin D (VD) reduces the risk of breast cancer and improves disease

prognoses. Potential VD analogues are being developed as therapeutic

agents for breast cancer treatments. The large-conductance Ca2+-activated

K+ channel K
Ca

1.1 regulates intracellular Ca2+ signaling pathways and is

associated with high grade tumors and poor prognoses. In the present

study, we examined the effects of treatments with VD receptor (VDR)

agonists on the expression and activity of K
Ca

1.1 in human breast cancer

MDA-MB-453 cells using real-time PCR, Western blotting, flow cytometry,

and voltage-sensitive dye imaging. Treatments with VDR agonists for 72 hr

markedly decreased the expression levels of K
Ca

1.1 transcripts and proteins

in MDA-MB-453 cells, resulting in the significant inhibition of

depolarization responses induced by paxilline, a specific K
Ca

1.1 blocker.

The specific proteasome inhibitor MG132 suppressed VDR agonist-induced

decreases in K
Ca

1.1 protein expression. These results suggest that the

down-regulation of K
Ca

1.1 through the transcriptional repression of K
Ca

1.1

and enhancement of K
Ca

1.1 protein degradation contribute, at least partly,

to the antiproliferative effects of VDR agonists in breast cancer cells.

(COI:No)
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Store-operated Ca2+ entry (SOCE) plays critical roles in intracellular Ca2+

([Ca2+]
i
) homeostasis. Recent studies have shown that SOCE plays an

important role in osteoblastic differentiation. The osteogenesis by

proliferation and differentiation in osteoblast cells is essential for

maintaining the bone homeostasis. In non-excitable cells, K+ channels are

key regulators of SOCE-mediated Ca2+ signaling and control cell

proliferation, differentiation, and migration, however, the functional role of

K+ channels in osteoblast Ca2+ signaling remains unknown. In the present

study, the contribution of K+ channels to the SOCE activity in the

osteoblastic cell line MC3T3-E1, established from mouse calvaria was

investigated. We found that the application of 1 µM TRAM-34, an

intermediate-conductance Ca2+-activated K+ channel, K
Ca

3.1 blocker,

significantly reduced the SOCE-mediated [Ca2+]
i
 elevation. In addition, the

application of TRAM-34 significantly attenuated the cell proliferation and

the cell-cycle progression in MC3T3-E1 cells. The synchronization of specific

cell cycle phase was performed in order to clarify the contribution of K
Ca

3.1

to the cell cycle progression in MC3T3-E1 cells. The K
Ca

3.1 expression level

was higher at the G0/G1 phase than at the S/G2/M phase. These results

suggest that K
Ca

3.1 may play an obligatory role in the osteoblast cell

proliferation by regulating SOCE-mediated Ca2+ signaling, and thereby

may contribute to the maintenance of bone homeostasis. (COI:No)
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Ion channels working at plasma membrane are assembled in endoplasmic

reticulum, then they are transported to their destination via Golgi

apparatus. But it is unclear that whether they are conferred any function(s)

and physiological role(s) in the intracellular membrane. We observed large

conductance Ca2+-activated K+ (MaxiK) currents in nuclear envelopes (peri-

nuclear ER membrane) of pancreatic acinar cells and HEK293 cells using

the patch-clamp technique. Consequently we tried to elucidate role(s) of this

channel in ER membrane. We evaluated alteration in free Ca2+ content in

the ER expressing MaxiK channel and indicated that MaxiK-expressing

HEK293 cells have larger Ca2+- content in ER than wild type HEK293 cells.

In this study, we further evaluated pH and change of redox/oxidative

equilibrium in the ER in wild type and MaxiK-expressing HEK293 cells by

using fluorescent probes, pHluorin and ERroGFP respectively. Additionally,

difference in viability of the two types of cells was compared in unfolded

protein response, induced by tunicamycin or thapsigargin. (COI:No)
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Hydroxycholesterols, derivatives of cholesterol, involve neural regulation,

immune system, and oncogenesis. 24(S)-hydroxycholesterol (24(S)-HC) is

metabolized from cholesterol in neurons. In neurons, large-conductance

Ca2+- and voltage-dependent K+ (Slo1 BK) channels regulate neural

excitability. We found that 24(S)-HC inactivates homomer BK channels

composed of the pore-forming human Slo1 subunit, and heteromeric ones

composed of Slo1 and the auxiliary subunit β4 expressed in HEK cells.

Inside-out patch clamp recording revealed that the currents decreased by

~20%. We showed that in both preparation 24(S)-HC inhibited Slo1

currents the more noticeably at less depolarized voltages. The activation

kinetics of Slo1 was noticeably slowed by 24(S)-HC, whereas 24(S)-HC

failed to affect the deactivation kinetics. Although 24(S)-HC decreased open

probability (Po) at < -100 mV where voltage sensors are rest, the mean open

durations remained unaltered at these negative voltages. Even in the

presence of 24(S)-HC, the current size increased with higher Ca2+

concentrations. γ-cyclodextrin, a scavenger of membrane sterols, restored

Slo1 from inhibition caused by 24(S)-HC. Taken together, 24(S)-HC may be

intercalated into the plasma membrane and interact with the channel,

thereby stabilizing the conformations of BK channel with its ion conduction

gate closed. Our findings suggest that inhibition of BK channel by 24(S)-HC

is part of its neural regulation. (COI:No)
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Cholesterol modulates the function of various types of ion channels,

implying that the membrane cholesterol level closely relates to the activity

of ion channels. However, the molecular mechanism underlying the

cholesterol effects on the channel function remains elusive. We have

previously developed the manipulation technique of the artificial lipid

bilayer combined with electrophysiological measurement (contact bubble

bilayer [CBB] method). This method is a powerful tool for the analysis of

lipid effects in the membrane of defined lipid compositions, involving

asymmetric membranes. Moreover, we developed a method to change the

lipid composition during recordings of channel activity. In this study, we

applied the CBB method to the analysis of the effects of cholesterol on the

KcsA potassium channel current. The KcsA channel is a prototypical

potassium channel, having the crystal structural data. The transmembrane

pore structure is shared with those of other types of potassium channels.

Thus, the KcsA channel provides fundamental aspects of the cholesterol

effects. We found that the gating transition of the KcsA channel shifted

quickly toward the closed state upon addition of cholesterol to the

membrane. Sidedness of the cholesterol effects were analyzed using

asymmetric membrane. We also checked the sterol specificity of the

cholesterol effects using various sterols. (COI:No)
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Agitoxin-2 (AgTx2) is a peptide (38 a.a.) extracted from scorpion venom, and

blocks potassium channels through docking to the extracellular surface of

the channel. The docking structure and affinity have been examined

extensively, however, binding dynamics is remained unsolved. In this

study, the binding dynamics of AgTx2 on the potassium channel was

examined by using high-speed atomic force microscopy (HS-AFM). The

KcsA potassium channel, which is widely used as a canonical potassium

channel, was examined in this study. The KcsA channels were reconstituted

into lipid bilayer on mica substrate, with the extracellular side of the

channel orientated upward. The KcsA channel is a homo-tetramer, and the

AFM image observed from the extracellular side showed a square shape

with cave in the center. When an AgTx2 bound on the channel surface, the

channel shape changed from square to round with increased height.

Repeated binding and release of AgTx2 were observed through the HS-AFM

imaging. The proportion of AgTx2-bound state was saturated about 70%

even with very high concentration of AgTx2. This is in good agreement with

macroscopic analysis by surface plasmon resonance. We analyzed time

course of the binding transitions, and found that there are two bound states

with high and low affinity. The mechanism underlying the heterogeneous

binding affinity will be discussed. (COI:No)
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We have measured single-molecular conformational changes of the pH-

gated KcsA potassium channels by the Diffracted X-ray Tracking (DXT).

The conformational changes were tracked as the motions of a x-ray

diffraction spot from a gold nanocrystal attached to the channel as a probe.

The channels exhibited twisting motions only in the acidic pH. By

introducing high-speed camera system and pH-jump recording system we

previously observed enhancements of the single molecular fluctuations

prior to the conformational changes in sub-millisecond time resolutions. To

investigate the relationship between the fluctuations and the gating

conformational changes we recently adopted IR laser and thermal camera

system. Depending on the dose of IR laser flash the temperature of samples

can jump in the range of 60 degrees, which was monitored by the thermal

camera. The enhancements of the fluctuations were observed depending on

the upper-shift of the temperature. In this presentation we will discuss

about the effects of the enhanced fluctuations by pH-jump and temperature-

jump on the gating conformational changes. (COI:No)
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ROMK1 K+ channels are expressed in the apical membrane of principal

cells in renal collecting duct, and are known as a main pathway for urinary

K+ excretion to maintain body fluid electrolytes homeostasis. In this study,

to explore the regulatory mechanism of ROMK1 expression in the plasma

membrane of cortical collecting duct (CCD), we focused on NHERF1 PDZ-

scaffold protein. NHERF1 is known to be interacted with PDZ-domain

binding site at C-terminus of ROMK1, although involvement of the

interaction with ROMK1 K+ channel in CCD remains unclear. Thus, we

examined the effect of NHERF1 on ROMK1 channel expression using

transfection of EGFP-fused ROMK1 gene to cultured M-1 cells derived from

mouse CCD. We confirmed with a confocal microscope that NHERF1 was

endogenously expressed in M-1 cells and was localized at the plasma

membrane of the cells. NHERF1 downregulation using specific siRNA

against NHERF1 resulted in the marked reduction of expression of ROMK1

in cell surface of M-1 cells. Furthermore, patch-clamp analysis showed that

the observed ROMK1 K+ channels were significantly decreased in NHERF1

knockdown cells. These results suggest that NHERF1 regulates functional

expression of ROMK1 K+ channels in M-1 cells. (COI:No)
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In mammals, kidney is the organ underlying K+ homeostasis, and ROMK

(Kir1.1 or KCNJ1) channel is the primary pathway for K+ secretion in the

distal nephron. In fish, gill may also have a similar function. It has been

reported that zebrafish, a freshwater teleost, express a ROMK orthologue

kcnj1a both in kidney and gill (Abbas et al, 2011). However zebrafish

genome actually has six tandem KCNJ1 ortholog genes (kcnj1a.1 - kcnj1a.6)

in a 70-kbp span of the chromosome 18. Each gene encodes a protein

comprising 370 (or 368 for kcnj1a.3 & 4) amino acids and has 51-55%

identity with the human KCNJ1 protein. Encoded channels are also highly

similar to each other with 82-88% identity. Interestingly, the amino acid

sequences of the selectivity filter are highly variable. Therefore, their

current properties such as ion selectivity may be different. We have isolated

all six kcnj1a genes from zebrafish genome by PCR and so far identified

kcnj1a.1 and kcnj1a.2 as functional homotetramers, which produced robust

K+ currents in Xenopus oocytes. The reversal potential of -90 mV with 2 mM

KCl in the extracellular solution (ND96) suggested they are highly

potassium selective. The rectification properties were slightly different:

kcnj1a.1 showed less inward currents compared to outward current while

kcnj1a.2 showed almost no rectification in the ND96 solution. Gene

expression and regulation of these tandem genes may play roles in the K+

homeostasis of zebrafish. (COI:No)
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Introduction: The mammalian two-pore domain K+ channels are

responsible for background or leak K+ currents, one of which is TREK-1. An

interesting feature of the TREK-1 channel is the run-up: i.e. the current

through TREK-1 channels spontaneously increases within several minutes

in the whole-cell patch-clamp mode. Intracellular domain of TREK-1

channel has been shown to be required for the surface localization.

Objectives: The present study aimed to investigate the involvement of

intracellular transport in the run-up. Methods: We stably transduced

TREK-1c or its fusion protein with mCherry to the 293T cells and measured

whole-cell currents with patch-clamp techniques. Cell surface localization

was analyzed with confocal microscopic analysis and protein biotinylation.

Results: Inhibitors of membrane protein transport, N-methylmaleimide

(NEM) and brefeldin-A, inhibited the run-up, while an endocytosis

inhibitor, pitstop2, facilitated the run-up. Correspondingly, NEM decreased

the surface localization of mCherry-TREK-1c, whereas pitstop2 increased it.

Run-up was inhibited by intracellular application of a peptide, TREK335-

360, which corresponds to interaction site with microtubule associated

protein 2. An Ezrin inhibitor (NSC668394) also suppressed the surface

localization. Conclusion: These results indicate that intracellular protein

transport is involved in the run-up of TREK-1c currents. (COI:No)
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Associative learning is traditionally thought to be a modification of the

connectivity between cells, for example as changes in the synaptic strengths

between neurons. In the present study, we examined whether associative

learning could be performed by a single neuron. We used Kenyon cells,

which are intrinsic neurons of the mushroom body in the insect brain

because Kenyon cells are known to receive both cholinergic and

octopaminergic pathways and therefore they are recognized as cellular

coincidence detectors. In this study, we applied the conditioned (CS) and

unconditioned (US) stimulus by the pressure ejection of acetylcholine (ACh)

and octopamine (OA), respectively via drug-filled pipettes for 1 s. 5 trial CS

paired with US with an inter-trial interval of 30 s was used as a

conditioning stimulus. We compared the effect of single trial of ACh ejection

on the open probability (Po) of Na+-activated K+ channels after training

with that before training. We found that Po of Na+-activated K+ channels

was not significantly affected by single trial of ACh ejection before 5-trial

conditioning. However, after 5-trial conditioning, Po of Na+-activated K+

channels significantly reduced. This reduction was found to be persisted for

at least 20 min. These results suggest that multiple paired stimuli may

cause an alteration of the single molecules and thereby single cell has the

capacity to learn associations between two inputs. (COI:No)
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Follicle-stimulating hormone (FSH) and adenosine (Ade) induces K+-

current responses in the follicle-enclosed Xenopus oocyte (follicle-oocyte)

under voltage clamp. The FSH- and Ade-induced responses are produced by

activation of Gs, subsequent AC, and PKA, through opening of the K
ATP

channel. Application of 100 nM insulin markedly and irreversibly depressed

the FSH- and Ade-induced responses, without affecting the UTP-induced

Cl- current response of the same cells. Perfusion with insulin also

suppressed K+ current responses induced by either extracellular application

of forskolin or intracellular application of cAMP to the oocyte. On the other

hand, the K+ current response directly induced by cromakalim, a K
ATP

channel opener, was not affected at all. Furthermore, application of 30 µM

phenylarsine oxide, a putative inhibitor of PTP, also depressed the FSH-

and Ade-induced responses in similar to insulin. In the follicle-oocyte, the

FSH- and Ade-induced responses were increased with PDE4 inhibitor

(rolipram) whereas could not be increased with PDE3 inhibitor

(cilostamide), although Andersen et al. reported that insulin activates

PDE3 in the de-folliculated oocyte. These results suggested that the

depressing effect of insulin on the FSH- and Ade-induced K+ current

responses might be due to the block of reaction step between cAMP

production and opening of the K
ATP

 channel, independently from decrease

in cAMP. (COI:No)



The 94th Annual Meeting of the Physiological Society of Japan, March 28-30, 2017, Hamamatsu S119

2P-019
2	��
��	������������������+�	�
���	��

&�����������������

�����	�����-����������� �!�����:�<��8	���(��*	��+��

The axons of embryonic brain, spinal cord, and retina extend along the

extracellular voltage gradient towards the cathode. In embryonic nervous

tissues, positive direct current (DC) potentials are generated by

neuroepithelial cell’s sodium transport, of which disruption results in

erroneous axon path-finding, suggesting that electric fields play a pivotal

role in orienting newborn axons. However, the experimental evidence was

lacking for the cell surface molecule that is activated asymmetrically in an

electric field. Here I show that integrin activation mediates electric axon

guidance. Retinal strips of chick embryos were embedded in Matrigel, and

cultured in the electric field of the same strength as that in vivo (15 mV/

mm). Matrigel contained the same extracellular matrix proteins as in the

embryonic retina, laminin and collagen, to which integrins bind. Retinal

ganglion cell axons extended towards the cathode. A monoclonal anti-

chicken integrin antibody (TASC), which enhances integrin-ligand binding,

accelerated the cathodal growth. A reduction in the extracellular free Ca2+

with EGTA also enhanced the cathodal growth, which suggested that

millimolar Ca2+ inhibits axon growth, and also that the influx of Ca2+ was

unlikely to be essential for cathodal steering. In the presence of Mn2+,

which non-specifically activates integrin-ligand binding, the axons formed

local meshes. These results suggested that the inhibition of integrins by the

extracellular Ca2+ underlies electric axon guidance. Reference: Yamashita

M. Weak electric fields serve as guidance cues that direct retinal ganglion

cell axons in vitro. Biochem. Biophys. Rep., 4: 83-88, (2015). (COI:No)
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The voltage sensor domain (VSD) of voltage-gated ion channels responds to

the membrane potential changes, and the conformational change of VSD

results in opening of the pore. Although the primary function of VSD is to

sense membrane voltage, several studies showed ion permeation through a

VSD (Starace MD and Bezanilla F. 2004; Tombola F, et al. 2005). We have

found that one isoform of ascidian CatSper orthologues, Ci-CatSper3

(CiCS3), has Ca2+-permeable VSD. Electrophysiological analyses uncovered

that monovalent cations also permeate through the CiCS3 VSD. By

comparing the inward current elicited in the same oocytes in different bath

solutions, it was revealed that the order of permeation efficiency is Cs+ >

Na+ = K+ > Li+. Interestingly, the permeation efficiency became relatively

flat when the glutamic acid residues in S2 segment were substituted to

glutamines, suggesting that those glutamic acids contribute to the

formation of selectivity filter in the CiCS3 VSD. These findings will provide

novel insights into the mechanisms of ion permeation. (COI:No)
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Voltage-sensing phosphatase (VSP) consists of a transmembrane voltage

sensor domain and a phosphatase domain. The latter domain has

remarkable similarity to PTEN which dephospholyrates PI(3,4,5)P
3
 and

acts as a tumor suppressor. VSP has phosphatase activity toward PI(4,5)P
2

regulated by membrane potential (Murata et al. 2005). The mechanism of

the coupling between the two modules in VSP has been enigmatic so far.

Comparison between PTEN and VSP will provide useful information for

understanding the regulation of phosphoinositide phosphatase. We focused

on the putative membrane interacting region in VSP (L284, F285 in Ciona
intestinalis VSP), which is conserved in various orthologs and also in PTEN.

We made a series of point mutations at L284 and F285 on various amino

acids, and then estimated these phosphatase activities. We found that the

phosphatase activities depended on the side chain volume of amino acids

without a large voltage dependent shift of the voltage sensor motion.

Moreover, we measured the voltage dependent fluorescence change of

CiVSP mutants with fluorescent unnatural amino acid (Anap) introduced at

K555. Two components of fluorescence changes were detected in WT. In

contrast, a larger component was enhanced in activity-enhanced mutant,

whereas it was not observed in an activity-diminished mutant. These

results suggest that VSP has two enzyme active states, which are regulated

by the side chain volume of the putative membrane interacting region.

(COI:No)
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We have previously established the concept that cardiomyocytes possess the

non-neuronal cholinergic system which protects hearts from ischemic

damage by saving energy consumption. On the other hand, cardiac

fibroblasts (cFb) play an important role in structural and functional

remodeling of the heart after myocardial infarction (MI). In the present

study, we investigated the hypothesis that cFb possess the cholinergic

system by which the cFb contribute to the cardioprotection through the

release of acetylcholine (ACh). In vitro study showed that the cultured cFb

isolated from adult mouse heart express the enzymes of ACh synthesis

(choline acetyltransferase, ChAT) and degradation (acetylcholinesterase),

and various types of ACh receptors (muscarinic and nicotinic) and

transporters (vesicular ACh transporter and choline transporter 1). In vivo

immunohistochemical study showed that ChAT signals were co-localized

with cFb markers, indicating that cFb express ChAT in the heart.

Moreover, westernblot analysis showed that the expression of cFb ChAT

was increased in only infarcted myocardium after the MI, resulted in the

increase of cardiac ACh content. In conclusion, cFb produce ACh in

infarcted myocardium after the MI, which may contribute to the

cardioprotection during the post infarct cardiac remodeling process. (COI:

No)
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The heart comprises heterogeneous cell lineages including cardiac stem or

progenitor cells. We recently discovered a novel subpopulation of adult

mouse heart cells that spontaneously develop into beating cardiomyocytes,

defined as atypically-shaped cardiomyocytes (ACMs). As ACMs

spontaneously develop into beating cells in the absence of hormones or

chemicals, these cells are likely to be a type of cardiac progenitors rather

than stem cells. ACMs are more resistant to the severe ischemic conditions

compared to the ventricular myocytes, presumably for the constitutively

active autophagy in these cells. These cells survive the long-term post-natal

development while preserving the expression of fetal cardiac gene products.

In both mouse and human heart tissues, native ACMs are found as small

interstitial cells among ventricular myocytes that co-express cellular prion

protein (PrP) and cardiac troponin T (cTnT). However, the endogenous

behavior of human ACMs is unclear. We demonstrate that PrP/cTnT-

positive cells are present in the human heart tissue with myocardial

infarction, in which adjacent ventricular myocytes died. These cells were

found in the border of necrotic cardiomyocytes caused by acute myocardial

infarction and also in the hibernating myocardium subjected to the chronic

ischemia. Furthermore, living human ACMs were identified in the cultures

obtained via pathological autopsy despite exposure to lethal ischemic

conditions for hours after death. These findings suggest that the PrP/cTnT-

positive cardiac progenitor cells (ACMs) can survive under

pathophysiological conditions. (COI:No)
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Ischemia-induced apoptosis aggravates prognosis of patients with heart

failure after myocardial infarction (MI) and ischemia-reperfusion (I/R)

through the drastic loss of cardiomyocytes. It has been reported that

acetylcholinesterase (AChE), an enzyme acting on rapid acetylcholine (ACh)

hydrolysis, is activated in ischemia-induced apoptotic tissues. However, the

alteration of AChE expression in cardiac tissue after MI and I/R is not yet

identified. In the present study, therefore, we investigated the involvement

of AChE in the ischemia-induced apoptosis in cardiomyocytes after MI and

I/R. When rat myocardium-derived H9c2 cell line was temporarily treated

with CoCl2, the increase of HIF-1alpha expression and the cleavage of

caspase occurred, indicating that apoptosis was successfully induced in

H9c2 cells by the chemical ischemia and reperfusion. At this condition, the

expression of AChE was also increased in apoptotic H9c2. These results

indicate that AChE might be involved in the ischemia-induced apoptosis in

heart failure after MI and I/R. On the other hand, we have so far

demonstrated that ACh released from cardiomyocytes possesses an

inhibitory effect on the ischemia-induced apoptosis. The relationship

between the elevation of cardiac AChE expression which may accelerate the

ischemia-induced apoptosis and the non-neuronal cardiac cholinergic

system which may protect the heart from ischemic damage is discussed.

(COI:No)
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Intermittent hypoxia(IH) occurs in many pathophysiological conditions. IH

is characterized as cyclic episodes of hypoxia of short duration followed by

normoxia, leading to increased generation of intercellular reactive oxygen

species (ROS) during re-oxygenation following hypoxia. Previous studies

demonstrated that IH induced ROS produce which triggers endoplasmic

reticulum (ER) stress and apoptotic pathways result in heart failure.

Furthermore, autophagy could be regulated by a variety of pathological

processes. Hypoxic stress is one such process during which autophagy often

serves as an important mediator. Autophagy principally serves an adaptive

role to protect organisms against diverse pathologies, including heart

disease. But, the correlation of short-term IH, autophagy and ER stress is

still unclear. In this study, we used H9c2 underwent IH in an incubator

with an oscillating O
2
 concentration between 20% and 4% every 30 mins for

1-4 days. The autophagy and ER stress-related proteins (LC3, p62, CHOP

and p-eIF2) level was detected by Western blotting assay. Interestingly, our

results showed that autophagy-related proteins expression was increased in

1-3 day but ER stress-related proteins decreased in second day after IH

condition. Moreover, we used Curcumin (35mM) induced ER stress after 24

hours treatment, CHOP and p-eIF2 proteins level was increase. However,

the ER stress-related proteins level was decreased and cell survival was

recovered after IH condition. In conclusion, acute IH induced autophagy as

an adaptive response against ER stress, it promotes cells survival to limit

ER stress-caused injury. (COI:Properly Declared)

2P-026
��	�����������������	����	���������
����������	�>��	�

����+�&�	�����������������������

&��������

�
 ����-���1����������

�
 �����������������

�
 �

������-��$����������
�
 �&�������������

�
 ������ $������


�
 �

$��������-�
�

�
����� %� � ���� '���� ��&��� (��"�� +����

�
(�"� ���� �
�� (�"� +���

�
�������
�����
�����
��/�
����+�8���� ��.�����������.%��

�
������	��.�,

��&���(��"��+��

Chronic hypoxia increases pulmonary vascular resistance leading to

pulmonary hypertension and induces right ventricular (RV) hypertrophy,

but influence on the left ventricle (LV) is not prominent. Identification of

molecules which are involved in these hypoxia-induced cardiovascular

diseases would be important for development of new therapeutic strategies.

Recently, we found that in addition to RV, a remarkable hypoxia-induced

LV hypertrophy occurred in the knockout (KO) mice of a functionally yet

unknown Ca2+-binding protein Calcineurin B Homologous Protein 3

(CHP3). CHP3 is an N-terminally myrystoylated, EF-hand protein which is

highly expressed in hearts. Consistent of previous in vitro data that CHP3

functions as a negative regulator of cardiomyocyte hypertrophy via

activation of glycogen synthase kinase 3 beta (GSK3β), we found that KO

mice manifested an increased phosphorylation of GSK3β in vivo, and thus

leading to inhibition of this kinase. More interestingly, we also found that

the expression of CHP3 was markedly decreased in response to hypoxia,

suggesting that hypoxia reduces the expression of CHP3 via some

mechanisms, and thereby allowing LV, in addition to RV to induce

hypertrophy. Furthermore, hypoxia resulted in a marked reduction of

CHP3 expression in cultured mouse cardiomyocytes. Our present study

suggests that CHP3 may be a novel negative regulator for hypoxia-induced

cardiac hypertrophy. (COI:No)
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Dilated cardiomyopathy (DCM) is characterized by chamber dilation and

cardiac dysfunction. It is well known that reactive oxygen species (ROS)

plays a critical pathological role in DCM progression. It has been reported

that myocardial diastolic stretch increases NADPH oxidase (NOX) 2-

derived ROS production. Although DCM is likely to increase expression

level of NOX2, the stretch-induced change in ROS production in DCM

myocardium is not clear. In the present study, we investigated the stretch-

induced change in ROS production in DCM mice cardiomyocytes.

Ventricular myocytes were enzymatically isolated from either 10 week old

C57BL/6 mouse (control) or doxorubicin (DOX) -induced cardiomyopathy

mouse heart. The cells were exposed to 10% axial stretch using computer-

controlled piezo-manipulated carbon fibers, attached to both cell ends.

Cellular ROS production was studied using DCF (2`,7`-

Dichlorodihydrofluorescein). Although stretch significantly increased ROS

production in both control and DCM myocytes, there was no significant

difference between the groups. However, when the stretch was applied

under 1 Hz field stimulation, stretch-induced increase in ROS production

was significantly greater in DCM cells than that in control cells. The

present results indicated that abnormal stretch-induced ROS production is

induced only under pacing in DCM cells. (COI:No)

2P-028
��	�������������������	�����	�����	��*�	�������	��*	��*&

�	�����������������������������������

5�
-��
�#��

�
 ����
-��
�5�

�
 �$���������������

�
 �

�������&������
�
 �&�������������

�
 ������ $������


�

�
������	�$��	��
 ����	��-�����+����

�
�������-����),�������� ����"�
"�

+��

Aim: To assess cardiac norepinephrine (NE) kinetics in dilated

cardiomyopathy (DCM) mice. Methods: A microdialysis technique was

applied to the left ventricular myocardium of anesthetized wild type (WT)

and DCM mice. We measured dialysate concentrations of NE and its

metabolite, dihydroxyphenylglycol (DHPG) as indices of NE release and

intraneuronal NE degradation following reuptake and investigated the

effects of local administration of pharmacological agents via the dialysis

probe. Results: At baseline, dialysate NE and DHPG concentrations were

higher in DCM mice than WT mice, but DHPG/NE ratio was lower in DCM

mice than WT mice. KCl (100 mM) increased dialysate NE concentration in

WT as well as DCM mice, but the increase in dialysate NE was larger in

DCM mice. KCl increased dialysate DHPG concentration in WT mice but

not in DCM mice and DHPG/NE ratio was lower in DCM mice. Desipramine

(100 µM), an inhibitor of neuronal NE uptake, increased dialysate NE

concentration in WT as well as DCM mice and decreased dialysate DHPG

concentration in WT mice, but not in DCM mice. Desipramine decreased

DHPG/NE ratio in WT mice but not in DCM mice. Tyramine (600 µM)

increased dialysate NE concentration in WT as well as DCM mice, but the

increase in dialysate NE was lower in DCM mice. Conclusions: In the heart

of DCM mice, cardiac NE release was enhanced at baseline and when

sympathetic nerves were activated, but neuronal NE uptake was impaired

and neuronal NE content was reduced. (COI:No)
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Previously, we created a knock-in mouse model of dilated cardiomyopathy

(DCM) with a deletion mutation δK210 in the cardiac troponin T gene. This

mouse model of DCM develops a markedly enlarged heart with left

ventricular (LV) systolic dysfunction and sudden cardiac death. In recent

studies, we found that cardiac vagal activity was reduced in this mouse

model. Donepezil hydrochloride (Aricept) is an acetylcholinesterase

inhibitor, which has been reported to increase vagal tone and improve

survival of rats after acute myocardial infarction. To determine if Aricept

also has a beneficial effect on DCM, we have orally treated our DCM mice

with Aricept at 2 (n=7) and 6 mg/kg/day (n=12) or saline (n=11) for 30 days.

We found that Aricept prolonged their life span in a dose dependent manner

and increased ejection fraction significantly while reducing LV end-diastolic

dimension. Heart weight and heart weight/ body weight ratio were

decreased with cardiac interstitial fibrosis being prevented. Consistent with

these results, we found that the myocardial expressions of ANP and

proBNP markedly decreased in Aricept treatment groups. These results

indicate that Aricept has a beneficial effect on cardiac remodeling in our

DCM mice, strongly suggesting that reduced cardiac vagal activity plays an

important role in the pathogenesis of DCM. (COI:No)
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Ventricular volume overload is a cause of heart failure and results in

reactive fibrosis. However, the mechanism of reactive fibrosis in volume

overloaded heart is incompletely understood. We studied the effect of

diastolic overstretch on induction of cardiac fibrosis in isometrically

contracting cardiac muscle preparation. We used male SD-rats (BW > 350 g)

and dissected papillary muscle from right ventricle. A papillary muscle was

mounted in a bath chamber and stretched to Lmax, at which active tension

reached to the maximal level. We stretched to 110% of Lmax (over

stretched; OS), and stimulated papillary muscle (1 Hz, 36°C) for 3 hours

with tension measurement, then compared with Lmax group (non over

stretched; Non-OS). Immediately after length change to 110% of Lmax,

active tension decreased to 60% of the initial tension. After measurement of

tension, papillary muscles were frozen and qRT-PCR analysis was

performed. We measured the mRNA expression levels of fibrosis-related

factors, such as TGF-β, CTGF, TNF-α, and FGF23, and also heart failure

markers, such as ANP and BNP. TNF-α tended to increase in OS than Non-

OS, however, we could not get any significant differences of fibrosis-related

factors and heart failure markers between OS and Non-OS group. These

results suggest that mild over stretch (estimated sarcomere length should

be around 2.4 µm) significantly reduced tension, however, could not induce

to fibrotic transition. Severe over stretch (120% stretch; 2.6 µm of sarcomere

length) should be performed for further investigation. (COI:No)
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Electrical-mechanical interactions between cardiac cells are known to

regulate the heartbeat. To investigate these interactions, the effects of

direct mechanical stimulus to single cells, tissue or whole heart have been

observed and successfully revealed the evidence of the mechano-electric

coupling including a crucial role of stretch-activated channels. Being

inspired by these observations, we have also made simple PZT driven

probes, tungsten tips, to apply mechanical stimuli on single cell aggregates

of embryonic chick heart. Historically, the aggregates of chick heart cells

were a popular model to analyze the spontaneously beat activity on a petri

dish. By using a pair of tungsten probe, we applied the mechanical

“tapping” on a cell aggregate up to 48 hours and then observed the local

mechanical stimulus effects on the intrinsic beat activity as well as the

other surrounding aggregates, physiologically and biologically. Our

preliminary results showed that the interbeat intervals moderately

fluctuated first and then synchronized to the tap period as a pacemaker. In

this presentation, we will also discuss the biological response to our

mechanical stimulus from gap junction density to cell aggregate

morphology by immunofluorescent labelling. (COI:No)
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Patients treated with propranolol, a nonselective β-adrenoceptor (ADR)

antagonist, develop severe anaphylaxis. We determined whether β
1
- or β

2
-

ADR antagonist deteriorates systemic anaphylaxis in anesthetized

ovalbumin-sensitized C57BL mice. Anaphylaxis was induced by an

intravenous injection of the antigen. Mean blood pressure (MBP) was

continuously measured. Vascular permeability was measured at 20 min

after antigen by extravasation of Evans blue dye and hematocrit (Hct).

Initially, dose-dependent effects of the ovalbumin antigen (1, 3 and 10 µg)

were determined. Then, the following pretreatment groups (n=7/group)

were studied: 1) control (non-pretreatment), 2) propranolol, 3) the selective

β
2
-ADR antagonist ICI 118,551, and 4) the selective β

1
-ADR antagonist

atenolol. After each pretreatment, 3 µg ovalbumin was injected. MBP and

Hct were dose-dependently decreased and increased, respectively, at 3 and

10 µg of the antigen. Injections of these doses of the antigen increased

vascular permeability in the spleen, kidney, lung, and intestine, but not

liver. In the propranolol and ICI 118,551 groups, the survival rate and Hct

were smaller and greater, respectively, than that in the control group.

Moreover, ICI and propranolol, but not atenolol, augmented the antigen-

induced increase in vascular permeability in the kidney, intestine and lung.

In conclusion, blockade of β
2
-adrenoceptor, but not β

1
-adrenoceptor,

deteriorates systemic anaphylaxis partly due to augmentation of

hyperpermeability-induced increased plasma extravasation in anesthetized

mice. (COI:No)
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The Na+/Ca2+ exchanger 1 (NCX1) plays a key role in regulating Ca2+

homeostasis in cardiomyocytes. NCX1 is preferentially located in the

transverse (T)-tubules, which are invaginations of the surface sarcolemma.

T-tubule disruption represents a common pathological alternation in failing

myocytes. However, the molecular details have remained unclear.

Previously, we showed that induced NCX1 expression in pressure-

overloaded hearts prevents defective excitation-contraction coupling and

heart failure progression. Here, we investigated the effects of induced NCX1

overexpression on the spatial distribution of L-type Ca2+ channels (LTCCs)

and junctophilin-2 (JP2) in pressure-overloaded hearts. Fourier analysis

showed that NCX1 localization was disordered before the onset of T-tubule

disorganization and LTCC and JP2 mislocalization in pressure-overloaded

hearts induced by transverse aortic constriction (TAC)-surgery. In addition,

induced NCX1 expression for 4 weeks beginning 8 weeks post-TAC

recovered NCX1 regularity to the pre-TAC level. Moreover, induced NCX1

expression for 4 weeks prevented the decrease in JP2 and LTCC

regularities. JP2 and LTCC regularities were recovered to the pre-TAC

level at 8 weeks after initiation of NCX1 overexpression. These results

suggested that NCX1 may have an important role in the maintenance of

LTCC and JP2 localization at T-tubules. (COI:No)
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We investigated the impact of cardiomyocyte-fibroblast interaction on atrial

excitation/propagation in a co-cultured monlayer of HL-1 myocytes and

cardiac fibroblasts, by patch clamp techniques, and numerical simulations.

A beating myocyte-fibroblast monolayer showed spontaneous action

potentials (APs). Increased fibroblast/myocyte ratio resulted in prolonged

APs with decreased frequency and upstroke velocity. These changes were

abrogated by a gap junction blocker carbenoxolone. Similar extents of AP

prolongation and depolarized diastolic potential were observed in single

HL-1 myocytes treated with an inflammatory cytokine TGF-β. In some

monolayers with high fibroblast/myocyte ratios, premature excitations

(EAD, DAD) and small subthreshold membrane potential oscillations were

observed. These changes were almost completely inhibited by 9-phenathrol

at its concentration to selectively inhibit TRPM4 channel. Simulation with

HL-1 AP and 2D-diffusion-reaction models reproduced the above

experimental results to reasonable extents. These results collectively

suggest that fibroblasts modify the frequency, morphology and propagation

pattern of atrial cardiomyocyte APs through both direct electrical coupling

and indirect paracrine modification which may involve the activation of

TRPM4 channels. (COI:No)
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In forensic autopsy, no pathological changes in some patients who died of

heatstroke indicates “negative autopsy”. Negative autopsy means sudden

functional death, especially sudden arrhythmia death syndrome. Then, we

hypothesized that heat stress affects the electrical conductance of

cardiomyocyte, leading to cardiac arrhythmia. In this study, we evaluated

the effects of heat stress on cultured neonatal rat cardiomyocytes.

Cardiomyocytes were obtained from the ventricles of 1 to 2 day-old Wistar

rats. The cardiomyocytes were loaded under 42 °C for 6 hours. There was no

increase in lactate dehydrogenase, in the culture medium. The expression of

connexin43 (Cx43) mRNA and protein significantly increased, which

phenomenon was inhibited by 9-Phenanthorol, a TRPM4 antagonist.

Furthermore, extracellular field potentials (FP) in cultured cardiomyocytes

measured by MED64 system were changed by heat stress. The in vivo effect

of heat stress (42 °C, 1 hour) in 8 weeks-old rats was also evaluated. The

expression of Cx43 protein in the heart was significantly increased,

especially in the adluminal left ventricle. Cx43 proteins form gap junction.

Our findings suggest that pathophysiological changes in Cx43 may

contribute to initiation and/or perpetuation of arrhythmias under heat

stress. (COI:No)
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Veteran athletes are prone to cardiac arrhythmias including bradycardia

and heart (or atrioventricular [AV]) block. Consequently, veteran athletes

are more likely to need pacemaker implantation. We have previously

reported that endurance exercise results in sinus bradycardia through

remodelling of ion channels, transcription factors and microRNAs in the

sinoatrial node. To investigate the mechanisms underlying heart block, we

swim-trained C57B/6J mice for five months and then performed in vivo
electrophysiological measurements and gene expression analysis in the AV

node. In addition to sinus bradycardia, long term swim-training induced a

prolongation of the PR interval and an increase of the Wenckebach cycle

length indicating dysfunction of the AV node. Quantitative PCR revealed a

down-regulation of ion channels responsible for the generation and

propagation of the action potential in the AV node (for example the

pacemaker HCN channel and the T-type Ca2+ channel) and altered

expression of transcription factors associated with the development and

regulation of the conduction system (i.e. Tbx3, Irx3 and Shox2), suggesting

that molecular remodelling in the AV node can underlie heart block. It is

possible that the changes in the expression level of the transcription factors

are responsible for the ion channel remodelling and resultant altered AV

node electrophysiology. These data provide a new mechanistic insight into

understanding the occurrence of heart block in athletes. (COI:No)
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Understanding the vascular condition/function is sure to be important for

the diagnosis of various diseases. We have recently developed the

synchrotron radiation (SR) microangiography technique that allows high-

contrast imaging of coronary microvessels with high spatial and temporal

resolution in vivo in anesthetized rats and mice. However, although SR

microangiography technique has several distinct superior qualities

compared with conventional X-ray angiography, the opportunity of the use

of SR facility is limited. We therefore tried to refine our laboratory type X-

ray microangiography system to investigate coronary and pulmonary

arteries function in vivo in small animals. Male C57BL/6J (23-26 g) were

anesthetized, the trachea was intubated, and lungs were mechanically

ventilated. The target vessels were visualized by bolus injection of iodine

contrast medium via a catheter placed beforehand. The X-ray

microangiographic images were acquired with several types of high

resolution and high sensitivity X-ray sCMOS cameras. Renal and femoral

arteries were clearly visualized with high spatial resolution down to < 100

µm. On the other hand, even though coronary and pulmonary arteries were

also visualized, the clarity of images obtained did not meet our standards

due to an insufficient number of photons and/or to the blurring of images

resulting from cardiac motion. More sensitive X-ray detector with a

sufficient photon flux are necessary. (COI:No)
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A model constructed by organ- and cellular-level models is useful to

understand relationship between organ and cellular characteristics.

However, determining scale parameters that are used to combine some

models in different scales is difficult because they cannot be measured

directly in experiment. Thus, we proposed a method for determining scale

parameters that convert cellular active contraction force and passive elastic

force to pumping function of the heart [Utaki et al., 2016] and reproduced

physiological hemodynamics in a simulation model consisted of the

ventricular contraction model [Negroni et al., 2008](NL08), the circulation

model [Heldt et al., 2002], and Laplace’s left ventricular hemispherical

model [Moriarty et al., 1980]. In this method, unknown scale parameters

are calculated from mathematical equations using the hemodynamics data

obtained directly from measured data, which includes several end-diastolic

and end-systolic left ventricular pressure, volume, radius, wall thickness,

and sarcomere length data. In this research, we changed the cellular

contraction component of the hemodynamic model from NL08 model to the

human ventricular myocyte model [Himeno et al., 2015](HuVEC), and fixed

the scale parameters using the method. As a result, we could reproduce

hemodynamic parameters in the hemodynamic model using contraction

force generated by the HuVEC model. In addition, we could observe

relations between action potentials, Ca2+ transients, ionic mechanisms and

contraction forces at cellular-level and hemodynamic parameters of the left

ventricle. (COI:No)
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Backgrounds: Severe tricuspid regurgitation (TR), leading to right heart

failure, requires surgical intervention. Although tricuspid valve

replacement (TVR) abolishes TR and normalizes hemodynamics, clinical

reports indicated that some patients develop right ventricular failure (RVF)

after TVR. In this study, we assessed using computer simulation how TVR

impacts on hemodynamics and investigated the conditions where TVR could

induce RVF. Method: We modeled total circulation by 4 cardiac chambers

with time varying elastance and two sets of 7-elements resistance-

capacitance vascular models for systemic and pulmonary circulation. TR

was modeled by the low resistance for regurgitant flow from RV to right

atrium. All simulation programs were implemented in Matlab/Simulink.

We assessed hemodynamics before and after TVR under various cardiac

functions. Results: Despite exhaustive case studies, TVR always increased

cardiac output (CO), and decreased right atrial pressure regardless of

preoperative RV function. TVR could increase left atrial pressure and thus

LV failure only when LV function is compromised. Conclusion: TVR always

improves hemodynamics and hardly induce RV failure. RVF after TVR

might indicate surgery related impairments of RV function. (COI:No)
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It is well known that exercise induces arterial pressure (AP) increase and

tachycardiac responses through sympathoexcitation. The cardiovascular

regulation during exercise is controlled by both ascending inputs from

peripheral system, such as muscle receptor and baroreceptor, and

descending outflow by higher brain areas as called ‘central command’.

However, it remains unclear how these feedback and feedforward

mechanisms control to optimize cardiovascular regulation during exercise.

To resolve this issue, we tried to develop a model for evaluation of

behavioral and cardiovascular parameters during a bout of exercise under

head-fixed condition. In this study, we recorded AP and heart rate (HR)

using telemetry in head-fixed rats performing the repetitive lever-exercise

task. Animals were trained the operant task in which completion of a fixed

number (4 times) of lever pulls in response to a visual cue (GO signal) would

get water reward (15 µL). Both AP (10.4 ± 3.3 mmHg) and HR (10.3 ± 25.8

beat/min) were phasically increased after GO signal. The peak of AP

responses occurred preceding reward delivery, suggesting the autonomic

response involves in preparation and/or execution for lever-pull movement

rather than reward-consummatory behavior. As a future study, we plan to

examine neuronal mechanisms for regulation of the movement-related

cardiovascular responses using this experimental model. (COI:No)
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In order to elucidate the electrophysiological phenomena during atrial

fibrillation (AF), we have been carrying out an optical mapping study on the

spatiotemporal patterns of excitation spread during experimental

tachyarrhythmia (tachycardia-like excitation, TE) using a fast voltage

sensitive absorption dye (NK2761) together with a 16 X 16 -element

photodiode array. The isolated rat atrial preparation, stained with the dye,

was bathed in a high extracellular Ca2+ (18 mM) solution, and rapid pacing

was first applied to load intracellular Ca2+. After loading, several shocks of

tetanus stimulation were often followed by the rhythmical appearance of

optical action potentials (i.e. TE). On the spatiotemporal maps of excitation

propagation, various patterns were observed during the event of TE. We

categorized these patterns into three classes: 1) circus movement of an

excitatory wave around a functionally blocked area over which the

excitation could not propagate (i.e. micro re-entry), 2) abnormal automatism

patterns, in which an ectopic focus (or small number of foci) with a fast

rhythm dominates the whole preparation, 3) “chaotic” patterns, in which

more than three fragmented excitatory waves propagated irregularly with

unstable blocked areas, unstable micro re-entry circuits and/or unstable foci

of abnormal automatism. We consider that these patterns mimic the

excitation spread during atrial fibrillation (AF), suggesting that the

perturbation of intracellular Ca2+ dynamics is an important factor in the

onset of AF. (COI:No)
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Cardiac anisotropy is a feature of excitation propagation in the heart and is

one of the determinant factors of spiral wave re-entry, which has been

associated with ventricular tachycardia/ventricular fibrillation. However,

the mechanism that underlies the anisotropy is not yet fully understood. To

consider excitation propagation of the orthogonal direction to myofibers, we

constructed a ventricular myofiber model, in which myocytes were

connected each other at the intercalated discs (IDs) placed in the lateral

membrane (LM) of each myocyte. The myofiber model could not achieve the

physiological conduction velocity (CV) of the excitation propagation even

with a 100-fold increase in the gap junction within the IDs at LM of each

myocyte. Furthermore, we constructed the regular lattice and/or brick-wall-

like sheet models, and investigated their excitation propagation. The

transverse CV (CV
t
) in regular lattice sheet model was almost the same as

that of the myofiber model. In contrast, the brick-wall-like sheet model, of

which electrical connections at between IDs placed in the cell ends can

contribute to the excitation propagation of transverse direction to

myofibers, resulted in the CV
t
 increase compared to the regular lattice

sheet model. These results suggest that the anisotropic formation in

excitation propagation may be attributed to the electrical communication

via IDs in the cell ends rather than the LM. (COI:No)
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Oxytocin (OXT) has been proposed as a treatment of a number of

psychiatric conditions, including autism spectrum disorder, schizophrenia,

depression, post-traumatic stress disorder and social anxiety. Consequently

the OXT receptor (OXTR) has been a target of interest throughout the

pharmaceutical industry, however the neuro circuit of OXTR expressing

neuronal cell have been known hardly. Recently we established Oxtr

cDNAHA-Ires-Cre knock-in mice expressing OXTR and Cre recombinase

under the control of endogenous Oxtr gene promoter. We demonstrated that

these mice allow specific gene expression in a Cre recombinase dependent

manner in OXTR-expressing neurons, with infection of recombinant adeno-

associated virus including flip-excision switch (AAV-FLEX) vector that

carried irreversible type loxP sequences. To clarify the projection area of

OXTR expressing neuron in the brain area influencing pro-social behavior,

we analyzed the Oxtr-cDNAHA-Ires-Cre mice infected AAV-FLEX-

TdTomato or AAV-FLEX-GFP. On the base of this data, we will try to make

the 3D brain mapping of OXTR expressing neurons. (COI:No)
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Stress activates the release of glucocorticoids, corticosterone (CORT) in

rodents and cortisol in humans from the adrenal cortex. Glucocorticoid

receptors are expressed in many brain structures, particularly in the

hippocampus. This makes the hippocampus vulnerable to elevated

glucocorticoid levels as seen in a stress response. Although they help

individuals to combat stress, their overexposure in animals has been

implicated in dendritic atrophy and apoptosis of hippocampal neurons. On

the other hand, oxytocin (OT), a neuropeptide produced from the

paraventricular nucleus of the hypothalamus, has been shown to mediate

antistress and antidepressant-like effects in mice and rats. We explored the

effect of OT on the dendritic growth in neurons. OT receptors (OTRs) are

strongly expressed in mouse hippocampus and amygdala. Primary mouse

hippocampal neurons were treated with different concentrations of CORT.

In a dose-dependent manner, CORT decreased the degree of dendritic

arborization in hippocampal neurons Co-treatment with OT attenuated the

atrophic effect of CORT on dendritic branching. OT also promoted the

number of dendritic branches. These results suggest that OT prevents

corticosterone-induced dendritic atrophy of primary mouse hippocampal

neurons. (COI:No)
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In the sensory thalamus, a thalamocortical (TC) neuron receives excitatory

inputs from two sources: sensory afferents and massive feedback input from

corticothalamic (CT) fibers. Although the functional linkage between these

two inputs in controlling neural activity of matured TC neurons has been

suggested, the role of CT inputs in development of sensory afferent

synapses remains unclear. We have recently found that type 1 metabotropic

glutamate receptor (mGluR1) is required for maintenance of matured

connectivity of afferent synapse in the visual thalamus (Narushima et al.,

2016). Because mGluR1 is strongly expressed at the postsynaptic site of CT

synapses, we hypothesized that cortical activity may regulate fine

connectivity of afferent synapses in the sensory thalamus. In this study, we

found that pharmacological inactivation of somatosensory cortex

interrupted developmental synapse elimination and maintenance of

afferent lemniscal synapses in the somatosensory thalamus (VPm). In wild-

type mice, a single TC neuron is usually innervated by a single lemniscal

fiber after postnatal days of (P) 20. Blockade of cortical activity from P12 or

P21 for one week increased number of innervating lemniscal fibers per a

single TC neuron. We also found that in mGluR1 knockout mice, 50% of

VPm TC neurons were innervated by more than two lemniscal fibers at

around P30. These results suggest that CT inputs heterosynaptically

regulate synapse elimination and/or maintenance of lemniscal synapses in

the VPm in which mGluR1 may be involved. (COI:No)
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Retinogeniculate (RG) synapses in the mouse dorsal lateral geniculate

nucleus (dLGN) are known to develop into the mature circuit through three

phases: synapse formation (P0-P10), synapse elimination (P10-P20), and

the experience-dependent maintenance (P20-30) phases. Recently, methyl

CpG binding protein 2 (MeCP2), a transcriptional regulator associated with

Rett syndrome, has been reported to be involved in experience-dependent

maintenance of RG synapses (Neuron 2011). The MeCP2 expression pattern

in the mouse dLGN, however, is not fully understood during the three

phases. We found that the MeCP2 protein level in the dLGN gradually

increased in glutamatergic but not GABAergic neurons during

development. Interestingly, dark rearing from P21 for 10 days decreased

MeCP2 expression only in glutamatergic neurons in the dLGN. These

results suggest that the MeCP2 expression level in glutamatergic neurons

is regulated in a visual experience-dependent manner during the RG

synapse maintenance phase. Recently, we have reported that mGluR1

knockout mice (KO) interrupt the experience-dependent synapse

maintenance, similar to that in MeCP2 KO, suggesting that mGluR1 signal

interacts with MeCP2-mediated maintenance (Neuron 2016). In addition,

we found that MeCP2 expression in the dLGN was significantly increased

in mGluR1 KO mice in the present study. Thus, an appropriate amount of

MeCP2 expression in the dLGN may be essential for experience-dependent

synapse maintenance of RG synapses. (COI:No)
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Alzheimer’s disease (AD) is a progressive neurodegenerative brain disorder

and the most common cause of dementia in the elderly. An excessive

accumulation of amyloid β peptide (A β), derived from amyloid precursor

protein (APP), results in aggregation and amyloid deposition in the brains

of AD patients. APP is cleaved alternatively by two transmembrane

proteases called α - and β -secretase. Recent studies have reported that

genetic deletion of these secretases showed abnormalities of neuronal

development, suggesting that the inhibition of secretases has an impact on

synapses during the neurodevelopmental stage. To elucidate physiological

effects of these secretase on synapse formation and maturation, we used

cultured hippocampal slice as an ex vivo model that preserve tissue

structures, maintain neural circuit and synapse properties, and replicate

the native status of the in vivo context. Furthermore, these preparations

are amenable to physiological, pharmacological, and morphological

examinations for a long period. In this study, we applied secretase

inhibitors to culture medium and analyzed excitatory and inhibitory

synapses. Our results showed that the expression of synaptic proteins and

synaptic transmission are affected by the inhibition of these secretases, and

suggested the importance of secretase activity and its products in synapse

development and maturation. (COI:No)
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In primates it is known that corticospinal (CS) axons make direct synapse

with motoneuron (MN) innervating digit muscle. We found the synapses

between CS axons and MNs innervating forelimb muscles were also formed

in juvenile mice, which, however, were eliminated in later stage. In this

study, we examined the frequency of the synapse between CS axons and

MNs innervating distal forelimb, proximal forelimb and pectoralis muscles.

To use optogenetic technique, adeno-associated virus encoded

channelrhodopsin-2 (ChR2) was injected to the sensorimotor cortex of mice

at postnatal (P) 0.To identify MN innervating target muscle, we labeled MN

retrogradely by injected cholera toxin B subunit (CTB) conjugated with a

fluorescent dye to specific muscle groups, which make it possible to carry

out whole cell recording for labeled MNs with their fluorescence. The

cervical (C7-8) slices were prepared from P8-P10 mice and photostimulated

for CS axons expressed ChR2. The formation rate of direct connections

between MNs innervating forelimb muscles and CS axons was 65%;

brachial muscles, 14%; pectoralis muscles, 0%. Thus we demonstrate that

the incidence of direct connection between CS axons and MNs in juvenile

mice shows “distal-proximal gradient” which is similar to higher primates.

(COI:No)
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Recently, Nanoparticles (NPs) of different material, sizes, shapes, surface

modifications, were produced to use in a variety of applications, including

engineering, food, medicine, and cosmetics. Silica (Silicon dioxide, SiO2) is a

major component of glass and sands and found in various living organisms,

including hair and nails, and it has been used in the synthesis of NPs. Silica

NPs (SiNPs) are inexpensive and easy to produce, and generally considered

to be nontoxic. SiNPs are being formulated for cellular imaging and drug

carrier, but it is unclear what potential effects SiNPs can induce once they

enter the CNS. Therefore, we examined the effects of exposure to SiNPs

using primary rat hippocampal cultures. In this report, we analyzed

cytotoxicity using luminescent cell viability assay, and reactive oxygen

species (ROS) live-cell imaging assay. In this reports, we show that

administration of SiNPs increase the productions of intracellular ROS and

induce cell death. We also observed the pre-treatment of anti-oxidants

significantly decreased of ROS production and cell death. Our results

suggest that NPs affect neuronal functions and survival. (COI:No)
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Microglia survey and directly contact neurons in both healthy and damaged

brain but the mechanisms and functional consequences of these contacts

are not yet fully elucidated. Combining two-photon imaging and patch-

clamping, we have developed an acute experimental model for studying the

role of microglia in CNS excitotoxicity induced by neuronal hyperactivity.

Our model allows us to simultaneously examine the effects of repetitive

supramaximal stimulation on axonal morphology, neuronal membrane

potential, and microglial migration, using cortical brain slices from Iba-1

eGFP mice. Evoking repetitive action potentials (APs) in individual layer 2/

3 pyramidal neurons elicited swelling of axons, but not dendrites, which

was accompanied by a large, sustained depolarization of soma membrane

potential. Microglial processes migrated to these swollen axons in a

mechanism involving both ATP and glutamate release via volume-activated

anion channels. This migration was followed by intensive microglial

wrapping of affected axons, and in some cases removal of axonal debris, that

induced a rapid soma membrane repolarization back to resting potentials.

When the microglial migration was pharmacologically blocked, the activity-

induced depolarization continued until cell death ensued, demonstrating

that the microglia-axon contact served to prevent pathological

depolarization of the soma and maintain neuronal viability. This is a novel

aspect of microglia surveillance, detecting, wrapping and rescuing neuronal

soma from damage due to excessive activity. (COI:No)
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Microglia are immune cells of the central nervous system. Because of this

immune cell character, microglial functions at injured or pathological

condition have been well studied. Over the last decade, it has been revealed

that microglia contribute to neural circuit reorganization. In the

developmental phase, it has been thought about the possibility of microglia

related to neural process development including synapse formation, because

activated microglia release some molecules which related to synapse

formation. Then, developing microglia have activated like morphology.

However, it is not clear whether microglia involved in synapse formation

during development. To reveal this, we performed in vivo two photon

imaging and checked whether spine was formed after microglia contact. We

found that filopodia was formed at microglia contacted dendritic region

during postnatal day 8-10. Spine density of layer 2/3 pyramidal neurons

was decreased in microglia ablated mice. Miniature EPSCs frequency was

also significantly reduced in microglia ablated mice. Additionally, neural

circuit at somatosensory cortex in microglia ablated mice was impaired.

These data suggest that microglia contribute to neuronal circuit formation

via synapse formation during development. (COI:No)
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Hippocampal development improves the memory function in many species

including humans. Although the synaptic evidence has been unknown, the

ability of memory retention improves from 2 to 5 weeks (w) of age in rats

(Josselyn et al, 2012). To examine the postnatal changes in the learning-

induced synaptic plasticity, we used male rats in 2w, 3w, 4w and 8w of age.

Rats were trained an inhibitory avoidance (IA) task and acute brain slices

were prepared for patch-clamp analysis. To measure postsynaptic currents

elicited by a single vesicle of glutamate or GABA, we sequentially recorded

miniature excitatory post-synaptic currents (mEPSC) and inhibitory post-

synaptic currents (mIPSC) from the same CA1 neuron under the presence

of tetrodotoxin. Although all groups of rats learned the task, the

performance was significantly increased in 4w and 8w rats. Compared with

corresponding age of untrained rats, IA learning increased the mEPSC

amplitude in 4w and 8w rats, but not in 2w and 3w rats. Moreover, IA

learning increased the mIPSC amplitude in 4w rats, but not in 2w, 3w, and

8w rats. As to the miniature frequency, IA learning clearly decreased the

number of mEPSC/mIPSC events in 2w rats, while the learning increased

the number of events in 4w rats. These results suggest developmental

change in the synaptic mechanism of contextual learning. The different

mechanism of the learning-induced plasticity may contribute to the

developmental change in the ability of memory retention or learning in

male rats. (COI:No)
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Contextual learning requires the diversity of excitatory/inhibitory synaptic

inputs onto the hippocampal CA1 neurons (Nature Commun, 2013). Here,

we analyzed the amount of information (bits) by analyzing the appearance

probability of the diverse synapses. Inhibitory avoidance (IA) task was used

as a learning-paradigm. We made acute brain slices of dorsal CA1 area in

untrained, IA-trained, unpaired, and walk-through rats. To evaluate

synaptic diversity of excitatory/inhibitory synaptic input onto each CA1

neuron, we recorded miniature EPSC or miniature IPSC from the same

CA1 neuron under the presence of tetrodotoxin. IA trained rats showed

broad diversity of mean mEPSC/mIPSC amplitudes in dorsal CA1 neurons,

while the distribution was scarce in rats after the 3 control experiences. IA

training significantly increased the self-entropy (bits) per single neuron,

while the self-entropy was similar among the 3 controls. Contextual

learning dramatically created diversity of mEPSC/mIPSC amplitudes at

single synapse level. In the amplitude of mEPSCs, the diversity of single

response was wide in IA trained rats, while the distribution was scarce in

the 3 controls. In the amplitude of mIPSCs, the diversity of single response

was especially wide in IA trained rats, although the distribution was also

different each other among the 3 controls. These results further suggest

learning-induced increase in self-entropy at the single synapse level. (COI:

No)
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Although contextual learning requires synaptic diversity for both excitatory

and inhibitory inputs at CA1 synapses (Mitsushima et al, Nature Commun,

2013), it was still unclear whether the contextual training or retrieval

enhances the plasticity. To analyse the temporal changes, we used slice

patch clamp methods at various timing after the encoding or retrieval tests

of inhibitory avoidance task. Miniature excitatory post synaptic currents

(mEPSCs) and inhibitory post synaptic currents (mIPSC) were sequentially

recorded in the same CA1 neurons one-by-one. Within 5 min after the

encoding, IA training significantly increased the diversity of mEPSC and

mIPSC amplitudes at CA1 synapses, suggesting rapid postsynaptic

plasticity. Since no significant changes were observed after the memory

retrieval, memory encoding rather than retrieval seems to enhance the

plasticity. Analysis of appearance probability of the synaptic strength

further revealed rapid increase in intra-brain self-entropy (bit) within 5 min

after the encoding. To examine presynaptic plasticity, we performed paired-

pulse stimulation. At the basal dendrites of CA1 neurons, paired-pulse rate

of IPSC transiently increased at 0 - 5 min after the encoding, suggesting

rapid decline of presynaptic GABA release from septo-hippocampal

GABAergic neurons. In the CA1, phosphorylation at Ser408-409 of GABA
A

receptor β 3 subunit transiently increased 5 min after the training. Here,

we found dynamic changes in glutamatergic and GABAergic synaptic

plasticity in CA1 neurons after the contextual training. (COI:No)
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The hippocampus is functionally heterogeneous between the dorsal and

ventral region and has left-right asymmetry. To determine the possible

location of contextual memory, we performed an inhibitory avoidance (IA)

task to analyse synaptic plasticity using slice patch-clamp methods.

Compared to untrained controls, trained rats had a greater number of open

channels at dorsal, but not ventral, CA1 synapses, suggesting functional

heterogeneity. Sequential recording of miniature EPSCs and IPSCs from

the same CA1 neuron further revealed plasticity. IA training significantly

increased the diversity of miniature EPSC and IPSC amplitudes at dorsal,

but not ventral, CA1 synapses, suggesting subfield-specific diversity after

training. Finally, by analysing the appearance probability of the synapses,

trained rats exhibited a significant increase in self-entropy at dorsal (16.9

bits/neuron), but not ventral, CA1 synapses, suggesting an increase in

intra-brain information. Thus, this study provides the first entropy analysis

of learning-dependent synaptic plasticity. (COI:No)
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The entorhinal cortex sends sensory information from the other cortical

areas into the hippocampal CA1 neurons. Pre-processed information

streams via indirect route, trisynaptic pathway and unedited information

via direct route, the temporoammonic (TA) pathway. Although contextual

learning drives GluA1-containing AMPA receptors into hippocampal

Schaffer (CA3-CA1) synapses (Mitsushima et al., PNAS, 2011), synaptic

plasticity at temporoammonic (TA-CA1) synapses was still unknown. Here

we examined the learning-induced synaptic plasticity at TA-CA1 and CA3-

CA1 synapses in male rats (postnatal 4-5 weeks). Inhibitory avoidance (IA)

task was used to construct contextual memory. After IA learning, we made

acute hippocampal slices for whole cell patch clamp analysis. We stimulated

either pathway to analyze AMPA/NMDA (A/N) ratio at either synapses.

Compared with untrained control, the trained rats exhibited greater A/N

ratio at both TA-CA1 and CA3-CA1 synapses, suggesting contextual

learning promote synaptic plasticity at both excitatory synapses. Moreover,

the learning-induced plasticity is specific to the neurons in the pyramidal

cell layer of CA1, since the learning did not affect the A/N ratio in the

neurons just outside of the layer. We can conclude that contextual learning

strengthens both Schaffer Collateral and TA pathway at excitatory

synapses onto the neurons locating pyramidal cell layer of dorsal CA1.

(COI:No)
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Synaptic plasticity is widely accepted to provide a cellular basis for learning

and memory. Synaptic associativity could be involved in activity-dependent

synaptic plasticity, because it distinguishes between local mechanisms of

synaptic tags and cell-wide mechanisms that are responsible for the

synthesis of plasticity-related proteins. An attractive hypothesis for synapse

specificity of long-term memory (LTM) is synaptic tagging: synaptic activity

generates a tag, which captures the plasticity-related proteins derived

outside of synapses. Previously we have been reported that neuropsin, a

plasticity-related extracellular protease, was involved in synaptic tag

setting. In the present study, we tested the hypothesis that neuropsin was

engaged in behavioral tagging for LTM in vivo. Behaviorally, weak training

inhibitory passive avoidance task (IA) or spatial object recognition task

(SOR), which induces short-term memory (STM) but not LTM, can be

consolidated into LTM by exposing animals to novel but not familiar

environment 1 h before training. We found that neuropsin deficient mouse

impaired such transformation short-term into long-term memory. These

results suggest neuropsin as a molecule of behavioral tag setting in vivo.

(COI:No)
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Acute damage to central nervous system such as stroke is a leading cause of

serious functional disability. Restoration of functional disability is

considered to be the result of compensative neural plasticity in the intact

brain regions. However, the little is still known about the molecular

mechanism in the recovery process. To investigate the mechanism of

recovery process, we focused on the role of AMPA receptors in the injured

brain. We made a focal damage to forelimb area in the motor cortex of rats

using the cryogenic injury. The rats were evaluated the recovery rate in

reaching forelimb task, and then rats were divided into two groups based on

the recovery rate after rehabilitative training as ‘recovered’ and ‘not

recovered’. Biochemical analysis using western blotting method were used

in the peri-injured area both group of animals. We found that cortical

lysates from recovered animals showed greater level of AMPA receptor

expression only in the lateral part from cryogenic injured area. These

results could lead to the creation of effective functional recovery method by

pharmacological intervention. (COI:Properly Declared)
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Epicatechin (epi), a component of dark chocolate, enhances memory

formation if applied during the memory consolidation period. Here we

investigated at the level of a single neuron, RPeD1, which is a necessary

site for long-term memory (LTM) formation, how epi brings about its

enhancing effects. RPeD1 is 1 of 3 neurons that comprise the central

pattern generator (CPG) that drives aerial respiratory behavior. When

snails were operantly conditioned in epi (15 mg/L) a single 0.5 h training

session, which typically results in memory lasting ~3 h, they now formed

LTM lasting at least 24 h. We recorded from RPeD1 in semi-intact

preparations 24 h after a single 0.5 h training session in epi and found that

the firing and bursting rate decreased significantly compared to naive

snails. However, the excitability (i.e. number of spikes caused by injected

depolarizing current) of RPeD1 did not change. We next performed “in

vitro” operant training in semi-intact preparation from naive snails. In the

training, we applied a gentle tactile stimulus to the pneumostome area

every time the snail began to open it. Following the training, the respiratory

behavior decreased. After the training, naive snails exposed to epi prior to

recording exhibited significantly increased RPeD1 excitability compared

with non-exposed snails. These results suggest that epi alters RPeD1

excitability in such a way as to make it more difficult for the CPG to drive

aerial respiratory behavior and leads to enhanced LTM formation. (COI:

No)
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During mammalian development, facial motoneurons are generated in

rhombomere 4 and migrate caudally, forming a unique axonal trajectory

called the “genu”, a loop of facial motor axons around the abducence

nucleus. It is one of the interesting questions in developmental neuroscience

when and how this unique structure is established, and what the

correlation between morphogenesis and functiogenesis is. We applied

optical recording with a voltage-sensitive dye (VSD) and the DiI staining

method to the facial nerve (N.VII)-brainstem preparations dissected from

E16-18 rat fetuses, and examined developmental processes of the motor

nucleus/bundles of the N.VII. The DiI staining revealed that the location of

the facial motor nucleus and the pathway of the N.VII were reminiscent to

those of the adult rat brainstem at E16 and E17 stages. The VSD recording

showed that (1) two types of fast spike-like signals, which corresponded to

action potentials, were detected in the E16 and E17 preparations, (2) the

fast signal identified in the facial motor nucleus exhibited a long duration,

whereas those detected in the N.VII bundles had a shorter duration, and (3)

the duration of the fast signal in the facial motor nucleus became shorter at

E18, suggesting the maturation of electrical properties in motoneurons. We

suceeded in analyzing spatiotemporal patterns of N.VII responses in the

early developing rat brainstem, which confirmed the usefulness of VSD

recording in funcional mapping of a 3D-complexed neuronal population.

(COI:No)
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A widely propagating spontaneous wave-like activity, termed the

depolarization wave, is expressed during a specific period of embryogenesis,

at which time functional synapses are generated between cranial/spinal

sensory nerves and postsynaptic neurons in the brain/spinal cord. Such a

developmental profile has led to the hypothesis that the depolarization

wave plays fundamental roles in synaptogenesis, which is known to be

activity-dependent. We tested this hypothesis by blocking the spontaneous

depolarization wave in ovo and examining its effects on functional

synaptogenesis in the brainstem nuclei related to the vagus nerve.

Extensive examinations in brainstem slices and en bloc preparations

dissected from stage 28-34 chick embryos treated with in ovo blockade of the

depolarization wave showed that developmental profiles of mono-synaptic

responses in the first-order nuclei of the vagus nerve, namely the nucleus of

the tractus solitarius (NTS) and the contralateral non-NTS region, were not

significantly affected by chronic inhibition of the depolarization wave.

Whilst, polysynaptic responses in the second-order nucleus, parabrachial

nucleus (PBN), showed a significant reduction in amplitude by chronic

inhibition of the depolarization wave. The results suggest that the

depolarization wave plays important roles in the formation of functional

synaptic networks in the developing brainstem nucleus, especially in the

second/higher-order nucleus of the sensory pathway. (COI:No)
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Taste and smell are deeply concerned with emotion. When the participants

taste food, and feel that the smell of the food is different from the original

smell of the food, recognition mechanism of the food may be disturbed. In

the present study, we investigated influences of olfactory stimulation on

taste perception, by using an EEG frequency analysis. EEGs are measured

from the frontal region of the heads. Each olfactory stimulation was

delivered with a pierce of chocolate in the mouth. Air (control), chocolate

(match), garlic (mismatch) were used as olfactory stimulation. After each

recording session, the participants was asked to rate feeling of sweetness.

By comparing the occupancy rates of respective frequency bands under the

match stimuli with those under the mismatch stimuli, the occupancy rate of

theta-frequency band seemed larger in the latter case. In addition, there

was the tendency that when feeling of sweetness is increased, occupancy

rate of alpha frequency band is also increased. In the present study, we

focused attention on differences of profile of EEG rhythm pattern between

deliveries of match stimuli and mismatch stimuli. Theta-wave activities in

the case of mismatch stimuli might reflect processing of focused attention, a

feeling that something is wrong. On the other hand, alpha-wave activities

in the case of match stimuli might reflect perceptual processing. (COI:No)
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Thermal modulation of signaling pathways leads to excitation of taste

receptor cells, but the underlying mechanisms remain unclear. The other, it

has long been known that there are contrast effects in various senses. We

have recently shown that transient cooling of the mouth improved

dysgeusia. In this study, we investigated cold-taste contrast and interaction

between taste and somatesensation. We lowered intraoral temperature

using cold stimulus as a pretreatment, then returned to normal

temperature in 249 healthy subjects, before administering room-

temperature taste-stimulating solutions to investigate changes in

sensitivity to the four basic tastes (Sweet, Salt, Sour and Bitter). Statistical

comparisons of taste recognition thresholds before and after cold stimulus

showed increased taste sensitivity for all four basic tastes. After

categorizing different levels of pre-cold stimulus taste sensitivity into

groups and comparing changes in sensitivity to the four basic tastes before

and after stimulus, we found that the lower the sensitivity to basic tastes,

the greater the increase in sensitivity induced by cold stimulus. These

findings indicate that there is contrast mechanism between taste and

somatosensation. In conclusion, this study provides new and important

information on the significance of cold stimulus in the treatment of

dysgeusia. (COI:No)
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It has been reported that bitter substances, quinine and denatonium, might

directly activate a cation channel of the bullfrog taste receptor cells. In this

study, to know the channel properties further, we recorded the bitter

substance-induced whole-cell currents of the taste cells isolated from the

bullfrog. In the previous study in the nominally Mg2+-free condition, the

removal of external Ca2+ shifted the dose-response relationship of the

quinine-induced current to the lower concentration side. To test whether

this Ca2+ effect is inhibited by Mg2+, we compared the dose-response

relationships in the Ringer’s solution (1 Ca2+ and 1.6 Mg2+, in mM) and in

the Ca2+-free solution (0.2 EGTA and 1.6 Mg2+, in mM), and obtained K
1/2

values of 2.0 and 0.75 mM, respectively. This result suggests that the Ca2+

removal can shift the dose-respose relationship even in the 1.6 mM Mg2+

condiction but is less effective. We also found that another bitter substance,

diphenhydramine, activated the channel with a higher dose (K
1/2

, 16 mM)

than quinine (2.0 mM) in the Ringer’s solution, and 10 µM ruthenium red, a

nonspecific channel blocker, suppressed 5 mM quinine-induced current to

20%. These channel properties could be exploited to study the physiological

roll of this cation channel in the taste reception. (COI:No)
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When the rats are negatively conditioned to bitter solutions, they fail to

recognize bitter component in the binary mixture with sweetener depend on

the intensity of paired sweet component (Yamada et al. 2016). In the

present study, we investigate whether the rats conditioned to sweetener

also fail to recognize sweet component in the binary mixture with bitter. As

results, we found that this situation also occurred. These results suggest

that suppression brought about by each component in the binary mixture

may occur reciprocally. (COI:No)
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In the mammalian, three types of taste cells are thought to mediate taste

perception. In type II taste cells, G-protein coupled receptors for sweet,

umami and bitter senses have been recently identified. On the other hand,

the mechanisms of ionic tastes i.e. acidic and salty senses remain somewhat

elusive; type III taste cells are the acid-responders expressing various ion

channels as candidates for acid sensors. For example, hyperpolarization

activated, cyclic nucleotide sensitive cation channels (HCN1 & HCN4) have

been suggested to mediate sour stimuli (Stevens et al., Nature 413, 613-,

2001). We have also reported that ablation of HCN4-expressing type III

taste cells using TRECK (Diphtheria Toxin Receptor-mediated Cell

Knockout) technique reduced sour sensitivity. However, pharmacological

studies using HCN channel blockers have raised question of the

contribution of HCN channels. In order to address this contradiction, here

we generated novel double transgenic mouse: In one allele, HCN4 gene was

knocked out by inserting a firefly luciferase cDNA, and the other allele was

designed to conditionally switch-off HCN4 expression with tet-off gene

regulation system (HCN4luc/tet). Furthermore, by crossbreeding with

HCN1-/- mice, we created the triple transgenic mice (HCN1-/-, HCN4luc/tet).
To our surprise, conditional knock-out/down of these HCN channels did not

alter the acid preference. Thus we concluded HCN4 expressing type III cells

are required for acid sensation, but HCN channels by themselves are not

acid sensors. Now again, the acid detecting receptors became wrapped in

mystery. (COI:No)
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In salt taste responses, it has been proposed that the low concentration salt

response is mediated by epithelial Na+ channels (ENaC), known as the

amiloride-sensitive (AS) pathway. On the other hand, for the high salts, the

involvement of the amiloride-insensitive (AI) pathways has also been

reported. The channels responsible for the AI pathways remain to be

investigated. In this study, we recorded salt-induced membrane currents in

isolated taste cells of bullfrog using the whole-cell patch clamp. Most of the

cells stimulated by 250 mM NaCl added to Ringer’s solution showed inward

currents, which was partially inhibited by amiloride in varied ratio. In some

NaCl responsive cells, amiloride did not change the current amplitude,

suggesting that these cells responded via AI pathway using other channels

than ENaC. The reversal potential and the shift of I-V curves of the AI

current implied that the underlying channel is not highly selective to Na+.

When cells were stimulated with the salt solution of N-methyl-D-glucamine

(NMDG), 250 mM NMDG-Cl added to Ringer’s solution, a part of cells

showed inward currents slower and smaller than NaCl-induced currents,

suggesting these cells can detect various salts. To test the effect of the

anion, methansulfonate was substitute for Cl- of the NMDG solution. The

cells that responded to NMDG-MeSO
3
 showed similar currents to NMDG-

Cl responses. The response to NMDG salt, at least, may not require Cl-.

From these results, we suggest that the high salt response involves AS and

AI components, and may be mediated by non-selective cation channels to

detect a variety of salts. (COI:No)
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A basic amino acid, arginine (Arg) shows complex taste qualities including

sweet, bitter and umami. Furthermore, additive salty taste is induced by

neutralization of arginine (nArg). The sensory rating experiments revealed

that the dose-dependent increase of bitterness and the dose-dependent

decrease of pleasantness induced by nArg were suppressed by addition of an

umami enhancer, inosine monophosphate (IMP) to nArg. The measurement

of change of oxy-hemoglobin (oxy-Hb) using a near-infrared spectroscopy

(NIRS) also represented similar tendency to the rating experiments in the

prefrontal brain region. Significant correlations between the rating values

and changing amount of oxy-Hb for saltiness and bitterness as well as

pleasantness induced by nArg appeared chiefly in the lateral area of the

prefrontal brain region, but the correlated area moved from the lateral area

to the central area after addition of IMP to nArg. These results suggest that

enhancement of saltiness and pleasantness are due to suppression of

bitterness by synergic enhancing effect by IMP added to nArg through the

interaction between different processing pathways for nArg and IMP

respectively in the prefrontal brain region, corresponding to our previous

results obtained from mice experiments with an umami substance,

monosodium glutamate (MPG). Therefore, we report whether the similar

effect of IMP on MPG sensing is observed in human or not. (COI:Properly

Declared)
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Recent studies revealed that the hormones and their receptors which were

originally identified in gut, are shown to be expressed in peripheral taste

tissue, but their functions are still largely unclear. Our previous study

reported that an inslinotropic hormone called glucagon like peptide-1 (GLP-

1) may function as a sweet-specific taste transmitter in mouse peripheral

taste system. In this study, we look at the expression of the other

insulinotropic peptide called glucose-dependent insulinotropic polypeptide

(GIP), its receptor (GIPR), insulin and insurin receptor (IR) in mouse taste

tissue. According to the results from immunohistochemical experiments,

GIPR was mainly coexpressed with T1R3 (a subset of sweet taste receptor)

in both anterior and posterior part of tongue. However almost no GIPR

expression was observed in GAD67, a marker of sour sensitive taste cells,

immunopositive cells. On the other hand, GIP mRNA was not detected in

RT-PCR experiments. Insulin was also not detected in taste buds, whereas

IR was shown to be expressed in a subset of taste cells in

immunohistochemical study. These expression data suggest that incretins

and insulin signaling may be related to taste cell functions (COI:No)
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Miraculin (MCL) is a glycoprotein that induces sweet taste by acidification

in humans, but not in mice. This taste-modifying effect of MCL is more

intense when acidification occurs with weak acids in contrast to strong

acids. Here, we focused on the molecular mechanisms underlying the MCL-

induced activation of the sweet taste receptor. Utilizing a sweet receptor

assay, HEK293 cells expressing hTAS1R2 + hTAS1R3 displayed a pH

dependence with citric acid (weak acid) being right shifted to that with HCl

(strong acid) after treatment with MCL. Using mixed-species pairings of

human and mouse sweet receptor subunits and chimeras, we confirmed

that the amino-terminal domain of hTAS1R2 specifies sensitivity to MCL.

The taste-modifying effect of MCL was reduced or abolished by replacement

of histidine residues to alanine in both the intracellular and extracellular

region of hTAS1R2. As opposed to extracellular pH, the effect of MCL was

proportional to intracellular pH regardless of acid types. These results

strongly suggest that intracellular acidification is involved in full activation

of the sweet taste receptor by MCL. (COI:No)
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Tunicamycin (TM) induces endoplasmic reticulum (ER) stress. ER stress is

associated with neuronal death in neurodegenerative disorders, and most

patients complain of the impairment of olfactory recognition. Here we

examined the effects of TM on aversive olfactory learning and the

underlying synaptic plasticity in the main olfactory bulb (MOB). Behavioral

experiments demonstrated that the intrabulbar infusion of TM disabled

aversive olfactory learning without affecting short-term memory.

Histological analyses revealed that TM infusion upregulated C/EBP

homologous protein (CHOP), a marker of ER stress, in the mitral and

granule cell layers of MOB. Electrophysiological data indicated that TM

inhibited tetanus-induced long-term potentiation (LTP) at the

dendrodendritic excitatory synapse from mitral to granule cells. A low dose

of TM abolished the late phase of LTP, and a high dose inhibited the early

and late phases of LTP. Further, high-dose, but not low-dose, TM reduced

the paired-pulse facilitation ratio, suggesting that the inhibitory effects of

TM on LTP are partially mediated through the presynaptic machinery.

Thus, our results support the hypothesis that TM-induced ER stress

impairs olfactory learning by inhibiting synaptic plasticity via presynaptic

and postsynaptic mechanisms in MOB. (COI:No)
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Central vasopressin enhances social recognition and controls many complex

social behaviors in mammals. Previous studies have reported the presence

of vasopressin receptors and neurons in the accessory olfactory bulb (AOB).

However, their functions are largely unknown. The AOB has been

demonstrated to be a critical site for pheromonal learning in female mice.

Therefore, we investigated the effect of vasopressin on synaptic plasticity of

glutamatergic transmission from mitral to granule cells in the AOB of male

mice. The maximal initial slope of lateral olfactory tract (LOT)-evoked field

EPSPs of granule cells was measured to monitor the strength of

glutamatergic transmission. Sub-threshold LOT stimulation, consisting of a

100 Hz, 100-pulse train applied twice at a 3-min interval, induced only

short-term potentiation that decayed back to its control value. In contrast,

the pairing of the sub-threshold LOT stimulation and bath application of

vasopressin produced robust long-term potentiation (LTP) that lasting for

at least 3 hours. The vasopressin 1a receptor antagonist blocked the

expression of LTP. On the other hand, the vasopressin 1b receptor

antagonist failed to block the expression of LTP. These results suggest that

vasopressin facilitates the induction of LTP at the mitral to granule cell

synapse through the activation of vasopressin 1a receptor in the AOB. (COI:

No)
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The olfactory epithelium (OE) of teleosts has several types of olfactory

receptor neurons (ORNs) including ciliated ORNs (cORNs) in which cAMP

pathway mediates olfactory transduction and microvillus ORNs (mORNs)

that appear to utilize inositol phospholipid pathway. We have developed the

slice preparation of goldfish OE and recorded olfactory responses from

ORNs using the whole-cell patch-clamp technique. To compare properties of

c- and mORNs, we tentatively defined the ORNs responding to

IBMX+forskolin mixture (I+F) as cORNs and the I+F -insensitive ORNs

responding to odorants (ex. amino acids) as mORNs. The amount of current

fluctuation accompanied with the current response appeared to be different

in each type of ORNs. Noise analysis revealed that cORNs and mORNs

have different values of the single-channel conductance, 1.5 pS and 12 pS,

respectively. This result demonstrates that our definition of ORN types is

valid and the olfactory teleost mORNs use different transduction machinery

from that of cORNs, in fact. The morphology of the recorded cells was

visualized by Lucifer yellow introduced from the patch pipette. The average

cell lengths from the tip of dendrite to the end of the soma were 28.0 ± 8.9

µm of cORNs (SD, 26 cells) and 15.4 ± 6.3 µm of mORNs (19 cells),

suggesting that the cell bodies of mORNs tend to be closer to the OE surface

than those of cORNs. This observation essentially matches to the previous

histological study (Hansen et al., 2004). (COI:No)
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Central vasopressin (AVP) facilitates social recognition and modulates

numerous complex social behaviors in mammals. Recent analysis of

transgenic rats engineered with an enhanced green fluorescent protein

reporter for AVP synthesis identified new population of vasopressin

neurons in the accessory olfactory bulb (AOB). The AOB has been

demonstrated to be a critical site for mating-induced mate recognition

(olfactory memory) in female mice. The effect of AVP, however, on the

synaptic transmission between dendrites in the AOB of female mice is

largely unknown. To address this issue, we previously measured synaptic

currents from mitral cells in slice preparations prepared from 23- to 36-day-

old Balb/c mice. To evoke dendrodendritic inhibition, a depolarizing voltage

step from -70 mV was applied to a mitral cell under the whole-cell

configuration. We have demonstrated that AVP significantly reduced the

IPSCs in Mg2+-free solution. In the present study, to determine the

contribution of AVP receptor subtypes (V1a and V1b) to reduce the IPSCs,

effects of an agonist and antagonists for V1Rs on the IPSCs were tested. An

agonist for V1a receptors, [Phe2, Orn8]-vasotocin mimicked the AVP action

on the IPSCs. The suppressive effect of AVP on the IPSCs was diminished

by an antagonist for V1a receptors, Manning compound, while an

antagonist for V1b receptors, SSR149415 unaffected the suppressive effects

of AVP. The present results suggest that AVP modulates reciprocal

transmission between mitral and granule cells through AVP V1a receptors.

(COI:No)
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Functional magnetic resonance imaging (fMRI) has been used to investigate

the human sensory system. In the present study, we examined brain area

induced by odor and odorless air sniffing, utilizing an ultrahigh-field (7

tesla: 7T) MRI. 7T MRI is expected to increase the strength of BOLD signals

as well as to improve the spatiotemporal resolution. Nineteen healthy

volunteer were participated in this experiment. By odor (isovaleric acid,

peppermint and coffee) and/or odorless air sniffing, significant activation

was observed in the piriform cortex, amygdala, hippocampus, thalamus,

cingulated cortex, insula and orbitofrontal cortex. In the piriform cortex,

odor sniffing showed activation in both anterior and posterior regions,

whereas odorless air sniffing showed activation in posterior region.

Functional connectivity from the piriform cortex was examined by the

psychophysiological interaction (PPI) analyses. Anterior and posterior

piriform cortex were selected as seed region. PPI analyses showed that

anterior piriform cortex connected with amygdala, medial orbitofrontal

cortex, nucleus accumbens and posterior insula. On the other hands,

posterior piriform cortex connected with the lateral and medial

orbitofrontal cortex, amygdala, thalamus and anterior insula. These results

suggested that odor and odorless air induced sensory information are

functionally dissociable in the piriform cortex, and could be processed

through different pathway. (COI:No)

2P-078
.�����������*�	�������������	����������	����	�����������

��������2�� �$��������������

/(9(/%����/'%#�':��#%�-;�����;��%������+��

Human thermal sensations in the skin differ among intra- or inter-

individuals. One of the factors to vary the thermal sensation is skin

temperatures. Though, several cases cannot be explained only by the skin

temperature. To reveal the factors of the variations, we focused on the

characteristics of thermal receptors. It is reported that a part of transient

receptor potential (TRP) channels are fundamental players in thermal

sensation, but also activated by mechanical stimuli such as hypo-

osmolarity. Additionally, a TRP channel is reported to have an influence on

the skin properties. Therefore, it is possible that the activation levels of

thermal receptor TRP channels could be changed in various conditions of

skin properties and cause the variations of thermal sensation directly or

indirectly. We examined the effects of skin properties on thermal sensation

thresholds. Thermal sensation thresholds and skin properties, which are

epidermal water contents,transepidermal water loss, and stratum corneum

thickness, were measured. The results are shown and discussed in the

presentation. (COI:No)
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It is known that permanent loss of serotoninergic neurons by dorsal raphe

nucleus (DR) ablation, or tryptophan hydroxylase2 (Tph2) knockout reduces

expression of pup-caring behavior. However, effects of acute manipulation

of serotonergic neurons remain to be determined. In this study, we

reversibly inhibited DR serotonergic neuronal activity with the use of

optogenetic methods. Virgin female mice expressing either Tph2-tTA

(Control) or Tph2-tTA/TetO-ArchT-EYFP (ArchT) were stereotaxically

implanted with an optic fiber in the DR (AP-4.4mm, ML0mm, DV-2.9mm).

After two weeks, they were presented with three pups for 15minutes on

three consecutive days. During behavioral tests, all mice were given a

598nm light stimulus to inhibit the activity of serotonergic neurons. We

found that nearly 90% of females in the ArchT group retrieved at least one

pup starting on the first test day whereas only 30% of females in the

Control group did so. These group differences became less clear on the third

day when more female in the Control group showed retrieving compared to

the first day. These results suggest that acute inhibition of serotonergic

neuronal activity in the DR may suppress ‘hesitative reaction’ normally

found in virgin female mice at the first exposure to newborn pups.

(Supported by KAKENHI 15H05724 to SO.) (COI:Properly Declared)

2P-080
2��	��������	�������	��������	��������	���������������

����������

������	��	���������������������������



������	

��
�����-�2� ��������*�-��� �������*����
� �&����� ��$����

#$���� ����	
���
�	�������� �/��"�$��/��"�$��+��

We previously reported that female mice from selectively bred lines (based

on the levels of male aggression) showed different levels of postpartum

aggression. In the present study, we aimed to identify brain site(s)

responsible for its expression by comparing c-fos induction in mice tested,

on postpartum day 5, in three different conditions: (1) tested against a male

(olfactory bulbectomized ICR/Jcl) mouse (Group1); (2) exposed to a male

mouse placed in a plastic cylinder with small holes for air-flow (Group2);

and (3) presented with an empty cylinder (Group3), in their home cage for

5min. One hour later, all dams were sacrificed and brain tissues were

processed for immunohistochemical staining of c-fos. We found that

regardless of the line, aggressive dams in the Group1 had a significantly

higher number of c-fos positive cells than non-aggressive dams in the

Group1, in the medial preoptic area, hypothalamic ventromedial (VMN) and

paraventricular nuclei, medial amygdala, bed nucleus of stria terminalis,

and ventral premammillary nucleus (PMV). In all brain areas except the

VMN and PMV, the number of positive cells in non-aggressive dams of

Group1 was not different from both Group2 and Group3, suggesting that

these brain sites might be involved in the induction of postpartum

aggression itself. Neuronal cells in the VMN and PMV may also respond to

exposure to a male mouse since non-aggressive Group1 and Group2 dams

had higher number of c-fos positive cells than Group1 dams. Supported by

KAKENHI 15H05724 (to S.O.) (COI:No)
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Little is known how thyroid hormone influences brain sex differentiation. In

this study, we administered a synthesis inhibitor of thyroid hormone,

Thiamazole, to rat dams (E18 - P7) through drinking water. In groups

tested for male behavior, the offspring were castrated and implanted with a

testosterone (T) capsule at 4 weeks old, and were subjected to olfactory

preference tests for sexually active males and receptive females and to

copulatory behavior tests with estrous females in adult. In groups tested for

female behavior, the offspring were castrated at 4 weeks old, and were

tested for the preference and sexual behavior with vigorous males after

priming with estrogen (E2) in adult. These experiments demonstrated that

hypothyroidism during the critical period of brain sex differentiation

decreased masculine olfactory preference and increased feminine sexual

behavior including feminine olfactory preference and lordosis behavior.

Next, we examined effects of icv injection of triiodothyronine combined with

sc injection of sex steroids to females at 7 days old. After sexual maturation,

they received both masculine behaviors under T treatment and feminine

behaviors under E2 treatment. Simultaneous injections of thyroid hormone

and sex steroids at the end border of the critical period enhanced masculine

olfactory preference and prevented lordosis behavior in female rats. These

suggest that thyroid hormone interacting with sex steroids promotes

masculinization and defeminization in brain sexual differentiation of the

rat. (COI:No)
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Although FGF5 has been well studied as a factor affecting hair growth,

little is known about the function of central FGF5. In this study, FGF5

immunohistochemistry demonstrated that FGF5 positive cells densely

distribute in the cerebral cortex, especial of somatosensory and piriform

cortices, the hippocampus, and the reticular nucleus of the thalamus, and

lightly distribute in the hypothalamus, the posterior part of the amygdala,

and the basal ganglia. The immunoreactive labels are also found in the

choroid plexus, and the ependymal cells of the third ventricle (tanycytes).

To explore the function of central FGF5, we investigated behavioral traits of

FGF5 null mutant male mice, compared to those of wild-type (WT). In the

elevated plus maze, mutant males spent significantly longer time in closed

arms than WT. In the social dominancy test (a mutant and a WT mice were

put into each of opposite ends of a cylinder), mutant males frequently

withdrew from it than WT did. Although no evidence of deterioration in

sexual activities was found, mutant mice showed no preference for estrous

odor to male odor in the preference test. Their exploration time for

conspecific odors was significantly shorter than that of WT. However, under

starvation, mutant mice obtained hidden food as soon as WT males did.

These results suggest that central FGF5 plays an important role in neural

regulation of social behavior in mice. (COI:No)
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We have found that estrogen replacement in ovariectomized rats increases

hedonic intake of sweet solutions, suggesting that estrogen enhances

hedonic sweet intake. On the other hand, estrogen has been reported to

reduce energy intake by modifying the activity of the hunger and satiety

centers in response to plasma glucose concentration. The purpose of the

present study was to elucidate the role of plasma glucose concentration in

the estrogen-induced elevation of hedonic sweet intake. Seven-week-old

female Wistar rats were ovariectomized and were implanted with a silicon

capsule containing 17-β estradiol (E2 group) or cholesterol (vehicle group).

Two weeks after the ovariectomy, we examined the effect of increased

plasma glucose concentration on hedonic sweet intake. After baseline blood

sampling, a 50% glucose solution (1 g/kg glucose) or saline was injected

intravenously through a jugular catheter. The blood samples were taken at

0, 5, 30, 60, 90 and 120 min after the injection, and 10% sucrose intake was

measured for 120 min. Intake of sucrose was less in the E2 group than that

in the Veh group during 30-60 min after the injection of glucose. The results

suggest that estrogen-induced increase in hedonic intake of sucrose solution

is not mediated by plasma glucose concentration, and estradiol rather

enhances inhibitory effect on sweet intake in response to hyperglycemia.

(COI:No)
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We have found that estrogen replacement in ovariectomized rats increased

intake of sucrose solution. On the other hand, estrogen has anti-obesity and

hypophagic effects, suggesting that estrogen plays a key role in the

regulation of energy intake. In the present study, we examined the effects of

estradiol replacement in ovariectomized rats on the hedonic sweet intake

and the regulations of energy intake and body weight. Female Wistar rats

were ovariectomized, and were implanted subcutaneously with a silicon

capsule containing either 17-β estradiol (E2 group) or a cholesterol (Veh

group). To evaluate hedonic sweet intake, a two-bottle choices test was

performed for 14 days after the ovariectomy in four different groups; rats

allowed access to 16% glucose and water, 8% fructose and water, 10%

sucrose and water and water (control). Intake of glucose and sucrose

solutions was greater in the E2 group than the Veh group, whereas intake

of fructose solution was not different between the E2 and the Veh groups.

Total energy intake from the diet and sweet solution was less in the E2

group than the Veh group in the water group, but was not difference

between the E2 and the Veh groups in the glucose and the sucrose groups.

In the E2 group, the body weight gain and plasma glucose concentration

was lager in the glucose group than the water group, while these were not

different between glucose and water groups in the Veh group. These suggest

that estrogen increases hedonic sweet intake, which could even overwhelm

the estrogen’s anti-obesity and hypophagic effects. (COI:No)
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Estrus cycle affects circadian rhythm of body temperature (T
b
) and activity,

and progesterone relates the alterations. However, it is not clear that

estrogen (E
2
) influences it. The present study tested whether E

2
 affects

circadian rhythm of T
b
 and activity. Ovariectomized rats implanted a

silastic plate with or without E
2
 underneath the dorsal skin (E

2
(-) and

E
2
(+)) and sham operated rats (SH) were measured T

b
 and activity for 2

wks at 27°C. T
b
 was lower, and activity was higher in E

2
(+) than in E

2
(-) in

a day. In the dark phase, the slope of the relationship between T
b
 and

activity in E
2
(-) was greatest. The slope in the E

2
(+) and SH was greater in

the light phase than in the dark phase. Maximum of T
b
 and activity was

lower in E
2
(+) than in E

2
(-). The appearance time of minimum in T

b
 was

later in E
2
(+) and SH than in E

2
(-). The appearance time of maximum in T

b

and activity was earlier in E
2
(+) and SH than in E

2
(-). E

2
 may modulate

circadian rhythm of T
b
 and activity in female rats. (COI:No)
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We have demonstrated that the pubertal exposure to testosterone enhances

the extinction memory retention after acquisition of the conditioned taste

aversion memory. Dendritic spine density (DSD) of mature male mice

showed significantly higher value than that of sexually immature or

gonadectomized male mice in amygdala neurons, but no difference of DSD

was observed either before or after sexual maturation in ventromedial

prefrontal cortex (vmPFC) neurons. On the other hand, there appeared no

difference of DSD either before or after sexual maturation even in amygdala

neurons of female mice. The exposure of testosterone at the sexual pre-

maturation period has been reported to enhances the gene expression of

androgen receptor both in the amygdala and vmPFC. Therefore, the present

results suggest that androgen may induce differential effect between

amygdala and vmPFC through the same androgen receptive system: an

increase of presynaptic elements in vmPFC and the corresponding increase

of postsynaptic elements in amygdala. We report attempts to visualize

dendritic spines in amygdala and the corresponding axon terminals in

vmPFC simultaneously in order to reveal the synaptic plasticity elicited by

pre-pubertal exposure to testosterone. (COI:Properly Declared)
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The purpose of this study was to explore the lifestyle of today’s youth by

examining the characteristics of melatonin and cortisol that show a

biological rhythm. We have been studying the biological rhythm as hormone

secretion related to psychosomatic conditions, academic performance and

daytime sleepiness in healthy Japanese university students. In current

study, to examine effects of biological rhythm on the daytime sleepiness and

psychosomatic conditions, we investigated relationships between cortisol

awakening response (CAR) and daytime sleepiness, napping and self-rated

psychosomatic questionnaire. To analyze their biological rhythm, salivary

melatonin and cortisol were measured by fluorescence enzyme

immunoassay. Our results showed that 1) CAR was suggested to be

important basic indicators affecting students’ daytime psychosomatic

conditions. 2) psychosomatic conditions were not improved even when

taking afternoon napping. (COI:No)
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Nutritional state in the gestation period influences not only fetal growth

and development but also high cognitive function after birth. In contrast, it

has been recognized that disturbance of feeding rhythm is a risk factor for

development of insulin resistance although the effect of feeding rhythm

during pregnancy on offspring development has not elucidated. To examine

whether different feeding rhythm in active phase during pregnancy affect

the development of offspring, we separated C57BL/6J female mice for 3

feeding scheduled groups; given lab chows freely in active dark phase

(ZT12-24; Ad-lib group), first 6-hour in dark phase (ZT12-18; Morning

group), and last 6-hour in dark phase (ZT18-24; Evening group) during late

pregnancy (from day 11.5 to parturition). Amount of maternal food intake

during pregnancy was similar among 3 groups. Their male offspring showed

similar development of body weight and food intake until finish of following

behavioral tests. We did not observe a significant difference in open field

test, elevated plus maze test, light and dark test, forced swim test, tail

suspension test and novel object test among all group of offspring. However,

passive avoidance test showed longer transition time into the electrical

shock-experienced dark room in offspring born from Evening maternal

group than offspring born from other maternal group. These results suggest

that Evening-type feeding schedule in pregnancy may affect the higher

brain function in their offspring. (COI:No)
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Spinal seizure-like burst activity can be induced by the blockade of

GABA
A

ergic and/or glycinergic inhibitory synaptic transmission. This

seizure-like activity appears in various spinal ventral roots including the

fourth cervical ventral root (C4) that is used for monitoring output of

central respiratory activity. However, it is not clear whether the seizure-

like activity also appears in the phrenic nerve to induce contraction of the

diaphragm. In the presence study, we investigated seizure-like activity in

the C4 and phrenic nerve and effects of a transverse section between

medulla and spinal cord at approximately C1 level in brainstem-spinal cord

preparation from 0- to 1-day-old rats. Phrenic nerve activity (close to

diaphragm) and C4 activity were recorded simultaneously. The seizure-like

activity was induced by application of 10 µM bicuculline and 10 µM

strychnine. In the intact brainstem-spinal cord preparation, the seizure-like

activity and inspiratory activity were recorded from the C4, but only

inspiratory activity from the phrenic nerve. After a transverse section at the

C1 level, the inspiratory activity disappeared from the C4 and phrenic

nerve, whereas seizure-like activity became to appear in both nerve

recordings. Based on these results, we hypothesized that putative inhibitory

descending pathways other than GABA
A

ergic and/or glycinergic systems

work to avoid disturbance of the regular respiratory-related diaphragm

contraction by seizure-like activity. (COI:No)

2P-091
.����������������	��������������	������	����+���������	�

���	�	
�	�����������	����	��	�����������������������	


���������.��� �)��������
� ��������$������� �*���������������

����������	�� ��.�,��
���1������� �1	��-�������1�����+��

Perinatal perfluorooctanesulfonate (PFOS) exposure has been suspected to

affect neurobehavioral development. However, little is known about

behavioral traits by PFOS exposure. Here, we investigated whether

lactational exposure to PFOS affect learning and memory function in adult

male mouse offspring. Post pertum C57BL/6J mouse dams were

administered PFOS by gavage at a dose of 0.1, 0.25 or 1 mg/kg b.w. from

post natal day 1 to 14. Control dams received water as a vehicle. After male

mice offspring reached adulthood, the spontaneous object recognition and

object-in-location tests and visual discrimination task were conducted. Mice

exposed to 1 mg PFOS/kg showed memory impairments in both object

recognition and object-in-location tests. In addition, the performance of

PFOS-exposed group in visual discrimination task was significantly lower

than that of control group. These results suggest that lactational PFOS

exposure induces learning and memory dysfunction. (COI:No)
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The endocannabinoid system, composed of endocannabinoids (anandamide

and 2-AG) and their receptors (CB1 and CB2), has been suggested to play a

role in learning and memory. We previously reported the impaired

performance of CB1-knockout (CB1-KO) mice in 1-lever and reverse 3-lever

tasks, suggesting that the endocannabinoid system is involved in some

aspects of motor learning. In this study, we examined whether mice lacking

the 2-AG synthesizing enzyme DGLα (DGLα-KO), exhibit a phenotype

similar to CB1-KO mice. We used the operant box containing three levers.

One training session (60 min) was given once a day and five times a week.

The wild-type (WT, n=13) and DGLα-KO (n=10) mice were trained to press

any active lever, as shaping (1-lever task). In the next step, they were

trained to press three levers in a given sequence (3-lever task), and then in

a reversed order (reverse 3-lever task). We found that DGLα-KO mice

displayed relatively normal performance in the 3-lever task, but showed

some impairment in the 1-lever task and the reverse 3-lever task. DGLα-

KO mice needed more training sessions to complete the 1-lever task

(p<0.05), and showed a lower success rate in the reverse 3-lever task

(p<0.05). This phenotype of DGLα-KO mice is similar to CB1-KO mice. Our

data suggest that the endocannabinoid system involving 2-AG and CB1

receptors plays an important role in some aspects of motor learning,

especially in adapting the behavior in response to varying demands. (COI:

No)
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Primates devote considerable attention to snakes and conspecific faces, and

the medial prefrontal cortex (mPFC) has been implicated in attentional

allocation to biologically relevant stimuli. Nonetheless, neuronal

mechanisms of rapid detection of such biological stimuli are still unknown

in primates. In the present study, neuronal responses in the monkey mPFC

were recorded while monkeys discriminated 8 categories of visual stimuli

(snakes, monkey faces, human faces, raptors, carnivores, non-predators,

monkey hands, simple geometrical patterns). Of 538 mPFC neurons

recorded, 93 responded to the visual stimuli. The responses to snakes and

monkey faces were unique in that; 1) the ratios of neurons that responded

best to snakes and monkey faces were larger than other categories, 2) mean

response latencies were faster to snakes and monkey faces than those to

other categories, and 3) neuronal responses to snakes were unaffected by

low pass filtering of the images, but were decreased by high pass filtering.

These results provide neurophysiological evidence that the mPFC is

involved in coarse and rapid visual information processing of snakes and

monkey faces, and further suggest that snakes as predators, and living in

highly social environments, shaped mPFC response characteristics in the

primate brain over evolutionary time. (COI:No)
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Although brain lateralization was once thought to be a human specific

character, it has been revealed that there are many animals which

asymmetrically perform some actions, e.g., avoidance and intimidation

behaviors. In particular in rodents, brain functional asymmetry has been

reported in the amygdala and the medial prefrontal cortex, related to

anxiety and fear. However, why these brain regions have laterality and

what advantage this asymmetry has are still unclear. Then we studied

functional asymmetry in the ventral hippocampus (VH) of rats using a

successive-alleys test. In the test, time latency until entering each alley was

calculated. The result showed that only bilateral VH lesion reduced anxiety

behavior in the first day. From day 2 to 7, latencies to enter the two central

alleys were reduced in bilateral, left and right lesion group, and right group

was shorter than left. Latency to enter the tip alley was reduced in bilateral

and right lesioned groups. In addition, we checked c-fos expression in VHs

of rats after they stayed at the tipalley for 30 minutes. The result showed

that c-fos positive cells in the right VH were more than those in the left VH.

All the results suggest that the two hemispheres work together in weak

anxiety behaviors, and the right hemisphere exclusively works in strong

anxiety ones. Animals might be able to perform their behaviors adaptively

by changing functional dominance of their two hemispheres. (COI:No)
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Direct pathway from CA1 region of ventral hippocampus (vHPC) to

basolateral amygdala (BLA) is involved in forming fear memory. The

memory consolidation process occurs during a rest stage by sharp wave-

ripple complex (SWR) that observed in CA1 region of the hippocampus

during slow-wave sleep. However, the SWR interaction of vHPC and BLA to

fear conditioning is still uncertain. To better understanding this issue, we

investigated the relationship among the freezing behavior, and the

hippocampal high frequency oscillation (140-250 Hz), including SWR, BLA

activities during the rest time after foot shock. As the results, HFO of vHPC

were observed during rest time at the home cage after foot shock.

Occurrence of the HFO was modulated by gamma band phase (30-80 Hz) in

hippocampus. The peak of cross-correlation between vHPC and BLA in

gamma band was also observed around the vHPC HFO. In addition, power

of BLA gamma oscillation around the vHPC HFO showed significant

correlation with freezing behavior after 24 hour from foot shock.

Furthermore, peak of cross-correlation between vHPC and BLA in gamma

band also correlated with freezing behavior. Thus, it is plausible that the

gamma band oscillation induced by vHPC high frequency oscillation control

for fear memory consolidation. (COI:No)
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Prevention of mood disorders is crucial for certain groups of patients

because several stressful situations, such as natural disaster, infectious

disease out break, and mass casualty, are anticipated to cause anxiety,

depression and cognitive impairment later in life. Previously, we reported

that running was able to treat anxiety- and depression-like behaviors in

rats, but whether it can also prevent the future stress response is unknown.

To demonstrate the preventive effect of exercise on stress-induced

behavioral changes, male Wistar rats were subjected to voluntary wheel

running for 4 weeks, followed by 4-week restraint stress induction. Stress

was found to induce anxiety- and depression-like behaviors, and memory

impairment as determined by elevated plus-maze, elevated T-maze, forced

swimming and Morris water maze tests. Successful stress induction was

confirmed by urine corticosterone levels. Running successfully prevented

anxiety-like behaviors, especially learned or conditioned fear. It could also

prevent learning and memory impairment, but not depression-like

behavior. In conclusion, voluntary wheel running has beneficial effects on

stressed rats by preventing the restraint stress-induced anxiety-like

behavior and memory impairment. Supported by grants from Faculty of

Medicine, Thammasat University, the Thailand Research Fund

(RTA5780001 and PHD/0147/2554) and Mahidol University. (COI:No)
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We investigated the relationship between psychological symptoms and the

coordination of heart rate variability (HRV) and physical acceleration (PA)

during free-moving days in adult women. Ninety-five adult women were

divided into 50 non-elderly (22 to 59 years old) and 45 elderly (60 and more

than 60 years old). HRV and PA data were simultaneously obtained every

minute for 24 hours during free moving. The ratio of low frequency (LF)/

high frequency (HF) and HFnu were used as HRV indices. We defined

%Lag0 as the % ratio of the lag = 0 min between HRV and PA in one hour.

General Health Questionnaire 28 (GHQ28) was used to evaluate the effects

of psychological distress and depression. Age was identified as one of the

significant factors decreasing %Lag0 between HRV and PA in the hour

before and after night sleep (p<0.01). In the hour before night sleep, %Lag0

(HFnu and LF/HF respectively) was significantly lower in the elderly with

depression (GHQ28 sub-scale D) than in the normal elderly (p<0.05). These

results suggest that impairments in coordination between HRV and PA are

closely associated with depression in elderly women in the hour before night

sleep on free-moving days. (COI:Properly Declared)
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Locomotion is one of the most fundamental motor functions in mammals.

Neural output of rhythmic locomotion-like activity is generated in the

locomotor pattern generator (LPG) in the lumbar spinal cord. Here we tried

to establish the methodology to detect the causal influences among the

activities of the astrocytes and neurons, and locomotion-like neural output

activity. Analysis methods adopted in the previous studies are not robust to

the contamination of background activity and common input from other

cells. We thus introduced a state-space modeling approach for investigating

the LPG network activities as an advanced method. We conducted confocal

calcium imaging using the in vitro developing cord preparation. Rhythmic

calcium activity was induced by adding 5-HT and NMDA to the

superfusate, and was recorded together with rhythmic neural output from

the L4/5 ventral root. Recorded cells were classified into neurons and

astrocytes by lowering the superfusate potassium concentration in the

presence of TTX. The detected activities in the neurons and astrocytes, and

the output activity were identified by the state space model that consists of

reciprocally interacting state activities and latent common activity. This

proposed method allows us to precisely detect the causal influences between

the cells and the outputs of the LPG network. (COI:No)
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Performing tasks, especially those difficult for one’s ability, produce a

mental stress response in our life. Task-stimulated release of adrenalin

facilities the accuracy of tasks but increases blood pressure and heart rate

as mental stress response. Heart rate is downregulated by cardiac

parasympathetic activity, known as “vagal brake”. Vagal brake is crucial to

suppress mental stress response, and failure of vagal brake may leave

mental stress response uncontrolled. However, it remains unclear how

failure of vagal brake occurs, and whether vagal brake decreases the

accuracy of tasks. Here we investigated stability of vagal brake to mental

stress response and task performance during a matching-to-sample

recognition memory task. Vagal brake was evaluated by amplitude of

respiratory sinus arrhythmia (RSAa). Our results indicated two breathing

types of subjects performing the task regarding RSAa, i) regular extended

expiration type having long expiratory duration and small I/E ratio, and ii)

random breathing type having high coefficient of variations (CVs) of

inspiratory and expiratory durations and I/E ratio. We found that regularly

extended expiration type had larger RSAa, whereas random type did not

have any correlation with RSAa, suggesting that regular lengthened

expiration and smaller I/E ratio may stabilize cardiac parasympathetic

activity against mental stress response during the task. We will discuss

about a role of breathing forms for stability of vagal brake during cognitive

performance. (COI:No)
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Stress causes several physiological responses including tachycardia,

hyperthermia and hyperactivity. Activation of neurons in the medullary

raphe (MR) causes an increase in heart rate and body temperature. The MR

region contains the serotonin synthesizing B1-B3 bulbospinal neurons,

suggesting contribution of these serotonergic neurons to the stress-induced

physiological responses. In the present study, we tested this possibility by

taking an optogenetic approach. We used transgenic mice in which

archaerhodopsin-T, a green light-driven neuronal silencer, was expressed

selectively in serotonergic neurons in the central nervous system. An optic

fiber and telemetry device were surgically implanted and, after recovery,

the mice were subjected to a series of stress-inducing tests. Social stress

(intruder) and physical stress (drop cage; may be relevant to an earthquake)

were applied. Optical inhibition of serotonergic neurons in the MR

significantly attenuated the stress-induced tachycardia (P<0.05), but did

not attenuate hyperthermia or hyperactivity in both types of stress tests.

These results suggest that the MR serotonergic neurons selectively mediate

tachycardiac response in any stressful conditions. (COI:No)
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Studies in maturational change in the parasympathetic regulation of heart

rate (HR) in mice are scant. In a previous study, we demonstrated that the

sympathetic regulation of HR dominates during the first postnatal week

and during active state in adult mice while the parasympathetic regulation

of HR emerges and matures between P4 and P8. In this study, we assessed

the lowering of HR during sleep from neonatal period to adult in intact

C57BL/6J mice to evaluate the parasympathetic control of HR. The HR

assessment was conducted with the piezoelectric-sensor (PZT) device and

our custom designed multi-stripe-electrode electrocardiogram (ms-ECG)

plate sensor that works with perspiration, which lowers the skin-electrode

contact impedance, from soles of mice and is able to record ECG during

sleep and occasionally during active state. The HR lowering was observed

during sleep in mice of age older than P5. The difference between the HR

during active state and the lowest HR during sleep increased with age from

81 bpm at P6 (p=0.0004) to 380 bpm at adult (p<0.0001, 13-24w). The lowest

HR during sleep became lower than the intrinsic HR of mice aged >2w. This

might indicate the maturation of parasympathetic control of HR with age,

which causes the profound parasympathetic inhibition of HR during sleep

in adult mice. Additionally, the msECG sensor was more effective than the

PZT device to assess the HR of adult mice. The present study provides a

new insight into the maturation of HR regulation during sleep in mice.

(COI:No)
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Arterial pressure (AP) is known to be lower in pre-menopausal women than

in men of similar age. However, mechanisms underlying gender differences

of AP regulation are still not well understood. Our previous studies on the

Nucleus Tractus solitarii (NTS), a pivotal region of the medulla oblongata

for regulating the set-point AP, revealed that the genetic background is

strongly associated with the basal level of AP in rats (Waki et al. Auton

Neurosci. 2008, Hypertension 2007&2013). Therefore, we hypothesized that

gene expression profiles of cardiovascular centers, including NTS, are

related to gender differences in the level of AP. Since females of

spontaneously hypertensive rat (SHR) exhibit lower AP levels than their

male counterparts at similar age, we investigated whether various

cardiovascular centers of SHRs exhibit gender differences in gene

expression. We performed microarray experiments on total RNA extracted

from NTS, Rostral Ventrolateral Medulla, Hypothalamus and Amygdala of

male and female SHRs (n=6, 8 weeks old). Specific genes, cell processes and

pathways associated with gender differences were identified from the list of

differentially expressed genes in each tissue. Whether these specific genes

are involved in the blood pressure regulation mechanisms remains to be

answered. (COI:No)
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Arterial pressure (AP) is known to be lower in pre-menopausal women than

in men of similar age but mechanisms underlying the gender differences of

AP regulation are still not well understood. Previous transcriptomic studies

on cardiovascular centers that regulates AP revealed that genetic

background is strongly associated with basal levels of AP in rats (Waki et

al. Auton Neurosci. 2008). Since females of spontaneously hypertensive rat

(SHR) exhibit lower AP levels than their male counterparts at similar age,

identifying gender-dependent gene expression differences within the

cardiovascular centers is a powerful tool to gain insight into mechanisms for

the gender differences of AP regulation. Quantitative RT-PCR is a sensitive

technique to analyze gene expression levels but requires the use of carefully

chosen control genes for an appropriate normalization. Increasing evidences

show that the commonly used housekeeping genes are not stably expressed

in every kinds of cells, tissues and conditions. Therefore, we performed Rat

Housekeeping Gene RT2 Profiler PCR array experiments to evaluate the

most stable genes across various cardiovascular centers in the brain of male

and female SHRs. We show that the top most reliable housekeeping genes

to use in male and female cardiovascular centers are brain area-specific.

(COI:No)
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Psychological stress causes a variety of sympathetic responses in mammals,

which help the body react quickly and effectively to the stressor. We have

reported that stress induces thermogenesis in brown adipose tissue (BAT),

hyperthermia and tachycardia by activating a monosynaptic neural

pathway from the dorsomedial hypothalamus (DMH) to the rostral

medullary raphe (rMR). However, the mechanism by which stress signals

activate the DMH neurons driving the sympathetic pathway remains

unknown. Here we demonstrate that the ventral medial prefrontal cortex

(vmPFC) is a major source of the stress signals to the DMH by performing

in vivo physiological, optogenetic and neuroanatomical experiments. Social

defeat stress, a sociopsychological stress model, given to rats activated

neurons in the vmPFC. Inactivation of vmPFC neurons with bilateral

muscimol nanoinjections in free-moving rats diminished BAT thermogenic,

hyperthermic, cardiovascular responses evoked by social defeat stress.

Moreover, selective stimulation of vmPFC-DMH monosynaptic

transmission using an in vivo optogenetic technique elicited BAT

thermogenesis and tachycardia, which were blocked by AP5/CNQX,

antagonists for glutamate receptors, injected into the DMH. In addition,

bilateral nanoinjections of AP5/CNQX into the DMH abolished BAT

thermogenesis and hyperthermia evoked by social defeat stress. These

results indicate that the vmPFC-DMH glutamatergic monosynaptic

pathway provides the DMH with stress signals to activate the DMH-rMR

sympathoexcitatory pathway driving sympathetic stress responses (COI:

No)
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Acute psychological stress elicits stereotype autonomic responses. The

responses are based on the defense reaction. It is classically known that the

hypothalamus and the midbrain periaqueductal grey (PAG) are involved in

the defense reaction in mammals. However, it is less known a role of the

PAG on the autonomic response to the stress than that of the

hypothalamus. In this study, we revealed whether the responses to social

defeat stress (SDS), acute psychological stress, from the hypothalamus were

mediated via the PAG by using immunohistochemistry staining of Cholera

Toxin B subunit (CTB) and c-Fos in the conscious rat. The hypothalamic

paraventricular nucleus (PVN) projected to the rostral dorsolateral (dl)

PAG and more than 50% of the projected neurons in the PVN excited by the

SDS. The ventromedial hypothalamic nucleus (VMH) projected to the

caudal dlPAG and less than 10% of the projected neurons in the VMH

expressed c-Fos. Previous studies have shown that the dorsomedial

hypothalamic nucleus (DMH) plays a critical role during acute

psychological stress. Taken together, these results suggested the dlPAG

participated in certain SDS responses evoked by hypothalamus and might

not be involved in the descending pathway of the SDS responses from the

DMH. (COI:No)
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Excess salt intake induces hypertension. There is mounting evidence that

many forms of hypertension are initiated and maintained by an elevated

sympathetic nerve activity (SNA). It is therefore suggested that excess salt

intake results in an increase in SNA, inducing hypertension. However,

there has been lack of evidence on changes in SNA during the development

of hypertension induced by high salt intake. We investigated in the present

study whether sympathetic activation is a crucial factor causing

hypertension in a model of deoxycorticosterone acetate (DOCA)-salt

hypertension in rats. Wistar male rats were chronically instrumented with

bipolar electrodes for measurements of renal (RSNA) and lumbar SNA

(LSNA), and a telemeter was used for measurement of arterial pressure

(AP). The time course of changes in AP, heart rate (HR), RSNA, and LSNA

were measured continuously and simultaneously before 4 days and 17 days

after DOCA (100mg/rat) implantation with high sodium diet (4% NaCl) in

intact and uni-nephrectomized (uni-NX) rats. AP increased progressively

after onset of DOCA-salt loading over 17 days in both intact and uni-NX)

rats. Magnitude of increase in MAP was greater in NX rats than intact rats.

RSNA decreased slightly while LSNA remained unchanged during when

MAP increased progressively due to DOCA-salt loading in intact and uni-

NX rats. These data suggest that RSNA and LSNA may not play a

dominant role in initiating hypertension in this model. (COI:No)
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We investigated responses of hippocampal and sympathetic nerve activity

to fear conditioning over 3 days. Wistar rats were instrumented chronically

with a combined probe made with multiple electrodes (100 micrometer

stainless steel wires) for measurement of hippocampal CA1 neuronal

activity and glass fiber for measurement of hippocampal CBF, electrodes for

measurements of renal (RSNA) and lumbar (LSNA) sympathetic nerve

activity, and electroencephalogram, electromyogram, and

electrocardiogram and with catheter for measurement of systemic arterial

pressure. Fear conditioning was carried out standard fear-conditioning

trials in which a tone was paired with a brief electrical shock (5 mA, 1 s),

which were given two times per day over 3 days. Hippocampal CA1

neuronal activity and cerebral blood flow in the CA1 region increased

progressively thought the 3 days fear conditioning trail. Mean arterial

pressure and RSNA increased progressively over 3 days period as well. In

contrast, heart rate and LSNA did not increase significantly on day 2,

whereas it increased on day3. These data suggest that repeated exposure of

fear conditioning trail results in long-term potentiation of hippocampal

neuronal activity occurred progressively and additively, which was

correlated quantitatively to RSNA but not LSNA and heart rate. Thus

central activation CA1 may region specific scenario of the peripheral organ.

(COI:No)
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The present study investigated the effect of suvorexant on changes in sleep

time and autonomic function in fear-conditioned rats. Wistar rats were

instrumented chronically with a combined probe made with multiple

electrodes for measurement of hippocampal CA1 neuronal activity and glass

fiber for measurement of hippocampal cerebral blood flow (CBF), electrodes

for measurements of renal (RSNA) and lumbar (LSNA) sympathetic nerve

activity, and electroencephalogram, electromyogram, and with catheter for

measurement of systemic arterial pressure. Fear conditioning was carried

out standard fear-conditioning trials in which a tone was paired with a brief

electrical shock (5 mA, 1 s), which were given two times per day over 3 days.

Suvorexant (50mg) was administered directly into the stomach using a

sonde. Fear conditioning resulted in a decrease in total sleep time and an

increases in freeze time, hippocampal neuronal activity, hippocampal CBF,

arterial pressure, heart rate, RSNA and LSNA. Suvorexant attenuated the

magnitude of the decrease in sleep time, and that of the increase in freezing

time, heart rate, RSNA, and LSNA. Interestingly, suvorexant had no effects

on the responses in hippocampal neuronal activity and hippocampal CBF.

These data suggest that suvorexant apparently improve both sleep and

freeze time without changes in hippocampal neuronal activity, while it

exerts tonic effects on RSNA, LSNA and heart rate in fear-conditioned rats.

(COI:No)
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Amygdala has been believed to play a prominent role in regulating

sympathetic nerve activity with behavioral stimuli. However, we have not

aware of any attempt to made simultaneous measurement of amygdala

neuronal and sympathetic nerve activity in freely moving animal. The aim

of the present study was to establish method for simultaneous and

continuous measurement of amygdala neuronal and sympathetic nerve

activity in freely moving rats. Wistar rats were instrumented chronically

with multiple electrodes (100 micrometer stainless steel wires) for

measurement of central amygdala neuronal activity and, electrodes for

measurements of renal sympathetic nerve activity (RSNA), and

electroencephalogram, electromyogram, and electrocardiogram. There is a

significant linear relationship between central amygdala neuronal activity

and renal sympathetic nerve activity during the transition from NREM

sleep to quiet awake, moving and grooming states. This indicates that

central amygdala neuronal activity and RSNA increases linearly and

simultaneously with increases in physical activity levels from NREM sleep

to grooming in rats. However, during REM sleep, central amygdala

neuronal activity was highest among daily activity while RSNA was lowest,

thus the relationship between amygdala neuronal activity and RSNA was

dissociated from the linear line. Thus, functional relationship between

central amygdala neuronal activity and RSNA may not be homogeneous.

(COI:No)
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The biologically active form of vitamin D3, 1,25-dihydroxyvitamin D3, has

diverse effects on various tissues, including the cardiovascular system,

through vitamin D receptors (VDR). To clarify the role of VDR in the

cardiovascular system, we examined the effects of VDR on Ca transient and

gene expressions in murine atrial myocyte-derived cell line HL-1. HL-1

cells, which were treated with siRNA for VDR that resulted in 50% VDR

knockdown, showed 20% rhythmic Ca transients, while the cells treated

with control siRNA showed 80%. DNA array analysis between control and

VDR knockdown HL-1 cells showed significant reductions in mRNA levels

of actinin 2 (ACN), PDZ and LIM domain protein 3 (PDL), PLAGL1 (PLA),

and the cardiac myosin-binding protein C (MBH). ACN, PDL, and MBY

knockdowns using siRNA resulted in significant reductions to 46.0, 60.8,

60.3% of their mRNA, respectively, but for PLA knockdown it was 85.0%.

Rhythmic Ca transients in HL-1 cells treated with siRNA for ACT, PDL,

PLA, and MYB were observed in 50.0, 37.5, 62.5, and 62.5%, respectively,

while the cells treated with control siRNA showed 80%. In cells treated with

siRNA for MYB, the mRNA levels in VDR, ACT, PDL and PLA were

significantly decreased. These results suggest that VDR and VDR-related

genes, especially PDL, are involved in the regulation of rhythmic Ca

transients in HL-1 cells, and that MYB is involved in the regulation of the

expressions of VDR-related genes. (COI:No)
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Mifepristone is known as a steroid receptor antagonist and is clinically used

as an anti-cancer agent. However, metabolic effects of long-term treatment

with mifepristone remain largely unclear. In this study, we aimed to

determine whether or not treatment with mifepristone leads to metabolic

disorders in healthy mice under regular diet. The 12-week administration of

mifepristone as a mixture with regular diet markedly increased total body

weight, body weight gain, the level of fasting blood glucose, and the amount

of food consumption in a dose-dependent manner (0.1 to 30 mg/kg/day). It

also increased wet weight of liver and perirenal, epididymal, and

subcutaneous adipose tissues. Histological examination of liver specimens

derived from mifepristone-treated mice with BODIPY 493/503 and

hematoxylin/eosin staining revealed the presence of hepatic steatosis and

hepatocellular ballooning degeneration. qRT-PCR and western blot

analyses revealed that mifepristone significantly increased the mRNA and

protein expression of resistin in liver, an adipokine, which promotes insulin

resistance. These results suggest that long term administration of

mifepristone induces a development of hepatic steatosis, in association with

the upregulation of resistin in liver. (COI:No)
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The ventromedial hypothalamus (VMH) is a key centre of energy

homeostasis, haemodynamic and sympathetic tone to renal vasculature.

Overnutrition during development may change the activity of the neurons,

amplifying sympathetic output leading to hypertension in the offspring. We

assessed the contribution of leptin and melanocortin (MC) signalling

pathway in the VMH of offspring from obese mothers. Female New Zealand

White rabbits were fed a high fat diet (13%; mHFD) or a control diet (4%;

mCD) during pregnancy and lactation. Offspring received CD after

weaning. All offspring received a VMH cannula and a renal nerve recording

electrode. Mean arterial pressure (MAP), hear rate (HR) and RSNA were

measured. Rabbits received increasing doses of alpha-MSH (alpha-

Melanocortin stimulating hormone, 0.3, 1nmol), SHU9119 (melanocortin

receptor antagonist, 0.02, 0.04nmol), leptin receptor antagonist (5, 10

micrograms) or insulin receptor antagonist (0.01, 0.05U).mHFD rabbits

exhibited higher MAP and RSNA than mCD rabbits. alpha-MSH injection

into the VMH increased MAP (+6%), HR (+12%) and RSNA (+80%) and

SHU9119 reduced MAP (-7%) in mHFD rabbits. Leptin receptor antagonist

normalised hypertension in mHFD rabbits. By contrast, no changes were

observed following insulin receptor antagonist injections into the VMH.

mCD did not respond to any drug injections into the VMH. Exposure to

over-nutrition during development alters leptin and MC signalling pathway

in the VMH of the offspring. (COI:No)
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Thyroid hormone (TH) is a critical regulator of metabolism in human

including liver. The changes of TH action in liver cause chronic liver

diseases. Moreover, liver also has a function to metabolize several toxic

chemicals. The binding of the chemicals to Aryl hydrocarbon receptor (AhR)

induces a formation of a complex between AhR and AhR nuclear

translocator (Arnt). The complex binds to xenobiotic response element and

lead to the expression of their target genes. Recently, some researchers

reported that Arnt also regulates the other nuclear receptors-mediated

transcription, but there are no information about TH receptor (TR). In this

study, to clarify the function of Arnt in TR-mediated action, we investigated

whether Arnt interacts with TRs and enhances TR-mediated transcription.

To investigate Arnt function in TR-mediated transcription, we performed

reporter gene assays with TRs and Arnt. TR-mediated transcriptional

activity was enhanced by Arnt. Moreover, we performed the reporter gene

assay using mutated TRs with Arnt to clarify the binding site of Arnt in

TRs. The suppression of the enhancement by Arnt was observed in the TR

which has a mutation in C-terminal domain. We also performed real time

PCR to measure the expression of target genes of TH in HepG2 cell. We

confirmed the upregulation of TH target genes, Dio1 and Bcl3, but also

Arnt. These results suggested that Arnt may play a part as one of the co-

activator on TR-mediated transcription, and the metabolic systems in liver

through Arnt may be regulated by TH. (COI:No)

2P-114
5�������������	����	
�����������	��	����	��	������������

J&	�	���$��	�����	������������������	����������&��������

��	����	

$��������)2�����
���

 ��������2�
�
 �&���������-����

�
 �

������&�������
�
 �*���������������

�

�
�����#�$�	��%	���:�!������ ��
�������)��*���� �!����-�	 �����

9
"
��"�� +����
�
����� �����	�� �� .�,��
��� 1���� ��� � 1	�� -��� ����

��$�����+��

We recently reported that some environmental chemicals, such as

polychlorinated biphenyl (PCB), suppress thyroid hormone receptor (TR)-

mediated transcription and this may lead the retardation of the normal

cerebellar development. 4-nonyl phenol (NP) is a family of alkyl phenol and

has been considered as an environmental chemical because of its estrogen-

like effects. In the present study, we investigated the effect of 4-NP on the

TR-mediated function, particularly on the TR-related brain development.

Transient transfection-based reporter gene assays showed that 4-NP

significantly augmented the TR-mediated transcription in a dose dependent

manner in CV-1 cells. Mammalian two-hybrid assays showed that a

coactivator, steroid receptor coactivator (SRC)-1, was efficiently bound to

the TR in the presence of 4-NP. We analyzed TH-induced Purkinje cell

dendrite arborization using primary culture of new born rat cerebellum.

The area of Purkinje cell dendrite grown by T4 was significantly augmented

by 4-NP and this augmentation was in a dose dependent manner. Finally,

we added 4-NP to the mild hypothyroid pups and found that these animals

showed the thicker molecular layer than those of non-treated mild

hypothyroid animals. These results indicate that 4-NP may augment the

TR-mediated transcription and the TH-regulated cerebellar development in

mild hypothyroid rats. (COI:No)
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Thyroid hormone (TH) plays an important role in the developing brain. TH

deficiency during critical period induces organizational changes of the

hippocampus. However, the mechanisms of TH action in developing

hippocampus are still largely unknown. Here, we examined the effects of

TH in developing hippocampal neurons using primary culture with Banker

methods. We added the original neuronal supplement that was prepared

based on NS21 (Chen et al., J Neuro Methods., 2008) but free from

triiodothyronine (T
3
). Then 3×10-9 M of T

3
 was added in some cultures (+T

3

group). Control group (-T
3
 group) received only the neuronal supplement.

Cells were fixed on 7, 10, and 14 days in vitro (DIV), and stained with MAP2

and DAPI antibodies. Sholl analysis revealed no differences in the number

of intersections of dendrites between +T
3
 and -T

3
 groups on 7 DIV, whereas

the number was decreased significantly on 10 DIV at 30 µm - 80 µm radius

(p<0.05). Such differences were not observed on 14 DIV. These results

indicate that the lack of T
3
 induces retardation of dendrite growth by 10

DIV in culture. However, the retardation can be rescued by 14 DIV despite

the absence of T
3
. In cerebellum, a similar retardation is observed in

hypothyroid animal with recovery over time. Therefore, the present results

indicate that the same catch-up growth is induced in the hippocampus.

Trials to clarify the mechanisms inducing the retardation and catch-up

growth are currently underway. (COI:No)
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Electrocardiogram changes in maternal hypothyroidism of adult offspring

male ratsimportant targets for thyroid hormones. Thyroid hormones

deficiency causes morphological and structural changes in cardiac myocytes

that brings about changes in hemodynamic characteristics therefore, this

study was to evaluate, the effect of thyroid hormone deficiency during

gestation, on electrocardiogram of 4-month-adult offspring male rats. Six

pregnant female rats were randomly divided into two groups: The

hypothyroid group received water containing 0.025% 6-propyl-2-

thiouracil(PTU) during gestation and the controls consumed tap water.

Blood samples were collected from the mothers after delivery to assess the

serum levels of TT4 and TSH. Body weight of offspring male rats was

assessed every week. Lead II electrocardiogram(ECG) was recorded to

calculate: heart rate, P, QRS and T durations and voltages, PR, QTc and PR

intervals, PQ and QT segments in 4-month-adult offspring male rats. In

fetal hypothyroid offspring male rats, voltage of P, and T waves was

significantly upper and the QRS wave was lower in compared with the

control group. Duration of P and T wave in hypothyroid offspring male rats

was significantly longer than control group. PQ and QTc intervals was

significantly increased in hypothyroid group as compared to control group.

Maternal hypothyroidism can affect cardiac electrophysiology of offspring

rats that can be a precursor to cardiovascular disorders. (COI:No)
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CRH plays a key role in the endocrine stress response and the excitability of

CRH neurons is regulated by GABAergic neurons. Recent epidemiological

studies indicate that low birth weight babies will develop with high

prevalence of metabolic and psychiatric disorders during adulthood.

Alteration of the HPA-axis programmed during fetal life is considered as

one of the cause. We investigated the effects of maternal 70% malnutrition

(MAL) on the HPA-axis activity of mothers and fetuses, focusing on GABA

involvement. Maternal corticosterone (CORT) and ACTH were increased in

wild mice (WT) by MAL, but the increase was attenuated in heterozygous

GAD67-GFP knock-in mice (GAD67+/GFP), which exhibited decreased

GABA content. Meanwhile, the fetal CORT and ACTH in GAD67+/GFP were

significantly increased by MAL. In WT fetal brain, the K+-Cl- cotransporter

(KCC2), but not the Na+-K+-2Cl- cotransporter (NKCC1) were expressed in

CRH neuronal soma. In contrast, neither NKCC1 nor KCC2 were identified

in the axon terminals of CRH neuron. These results differ from the

expression of NKCC1 and KCC2 in adult WT CRH neuron which as

previously reported. Thus, intracellular Cl- concentrations of CRH neurons

may be different between mothers and fetuses. In conclusion, the results

suggested that the ontogeny of CRH neurons affect to the discrepancy of

HPA-axis response with MAL between mothers and fetuses. (COI:No)
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Maternal behavior is quite important for the preservation of a species.

However, our knowledge to these behaviors is incomplete. Here we show

that the factors determining a mother’s motivation to take part in maternal

behaviors are present during her own fetal development. We found that

CIN85-dificient (CIN85 KO) mothers had reduced anterior pituitary

hormone prolactin (PRL) secretion due to excessive dopamine signaling in

the brain. Their offspring matured normally and produced their own pups,

however, as adults, maternal behaviors such as pup retrieval and

breastfeeding were strongly inhibited. When wild-type fertilized eggs were

transplanted into the fallopian tubes of CIN85 KO mice, they also

demonstrated inhibited maternal behaviors as adults. By contrast, when

CIN85 KO fertilized eggs were transplanted into the fallopian tubes of wild-

type mice, the pups exhibited normal maternal behaviors as adults.

Moreover, when PRL was administered to CIN85 KO mice during late

pregnancy, a higher proportion of the resultant pups exhibited maternal

behaviors. These results suggest that maternal PRL secreted perinatally is

extremely important in determining the expression of maternal behaviors

in the next generation. (COI:No)
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It is known that estrogen receptors (ER) play an important role in

estrogenic regulation of social and anxiety-related behaviors in female mice.

Two types ERs, ERα and ERβ, expressed in various brain regions are

differently involved in the regulation of these behaviors. In this study, we

focused on ERs expressed in the medial amygdala (MeA), and investigated

effects of site-specific knockdown (KD) of ERα and ERβ on social and

anxiety-related behaviors in postpartum female mice. Adeno-associated

virus-mediated small hairpin RNA targeting either ERα or ERβ were

bilaterally injected into the MeA in ICR/Jcl virgin female mice and mated.

After parturition, all dams were tested for maternal aggression, pup-

retrieving, and anxiety-related behaviors. Compared to control dams,

silencing of ERα in the MeA tended to increase levels of aggression on the

day of post-partum estrus whereas ERβKD tended to decrease throughout

postpartum period. Silencing of ERα or ERβ in the MeA did not affect pup

retrieval behaviors. Levels of anxiety-related behaviors, measured in open

field and light-dark transition tests, tended to decrease in ERαKD and

increase in ERβKD mice. These results were markedly contrasted to our

previous findings in ERα or ERβ KD in the medial preoptic area. Two types

of ERs may have site-specific role in the regulation of postpartum behavior.

KAKENHI: 15H05724 (to S.O.) (COI:Properly Declared)
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The present study aimed to clarify the relationship between saliva amylase

activity upon waking and sleep quality in healthy women. Sleep quality

during the menstrual cycle of 13 women was measured for about 1 month.

We classified saliva amylase activity into four types based on differences in

amylase level (Types A-D) at three time points (pre-menstruation, during

menstruation, and post-menstruation). Type A was the lowest post-

menstruation, Type B was the lowest pre-menstruation, Type C was the

lowest during menstruation, and Type D was the highest post-

menstruation. Type A had a longer deep sleep latency than Type B (p<0.01),

and a longer sleep onset latency than Types B and D (p<0.05). Type B had a

longer sleep latency than Type C and D (p<0.05), and a shorter sleep onset

latency than Type A and C (p<0.05). Type C had the shortest deep sleep

(p<0.05). Women with low pre-menstruation saliva amylase levels upon

waking fell asleep smoothly and got enough sleep whereas women with low

post-menstrual saliva amylase levels upon waking took longer to fall asleep

and may have had poor quality sleep. Sleep quality may influence saliva

amylase activity levels upon waking. (COI:No)
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Glucagon-like peptide-1 (GLP-1) receptor agonist, liraglutide, is an anti-

diabetic drug that lowers blood glucose primarily by stimulating the

pancreatic β-cells. In addition, it was reported that peripherally

administered liraglutide could access the brain directly. However, its

central action to regulate blood glucose is unclear. Here, we investigate the

central effect of liraglutide on blood glucose level. Central administration of

liraglutide (icv, 3µg/3µl) in C57B6J mice decreased blood glucose and

increased plasma insulin levels without affecting liver glycogen contents

and serum corticosterone. Moreover, central administration of liraglutide

increased c-Fos immunoreactivity in hypothalamic paraventricular nucleus

(PVN) and arcuate nucleus (ARC) and brain stem nucleus tractus solitarius

(NTS) and dorsal motor nucleus of the vagus nerve (DMV), and furthermore

in POMC neurons in ARC and NTS. The results indicate that liraglutide

stimulates the neurocircuit involving the hypothalamus and brain stem,

which is relayed to pancreatic β-cells to induce insulin release and thereby

lower blood glucose. (COI:No)
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Mature oocytes of animals are surrounded by an extracellular egg-coating

envelope that plays important roles in the processes of fertilization and

fertilized egg implantation. Evidence from lectin staining of oocytes has

demonstrated divergent structural patterns among the filamentous egg

coats of unfertilized eggs, implying a positive correlation between structural

pattern and fertilization efficiency, but yet no study has directly shown

nanoscale structural basis on varied fertility. We previously found that

Xenopus dicalcin, present in the egg coat, suppresses the efficiency of

fertilization through binding to gp41, a glycoprotein that constitutes the egg

coat. By using synthetic peptides that correspond to amino-acid regions

responsible for the interaction between two proteins, we manipulated the

activities of each protein, and clamped the egg coat either at fertilization-

competent or -incompetent statuses, and investigated its nanoscale

structure. Our electron microscopy analyses revealed a disorganized

filamentous meshwork within the competent egg coat, but a well-organized

meshwork was observed in the incompetent one. In vivo lectin-staining

pattern of the egg coat also revealed remarkable differences between two

statuses. These results demonstrated the plastic transition of the meshwork

of the egg-coating envelope by manipulation of the interaction between

dicalcin and gp41. (COI:No)
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In present, the high-quality differentiation method is desirable for the

usage of human iPS cells for the cell therapy and the research of organ

development and the evaluation of drugs. However, the differentiation

efficiency is not fully complete and undifferentiated iPS cells remains

throughout the differentiation, namely, there is heterogeneity in the

differentiation capacity. In this study, we screen the cause of the

heterogeneity of the endodermal differentiation. The stimulation by Activin,

the cytokine inducing endoderm, leads the phosphorylation of SMAD2/3

and nuclear translocation of these proteins. In BJ fibroblast, this effect was

observed in almost all cells, while iPS cells showed this effect limited to 70%

of total cells. To examine the cause of this phenomenon, we focused on the

heterogeneity of the circadian rhythm of those cells. BJ cells showed

dynamic rhythm of DBP and BMAL genes under the synchronization by the

treatment with 50% FBS, while iPS cells showed weak rhythm of them. It is

reported that circadian rhythm is synchronized by simulated body

temperature rhythms, such as 37 degree to 33 degree. When iPS cells were

subjected to this temperature rhythm, the expression of DBP was

synchronized and the efficiency of the endodermal differentiation was

altered, showing that the circadian rhythm in iPS cells may influence the

differentiation capacity of each cell. The mechanisms of these effects are

under investigation. (COI:No)
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Background: Primary airway epithelial cells have been used for

understanding of ion channel properties and airway disease such as cystic

fibrosis caused by mutations of cystic fibrosis transmembrane conductance

regulator (CFTR) gene. However, it is not easy to acquire an adequate

quantity of cells and maintain in culture for long time. Therefore, functional

airway epithelial cells generated from iPS cells are expected to be a useful

cell source instead of primary airway epithelial cells. The aim of this study

is to examine functional properties of iPS cell-derived airway epithelial cells

generated by our previous method. Methods: We have generated airway

epithelial cells from iPS cells based on serum-free conditions and air-liquid

interface culture. iPS cell-derived airway epithelial cells were characterized

by gene expression, immunoreactivity, ciliary movement, and measurement

of CFTR function. Results: The cells generated from iPS cells expressed

airway epithelium markers and showed the ciliary movement just like

ciliated cells in trachea. Furthermore, the expression of various ion

channels and transporter including CFTR and NKCC was successfully

detected. Additionally, CFTR activity was also confirmed in iPS cell-derived

airway epithelial cells. Conclusion: Airway epithelial cells generated by our

method have functional characteristics and will be useful cell source for

molecular mechanisms of airway function and disease, such as cystic

fibrosis. (COI:No)
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Problem. We gave overdose of dexamethasone (D) or betamethasone (B) to

neonatal rats, and evaluated motor and learning abilities by behavioral

tests to clarify neuronal effects. Method. We gave D- or B- solutions

(0.01mL/body weight(g)) to neonatal rat (n=41) once on the 4, 5, and 6th

days after birth and established five groups; D0.5 (D5mg/kg, n=9), D2.5

(D2.5mg/kg, n=9), B0.5 (B0.5mg/kg, n=7), B2.5 (B2.5mg/kg, n=7), and the

control (saline, n=9). Behavioral tests. Suspension test. A 3-week-old rat

was suspended by the forelegs on a horizontal bar and measured suspension

time (ST). In step-down type passive avoidance test, we placed a 6-week-old

rat on the rubber platform on a metal grid floor and gave an electrical shock

when it stepped on the metal floor. On next five consecutive days, we placed

the rat on the platform, and measured retention time (RT) until stepping on

the floor once a day. Results. The ST of B2.5 (263 ± 58 sec, mean ± SE) was

the shortest, whereas that of the control (1,111 ± 484sec) was the longest

among the groups. The RT of the control (79 ± 41sec) was the longest among

the groups. We also assessed rat brains histologically after all the

measurements. Conclusion. Motor and learning ability became impaired by

the drug administration regardless of D or B. In addition, learning ability

became inferior by excess doses of the drugs. Repeated administration of D

or B to fetuses may be also contraindicated in clinical practice. (COI:No)
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Adipose tissue contains highly developed vascular networks. Aging causes

impaired metabolic homeostasis; however potential role of senescent

endothelial cell (EC) in age-related adipose tissue dysfunction is largely

unknown. Here we show a crucial role of senescent EC in metabolic

homeostasis through senescence-associated secretory phenotype (SASP).

Treatment with conditioned medium derived from senescent EC induced

premature senescence in 3T3-L1 adipocytes. This endothelial SASP-

mediated premature senescence caused reduction of IRS-1 in adipocytes,

and consequently impaired insulin signaling. Endothelial SASP enhanced

oxidative stress, and N-acetylcysteine abolished the endothelial SASP-

mediated premature senescence and impaired insulin signaling in

adipocytes. To investigate the effects of endothelial SASP in vivo, we

generated vascular progeroid mice overexpressing dominant-negative form

of telomeric repeat binding factor-2 (TRF2DN) under a control of Tie2

promoter (TRF2DN-Tg). TRF2DN-Tg mice showed premature senescence of

white adipocytes associated with enhanced oxidative DNA damage, and

exhibited impaired insulin sensitivity as early as 18 weeks old even while

consuming normal chow. Administration of N-acetylcysteine abolished the

adipocyte premature senescence and preserved insulin sensitivity in

TRF2DN-Tg mice. Our data provide direct evidence that EC senescence

disrupts metabolic function in adipocytes through SASP, which could play a

causative role in age-related metabolic disorders. (COI:No)
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The cellular energy metabolism of trophocytes and oenocytes in worker bees

(Apis mellifera) decreased with aging; however, cellular energy metabolism

in queen bees is still unknown. Here, cellular energy metabolism was

evaluated in the trophocytes and oenocytes of young and old queen bees.

The results indicated that (i) β-oxidation, non-esterified fatty acid (NEFA)

concentrations, lipase activity, fatty acid synthase (FAS) activity,

phosphofructokinase-2/fructose-2,6-bisphosphatase 3 (PFKFB3) expression

levels, glycolysis, phosphorylated eIF4E binding protein 1 (p-4EBP1)

expression levels, and eukaryotic translation initiation factor 4E (eIF4E)

expression levels were not significantly different between young and old

queen bees; and (ii) fat accumulation and glycogen accumulation increased

with aging. These results indicate that cellular energy metabolism

maintains a youthful status in the trophocytes and oenocytes of queen bees

during aging and that cellular energy metabolism is involved in

maintaining the longevity of queen bees. (COI:No)
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Secretoglobin (SCGB)3A2 was originally identified as a downstream target

in the lung for the homeodomain transcription factor NKX2_1. We

previously reported that SCGB3A2 also expressed in the pituitary gland,

and it localized in both the anterior and posterior lobe whereas NKX2_1

only expressed in the posterior lobe. This suggests that any transcription

factor besides NKX2_1 regulates the expression of SCGB3A2 in the anterior

pituitary. In this study, we first investigated the co-localization of

SCGB3A2 and CCAAT/enhancer binding proteins (C/EBPs), since C/EBPα
and δ are known to regulate Scgb3a2 gene transcription together with

NKX2_1 synergistically. Double-staining immunohistochemistry for

SCGB3A2 and C/EBPs revealed that SCGB3A2 mainly co-localized with C/

EBPγ or ζ. Furthermore, we examined the expression of each type of C/ebp

genes in the mouse gonadotroph-derived cell lines by RT-PCR, because we

had shown that SCGB3A2 co-localizes with LH/FSH in the mouse pituitary

gland. Here we show that C/ebp β, γ, and ζ highly express in the

gonadotroph cell lines. These results suggest that one or both of C/EBPγ and

ζ contribute to SCGB3A2 expression in the anterior pituitary. (COI:No)
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The cochlea of the inner ear contains an extracellular fluid, endolymph,

which exhibits a positive potential of +80 mV and a high [K+] of 150 mM.

The electrochemical properties in the endolymph are maintained by

numerous membrane proteins in an epithelial-like tissue, stria vascularis.

In the stria, we previously detected about 1800 membrane proteins involved

in controlling the homeostasis of the endolymph (Eur J Neurosci, 2015). In

general, glycosylation occurs on Asn residue (N-linked) or on Ser/Thr

residue (O-linked) of the proteins and N-linked glycans play pivotal roles in

the processes of protein synthesis and the modulation of the activities of the

membrane proteins. Recent studies have reported the congenital disease

caused by deficiency of the enzymes for N-glycan synthesis. However, little

is known about the protein glycosylation in the cochlea. We previously

detected 16 enzymes for N-glycan synthesis. In this study, we

comprehensively analyzed the N-glycans in the stria by using a combination

of three different HPLCs and identified 76 N-glycans. These resources will

be useful to understand molecular mechanisms underlying the audition and

deafness. (COI:No)
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Neutrophil chemotaxis is important for pathogen elimination in our body.

Voltage-gated proton channel Hv1/VSOP regulates intracellular pH and

membrane potential dependent on NADPH oxidase activity. We recently

found that Hv1/VSOP-lacking mouse neutrophils exhibit enhanced

chemotaxis behavior to fMLP that is derived from E.coli. Hv1/VSOP-lacking

neutrophils responded and migrated to lower concentration of fMLP than

wild type neutrophils in the analysis using transwell chamber. We next

monitored the chemotaxis behavior how Hv1/VSOP-lacking neutrophil

behave in the presence of fMLP gradient using EZ-TAXI Scan system.

Increased migration of wild type neutrophils was observed during the first

twenty minutes, but the migration was decreased after that time. On the

other hand, continuous and large number of Hv1/VSOP-lacking neutrophils

migrated to fMLP during one hour. These results suggest that Hv1/VSOP

negatively regulates the sensitivity to fMLP. The enhanced chemotaxis in

Hv1/VSOP-lacking neutrophils was abrogated when these cells were

treated with NADPH oxidase inhibitor, DPI, and potassium ionophore,

valinomycin, suggesting that the enhanced chemotaxis is mediated by

membrane potential change upon oxidase activation. We are now trying to

measure membrane potential and ROS production during chemotaxis to

fMLP for understanding spatiotemporal dynamics of oxidase activation and

membrane potential change. (COI:No)
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Osteoclasts degrade hydroxyapatite, a major component of bone, and hence,

are exposed to high concentrations of phosphates (Pi). We recently revealed

that extracellular Pi potentiated voltage-gated proton (H+) channels in

RAW264-derived osteoclasts. In phagocytes, H+ channels and production of

reactive oxygen species (ROS) are regulated in parallel and support each

other, but their correlation in osteoclasts remains unknown. Here, we

studied the mechanisms underlying the Pi-induced potentiation of H+

channels and effects of Pi on ROS production. Pi increased the maximal

conductance, decreased the activation time constant (enhanced gating), and

shifted the activation to more negative voltages. The enhanced gating was

mainly caused by elevation of intracellular Pi levels, and the accompanying

decrease in intracellular pH increased the current activities additionally.

The enhanced gating was inhibited partially by GF109203X (PKC

inhibitor). Both Pi and phorbol 12-myristate 13-acetate (PKC activator)

increased ROS production. During later culturing passages of RAW cells,

where osteoclastogenesis declined, Pi-induced increases in H+ channel

activities and ROS production were both modest. These data suggested that

Pi works as a common extracellular signal to enhance H+ channels and ROS

production, which may be involved in osteoclastogenesis. (COI:No)
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Intermittent hypoxia (IH) is one of the symptoms of obstructive sleep apnea

(OSA), associated with increased oxidative stress and causes the

dysfunction of learning and memory. Previous studies have known

astrocyte plays a role of neural supporting and neural protection in CNS.

Recently, more studies have shown that astrocyte is also involved in the

transmission of neural signals and the survival of neuronal cells. In our

previous study, we showed that IH (5% O
2
 30 min, 21% O

2
 30 min)

significantly inhibits cerebellar astrocytes proliferation through G0/G1

arrest. In addition, we also observe that IH induced oxidative stress, but did

not lead to cell death in astrocytes. Recently, studies have indicated that

acute IH could produce a protective mechanism. In this study, we found

that IH-induced mitochondrial superoxide generation did not alter the

mitochondrial membrane potential and mitochondrial calcium ([Ca2+] m) in

astrocytes. Our experiments indicate that (i) IH caused marked

accumulation in the [O
2
-.]m, although these phenomenon do not affect

depolarization of the mitochondria. (ii) The IH-pretreatment could prevent

[Ca2+]m overload induced by H
2
0

2
, and cause no increase in cell death. (iii)

IH induced excessive MnSOD, but there were no significant effect in

catalase. (iv) Oxidative protection of mitochondria was associated with

increased [O
2
-.]m. These findings suggest that superoxide radicals are

generated from mitochondria during IH induce preconditioning to against

oxidative stress injury in astrocytes. (COI:No)
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We tested effects of ultra violet A (UV-A) light (385 nm wavelength)

irradiation on cultured RAW 264.7 cells. Cells were plated in culture dish

and were maintained for 24-48 hours. The cells were irradiated with the

UV-A LED light at 146 mW/cm2. Reactive oxygen species (ROS) were

monitored by fluorescent probe, 2’,7’-dichloro dihydrofluorescein

diacetate(H
2
DCF-DA). The intracellular ROS accumulation measured by

the probe was increased after the irradiation and attained a maximum

value at about 30 min and then decreased. Next, we tried to measure the

intracellular ROS accumulation in the cells decreased intracellular

glutathione (GSH). The ROS accumulation in the low GSH cells more

rapidly increased compared to the normal GSH cells. The EPR signal in the

presence of TPC in the medium increased with irradiation time. Also, EPR

parameters of both DMPO-glutathionyl and DMPO-hydroxyradical adduct

were also detected. These results suggest that the intracellular ROS

induced by 385 nm light are containing singlet oxygen (1O
2
) and

hydroxyradical (.OH), and the intracellular glutathione plays an important

role of scavenging these ROS. (COI:No)
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Under normal physiological conditions, the osmolarity of the extracellular

fluid is kept constant by body fluid. Cell volume is commonly perturbed by

changes of extracellular osmolarity. The mechanisms of regulatory volume

decrease (RVD) after hypotonic stress has been widely investigated. The

independent activations of volume regulatory potassium and chloride

channels are considered to induce the KCl efflux from the cell together with

water, causing RVD. Although this model is widely accepted, the initial

swelling phase after the hypotonic challenge is considered as the simple

osmotic process. We reported that the initial cell swelling after hypotonic

challenge depended on extracellular NaCl concentration (Kobayashi et.al.

2015 in the Annual Meeting of the Physiological Society of Japan), and the

observation related to bumetanide and furosemide. The pharmacological

study suggested that the initial cell swelling coupled with NKCC. In this

study, we show that initial cell swelling ratio differ in extracellular pH.

Relative cell size measured by flowcytometry system indicated that initial

cell swelling ration decrease in lower extracellular pH condition. We

assumed that lower extracellular pH caused activation of sodium proton

exchanger and decreased NKCC activity. (COI:No)
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Carbocistein (CCis) elevated pH
i
, diminished [Cl-]

i
, and increases ciliary

beat angle (CBA) and ciliary beat frequency (CBF) in bronchiolar ciliary

cells of mice. In the present study, we investigated the effects of pH
i
 and [Cl-

]
i
 on CBA and CBF. Removal of HCO

3

-/CO
2
-babbling from the extracellular

solution elevated pH
i
 associated with increases in both CBA and CBF, and

abolished the CCis-induced increase of pH
i
. This HCO

3

-/CO
2
-babbling-free

condition abolished the CCis action on CBF, but CCis still increased CBA

under this condition. The similar phenomenon was observed by application

of an NBC inhibitor, DIDS. Cl- removal from the extracellular solution

increased CBA but did not affect CBF. The Cl- removal diminished the CCis

action on CBA but not CBF. An inhibitor of CFTR (CFTR(inh)-172), which

increased [Cl-]
i
, inhibited the CCis-induced CBA increase. Brefeldin A

showed an effect similar to CFTR(inh)-172. CCis application increased the

number of CFTR in cilia. Removal of HCO
3

-/CO
2
-babbling and Cl- from the

extracellular solution increased both CBA and CBF, and abolished the

CCis-induced increases in CBA and CBF. In conclusion, CCis increases CBF

and CBA by elevating pH
i
 and CBA by decreasing [Cl-]

i
. (COI:No)
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Carrageenan (CGN) is a high molecular weight ( MW : 200,000 to 800,000

Da) polysaccharide extracted from various species of red seaweed. It has

been used in the food industry for many decades with approvals from the

Food and Drug Administration (FDA). Early studies reported CGN

administered by drinking or diet could cause various toxicity effects

towards human cells. Later it was determined that these studies were

conducted with a different material which is now known as degraded

carrageenan which has a similar structure to CGN, but with lower MW

(10,000-20,000 Da). In this study we demonstrated CGN had no significant

effect towards HeLa cells, however degraded carrageenan at 2500 µg/mL

decreased HeLa cell viability in 72 h to 12%. Addition of anion channel

blockers DIDS and NPPB (100µM) slightly decreased cytotoxic effects of

degraded carrageenan at 1000 µg/mL concentration. Uprising a hypothesis

that degraded carrageenan cytotoxic pathway is potentially mediated anion

channels and protein transporters. (COI:No)

2P-137
$����������������������&�������������	�������5$3>�J

$������0�.�� ������������ �$�������������� �������������

�����.�	��.�,��
���1	��-�������.�	��-������� �/
,���/
,���+��

ATP13A4 is a member of the subfamily of P5-type ATPases, and its mRNA

is abundantly expressed in the brain and stomach of mice. ATP13A4 might

be involved in the pathophysiology of the language delay and autism

spectrum disorders. However, the ion-transporting property of ATP13A4

has been poorly understood. In this study, we examined whether mouse

ATP13A4 acts as an ion pump. In the ATP13A4-transfected HEK293 cells,

it was localized in the plasma membrane and endoplasmic reticulum. The

ATP-hydrolyzing activity of the membrane sample of ATP13A4-transfected

cells was significantly higher than that of mock-transfected cells. The

increased activity in the ATP13A4-transfected cells was abolished by 1 mM

suramin, an inhibitor of P-type ATPases. When the catalytically inactive

mutant (D487N) of ATP13A4 was expressed in the cells, no increased

activity was observed. The ATP13A4 activity was elevated by increasing

Na+ concentrations in the solution (EC
50

 = 2.8 mM). In contrast, removal of

K+ and Ca2+ from the solution or addition of Ba2+, Al3+, Co2+, Sr2+, Sn2+

and Mn2+ (0.25-10 µM) to the solution had no effect on the ATP13A4

activity. Inhibitors of H+,K+-ATPase (50 µM SCH28080), Na+,K+-ATPase (1

mM ouabain) and plasma membrane Ca2+-ATPase (500 µM eosin) were also

ineffective. Interestingly, 50 µM thapsigargin, an inhibitor of sarco/

endoplasmic reticulum Ca2+-ATPase, significantly inhibited the ATP13A4

activity. These results suggest that ATP13A4 is a Na+-transporting pump

with unique pharmacological properties. (COI:No)
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Cesium (Cs) is one of the alkali metal elements as well as potassium (K) and

sodium. Distribution of Cs in the whole bodies had been investigated.

However, it is not clear that how the Cs is transported through which kinds

of way at the molecular levels, and that the effect of Cs on the cell

metabolisms. We have already reported that the application of CsCl to the

culture medium suppressed the HeLa cell proliferation without the G0/G1

arrest (Kobayashi et. al. 2015 in the Annual Meeting of the Physiological

Society of Japan). In this study, we analyzed the expression level of several

cation channels in some cell lines, which can be candidate for Cs permeation

pathway. RT-qPCR studies for KCNH, TRPC and TRPM families were

performed on HeLa, HEK293, HSC-1 and HUEhT-1 cells. Each cells had

the specific expression pattern of those channels. But the patterns did not

fit the inhibition properties of cell proliferation for those cell lines by Cs.

Further studies should be necessary for detecting the major pathway of Cs

in those cells. (COI:No)
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Claudin-16 (CLDN16) regulates the paracellular reabsorption of Mg2+ in

the thick ascending limb of Henle’s loop. De-phosphorylation of CLDN16

increases intracellular distribution of CLDN16 and decreases paracellular

permeability to Mg2+. However, the mechanism regulating the tight

junctional localization of CLDN16 has not been clarified in detail. In yeast

two-hybrid systems, we found that CLDN16 binds to PDZRN3, a protein

containing RING-finger and PDZ-domains. Here, we have examined the

effect of PDZRN3 on the localization and function of CLDN16 using Madin-

Darby canine kidney (MDCK) cells expressing FLAG-tagged CLDN16.

PDZRN3 was mainly localized in the cytosol and co-localized with CLDN16

in the cells treated with H-89, a protein kinase A inhibitor. Furthermore, H-

89 increased mono-ubiquitination and association of CLDN16 with

PDZRN3. S217A mutant, a de-phosphorylated form of CLDN16, was also

localized in the cytosol concomitant with PDZRN3. PDZRN3 siRNA

increased the cell surface localization of wild-type (WT) CLDN16 in the cells

treated with H-89 and S217A mutant. H-89 decreased paracellular Mg2+

flux in the WT CLDN16-expressing cells, which were inhibited by PDZRN3

siRNA. These results suggest that PDZRN3 is involved in the regulation of

intracellular localization of de-phosphorylated CLDN16 in the kidney. (COI:

No)
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We studied physiological roles of SLC41A1 (solute carrier family 41 member

1), a putative Na+/Mg2+ exchanger, in adult rat ventricular myocytes with

SLC41A1 gene silencing. Primary cultured cells were transfected with

shRNA of SLC41A1 (reduction of SLC41A1 mRNA to approximately 20%

estimated in rat fibroblasts) or non-targeting shRNA (control) with GFP as

a marker by recombinant adenoviruses. After 3 days of culture, we

measured intracellular Mg2+ concentration ([Mg2+]
i
) of the transfected

ventricular cells with a fluorescent indicator mag-fura-2. The cells were

first loaded with Mg2+ in a low-Na+ and high-Mg2+ solution, leading to high

[Mg2+]
i
 (initial [Mg2+]

i
), and the initial rate of decrease in [Mg2+]

i
 upon

introduction of extracellular 140 mM Na+ was analyzed as the rate of Na+-

dependent Mg2+ efflux. The rate of Na+-dependent Mg2+ efflux in SLC41A1-

knockdown cells was -1.14±0.14 µM/s (with initial [Mg2+]
i
 at 1.39±0.06

mM), which was not significantly different from that in control cells (-

1.38±0.13 µM/s at 1.51±0.07 mM). We also injected these recombinant

adenoviruses directly into rat hearts in vivo, and ventricular cells were

acutely dissociated from the animals 7 days after transfection. The rate of

Na+-dependent Mg2+ efflux in GFP-positive cells were not decreased (-

1.48±0.23 µM/s at 1.61±0.07 mM). These results do not support the

principal role of SLC41A1 in the Na+-dependent Mg2+ efflux in mammalian

cardiac myocytes. (COI:No)
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Clozapine (Clz) is the second generation (atypical) antipsychotics, used

widely for treating schizophrenia and bipolar disorder. This type of drug

shares multiple sites of actions, including dopamine and serotonin

receptors, whereas mechanisms of actions remain incompletely understood.

Here, we analyzed the effects of these drugs on primary cultures of rat

cortical astrocytes and C6 glioma cells using fura-2-based Ca2+ imaging.

Interestingly, Clz at relatively higher concentrations (>10 µM) increased

intracellular Ca2+ concentrations in both cortical astrocytes and C6 cells.

This Clz-induced Ca2+ increase was concentration-dependent and

completely blocked by removal of extracellular Ca2+ using ethylene glycol

tetraacetic acid (EGTA). Furthermore, 2-APB or SKF-96365, blockers for

store-operated Ca2+ channels, significantly inhibited the Clz-induced Ca2+

increase. Therefore, we analyzed the effects of Clz during Ca2+ re-entry

through store-operated Ca2+ channels, which was maximized following

depletion of internal Ca2+ stores by thapsigargin and EGTA. The results

demonstrated that Clz decreased Ca2+ re-entry through store-operated Ca2+

channels in cortical astrocytes and C6 cells. These results suggest bimodal

actions of Clz via store-operated Ca2+ channels in astrocytic cells. Since

intracellular Ca2+ homeostasis in astrocytes is an important determinant

for neighboring synaptic signal transmission, our results may explain Clz-

specific adverse effects in the treatment of psychiatric disorders. (COI:No)
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Astrocytes, which comprise the largest population of glial cells in central

nervous system (CNS), support CNS development and homeostasis through

reuptake of neurotransmitters and supplying metabolic factors to neurons.

Recent studies have suggested that astrocytes themselves synthesize and

secrete various chemical molecules called a gliotransmitter including

neurotransmitters, amino acids, and peptide hormones in a Ca2+-dependent

manner to actively participate in synaptic transmission. However, the

precise molecular mechanisms underlying gliotransmitter release from

astrocytes, especially peptide hormone exocytosis, are still less understood.

Thus, we analyzed peptide hormones exocytosis from astrocytes by using

total reflection fluorescence microscopy. We found that arginine vasopressin

(AVP) and brain-derived neurotrophic factors (BDNF) were expressed at

mRNA levels in rat glioma cell line C6 cells. To observe the exocytotic

dynamics of AVP and BDNF from astrocytes, we overexpressed green

fluorescent protein Venus-tagged AVP and BDNF (AVP-Venus and BDNF-

Venus, respectively) in C6 cells. We found that astrocytes showed

spontaneous release of AVP-Venus in a resting state, whereas no

spontaneous release was observed in BDNF-Venus-expressing astrocytes.

We also found that astrocytes showed spontaneous increase of the

intracellular Ca2+ concentration ([Ca2+]
i
) in a resting state. These data

suggest the possibility that spontaneous [Ca2+]
i
 modulates the AVP

exocytosis from astrocytes in a resting state. (COI:No)
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Phosphorylation of tau proteins is known to be regulated by the multiple

microtubule-associated proteins, tau-kinases, phosphatases, and chaperons.

We have proposed that phosphorylation of tau proteins in normal human

brains might be controlled at low levels by a functional protein complex (tau

phosphorylation protein complex: Int. Rev. Cell Mol. Biol., 2013, 1, 121-

160). We have especially focused on kinase-kinase interactions on tau

phosphorylation because phosphorylation levels of tau maintain low even

many tau-kinases with similar phosphorylatable sites have been reported.

We reported that phosphorylation levels of N-terminal domain of tau

protein, mainly characterized as PHF-tau antibody, AT8, were mostly kept

low by the combinations of CDK5-p35, GSK3beta, and PKA applications,

except the multiple combinations of CDK5 and PKA enhanced AT8 signals

by stimulation of GSK3beta activities. Now we are showing modulation of

tau phosphorylation at microtubule-binding domains and C-terminal

domain, identified as 12E8 and PHF-1 reactive sites respectively. We found

the same modulation of 12E8 or PHF-1 signals as that of AT8 ones. Taken

together any combinations of two of these kinases, enhanced PHF-1 and

most 12E8 signals as AT8 ones. These results show that tau

phosphorylations by kinase-kinase interactions by more than three of the

microtubule-associated kinases might be protective systems in physiological

conditions to avoid hyperphosphorylation. (COI:No)
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Neuroinflammation characterized by activation of glial cells is observed in

various neurodegenerative diseases including Alzheimer’s disease (AD).

Although the reduction of ether-type glycerophospholipids, plasmalogens

(Pls), in the brain is reported in AD patients, the mechanism of the

reduction and the role of Pls in neuroinflammation have remained elusive.

In the present study, we found for the first time that inflammatory stimuli

such as lipopolysaccharide (LPS), polyriboinosinic polyribocytidylic acid and

IL-1β reduced the Pls levels in the glial cells. The reduction was dependent

on the activation of NF-κB, which down-regulated a Pls synthesizing

enzyme, glycerone phosphate O-acyltransferase (GNPAT) through the

induction of c-MYC and its recruitment onto the GNPAT promoter. We also

found that systemic injection of LPS, aging and chronic restrain stress

reduced brain Pls contents along with the glial NF-κB activation, increase

in c-MYC expression and down regulation of GNPAT in the mouse cortex

and hippocampus. More interestingly, the reduction of Pls by direct

injection of lentiviruses encoding short hairpin-RNA against GNPAT into

the mice cortex increased the activated phenotype of microglia and

enhanced the expression of proinflammatory cytokines. These findings

suggest possible mechanisms of the neuroinflammation-induced Pls

reduction accompanied by glial activation and may help us to explore novel

preventive and therapeutic strategies to treat neurodegenerative diseases.

(COI:No)
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Lipopolysaccharide (LPS)-induced neuroinflammation is mediated by

caspase-8 and -3 activation resulting in nuclear localization of NF-κB.

Recently it has been shown that the internalization of LPS receptor, TLR4,

also induces signaling such as activation of interferon regulatory factor 3.

Plasmalogens (Pls) are ether-type glycerophospholipids and synthesized by

a peroxisomal enzyme, glyceronephosphate O-acyltransferase (GNPAT).

Here we show that addition of Pls to mouse microglial cell line, BV2 cells,

and primary cultured microglia inhibits the LPS-induced activation of

caspase-8/3 and apoptosis 36 hr after LPS treatment. On the other hand,

the knock down of GNPAT by sh-RNA encoding lentiviral vectors in

microglia resulted in significant increase in TLR4 mRNA expression,

activation of caspase-8/3 and nuclear localization of NF-κB, suggesting an

induction of neuroinflammatory responses. Furthermore, we observed that

the LPS treatment induced TLR4 internalization into the endosomes and

application of Pls attenuated the internalization of TLR4 in microglia.

These findings indicate that Pls have a potent anti-inflammatory action

through the suppression of NF-κB activation. (COI:No)

2P-146
$�
������������	���	������
�	����	
�	����	�����

�����
�����������	���������&������������	���
��	���	�����

����*�������

*��������
�
 ��������&��������

�
 �&��������3���������

�
 �

��������&�������
�
 ��������������


�
 �$���������
����

�
 �

��.������
�
�
 ���
���$�
���

�

�
������
����������.�,��
���1	��-����������������� ���������+����

�
����

'���
��� ������� .�,�� 1	�� -��� ����� ������ ��� �� ������� +����
�
����

���	
��	��	,��1	��-���������������� ���������+��

We investigated the microglial activation and phagocytosis in the peri-

ischemic brain regions in the rat stroke model that had been prepared by

transient (90 min) middle cerebral artery occlusion. Protein and total RNA

samples were prepared from the contralateral, peri-ischemic and ischemic

core regions 3, 5, and 7 days post-reperfusion (dpr). Disappearance of MAP2

and synapsin I in the core region on 3 dpr indicated complete degeneration

of neurons at this time point. qPCR showed that molecules recognizing

“Eat-me signal” expressed by degenerating neurons such as complements

C3 and C1q were more abundantly expressed on 7 dpr than 3 or 5 dpr in the

peri. Among these, C3 expression was characteristically increased on 7 dpr.

Similarly, CD68 was highest expressed on 7 dpr. Immunohistochemical

observations showed that phagosomes of activated microglial cells in the

peri on 3 dpr were much smaller than those of cells on 7dpr, although both

cells attached intimately to neurons. Furthermore, C3 and proteins S were

located between the surfaces of neurons and microglial cells in the peri on 7

dpr. Taken the reported notion that neurons in the peri progressively

undergo apoptotic degeneration during subacute phase, the present results

suggest that microglial cells may eliminate neurons after their apoptotic

fate has been settled.  (COI:No)
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Stem cell therapy using umbilical cord blood (UCB) cells could be a

promising option for the treatment of severe hypoxic-ischemic

encephalopathy (HIE). In order to investigate the effectiveness of UCB cells

against hypoxic-ischemic (HI) brain injury in an allogeneic system,

mononuclear cells from UCB of GFP- transgenic rats were expanded and

intraperitoneally injected into rat pups harboring a neonatal HI injury 3

days after the insult. At 3 weeks after the insult, serial coronal sections (5 µ

m) from the paraffin-embedded brains were obtained and every 100th

section from the whole brain were HE stained. The residual brain volumes

of rats were stereologically estimated. The residual brain volumes of cell-

treated rats were significantly larger than those of control rats. When the

brain tissues were subdivided, the estimated residual volumes of posterior

cortex and hippocampus of cell-treated rats were significantly larger than

those of controls. Immunohistochemical study using anti-ED1 antibody

revealed that the number of activated microglia decreased in the ipsilateral

hemisphere of cell-treated rats. Capillary length in ipsilateral motor cortex

estimated using tomatolectin immunostaining was not different between

the two groups. Our data indicate that intraperitoneal injection of UCB

cells could ameliorate HI injury, possibly through decreased inflammatory

response. (COI:No)
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Parkinson’s disease (PD) symptoms do not become apparent until the

majority of dopaminergic neurons in the substantia nigra pars compact

(SNc) degenerate, suggesting compensatory mechanisms play a role. In this

study, we investigated compensatory involvement of activated microglial

cells in the SN pars reticulata (SNr) and the globus pallidus (GP) in a 6-

hydroxydopamine-induced rat hemi-PD model. Activated microglial cells

accumulated more markedly in the SNr than in the SNc in the model. The

activated microglial cells engulfed pre- and post- synaptic elements. The

cells in the SNr and the GP engulfed a red fluorescent DiI that was injected

into the subthalamic nucleus (STN) as an anterograde tracer. Rat primary

microglial cells increased their phagocytic activities in response to

glutamate in the culture medium. The synthetic glucocorticoid

dexamethasone overcame the stimulating effect of glutamate, resulting in

the aggravated motor dysfunctions. These findings suggest that microglial

cells in the SNr and GP became activated and eliminated glutamatergic

synapses from the STN in response to increased glutamatergic activity.

Thus, the microglia may be involved in a negative feedback loop in the

indirect pathway of the basal ganglia to compensate for the loss of

dopaminergic neurons in PD brains. (COI:No)
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Avian nucleus magnocellularis (NM) is a homologue of mammalian cochlear

nucleus, and encodes temporal information of sound by responding precisely

to synaptic inputs from the auditory nerve. NM is organized tonotopically,

and the neurons receive different patterns of synaptic inputs along this

axis; a single strong input for neurons with high characteristic frequency

(CF), whereas multiple weak inputs for those with low CF.

Correspondingly, NM neurons are differentiated tonotopically in the

membrane currents; low-voltage-activated (LVA) K current is larger, while

Na current is smaller, which is associated with shorter axon initial segment

(AIS), in high-CF neurons. However, when and how these differentiations

arise is still elusive. We addressed this issue in chicken NM neurons during

development in acute brain slices. At embryonic day 15 (E15), 3 days after

the hearing onset, amplitudes of LVA K current and Na current did not

differ between high- and low-CF neurons. With development, these currents

increased and the AIS shortened in both neurons, implying a condensation

of Na channels at the AIS. Importantly, the extent of these changes differed

between the neurons; the increase of LVA K current was larger, whereas

that of Na current was smaller, which resulted from a larger shortening of

the AIS, in high-CF neurons. Accordingly, the tonotopic differentiations of

the currents became apparent around the hatch (E21), and were

pronounced in posthatch animals (P3-7). The occurrence of the

differentiations around the hatch may suggest that activity-dependent

mechanisms are involved in the process. (COI:No)
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Nucleus magnocellularis (NM) is the avian cochlear nucleus, and conveys

temporal information of sound bilaterally to nucleus laminaris (NL), where

interaural time difference (ITD) is computed. Each NM neuron is tuned to a

specific frequency of sound and dense distribution of inhibitory terminals is

found in the neurons with low characteristic frequency (CF). Moreover, an

in-vivo study revealed that lesioning of inhibitory source to NM and NL

reduced the ITD responsiveness in low-CF NL neurons, suggesting the

importance of inhibitory regulation of NM output for low frequency ITD

coding. However, the role of inhibition in low-CF NM neurons is not well

understood. To address this issue, we made thick slice (2mm) of chick

brainstem that preserved both excitatory and inhibitory circuits to NM, and

performed cell-attached and whole-cell recordings from low-CF NM neurons

by using blind patch clamp technique. We recorded extracellular spikes

generated by stimulating ANFs, and found that the intensity-dependent

change of firing probabilities became steeper and shifted toward lower

intensities after application of GABAA receptor blocker, suggesting that the

inhibition elevates the firing threshold and expands the dynamic range of

inputs. Consistently, whole-cell recording revealed that IPSCs appeared at

weak intensity and increased gradually with the increase of EPSCs in the

range of moderate intensity. Thus, GABAergic inhibition adjusts the output

of low-CF NM, which may ensure the binaural computation of NL neurons

for a wide range of sound intensity. (COI:No)
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Norepinephrine (NE) is a neurotransmitter that also acts as a

neuromodulator. It has been reported that application of NE to cerebellar

cortex or activation of the locus coeruleus induced a decrease in

spontaneous simple spike (SS) firing activity of Purkinje cell (PC). Our

previously results indicated that norepinephrine (NE) bidirectional

modulated the spontaneous SS activity of PC via enhancing both inhibitory

inputs from molecular layer interneuron (MLI) and excitatory inputs of

parallel fibers. However, the effects of NE on the spontaneous complex

spikes (sCS) activity of cerebellar PC in living mouse have not yet been fully

understood. In the present study, we examined the effects of NE on the sCS

activity of PC in urethane-anesthetized mice by electrophysiological and

pharmacological methods. Our results revealed that cerebellar surface

application of NE reduced the PC SS firing rate. NE although did not affect

sCS frequency, but decreased the number of sCS spikelets in PC. On the

other hand, NE induced increases in the sCS-evoked pause of SS firing and

significantly decreased the area under curve (AUC), but without changing

instant frequency of the sCS spikelet. These results suggest that NE could

affect sCS activity of PC by local cerebellar cortex network. (COI:No)
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Microglial cells in the cerebral cortex displayed larger morphology and

elevated CX3CR1 mRNA expression during the onset time of sleep (around

AM7 - AM8) was observed. At the same period, expression of IRF1, MMP2,

cathepsin S, complements and MFG-E8 were also elevated. These elevated

mRNA expression was disappeared at PM7. Synaptic proteins synapsin I

and PSD95 decreased at AM7. Microglial cells were found at AM7 to

phagocytose synapses, to which complement C3 or MFG-E8 bound.

Noradrenaline (NA) in the cortex showed circadian changes in its

concentration; the highest at PM5 and the lowest at AM9. To diminish the

circadian changes in NA content in the brain, a monoamine depleting agent

reserpine was administered. Then, decreased NA contents and diminished

circadian changes in the mRNA expression were observed, and the non-

REM and REM sleep increased. Administration of droxidopa, a NA

precursor, restored the depleted NA content and the increased sleep was

returned to the normal level. Dexamethasone (dex) as well as NA

suppressed microglial phagocytic activity strongly in vitro and also

prevented glutamate-induced mRNA expression for CX3CR1, IRF1, MMP2

and MFG-E8. Dex administration exerted the similar effects to droxidopa.

These results suggest that microglial cells weakly activated during the

sleep onset period, while eliminating synapses bound to complements or

MFG-E8. The synaptic elimination by microglial cells may be under the

control of NA from the locus coeruleus. (COI:No)
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Microglial cells have been implicated in the elimination of synapses during

brain development for normal neural circuits. Recently, we have found that

microglial cells phagocytose synapses even in the normal mature brain. The

synaptic elimination by microglial cells may be involved in the onset of sleep

and/or non-REM sleep, because the elimination was most actively observed

around the lighting time (AM7). We suspected a possibility that microglial

cells participate in the memory consolidation through elimination of

inactive synapses. Male Wistar rats (8-9 weeks old) were subjected to

Morris water maze test. Shortly after the training in the pool, a

glucocorticoid dexamethasone (Dex), a strong suppressive agent for

microglial phagocytic activity, was administered twice to rats. On the

following day, rats were subjected to the test again. Dex-administered and

control rats showed no significant differences in the test. The Dex-

administered rats, however, did not find well the platform in the test 7 days

after the initial training, compared to the control rats. To elucidate the

molecular mechanisms underlying the worsened spatial memory caused by

Dex administration, changes in mRNA and protein expression were

investigated. Then, increased presynaptic proteins and decreased CX3CR1

mRNA expression in the Dex-administered rat cerebral cortex were found.

These results suggest that microglial cells may be involved in the memory

consolidation.  (COI:No)
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Bromovarerylurea (BU), a classical hypnotic, is barely used because of its

weak action and dependency causing addiction and abuse. We previously

showed that BU suppresses LPS-induced release of proinflammatory

mediators such as IL-1b, IL-6, NO in macrophages and microglial cells at

least partly by inhibiting JAK/STAT pathway. However, it is still

completely unknown how BU induces sleep or whether its

antiinflammatory actions are related to those as hypnotics. We have

investigated the involvement of microglial cells in the sleep/wake cycle;

microglial cells become activated during the onset of sleep. In this study, we

examined the relationship of Sleep-inducing effects with microglial cell

activities. BU induced sleep in rats within 15minutes. Expression of

presynaptic proteins synaptophysin and synapsin I was increased in

parietal cerebral cortex, 2h after injection of BU. Furthermore, BU once

elevated STAT1 phosphorylation 30min but then suppressed it 2 h after BU

administration in rats. BU was found to suppress phagocytic activity and

phosphorylation of CREB within 30 min after BU addition to primary rat

microglial culture. These data suggest that inhibition of STAT1

phosphorylation by BU results in suppression of microglia, leading to less

synaptic pruning of synapses, which is different from how microglia act in

normal sleep. We are currently analyzing the BU effects using

electroencephalography, based on the hypothesis that the different

phenomena contribute to the different types of sleep induced by the drug.

(COI:No)
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Bromovalerylurea(BU) as a hypnotic has recently been found of its

antiinflammatory effects. BU prevented death of rats with E. coli-induced

inflammatory lung injuries, and suppressed lipopolysaccharide(LPS)-

induced NO release by macrophages. BU did not inhibit NFκB activities

such as LPS-induced nuclear translocation and binding to its cis element.

When Janus kinase 1(JAK1), signal transducers and activator of

transcription 1(STAT1), or interferon regulatory factor 1(IRF1) was

knocked down in macrophages, siginificant suppressive effects of BU on

LPS-induced NO release were abolished. The mechanisms underlying the

antiinflammatory effects were analyzed using a murine microglial cell line

BV2. BU suppressed LPS-induced phosphorylation of p38 mitogen activated

protein kinase(p38) mitogen- and stress-activated protein kinase 1 (MSK1)

and STAT1. The inhibtory effect of BU on NO release by BV2 cells was

much stronger than dexamethasone(Dex) and inhibitors for p38 and MSK1.

The JAK1 inhibitor filgotinib suppressed the NO release much less

significantly than BU, although it almost completely prevented LPS-

induced STAT1 phosphorylation. A mixture of BU and filgotinib but not

mixtures with BU and p38 or MSK1 inhibitors synergistically suppressed

the NO releases. These results suggest that BU can be served as a novel

strong anti-inflammatory drug. Although weak inhibitions of JAK1/STAT1-

dependent pathway may partly contribute to the antiinflammatory effect of

BU, but the major mechanisms are still an open question. (COI:No)

2P-156
$���������	�������	����������
�����������	������*�	�	
�

�����������������	�

�������&���
���� �&�
����&�
����� �&��������3��������� �

��.������
� ���
���$�
���

������
����������.�,��
���1	��-����������������� ���������+��

Caffeine is the most prevalent central nervous system stimulants.

Regarding awakening property of caffeine, there have been a number of

articles describing its stimulating actions on neurons. Recently, we have

found a possibility that microglial cells participate in the sleep/wake cycle

by eliminating synapses during the onset of sleep, when microglia specific

markers CX3CR1 or Iba1 expression was the highest along the circadian

rhythm. Taken the results, we supposed a working hypothesis, in which

microglia are involved in the awakening action of caffeine. Intra-peritoneal

caffeine administration to 8 - 9 weeks-old male Wistar rats (10mg/kg body

weight) lead to decreased expression of mRNA for CX3CR1 as well as

MerTK, complement C1q, and MFG-E8, which mediate “Eat-me signals”.

Synaptic proteins reduced at the same time as revealed by immunoblotting.

Immunohistochemical observations showed that caffeine administration

caused reduction in size of microglial cells in the cerebral cortex. When

incubated with 100 µM caffeine, rat primary microglial cells reduced

expression of phagocytic markers CD68 and F4/80. Caffeine suppressed

phagocytic activity of BV2 cells, a murine microglial cell line BV2 with the

use of fluorescent latex beads (1 µm). Collectively, the results suggest a

possibility that the awakening effects of caffeine are at least partly

attributable to the suppression of elimination of synapses by microglial

cells. (COI:No)
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We have previously reported that intrahippocampal injection of 7 mM

glucose, which is similar to the glucose concentration of the cerebrospinal

fluid during food intake, facilitates spatial learning and memory rats.

Furthermore, we found that neuronal (N2A) cell lines showed an increase in

expression of brain-derived neurotrophic factor (BDNF) along with the

enhanced phosphorylation of AKT (PKB) and CREB when glucose was

increased to 7 mM. Interestingly glucose stimulation reduced histone

deacetylase (HDAC) recruitment near the BDNF promoters suggesting that

glucose enhanced spatial learning and memory at least partly through an

epigenetic regulation of BDNF gene expression. In the present study, we

examined effects of two major memory stimulators, glucose and HDAC

inhibitor, suberanilohydroxamic acid (SAHA), in neurons and glial cells.

Among the glia, only astrocytes were sensitive to glucose stimulation but

not to SAHA to induce BDNF whereas the microglial cells were only

sensitive to SAHA. Interestingly, neuronal cells were responsive to both

glucose and SAHA treatments. We found that the glucose alters CREB and

HDAC2 recruitments to induce BDNF and FGF-1 in the astrocytes and

neuronal cells but not in the microglia. Microglia contained highly

deacetylated BDNF and FGF-1 promoters that were only activated by the

SAHA treatments. These results suggest the different cells-specific

alterations of epigenetics to induce the memory-related gene expression.

(COI:No)
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A higher tumor growth rate and a remarkable invasive potential are

characteristic of a primary malignant brain tumor, glioblastoma. In brain

tumor tissue, certain areas are coursed to hypoxic condition because of

insufficient blood vessel supply. Hypoxic cells are generally considered to be

radioresistant because radiation sensitivity needs molecular oxygen, which

give rise to reactive oxygen species. Hyperbaric oxygenation (HBO)

improves the oxygen supply to hypoxic tumor cells. We examined the effect

of radiotherapy after HBO breathing in experimental tumors using a tumor

growth assay. U87-MG cells were transplanted into balb/c nu/nu mice leg.

After the subcutaneous xenograft reached approximately 200mm3, mice

were started radiation therapy, 2Gy/day for 10days, with or without HBO,

2.5 atmosphere with 100% oxygen for 40min. A significant growth delay

was seen in the animals with radiation therapy after HBO, and the tumor

size increased 7.0 fold in no-treatment, 4.2 fold only radiation treatment,

and 2.4 fold in radiation after HBO treatment. Next we analyzed the

changes of gene expression of tumor cells using mRNA differential display

method. HBO treatment suppress HIF-1, a hypoxic response transcription

factor, induced gene expression. These results suggest that HBO treatment

induced oxygenation of hypoxic tumor cells and activated sensitivity of

radiation. (COI:No)
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Glioma stem-like cells (GSC) are proposed to drive glioma progression and

recurrence, yet the molecular determinants of GSC properties are not well

defined. In the past studies, importance of transcriptional factors or post-

translational modifications such as protein phosphorylation has been

emphasized. Indeed, GSCs were recently shown to be sustained by the 4

core transcriptional factors that are essential to maintain GSC-specific

transcriptional networks. On the other hand, our understanding of the

cellular mechanisms by which translational machinery controls

transcriptional network is limited. Here, we show that FTSJ1, a tRNA

methyltransferase, is essential to sustain GSC-related traits. Loss of FTSJ1

attenuated, whereas gain of it potentiated, the self-renewal capacity in

GSCs. Biochemical analyses reveal that FTSJ1 is required to sustain

undifferentiated state of GSCs. Mechanistically, FTSJ1 catalyzes 2-O-

methylation in tRNAGln, which contributes to the accurate and efficient

translation. This modification is particularly important for synthesis of

poly-Q-containing proteins. Intriguingly, POU3F2, one of the 4 essential

factors for GSCs, contains poly-Q domain. POU3F2 protein levels depend on

FTSJ1 activity and thus are controlled in a translation-dependent manner,

not a transcription-dependent manner. Our data provide the novel

molecular mechanism by which translational machinery controls GSCs

properties, and the prospective target for glioma treatment. (COI:No)
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I found previously that rodent neuron-like cells in culture divided and

proliferated and their daughter cells were positive for MAP2, a neuronal

marker. Such cell division of neurons were observed in cell culture derived

from a variety of brain regions and thus these dividing neurons were

thought to be young neurons migrated from the present site of neuronal

progenitor cells. Olig2 is a marker not only for oligodendrocyte progenitor

cells but also for young neurons such as motor neurons, olfactory neurons

and cerebellar ventricular zone neurons. Then, the present study

investigated the expression of Olig2 in MAP2-positive divided cells. Mouse

cortical cells were cultured in neurobasal medium with B-27 supplement.

Cell division was observed using time-lapse microscopy. Immediately after

observation, immunocytechemistry was performed. In the present culture

condition, >90% of total cells were MAP2-positive. Only very few cells

(<0.001%) were positive for O4, an oligodendrocyte marker, whereas the

number of Olig2-positive cells were considerable (2%). Twenty one percent

of MAP2-positive daughter cells were positive for Olig2. None of MAP2-

positive daughter cells was positive for O4. These data indicate that only a

few Olig2-positive cells were oligodendrocyte progenitors, but some amount

of Olig2-positive cells were young neurons just after cell division. Olig2 may

play a role in neuronal cell division. (COI:No)
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Chloride ion (Cl-) is one of the most abundant anions in our body. Increasing

evidence suggests that Cl- plays essential roles in various cellular events.

We have previously reported that electroneutral cation-chloride

cotransporters, such as Na+-K+-2Cl- cotransporter 1 (NKCC1) and K+-Cl-

cotransporter 1 (KCC1), are involved in neurite outgrowth. In this study, we

assessed if there is correlation between intracellular Cl- concentrations ([Cl-

]
i
) and the length of growing neurites. We measured [Cl-]

i
 in the cell body

and growing neurite tips using halide-sensitive fluorescent dye N-

(ethoxycarbonylmethyl)-6-methoxyquinolinium bromide (MQAE), revealing

that [Cl-]
i
 in the tip of growing neurite was higher than that in cell body in

the same cell. Notably, there was a significant positive correlation between

the length of growing neurite and [Cl-]
i
 in neurite tip region. Bumtanide

(BMT), a specific inhibitor of NKCC, significantly inhibited neurite

outgrowth and decreased [Cl-]
i
 in neurite tip region. The results obtained in

this study and our previous studies together strongly suggest that high [Cl-

]
i
 in neurite tip region is important for efficient neurite outgrowth. There is

no conflict of interest. (COI:No)
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We have investigated the SNARE assembly at the presynaptic terminals of

cortical neurons and plasma membrane of pancreatic beta cells, using two-

photon fluorescence lifetime imaging (2p-FLIM) of Forster resonance

energy transfer (FRET). SNAP25 is one of the SNARE proteins at the target

plasma membrane, and it carries two α helixes, SN1 and SN2. We

measured intermolecular FRET ratio between mtq-SNAP25 and SN1-

Venus-SN2. High binding fraction (BF:13%) was observed, colocalized with

a molecular marker of active zone, Bassoon. In contrast, in the pancreatic

islet preparations, no significant assembly was detected. Such data

indicated the domain-swapped model; where SN1 bound to the SN2 of the

other SNAP25 molecule, and formed oligomer. We further utilized the

dissociated culture of neurons from SNAP25 knock-out mice. We rescued

the synaptic transmission by viral transfection of FRET probes, and

prepared the situation where fluorescent SNAP25 selectively functioned.

The synaptic transmission was measured with IPSC triggered with

electrical field stimulation. The C-terminal deletion mutant revealed

reduced binding fraction, and IPSC was triggered with longer delay. The

longer linker between two α-helixes showed similar binding fraction as in

control cases, but the kinetics of transmission was delayed. Our data

suggested that the domain swapping of SNAP25 with the linker of

appropriate length was necessary for the ultrafast exocytosis in presynaptic

terminals. (COI:No)
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cAMP mediates a variety of physiological functions including memory, cell

migration and hormone secretion. Although we previously developed a

green fluorescent protein (FP)-based cAMP indicator Flamindo, monitoring

cAMP dynamics with green fluorescence limits the availability for dual

color imaging due to few selections of red fluorescent probes. Additionally,

excitation of Flamindo with blue light makes it difficult to couple it with

blue light-activated optogenetic tools. We thus developed a red FP-based

cAMP indicator, which showed a 4.2-fold increase of fluorescence intensity

upon binding to cAMP. Dual color imaging with the green Ca2+-sensitive

dye Fluo-4 in C6 cells, using total internal reflection fluorescence

microscopy, revealed different kinetics between cAMP and Ca2+ in response

to glutamate. Stimulation of photoactivated adenylyl cyclase with blue light

resulted in a rapid and reversible increase of cAMP. Moreover, in vivo two-

photon imaging of mouse astrocytes expressing the indicator showed an

increase of cAMP levels upon application of forskolin/IBMX. Taken

together, this red cAMP indicator will expand our strategy to monitor cAMP

dynamics with other signaling molecules by multi-color imaging in

combination with optogenetics in vivo. (COI:No)
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Cryopreservation of cardiac myocytes will be useful when the preservation

of viable cardiac myocytes is required. Recently we developed a

cryopreservation method of cardiac myocytes showing similar morphology

and L-type Ca2+ currents. In this study, we would like to check the

microstructure using electron microscopy (EM) and the mitochondrial

function. In EM photos, there were clear differences in mitochondrial

density and the mitochondria of the cryopreserved cardiac myocytes were

swollen. However, the cryopreserved cells showed clear mitochondrial

cristae without signs of disruption. The oxygen consumption of the

cryopreserved cardiac myocytes was significantly decreased in the presence

of 1 mM pyruvate/malate/glutamate. We tried the high osmotic solutions to

reduce mitochondrial swelling to test the reversibility of mitochondrial

functions, however, there were no differences in difference osmotic

conditions. When the uncoupler, 5 µ M FCCP, was applied, the oxygen

consumption of the control cardiac myocytes increased two times, however,

there were no changes in cryopreserved cardiac myocytes. In conclusion, the

present method of the cryopreservation could maintain the

electrophysiological characteristics, however, the mitochondrial functions

are somehow attenuated. Further study to find the way to normalize

mitochondrial functions of the cryopreserved cardiac myocytes is definitely

required. This work was supported by the grant (2015M3A9B6028310,

2014M3A9D7034366) from NRF (COI:No)

2P-165
)���&�����>'����������	��������	
����������	
���
����

����
���������������

�
��� 5�
����&����
�
�
 ������
���*���-�2�

�
 �

$�����������-�
���

 �����������������
�
 �$�����+�����

���

�
��
,���� �	���,��1	�����-��

��
8���
�	������	��-���������#$
	�
	,


8�������	�����
����������
�
����5-����
����;����
,��+����

�
������
�����	

-�������� ��
,� ����� 
8� /����� ��
,�� +����
�
/
,
����� ��� � /����

/
,
������+����
�
��� �/
",
������	8����,�������� �������8
	���
��-�������

/
",
��+��

Microscopic observation of living cells is powerful tool to understand

cellular structures and components such as organelles. However, most

popular staining and fluorescence labelling techniques targeting specific

cellular components are invasive and might affect living cells generating

artifacts. Therefore, non-invasive microscopy in 3 dimensions (3D), with

high spatial and temporal resolution is required. We developed a 3D digital

holography microscope to study living cells. Digital holography is a non-

invasive with high temporal resolution method enabling the study of living

cells in 3D and real-time. Our 3D microscope is compact, cheap, fast and

simple to use. Here, we could observe living cells in 3D such as HEK293

cells and liver cancer cells. In addition, we could monitor for the first time

the contractions of adult mouse cardiomyocytes contractions in 3D using

our digital holography 3D microscope. Finally, we recently modified our

microscope for fluorescent observation in combination with the 3D digital

holography in order to observe intracellular organelle in higher refractive

index regions of the cell. We will also discuss the simple imaging

combination between the 3D digital holographic and fluorescent images

using a single microscope. (COI:Properly Declared)
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Cholecystokinin (CCK) and leptin are both satiety-controlling peptides yet

their interactive roles for cellular signaling are obscure. Here, we addressed

this question using rat C6 glioma cells overexpressing leptin receptors (C6-

ObRb). Using fura-2 based Ca2+ imaging, we demonstrated that CCK

receptor agonist, CCK-8s (10 nM), mobilized cytosolic Ca2+ and this

response was amplified by pre-treatment of leptin (100 nM). The leptin

stimulation alone failed to increase cytosolic Ca2+ in C6-ObRb. The leptin-

induced amplification of CCK responses was reduced when ObRb signaling

was blocked by inhibitors for Janus kinase (AG490, 1 µM) and

phosphoinositide-3 kinase (LY294002, 50 µM) in C6-ObRb.

Immunocytochemical analysis demonstrated that leptin elevated nuclear

levels of phosphorylated STAT3 (pSTAT) in C6-ObRb. However, co-

stimulation with CCK-8s failed to increase the nuclear pSTAT levels. Taken

together, these results indicate that leptin enhances CCK signaling but not

vice versa at least in this model. Interaction of leptin and CCK for synergic

activation of action potential firings has been demonstrated in nodose

ganglion neurons (Li et al. Am J Physiol 2011) and ventromedial

hypothalamus neurons (Mohammad et al. SFN abstract 2013). The present

results provide insight into the underlying cellular mechanisms and

suggest that CCK signaling determines total output intensity in leptin/CCK

receptor interactions. (COI:No)
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A rare sugar D-Allulose (Allu), zero-calorie sweetener, has been shown to

exert anti-obesity and anti-diabetes effects. However, underlying

mechanism is unclear. Glucagon-like peptide-1 (GLP-1) and its receptor

agonist decrease food intake and ameliorate hyperglycemia and obesity, the

effects involving the brain. Vagal afferents serve as a signaling route from

periphery to brain. Accumulating evidences suggest GLP-1 regulates

remote organs including brain via vagal afferents. In present study, we

examined whether 1) Allu induces GLP-1 release, and 2) Allu suppress food

intake and improve glucose tolerance through GLP-1 secretion and vagal

afferents. Allu peroral (po) administration increased plasma GLP-1,

suppressed food intake, and attenuated the elevation of blood glucose in

intraperitoneal glucose tolerance test in C57BL/6J mice. The anorexigenic

effect and enhanced glucose tolerance were blocked by GLP-1 receptor

antagonist and subdiaphragmatic vagotomy. In diet-induced obese mice,

Allu treatment for 10 days ameliorated hyperphagia, obesity, visceral fat

accumulation, hepatic steatosis, hyperglycemia and glucose intolerance. In

conclusion, Allu physiologically suppresses food intake and enhances

glucose tolerance via GLP-1 release and signaling through vagal afferents.

Furthermore, when long-termly administered, it counteracts hyperphasia,

obesity and glucose intolerance. (COI:Properly Declared)

2P-168
%��������	��������������������	�������������	�*�������
��

�
�������	��

�����
�%��2��� ��������)2����� �$�������������

�����.�,��
���+��������������� ��-���
���"���+��

High-fiber meal raises intestinal and circulating short chain fatty acids

(SCFAs) including acetate, propionate and butyrate in rodents and human.

Recent reports show that SCFAs inhibit food intake. However, the

underlying mechanisms, particularly the signaling pathway to the brain

feeding center remain unclear. Vagal afferents link peripheral tissue to

brain. In the present study, we examined the anorexigenic potency of three

SCFAs, and the involvement of vagal afferents. Intraperitoneal injection of

acetate, propionate and butyrate (6 mmol/kg) suppressed food intake in

fasted C57BL/6J mice, in which the rank order of the potency was butyrate

> propionate > acetate. Butyrate-induced suppression of food intake was

completely blocked by treatment with capsaicin that denervates capsaicin-

sensitive sensory nerves including vagal afferents, and partially blunted by

vagotomy of hepatic branch. Moreover, intraperitoneal injection of butyrate

significantly increased ERK1/2 phosphorylation, a cellular activation

marker, in the vagal afferents nodose ganglion neurons and medial nucleus

tractus solitaries to which vagal afferents project. The present study shows

that intraperitoneal butyrate suppresses food intake with the highest

potency among the three SCFAs via a mechanism involving vagal afferents.

(COI:No)
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Estradiol has anti-obesity effect in female. However, the mechanism

accounting for the protective effects of estrogen on high-fat diet (HFD)

induced obesity in ovariectomized (OVX) rats remains unclear. We

examined whether chronic estrogen replacement in OVX rats might

suppress high-fat diet intake after the administration of lipid emulsion into

oral, gastric, or venous rout. Female Wistar rats aged 9 wk were

ovariectomized. After 4 wk, the rats were assigned either to a placebo-

treated (Pla) group or a group treated with 17β-estradiol (E2)

subcutaneously implanted with either pellets. Simultaneously, rats in

either group were fed with HFD. At 17 wk of age, rats were given the lipid

emulsion by voluntary oral feeding, by use of gastric tube or intravenous

catheter after 16 hr fasting, and their HFD intake were measured for 4 hr

every 30 min. The protein and mRNA expressions of CD36, GPR120 and 40

in epithelium of tongue, stomach, and small intestine were assayed by

Western blotting or real-time PCR. In the Pla group, energy intake and

body weight were increased after the HFD administration, while these were

decreased in the E2 group. After the administration of lipid emulsion only

via oral rout, the HFD intake of 30 min was suppressed in E2 group

compared with Pla group. CD36 mRNA expression was greater in the E2

group than the Pla group. These results suggest that estrogen replacement

may inhibit HFD intake via oral fat sensing pathway in OVX rats. (COI:No)
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In previous studies, orexin-deficient mice exposed to a stressor exhibited an

attenuated fight-or-flight response, including increases in respiration and

blood pressure and stress induced analgesia. Although orexin neurons are

essential factor of inducing autonomic response by stress, the orexin

neuronal activity in presence of stressor and its physiological role remain

unclear. In this study, we investigated whether orexin neuron activity

would be changed in association with stress-induced autonomic responses.

First, we established the fiber photometry system to achieve real-time

recording of the activity of orexin neurons after stressor exhibited in free-

moving-mice. The fiber photometry system we developed that utilizes a

single silica fiber to provide excitation light and to detect fluorescence

simultaneously. Then, we succeeded in recording three parameters of

temperature, heart rate and the orexin neural activity from the free-

moving-mouse at the same time in real time by using the fiber photometry

and telemeter systems. Orexin neural activity immediately increased after

acute stress stimulation. It preceded the increases in heart rate and body

temperature. We conclude that an increase in orexin neural activity may be

a cause but not a result from autonomic changes associated with fight-or-

flight response. (COI:No)
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Psychological stress is involved in development of postmenopausal

hypertension. However, effects of estradiol on chronic stress-induced

cardiovascular responses remain unclear. We examined whether estradiol

replacement in ovariectomized rats attenuates the blood pressure reactivity

under condition exposed to chronic mild stress (CMS). Female rats aged 9

wk were ovariectomized. After 4 wk, the rats were assigned either to a

placebo-treated (Pla) group or a group treated with 17β-estradiol (E2)

subcutaneously implanted with either pellet, and implanted with

radiotelemetry devices for blood pressure (MAP) and heart rate (HR)

measurements. These rats aged 16 wk were daily exposed to a series of

mild, unpredictable stressors for 3 wk. After CMS started, cardiovascular

responses to cage-switch stress were measured once a week. CMS had no

effects on baseline MAP and HR in any group. However, the pressor

responses to cage-switch stress at 1-3 wk after CMS were suppressed

significantly in the E2 group compared with the Pla group. Plasma renin

and aldosterone levels before CMS were less in E2 group compared with Pla

group, and were not affected by CMS in both groups. The CMS decreased

Angiotensin II type 1 receptor (AT
1
R) protein expression in thoracic aorta in

E2 group, but not in Pla group.These results suggest that estradiol may

attenuate pressor reactivity to cage-switch stress by reducing vascular

AT
1
R under CMS condition. (COI:No)
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Purpose: We assessed the influence of plasma estradiol level on heat

tolerance in female rats. Methods: Female Wistar rats (age of 9 wk) were

sham operated (n=12, Sham) or bilaterally ovariectomized. In addition, the

ovariectomized rats were divided to two groups: one group had a silicon tube

containing 17-beta estradiol in the subcutaneous space (n=14, E
2
 (+)), and

the other an empty tube (n=14, E
2
 (-)). Core temperature (T

core
) and tail

temperature (T
tail

) were measured with thermistor probes in the abdominal

cavity and the proximal part in the subcutaneous tissue of the tail. Oxygen

consumption rate was measured by open-circuit indirect calorimetry. On

the 8th day after the surgery, the baseline values were obtained. Nine days

after the surgery, at 0930 or 2120 (2.5 h after lights-onset or lights-off), rats

were exposed to the ambient conditions of 28°C, 31°C, and 34°C

subsequently for 1h each. Results: In the light phase, there were no

differences in T
core

 and oxygen consumption rate among the three groups.

However, in the dark phase, T
core

 and oxygen consumption rate were higher

in the E
2
 (-) than the E

2
 (+) group. T

tail
 tended to be higher in the E

2
 (-) than

the E
2
 (+) and Sham groups both in the light and dark phases. Conclusion:

Heat tolerance may be decreased in female rats, when plasma estradiol

level decreases; however, such reduction is limited in the dark phase. Such

decrease in heat tolerance may be caused by greater metabolic rate even in

heat. (COI:No)
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Objectives: The aim was to investigate the effects of press tack needle (PTN)

treatment on social isolation stress and the participation of the control of

the hypothalamus in this effect. Methods: Male Wistar rats were divided

into a non-stress group (Control), stress group (Stress) and stress plus PTN

treatment group (PTN). The rats in the PTN and Stress groups were housed

alone for eight days. In the PTN group, a PTN (Pyonex) was fixed on the GV

20 acupuncture point (Baihui) on Day 7. We measured the stress behavior

based on the time the rats showed aggressive behavior characterized by

wrestling, boxing and biting an intruder rat and measured the levels of

plasma corticosterone, orexin A and oxytocin on Day 8. Results: On Day 8,

the duration of the aggressive behavior was significantly increased in the

Stress group versus the Control group, although the increase was inhibited

in the PTN group. The levels of plasma corticosterone, orexin A and

oxytocin were significantly increased in the Stress group versus the Control

group, although these increases were inhibited in the PTN group.

Discussion/Conclusion: Both orexin and oxytocin are produced in the

hypothalamus, and these secretions are reported to increase in these model

animals. PTN may inhibit the response to social isolation stress, and the

control of the neurosecretions in the hypothalamus is thought to be one

mechanism underlying this phenomenon. (COI:No)
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Estrogen binds to nuclear estrogen receptors (ERs) to modulate

transcription of target genes in estrogen-responsive cells. However, recent

studies have shown that estrogen also binds to cytoplasmic membrane ERs

to modulate protein kinase signaling cascades, leading to non-genomic

actions. We investigated whether either nuclear or membrane ERs,

including G protein-coupled receptor 30 (GPR30), mediate the inhibitory

action of estrogen on insulin-like growth factor-1 (IGF-1)-induced

proliferation of pituitary lactotrophs in primary culture. The cytoplasmic

membrane-impermeable bovine serum albumin-conjugated estradiol (BSA-

E2) at 1 nM, an equimolar concentration at which 17β-Estradiol (E2) exerts

anti-proliferative effects, did not inhibit IGF-1-induced lactotroph

proliferation. In contrast, diethylstilbestrol, which is known to selectively

activate nuclear ERs but not membrane ERs, inhibited IGF-1-induced

proliferation and modulated mRNA expression of estrogen-responsive genes

to a similar degree as E2. Activation of Gpr30 by its agonist G-1 inhibited

IGF-1-induced proliferation in a dose-dependent manner, but it had little

effect on modulation of mRNA expression of estrogen-responsive genes.

However, blockade of Gpr30 by its antagonist G-15 did not affect the

inhibitory action of E2 on IGF-1-induced proliferation. Our results suggest

that activation of Gpr30 mimics, but does not mediate, the anti-proliferative

action of E2 on pituitary lactotrophs in primary culture. (COI:No)
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Bisphenol A (BPA) is a well-known environmental endocrine disrupter.

Previous our studies showed that perinatal administration of low-level BPA

impaired the gender differences in the open-field behaviors and enhanced

some emotional responses in rat offspring. However, for these studies,

mature animals (6-10 weeks age) were used, the studies regarding the low-

dose BPA using immature rats were few. In this study, we evaluated the

behavioral and hormonal changes by the prenatal BPA treatment using

pre-weanling offspring. We administered BPA (15µg/kg/day) to pregnant

rats, and offspring were examined at 20 days of age. For this behavioral

test, we composed new apparatus consists of straight alley type field

(6×44cm, 15cm wall height). Spontaneous behaviors (rearing, ambulation,

grooming and immobility) on this field during 3 minutes were examined.

The ambulation was defined as the number of times across the line drawn

for each 5cm, and one direction-change was also counted as one ambulation.

BPA treatment increased the rearing frequency and decreased the duration

of immobility. Ambulation was also increased by BPA only in male rats. In

addition, BPA rats showed low-level plasma corticosterone. In overall, BPA

rat offspring showed a trend of hyperactivity. As a background, it was

expected that a mild stress suppression state in BPA rats was partially

involved. It was considered that this evaluation method at the 3 minute,

could effectively detect the behavioral abnormalities. (COI:No)
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Feeding behavior is crucial for survival, and precisely controlled by signals

from the central nervous system and peripheral tissues. Neural circuits

mediating feeding behavior are not fully understood. Here, we studied how

optogenetic control of hypothalamic orexin neurons affected mouse feeding

behavior. Using transgenic mice expressing channelrhodopsin-2 and the

enhanced yellow fluorescent protein (EYFP) reporter in orexin neurons, we

first characterized basal food intake over 6 hours in light and dark periods,

with and without 14 hours of prior food deprivation. We found that food

intake was highest during the dark period after food restriction, and lowest

during the light period in sated mice. These results are consistent with

previous work showing that firing in orexin neurons peaks in the dark

period and synthesis of orexin peptide increases after fasting. We next

studied the effects of optogenetic stimulation of orexin neurons on food

intake, using optical fibers bilaterally implanted in the lateral

hypothalamus. Intermittent stimulation with blue light (473 nm) increased

food intake, specifically during periods of stimulation.

Immunohistochemical analysis showed that stimulation increased the

number of neurons expressing c-fos both in EYFP-positive orexin neurons

and EYFP-negative non-orexin neurons in the hypothalamus. Our results

clearly show that selective excitation of orexin neurons is sufficient to

increase feeding behavior. (COI:No)
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Circadian rhythms are endogenously generated by timekeeping system,

which have been conserved in many species. In mammals, the circadian

clock regulates activity rhythms such as sleep/wake cycles and metabolic

homeostasis. The circadian rhythm in the mammalian circadian pacemaker

SCN is phase-shifted by this light signal and synchronizes for an external

environmental light/dark cycle. The phase responses of circadian

behavioural rhythm by light has a “dead zone” where the photic input is

gated. The gating has been thought as one of essential properties of the

SCN, however, where and how the photic signal from the retina was gated

at specific phases during the day remains unsolved. In this study, we show

that light information is gated at the retina. In wild type mice, activation of

neuron (c-Fos expression) and glutamate receptor (AMPA receptor) in the

SCN were induced by light stimulus during the night but not during the

day. Also in retina, light pulse induced similar c-Fos expression. Retinal

degenerated mice lacking rod/cone also showed circadian induction rhythm

of c-Fos by light stimulus. Further, we found that photoreceptive RGCs co-

expressed light-induced c-Fos. These results suggest that the retinal gating

system locate in the inner retina. (COI:No)
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Adenosine 5-triphosphate (ATP) is the major energy currency of cells and is

involved in many cellular processes in the whole body of animals. Despite

its important functions, the dynamics of intracellular ATP levels in living

animals has been unclear. In this study, we developed a fiberphotometry

system for monitoring the intracellular ATP levels in the brain of living

animals. We used transgenic mice expressing the ratiometric ATP

biosensor, GO-ATeam (Nakano et al., 2011, ACS Chem. Biol.). We

succeeded in measuring the intracellular ATP dynamics in the brain of

living mice. We found that the fluctuations in ATP levels in the lateral

hypothalamus, the crucial area for regulation of sleep and wakefulness,

depend on the motion of mice. (COI:No)
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Disruption of circadian rhythms is associated with a risk of obesity. Some

clock genes including Bmal1 and Rev-erb-α (Nr1d1), were reported to be

involved in adipocyte differentiation and lipogenesis. We have previously

reported the seasonal differences of thermoregulation and melatonin

secretion during sleep in obese subjects, which showed that melatonin

concentration in obese were decreased compared with non-obese subjects in

winter season. In this study, we investigated that the seasonal changes in

clock gene expressions in obese and non-obese subjects. We hypothesized

that the clock gene expressions were decreased in obese men in winter. Six

of non-obese men (BMI 21.5±1.8; mean±SD) and 5 of obese men (BMI

31.4±6.2) participated in summer and winter. The saliva were collected, and

total RNA were eluted followed by RNA purification. We measured the clock

gene expressions of Bmal1 and Rev-erb-α by real-time PCR. Bmal1 and

Rev-erb-α tended to be decreased in obese than in non-obese men. Seasonal

differences of clock gene expressions in obese and non-obese men will be

discussed. (COI:No)
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In order to investigate physiological effects by listening murmuring of a

little stream and scent in forest, we measured EEG. Activities of the

autonomic nervous system were also analyzed by measuring heart rate and

heart rate variability. Psychological conditions were monitored by

describing two psychological tests, i.e. the multiple mood scale (MMS) and

the General Arousal Checklist (GACL). Subjects were young healthy 5

students. Murmuring sound was reproduced by commercial CD, which

recorded natural murmuring of a little stream. Scent of forest was prepared

by aroma pot dropping woody essential oil. By listening murmuring of a

little stream, amplitude of alpha wave in frequency analysis of EEG was

enhanced. Heart rate was reduced and parasympathetic nervous activity,

which was analyzed by heart rate variability, was enhanced. By providing

scent of forest, amplitude of delta wave was enhanced. Heart rate and the

parasympathetic nervous activity by scent of forest were enhanced similarly

to listening murmuring. When murmuring of a little stream and scent in

forest were simultaneously provided to the subjects, effects of sleepiness

tendency in EEG were enhanced. Well being of mind in MMS was increased

by both murmuring of a little stream and scent in forest. General

deactivation in GACL was enhanced by the murmuring. These data

suggested that listening murmuring of a little stream and scent in forest

rested general neural activity of subjects, namely leading to relaxation in

the central nervous activity, the autonomic nervous activity and feelings.

(COI:No)
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Recently, many epidemiological studies have shown that Diabetes Mellitus

(DM) is thought to be a risk factor for dementia. DM-related neural insulin-

like signaling may play an important role in pathogenesis of cognitive

impairment. However, it is largely unknown how dysregulation of neural

insulin-like signaling induces cognitive impairment. We recently found that

activated hippocampal insulin-like signaling facilitates cognitive

impairment in DM model mice (DIO: Diet Induced Obesity). Furthermore,

we found that DIO mice exhibit upregulated neuronal insulin-like-signaling

(phosphorylated AKT, MAPK, and S6R) in the synaptic fraction of

prefrontal cortex (PFC) and disruption of PFC-dependent working memory.

We are now examining correlation between neural insulin-like signaling

and PFC-related cognitive function, using behavioral and biochemical

technique. We will discuss in detail how insulin-like signaling affects

synaptic activity of PFC neuronal network corresponding with cognitive

function with our recent results. (COI:No)

2P-182
'������������	����	�����������	�����	��	������	�������	�

������������+�����	�����	
��+��������	�����������	
�

�����	�

*�����
�*�-��"�
�
 ����������������

���
 �!�������$�����

�
 �

���������
�
 �3�����&����

�
 �3������2��

�
 �%�
�����

�

�
 �

5�����)���
���

 �����
�����������
���

�
����� �� �	
������� ��,��
�
�,� 8
	� ���	������ ��� �� (�"� ���,�� +���

�
'���	��������	�8
	��	$��!��������-�
	����(�"����,���� ��+��

The purpose of the present study was to investigate the effect of nasal

insulin administration on maximal fat oxidation rate during exercise in 9

normal-weight healthy young persons (age 21.3±4.8(SD) years) in a

randomized single-blinded crossover design. On two separate days, at least

one week apart, four puffs (0.1mL x 4) with total dose of 0.4 mL of regular

insulin (INS) 10 IU (40 IU in total) or normal saline as placebo (PL) in a

random order was intranasally administered after an overnight fast, then a

graded exercise test with ramp protocol was performed in each participant.

Maximal fat oxidation rate (max FOR) during exercise test and the exercise

intensity at which max FOR occurred (FATmax) were assessed by indirect

calorimetry. Blood insulin and glucose levels were not changed by insulin

administration. Max FOR (2.69±0.19 (SE) vs. 3.24±0.30 mg/kg/min, p =

0.038) and total amount of fat oxidation during the exercise test

(0.059±0.013 vs. 0.096±0.023 g/kg, p = 0.021) were significantly smaller in

the INS trial than the PL trial. FATmax was tended to be reduced in the

INS trial. The increases in blood norepinephrine levels by exercise were

similar in both trials. In conclusion, delivery of insulin to the brain by

intranasal administration reduces fat oxidation during exercise without

increase in peripheral insulin level in healthy young persons. (COI:No)
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We have previously reported that heat exposure enhances hypothalamic

progenitor cell proliferation and neural differentiation in rats. In this study,

we investigated the mechanism of heat exposure-induced proliferation of

neural progenitor cells in vivo and in vitro. Male Wistar rats, 5 weeks old,

were initially maintained at an ambient temperature (T
a
) of 24°C. After 2

weeks, rats were subjected to an T
a
 of 32°C for 5 days (HE), while control

rats (CN) were constantly kept at an T
a
 of 24°C. Bromodeoxyuridine (BrdU)

was intraperitoneally injected daily for 5 consecutive days (50 mg/kg/day).

After the heat exposure period, brain was removed and used for

immunohistochemistry and RT-PCR. Immunohistochemical analysis

showed that the numbers of BrdU-immunopositive cells of HE in the

hypothalamus were significantly higher than those of CN. Also, the mRNA

levels of brain derived neurotrophic factor (BDNF) and heat shock protein

70 (HSP70) were increased in the hypothalamus of HE. Moreover, we

investigated whether heat exposure has any direct effects on proliferation of

cultured neuronal stem cells (NSCs) obtained from rat embryos. Heat

exposure increased the number of NSCs and mRNA levels of BDNF and

HSP70 in vitro. The direct effect of heat exposure on NSCs may be at least

partially related to the mechanism of progenitor cells proliferation in the

hypothalamus of heat-acclimated rats. (COI:No)
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Pilots of high-performance aircrafts are exposed to high head-to-foot

acceleration (+Gz), which may induce temporary severe brain ischemia in

the absence of a proper anti-G protection system. We previously provided

histological evidence of myocardial injuries in rats exposed to sustained +Gz

acceleration for 3 min. In this study, we histopathologically investigated the

possibility of brain damage from sustained +Gz acceleration in Sprague-

Dawley rats. Under anesthesia, a polyethylene catheter was aseptically

placed in the left femoral artery to measure arterial pressure at the level of

the brain (APLB). Rats were exposed to an acceleration of 4.0 to 8.3 +Gz in a

centrifuge, which was manually calibrated to achieve an APLB of 0 mmHg

for 3 min. After centrifugation, the catheter was taken out and the rats

were recovered gently with antibiotics and analgesics. A histological

examination of perfusion-fixed brain tissues was performed at four time

points post centrifugation: 3 h and 1, 4, and 7 days. Further, a

histopathological examination of pyramidal cells of the hippocampus was

performed by Nissl staining and the TUNEL method. No significant

histological change was observed at 3 h post centrifugation. We will report

the histological findings at 1, 4, and 7 days post centrifugation. In the event

that no significant histological changes are observed at these time points,

we will discuss the differences in the characteristics of heart and brain

tissues to ischemia. (COI:No)
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We previously reported that hypergravity affects muscle and bone through

vestibular signaling in mice. However, its precise mechanisms have

remained unknown. The relationship between muscle and bone has been

recently noted. We therefore examined roles of the humoral factors linking

muscle to bone in the changes of muscle and bone induced by hypergravity

in mice with vestibular lesions (VL). Bilateral vestibules were surgically

lesioned in male C57/BL6J mice. After the surgery, mice were exposed to 1 g
or 3 g environment induced by centrifuge for 4 weeks. Among humoral

factors linking muscle to bone, hypergravity elevated the levels of serum

follistatin (FST), an inhibitor of myostatin, and its mRNA level in the soleus

muscle of mice. VL blunted the level of FST mRNA enhanced by

hypergravity in the soleus muscle. Simulated microgravity induced by using

a 3D-clinostat devise reduced the levels of FST mRNA in myoblastic C2C12

cells. FST elevated the levels of myogenic genes and protein synthesis

pathway in C2C12 cells. As for bone metabolism, FST blunted the

inhibitory effects of activin A on osteoblastic differentiation of mesenchymal

cells. Moreover, FST antagonized osteoclast formation facilitated by

myostatin in the presence of receptor activator of nuclear factor-κB ligand

in RAW 264.7 cells. In conclusion, the present study indicated that FST is

involved in the alterations of muscle and bone induced gravity change

through the vestibular system in mice. (COI:No)
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JAXA performed a mouse experiment in the International Space Station.

After raised under µ-gravity condition for 30 days, mice were boarded on

Dragon Spacecraft and made a splashdown at the offing in Long Beach.

Mice were harvested for analysis at 2 days after the splashdown. This

retrieval procedure might have some impact, since mice were exposed 5-10

g for 2 min during atmospheric reentry and splashdown. Accordingly, the

purpose of this study was to examine the impact of 10 g load for 2 min and

was to verify whether the impact disappeared within 1 day. Furthermore, to

examine participation of gravity sensor, responses were compared between

vestibular intact mice (Sham) and vestibular lesioned mice (VL). Plasma

corticosterone concentration increased at 30 min after, but recovered at 90

min. Significant Fos expressions were observed in the vestibular nuclei

(VeN), the paraventricular hypothalamic nucleus, and the central nucleus

of the amygdala (CeA) at 90 min, these expressions were not significant at 1

day after the load. Rear up behavior and food intake were transiently

suppressed and body mass measured at 1 day after the load was slightly

decreased. Suppression of food intake, rear up behavior, a decrease in body

mass, and increased Fos expressions in the VeN and CeA were not observed

in VL. These results suggest that the simulated gravity load for reentry

induces a stress response, which was recovered by 90 min. Suppression of

food intake and activity might be due to motion sickness, since a significant

Fos expression in the CeA was observed only in Sham but not in VL. (COI:

No)
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Tail suspension that induces hindlimb unloading is one of the microgravity

environment models which can observe the effect by living in space for

mammal body. Microgravity is known as one of the causes of

musculoskeletal atrophy and stress. However, the biological mechanism of

microgravity for central nervous system is unexplained. In this study, we

investigated Fos expression in the hypothalamus and brainstem 1.5 and 24

hours after tail suspension in adult male Wistar rats, using

immunohistochemistry. The numbers of Fos-immunoreactive (ir) neurons in

the supraoptic (SON) and the paraventricular nuclei (PVN) of the

hypothalamus and the nucleus tractus solitaries (NTS) were significantly

increased 1.5 hours but not 24 hours after tail suspension. Double

immunostaining for Fos and either oxytocin (OXT) or arginine vasopressin

(AVP) revealed that OXT-ir neurons rather than AVP-ir neurons in the

SON and PVN mainly exhibited Fos-ir in tail suspended rats. These

observations physiological meanings should be qualified by further study.

(COI:No)
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Acute mountain sickness (AMS) occurs when we move to low oxygen

environment quickly. AMS often develops or worsens over night which

suggests physiological response to low oxygen depends on exposure timing

in a day. In this study, we examined the circadian effects of short time

hypoxia to mice behavior. Under 12h-12h light-dark condition (LD, light on

is ZT12). Day-time (ZT0-9) and Dawn-time (ZT18-3) hypoxia (8% oxygen)

reduced 24h activity values after exposure. Because of clock gene changes in

forebrain at the end of Day-time hypoxia, we exposed hypoxia to clock

genes, Cry1 and Cry2, double knockout mice (CryKO) which lose circadian

behavioral rhythms under constant darkness (DD). Under LD, Day-time

hypoxia repressed activity values of active phase (AP) and increased

activity values of activity ending phase (AEP) in wild type (WT) mice.

Similarly, activity repression in AP at dusk and induction of new activity

bout which peaked at following late nighttime in CryKO. However, after

activity rhythm lost by 36h DD, Day-time hypoxia in DD did not affect

following activity levels in CryKO. In contrast, under same experimental

condition, activity repression in AP and activity increase in AEP were kept

in WT. Requirement of daily activity rise for behavioral response to hypoxia

suggests daily activity rising system is involved. (COI:No)

2P-189
.����������������	���+���������	�	����
�	�����	��������

����������	���������������������+��	������	

�����&�������
���

 ���������������
�
 �������������2�

�
 �

*���������-���
�
 �������+�����

�
 ����������$������

�
 �

$������������
�

�
����� !����� ���	� -���� /
"
�� ��� �� !������ +����

�
����� .�	��
��

!��������� ��-��������!������� +����
�
�����.�,��
���-�
*���� 

-�������� /
",
�� +����
�
����� !��������� -���� /
"
�� ��� �� !������

+��

Although different types of exercise therapies in the rehabilitation can

promote the recovery of motor function after cerebral infarction, the

neurologic mechanism underlying them remained largely unknown. As

exercise is known to affect neurogenesis, we have examined the relationship

between the generation and differentiation of neural (stem) cells and motor

recovery by different types of exercise trainings using the rat model with

infarction confined to motor cortex. After induction of the focal cerebral

infarction by Photochemically induced thrombosis method, the rats

experienced the following different exercises from 1 day to 4 weeks after

surgery: 1) low- and, 2) high-intensity treadmill running, 3) voluntary

wheel running, 4) combined exercise programs. Beam-walking tests

revealed that motor deficits in gaiting were significantly reduced in exercise

group from 2 weeks after surgery. Moreover, the exercises including low-

intensity treadmill seemed to be most effective among others. To evaluate

de novo neurogenesis, we have performed lineage analysis of newly-

generating neural (stem) cells using BrdU labeling and

immunofluorescence experiments. We will characterize the BrdU-positive

cells that enriched in peri-infarct area and discuss the relationship between

neurogenesis and motor recovery. (COI:No)
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Oxytocin is a nonapeptide produced in the paraventricular nucleus of the

hypothalamus that stimulates oxytocin receptors (OXTR) to initiate milk

ejection reflex and parturition. Exogenous oxytocin administration

alleviates tissue damage in a variety of animal models of injury. However,

the action mechanism of oxytocin in the cerebral infarctions remains

unclear. In the present study, we evaluated the spatial and time-dependent

changes of OXTR expression on a transient middle cerebral artery occlusion

(MCAO) model of rats. Rats subjected to MCAO were deeply anesthetized

with carbon dioxide at 0.25, 1, 2, 3, 5 and 7 days postreperfusion (dpr).

Tissues from the cerebral cortex representing the three regions: the

ischemic core, the peri-infarct tissue and the contralateral cortex were

dissected out. We observed that OXTR mRNA expression peaked at 6 hours

in the peri-infarct tissue, where many neurons underwent degeneration.

These degenerated cells including neurons were found to express OXTR.

Recent reports show that oxytocin promotes recovery of injured neurons. It

is critical for better prognosis following stroke to rescue damaged neurons

in this region during the subacute phase. Therefore, these findings suggest

that it may be the most effective to treat oxytocin within one day after

stroke onset. (No potential COI to disclose)
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In ischemic stroke, neurological dysfunction is caused by neuronal damage

via interruption of the blood supply associated with thrombus formation in

cerebral vessels. This interruption also causes the increase in blood-brain

barrier (BBB) permeability. It is also known that cerebral ischemia and

subsequent blood reperfusion induce reactive oxygen species (ROS) which

exacerbates stroke outcome. Recently, it has been reported that the

facilitation of vascular permeability at the spinal cord induced ROS

generation via microglial activation, which was resulted in nerve axonal

injury in murine multiple sclerosis model. In the current study, we

examined the possibility that ROS generation and neural network

rearrangement are associated with the facilitation of vascular permeability

by using Photochemically-Induced Thrombosis Brain Damage (PIT-BD)

model in mice. It was found that ROS generation was induced at the

surrounding region of the damage where the vascular permeability was

facilitated after ischemia in brain tissue. In addition, immunoreactivity of

Drebrin which distributes specifically at post synaptic spine was increased

at the region where vascular permeability was increased. These findings

suggested that the increase in vascular permeability was likely resulted in

ROS generation and neural network change at the surrounding region of

the ischemic damage in ischemic stroke. (COI:No)
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Objectives: To observe the dynamics of high energy phosphates (ATP, ADP

and AMP) in brain tissue, mice were exposed to high +Gz acceleration to

induce cerebral ischemia/reperfusion (IR) injury by centrifuge. Methods:

Twenty mice (C57BL/6NCrSlc, BW 25.4 ± 1.4 g) were randomly assigned to

four groups; the brain was in-situ frozen before (Con, n = 5), immediately

(IIR, n = 5), 5 min (5IR, n = 6) and 10 min (10IR, n = 4) after the +8 Gz

acceleration (from rostral to caudal) for 30 s. Serial coronal sections (10-µm)

were made with a cryomicrotome and thaw-mounted on ITO-coated glass

slides. Imaging mass spectrometric analysis was performed by a MALDI

TOF/MS with 9-aminoacridine as the matrix. Relative levels of high energy

phosphates and energy charge (EC) were calculated as indices of energy

states. Results and Conclusion: High +Gz acceleration decreased cerebral

blood flow (CBF) and heart rate (HR) to 17% and 46% of the baseline,

respectively. CBF increased significantly soon after the device stopped

while HR recovered to the baseline level. AMP was significantly decreased

in IIR (p = 0.036), and EC showed insignificant increase (p = 0.076). After 5

min, ATP, ADP, AMP and EC returned to the baseline level. This might

indicate possible rapid recovery or facilitation of energy metabolism of brain

tissue immediately after IR injury. (COI:No)
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Epilepsy is a common neurological disorder that causes seizure-related

neurodegeneration. It has been shown that epileptic seizures produce

increased levels of nitric oxide (NO) in the brain. We previously identified

NO-induced Ca2+ release (NICR) from the endoplasmic reticulum via S-

nitrosylation of the type 1 ryanodine receptor (RyR1) Ca2+ release channel.

Here we show that NICR was abolished in neurons from the knock-in mice,

in which the Cys-3636 of RyR1 was replaced by alanine (Ryr1C3636A) to

prevent its S-nitrosylation. The hippocampal CA3 neurons of Ryr1C3636A

mice were protected from seizure-induced neuronal cell death. NO-induced

mitochondrial fragmentation and dysfunction were scarcely observed in

Ryr1C3636A neurons. These results demonstrate that NICR plays a key role

in seizure-induced neurodegeneration and that RyR1 is a therapeutic target

to ameliorate the neurodegeneration following seizures. (COI:Properly

Declared)
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Several studies indicate that transcutaneous electrical nerve stimulation

(TENS) can activate different pathways to induce antinociception

depending on the frequencies used; however, the mechanism of pain relief

by TENS is still unclear. In this study, we investigated whether the

regulation of extracellular signal-regulated kinase (ERK) signaling

pathway is involved in the analgesic effect of low frequency (4Hz: LF) and

high frequency (100Hz: HF) TENS using a rat acute inflammatory pain

model. Wistar rats (6W, male) were divided into 4 groups: a control group, a

formalin-treated (For) group, a LF-TENS+For (LF) group, and a HF-

TENS+For (HF) group. Acute inflammation was induced by injecting

formalin (50 µl, 1%) into the hindpaw. LF- and HF-TENS were applied for

30 minutes prior to the formalin injection. The time spent licking, flinching

or lifting the injected paw was recorded for 60 minutes. Additionally, we

observed the expression of phosphorylated- ERK (pERK) in the spinal

dorsal horn by immunofluorescent staining. Rats in the For group exhibited

increases in pain-related behaviors compared to the control group; however,

the signs of distress were significantly reduced in the LF and HF groups.

The numbers of pERK(+) cells were also increased in the For group;

however, those were significantly decreased in LF and HF groups. These

results suggest that the analgesic effect of LF- and HF-TENS is mediated

by an inhibitory regulation of ERK signaling pathway. (COI:No)
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The original Chronic Constriction Injury (CCI) model proposed in 1988

underwent numerous modifications over the years to suit research needs.

But, do all these models represent similar pain intensity? This study aimed

to investigate the difference in the pain magnitude and pathophysiological

differences that occurs in the CCI models, developed with one, two, three

and four ligations to injure the nerves. Response towards mechanical

allodynia and thermal hyperalgesia was tested weekly for three weeks to

measure the pain magnitude across the models. Further, the expression of a

pain marker, c-fos at a few supraspinal sites were quantified and nerve

morphometric analysis was carried out to evaluate the nerve degeneration

process that occurred in the sciatic nerve. The outcome shows that all

models exhibited similar levels of pain magnitude, c-fos expressions and

nerve degeneration levels. We concluded that a single ligation is sufficient

to develop this model and numerous ligations might not be necessary. This

outcome provides vital information to establish a more uniform animal

model to surrogate the actual neuropathic pain condition. (COI:No)
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The increased glucose flux into the polyol pathway via aldose reductase

(AR) is recognized as a major contributing factor for the development of

diabetic neuropathy, whereas little is known about the physiological roles of

AR in the peripheral nervous system. We established spontaneously

immortalized Schwann cell lines from long-term cultures of normal and AR-

deficient C57BL/6 mouse peripheral nerves, designated as 1970C3 and

IKARS1, respectively. These cell lines exhibited distinct Schwann cell

phenotypes, such as spindle-shaped morphology and immunoreactivity for

S100β and p75 low-affinity neurotrophin receptor. By using DNA

microarray and subsequent real time RT-PCR analyses, we observed

significant down-regulation of mRNA expression for the polyol pathway-

related enzymes, such as sorbitol dehydrogenase and ketohexokinase, in

IKARS1 relative to 1970C3. In contrast, significant up-regulation of mRNA

expression for aldo-keto reductases Akr1b7 and Akr1b8 in IKARS1 relative

to 1970C3 was detected. Furthermore, exposure to reactive aldehydes (0.5

mM of 3-deoxyglucosone, 0.25 mM of methylglyoxal or 2.5 µM of 4-

hydroxynonenal) significantly (>2.5 fold) up-regulated the mRNA

expression for Akr1b7 and Akr1b8 in IKARS1, but not in 1970C3. Because

we observed no significant differences in the viability between the two cell

lines under exposure to these aldehydes, the detoxification function might

be taken over by Akr1b7 and Akr1b8 in the absence of AR. 1970C3 and

IKARS1 can be useful tools for the study of polyol metabolism and

functional roles of AR. (COI:Properly Declared)
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Insulin-like signaling pathway has multiple functions including the

regulation of longevity and metabolic homoeostasis, as well as cognitive

function. Recently, Diabetes mellitus (DM) has been identified as a risk

factor for dementia including Alzheimer’s disease (AD), based on many

epidemiological and biological evidences. However, little is known about the

mechanisms how brain insulin-like signaling affects diabetes-associated

cognitive impairment. To address the question, we generated and analyzed

two types of DM model mice (Streptozocin induced type-1 DM mice and Diet

induced obesity mice for type-2 DM model). In particular, we focused on

investigating the correlation between altered hippocampal insulin-like

signaling and the progression of cognitive dysfunction in DM mice, by using

biochemical and behavioral analysis. DM mice exhibit accelerated

hippocampal insulin-like signaling, and accordingly augmented

phosphorylation of IRS1/2 and AKT were observed in hippocampus of DM

mice. In the meanwhile, the brain response to peripheral insulin is much

less than the response of peripheral tissues, due to a contribution of the

blood-brain barrier. We are also examining whether brain insulin-like

signaling is directly influenced by peripheral plasma insulin concentrations,

or indirectly regulated by other multiple factors such as hyperglycemia,

obesity, as well as aging. We will report the details how brain insulin

signaling alter and facilitate the cascade of cognitive impairment in DM

model mice. (COI:No)
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Early-life stress can induce several neuropsychological disorders in

adulthood. However, the underlying mechanisms inducing such disorders

are still not fully understood. Furthermore, the effects of early-life stress on

the changes in cognitive function with age are still not clarified. To study

such effects, we used maternal deprivation (MD) and examined cognitive

function in aged mice using a touchscreen-equipped operant chamber. In

the visual-discrimination task, the aged control mice could accurately learn

to discriminate between different visual stimuli. In contrast, the correct

responses in aged MD mice was chance level on day 5 since the onset of the

task. Although the correct response increased by day 10, this value was still

significantly smaller than that of control mice. In the hippocampus of Aged

MD mice, the expression of N-methyl-D-aspartate receptor subunit, GluN1,

decreased significantly as compared to that in control mice. This difference

in GluN1 expression was not detected in young mice. These findings

indicate that early-life stress accelerates cognitive impairment in aging

mice. (COI:No)
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Parkinson disease (PD) is a neurodegenerative disease characterized by loss

of dopaminergic (DA) neurons in the nigrostriatal and mesolimbic pathways

including ventral tegmental area (VTA). Although several factors for the

neuronal loss have been suggested, most of the PD cases are sporadic and

idiopathic. In our previous study, we demonstrated the first evidence that

solely chronic restraint stress induced the DA neuronal loss in the

substantia nigra (SN). In this study, we further investigated whether

chronic stress could affect other major DA systems, VTA and

tuberoinfundibular system (TIDA), by using immunohistochemical and in-

situ hybridization techniques. The present study showed that, in the VTA,

tyrosine hydroxylase (TH) immunoreactive neurons decreased by 9.8 % at

2nd week, 19.2% at 4th week, 39.5% at 8th week, and 40.6% at 16th week

during chronic restraint stress as compared to control. Similarly, in the

TIDA, the TH neurons decreased by 10.9% at 2nd week, 38.2% at 4th week,

56.3% at 8th week, and 57.1% at 16th week. The in-situ hybridization

results consistently demonstrated decreases in Th mRNA expressing cells

in the VTA and TIDA in a comparable time dependent manner. These

findings suggest that exposure to chronic stress may simultaneously induce

multiple neuronal loss of DA systems. This finding may be helpful to

understand the psycho-neurological symptoms of sporadic type of PD. (COI:

No)
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Despite the biochemical characteristics of Parkinson’s disease (PD) have

been well described, physiological properties of PD have been argued.

Especially, brain regions related to the severity of the PD have not been

established. To reveal those regions, we have recorded the history of the

neuronal activities in entire brain regions, and have analyzed the

correlation between the neuronal activities and the PD severity, in MPTP

mice model of PD. We used one MRI technique, quantitative activation-

induced manganese-enhanced MRI (qAIM-MRI), which is based on the use

of Mn2+ as a surrogate marker of Ca2+ influx (Kikuta et al., 2015). This

method has the potential to record the history of the neuronal activities,

quantitatively, and can visualize the neuronal activities in entire brain

volume. Within the basal ganglia, the region represented elevated activity

was observed in caudate-putamen (CPu) of PD model mice compared with

healthy controls. Several cortical and thalamic regions also activated in PD

model mice. In the PD mice, the activities in dorsolateral CPu, sensorimotor

area of cortex (Ctx), and parafascicular nucleus of thalamus (PF) were

significantly correlated to the TH-immunoreactivity. These results

suggested that the dorsolateral part of CPu involves in PD severity, and

this hyperactivity in CPu may arise from increasing activity in Ctx and PF,

whose neurons innervate CPu. (COI:Properly Declared)
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Activation-induced manganese-enhanced MRI (AIM-MRI) is one of the

methods for measurement of neuronal activities. AIM-MRI is based on the

use of Mn2+ as a surrogate marker of Ca2+ influx. Mn2+ can enter neurons

through voltage-dependent Ca2+ channels and cannot excrete by the Ca2+

extrusion mechanisms, thus Mn2+ is accumulated in neurons in activity-

dependent manner. Mn2+ shortens the longitudinal relaxation time (T
1
) of

H+. Therefore, AIM-MRI can measure the history of the neuronal activities

non-invasively. The time window of the cellular Mn2+ accumulation

depends on the time course of the extracellular Mn2+ concentration after

the administration, moreover, the timing of MRI acquisition should be set

at the time Mn2+ wash out from the extracellular solution, because MRI

cannot discriminate Mn2+ concentration between inside or outside cells.

Thus, we should determine the concentration-time profile of Mn2+ after the

administration. For this aim, we evaluated the time-series of Mn2+

concentration in the mouse brain. Mn2+ concentration of ventricle increased

after 1 to 3 hours of Mn2+ administration and decreased 5 hours after

administration. In the cortex, Mn2+ concentration increased gradually, and

reached the maximum concentration 48 hours after Mn2+ administration.

These results suggested the neuronal activities during 1-5 hours after the

Mn2+ administration would be recorded by AIM-MRI, and that most

appropriate timing for MRI scanning is 48 hours after Mn2+ administration

to get the optimal neuronal activity map using AIM-MRI. (COI:Properly

Declared)
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Breakdown of neuronal circuit by deposition of pathogenic proteins leads to

the cognitive dysfunctions in Alzheimer’s disease (AD). AD patients exhibit

spatial memory impairment as early symptoms, where hippocampus plays

an essential role. However, it is still unclear how the breakdown of neuronal

circuit progresses in the hippocampus of AD patients because of the

technical difficulties in monitoring hippocampal neuronal activities over

months. To address this issue, we expressed a fluorescent calcium sensor

protein G-CaMP7 in a new AD model mouse with single humanized amyloid

precursor protein knock-in carrying Swedish, Beyreuther/Iberian, and

Arctic mutations (AppNL-G-F). We could visualize the activity of about 700

hippocampal CA1 pyramidal neurons over months with two-photon

microscopy from head-fixed mice behaving under a virtual reality system.

When we examined their dynamics, number of detected cells, fraction and

stability of place cells were similar between control and AD mice at 4

months, while all of these parameters declined at 7 months. Interestingly,

G-CaMP7-positive aggregations similar to the deposition of pathogenic

proteins were observed in stratum oriens starting around the age of 4

months, and expanded with age. These results suggested that the

functional circuit including place cells in the hippocampal CA1 of AD mice

breaks down after the increase in G-CaMP7-positive aggregations. (COI:

Properly Declared)
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To mimic ischemic heart disease in humans, several animal models have

been created, mainly in rodents by surgically ligating their coronary

arteries. However, due to the increased cost of such animals and specific

instruments required for the procedure, the use of these models was often

limited to highly specialized laboratories. Using the isolated hearts from

bullfrogs, previous studies revealed the electrophysiological properties of

cardiac muscles together with their mechanisms. In these studies, the

electrocardiogram (ECG) recorded from the frog heart showed an almost

identical pattern to that of humans or rodents, indicating its usefulness as a

mimic of the human heart. Therefore, the purpose of our study was to

establish a simple model of myocardial damage in frog hearts. In the

present study, by simply inducing burn injuries on the bullfrog heart, we

reproduced abnormal ST segment changes in the ECG, mimicking those

observed in ischemic heart disease, such as acute myocardial infarction and

angina pectoris. The “currents of injury” created by a voltage gradient

between the intact and damaged areas of the myocardium, negatively

deflected the ECG vector during the diastolic phase, making the ST

segment appear elevated during the systolic phase. This frog model of heart

injury would be suitable to explain the mechanisms of ST segment changes

observed in ischemic heart disease. (COI:No)
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OBJECT: Laboratory classes are an important part of physiology education.

For medical students, the laboratory classes on physiology are one of the

rare occasions to experience real experimental physiology. However,

teaching the laboratory classes requires a lot of hands and efforts for

student supervision. Hence, some workaround to reduce supervisors’ hands

and efforts is needed for making laboratory classes easier to teach.

METHODS: This report introduces a novel computer-based platform

designed for teaching laboratory classes. The platform is built on Raspberry

Pi3, a super low-cost $35 microcomputer, with a media-center oriented

Linux operating system Open Source Media Center (OSMC). The whole

system: operating system, instruction slides and videos for the laboratory

classes were saved in a single micro-SD card. By simple operation using just

a bluetooth wireless mouse, students were able to view view all the

instruction slides and videos on-demand. RESULTS: This platform greatly

reduced the students’ requirement for human supervision. It made the

laboratory classes much easier to conduct both for students and for

teachers. Moreover, statistics of the questionnaire to the students indicate

that this platform improved their understanding and facilitated their

interest in physiology. CONCLUSION: The Raspberry Pi-based teaching

platform is highly useful for making the laboratory classes on physiology

easier to teach and easier to understand. (COI:No)
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“Step-by-step study of human life sciences” which includes many simple

multi-choice questions for beginners was installed on Moodle. In the

Anatomy and Physiology course at a health-related junior college, each

lecture discussed a topic consisting of related steps. At each subsequent

lecture a mini-quiz was given; it consisted of questions randomly chosen

from the pool of questions in the steps from the previous lecture. At the

beginning of the course, it was announced that the course can be passed

with the lowest grade and that credit can be earned by passing all mini-

quizzes. Opportunities for re-taking failed quizzes and in-advance taking of

undiscussed quizzes was provided in the PC room for one-hour each week.

The number of days from the lecture date to the passing date, defined as

“delayed days (DD)”, was listed for all mini-quizzes and given to the student

in order to encourage early passing of mini-quizzes. In the 2015 school year,

students were encouraged to minimize DD (also by using negative numbers

by passing in advance) and a maximum of 3/100 extra points were given. In

2016, it was announced that DD of less than -100 is required for the highest

grade, and less than 0 is required for the second highest grade. The

distribution of DD for 2016 was significantly (p<0.01) shifted to the left

compared to 2015, indicating facilitation in self-learning. (COI:No)




