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3. Information processing between hippocampal and
posterior cingulate cortical neurons in freely behaving
rats

Ho Anh Son', Eiichi Tabuchi*’, Katsumi Umeno", Etsuro
Hori", Taketoshi Ono', Hisao Nishijo" (‘Departments of
Physiology, Faculty of Medicine, Toyama Medical &
Pharmaceutical University, Toyama 930-0194 & *CREST,
JST, Tokyo, Japan)

It has been reported that the limbic system is implicat-
ed in various higher brain functions such as voluntary
movements, cognition, emotion, memory, etc. However, in-
formation processing within the limbic system remains
unclear. To investigate information processing across dif-
ferent limbic regions, multiple single neuronal activities
were recorded from multiple limbic regions using freely
moving rats which navigated to cue lamps associated
with rewards. The rats were trained in an octagonal
arena, surrounded by the walls equipped with lamps and
levers, to perform a visual guided spatial navigation task.
The rats received intracranial self-stimulation or sucrose
solution when they pressed levers at the lit walls. Multi-
ple single neuronal activities were recorded from the nu-
cleus accumbens (NAch), amygdala (AM), hippocampal
formation (HF), and posterior cingulate cortex (pCin). Be-
havioral correlates of the individual neurons and connec-
tivity of the neurons among these brain regions were an-
alyzed.

Of recorded 93 in NAch, 116 in AM, 94 in HF, and 61
neurons in pCin, the neurons with any significant behav-
ioral correlates (arrival, lever pressing, licking) were fur-
ther examined by cross-correlation analysis. Activity of
some neurons synchronized with licking behavior which
was dependent on place in the HF (place cells), but not in
the pCin. The licking-locked activities increased around
40 and 100 ms before and after touching the solution of
the tongue. The cross-correlation (CCR) analysis of these
licking-locked activities in the HF and pCin indicated
highest peaks at 5 and 40 ms with theta (9 Hz) oscillation.
It is noted that short time difference (5 ms) in CCRs was
evident only in the connectivity from the pCin to the HF,
suggesting that licking-related motor information is trans-
ferred from the pCin to the HF.

The results indicated that connectivity in the HF-pCin
system is dependent on multiple factors such as behavior

(e, licking), 9 Hz oscillation, and place, and that 9 Hz os-
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cillation in the HF and pCin may be dependent on volun-

tary movements.

4. EFFECTS OF CEDROL INHALATION ON AUTO-
NOMIC FUNCTIONS, EEGs, AND CEREBRAL BLOOD
FLOW IN AN ANOSMIC PATIENT

Dayawansa, S, Umeno, K."*, Hori, E."*, Tabuchi, E."*,
Ono, T."*, Nagashima, Y., Oosu, H? Yada, Y., Suzuki, T,
and Nishijo, H."” (‘Departments of Physiology, Faculty of
Medicine, Toyama Medical & Pharmaceutical University,
Toyama 930-0194 ; *JST, CREST, Tokyo 101-0032 ; *KAO
Corporation, Cosmetic Research Laboratory, Tokyo 131,
Japan.)

We have reported effects of Cedrol (natural crystal de-
rived from cedar wood) inhalation on autonomic functions;
Cedrol inhalation increased parasympathetic activity and
decreased sympathetic activity in healthy young subjects.
In the present study, to investigate mechanisms of Cedrol
effects on autonomic functions, we analyzed autonomic
functions, EEGs, and cerebral blood flow (CBF) by SPECT
during inhalation of Cedrol fumes using both young
healthy and anosmic subjects. Vaporized crystalline Ce-
drol (14.2 = 1.7 mg/1, 5 I/min) and blank air were present-
ed to the human subjects (n=24) via a face mask. The re-
sults indicated similar effects of Cedrol in both subjects;
Cedrol inhalation significantly decreased the heart rate,
systolic (SBP) and diastolic (DBP) blood pressure com-
pared to blank air exposure. Spectral analysis of HR vari-
ability showed an increase in high frequency (HF) compo-
nent (index of parasympathetic activity), a decrease in
ratio of low frequency (LF) to HF component (index of
sympathetic activity) during Cedrol inhalation. Further-
more, LF components of SBP and DBP decreased, and
baroreceptor sensitivity, which was indirectly assessed
by alpha-index method, increased during Cedrol inhala-
tion, suggesting sympathetic decrement. Cedrol inhala-
tion significantly increased alpha-power in EEGs in the
occipital and parietal regions in both subjects, and CBF in
the orbital and temporal lobes. These results suggest that
Cedrol activates the central nervous system through the
peripheral nerves innervating the airway and pulmonary
system, rather than the olfactory system, which resulted

in the autonomic changes.
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BssxE HINE LC, MT v MEMIFRGRBARERI R ~ 2
WEOaF 5 F—+F (1~200 U/ml, 14 ul) ZIEAL,
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L7-. Cell-attached IREED H.—F ¥ X )V EGLALHR T T 10°
M ACh#li# % high conductance ClF ¥ A V& F—7 v &
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A C ABRE - BRERIG B, CARRIPK - Eafle, v
Y Y ART GV T

EEAEDOHIBIZBWT, EREEREIC X 0 &L 5
JaltiE#cd, MRARIIICIRS. TOXA D= A LI,
FEIEERB (RVD &IFEh, NaClORU) AL
AKDHAZ L > TR LZET NS, ZO\RRICIE, K
A F VARG L TWwWAZ E LR TwA, 4
13k 4 1%, HeLafIaIC 35\ C o i o s (3% e
HAFvF X AN ERBL20OT, TOESEIRFAGMEYE
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ERVINOFGAZOWTHGET L7z, Z OmREERIC
LY EHAL S D T v AOVIETRIL BN & RIS IRRAF R T
HO, £ FVEBREEZ Nar >K >Cs">Ca” Tho7o.
FRERREIF A F Yy AN THY A —TH D
amiloride, Gd*, flufenamate, SKF96365 % $}45- L T 7z
& 2%, amiloride [IZEZ D R h o 728, T T
Ty A—ICXYHESNL SHICTNSHERORVI
BRI 2B EHGT L2 25, RVIEBRD IS
7. INLOKENS, HeLafllizo RVIBRIZIE, SR
EIE R O M IGH 12 & DG S b Ca™ Itk
JERINEA T4 ¥ F X RV EICHEG LT 5 2 L HURIE
Shie.

18. 2AFEBREEEICETI7REN— ZEABERALE
Akt FEERDBIEMICOWT

R, AREPET-?, B mE 2 (&R
KBE - & - BERFRY, R )

AP, HEBEY 1B CYIR 2 S i3k 2 F
EL, M1y ATHZTICETTIEL, 20Kk, Md4~6~4
H TRl RIES 5. —F, Mo mxia
Bk, MIEMTT R =3 22300 & T HMEEH%E%
FEL, HEIATRTHLZEPMONTWS, Z22T
Feix, SBIGHO T v PSRBT R =Y
AVTFNBIOELLY 7 FIVOREOENZHE L Tl
B, MRt U7z, BAKMICIE, BLAER M # o caspase-3 D
WAL, Bel27 7 3 —&EHDEE), Akt OifMLE
(p-Akt) OZEHE Y A5 70y MEB X ORERE
BICLOBE L. 2ofE, Sfommikimmiacid, 8
HEHES 2 10 0 H C caspase-3 i L 2sHl s 7z, 72,
EIZF BN p-Akt OEVEALAR D, Bel-2 &HE LN
WHER L7z, —T05, 9 v N TIREMEESAG%, p-Akt)t
WOT s Sz, 72, SAREGR6HBET
caspase-3 DALY — 7 12# L, FIFICBax&HE L
NUHER L. TREDOZE LY, T RIAL
B, EEY IR ERL, TRV AZMEITEZ
ETHMBEO ARSI N TR 2L RIES
7z,

19. 2ARSEBEEVBICREI I EMTILF/ -
HEERELETOEMEICOVT

g =Y, ORI, RSP, AR (&R
FRFBEEFSRO R U T2, AR H )

SRR LI £ 2 T O A LA R b A
RIS 5. Fxld 2 OFAEMINIFEBA MY 2 70—
v EBMEEEBEEELCDNA 74 75 ) —Hh b A7) —=



V7 USRI ZPE Lz, TOMEINET IV BOT
— I R=ZFNT LD, T = 22kDad L F ) — VS
HIHE (RBP) O—FT VT v ThabH I EHHPIL.
J—HUEEIZX Y, 20 RBPmRNA DI HIHRE ) b
2~5HBICE—ZIELZOBREHITHEP L 10 HERIZIX
BIZIEHICHE L2, ISHEICL Y, TORBPMRNA D
TEVS ARG C1d 7 < BUIIL CHUMEELINT %2 2 ~ 5 I
FERIICHBARIN L T 7z, KISRTF FHR 2 ERLL
RIERt Z T L7728 25, 2~5 HIZO U THB AR
& HNERE ONL, INL, GCLIZUNE AMEIZ 5% KIS A%
Pexhiz, WIZTIAIFRZF—|ZRBPOI—F 14 ¥
THE MARAARKRER LY, VY3 ¥F  RBPHHA
EREICHE L. 2o ar¥F v RBP ZHEELH
BRI L 7208, LF 2 — )b & ORBRRINC X 0 FWI
g o MEIMEE S h7z. kXY, ZORBPEH
DR AN R 723 B2 W T L 72,

20. ¥CXaFHBHERBICHRETRENSEMT S
BEREFORY)—=2T

21 bR, BEAWES ", BRI W, g (4
RORBE - & - MEERA T, BT

S0 T A TR HP R SR RS & 2 T e AR
AT L. WKL 2% ¥ 3 giitimski, 3—4BMT
PR OB E TMERIEL, Y FTAEREL, £
DHA—6T AT T, NEL YT TAEEEZIREL, K
KONGRS 8 Y — L R TR T 5. 2 OB
SIEH OS5 THHEZ S 02T B 720, T4 38R
BitE60 HDF v ¥ afl#EcDNATA 75 —%2ERL,
TAT 7Ly XMNAT)VETRAZ ) == 7L, Bl
R mRNABILOWINT 2 8z T4 7 0—=V
F L. ZODNAZY =47 ALT, MAEZHREL
2. ZOWNIEEF Y Fao 7o) Frhtu—rsLiEE
L7z, ¥/ —=%r7ay METHEIIBIT S mRNA %
HEOWRBEZHRIZEZS, HMKIKZ30HT
mRNA ZEHEAHM LD, 60—90 H T¥—2 Z/mR L7,
E 5 1T0n situnA 7)) R ORI kTR IS B
B RFER R A R, ZoME, EEF U Fabl
BT 7o) F U LRI L T2y, HRIH4
60—90 H Tli&, %12 SFGSEIZHWIBIEMATR S 7z
MBS RO TR 5 7 =) ofkElE S S
KM T2FETHS.

21, Y1 REEHFEAKRBEBEEICH (T B9 Dz
B(CXRE L 7= fiE S EED
WAARIESE ", AMAZEEZE " (A B2 T I SR

M, PR FZER B R A A BRL 5 B )

B O 2 RO B — M LI REND &,
FHAZ I 5 D AT R VIZ b ST, —ERDo7%
o M ME IS NS, VI OF SR I A
FTh=2—u D, @OOMEMEEHELmE %32
DONE)DEWHSPITT B0, BREMNLLOE N %1
Yo TRRLEMOGOES L 22 —0 VIBEOBBRE AN
72, BOHIEE —H OIRO T BT OBE SRR L, Mo
O—WEENIMCEE L2 F D) W2 EHORLICH
o THIZL TV &, BTOmPEMIET 5 T,
MESNDHEORESIELICOVDLD, BEOMIE M
ETLHE, MIBEINIH/MOOREIT—ELRb. LIL,
HRO A EICMIE LA E MM 72 R0 ISRl sE 034 L
MHE SN OR SIIEFICRE 5. FIRTRHEE
PO 2O VIS R A ERL, ViZa—a Yy
D ZEEE LT, WL OO 2 —1 Vi, BWOIHM
WCHE2 2 LGB DS —EIC R ), ML LIMATORET
I 2 GBI ER AR L2, SO, VIOEHE
BRI, WSS L22iEBi % § 5 = 2 — 1 v dF
S5 EERIBETS.

22, YIVEEADZAFVFADPEZDZ Y v or—FA
DEEDW%E

W2, MR Y, HRlE, OME R (AR
FORGET FEEABAEITER, PRBRRF RS A mrbk
HERFZERL)

FREPEE DN =2 FMERICE S IR A 2 i E) LA
&, v — FHEBENCES L w2 R R S i Tw
5. ZITHN, ZoORR»RIGEFOEMNY - 2T &
FLNA)YOTIT=ZA N THE=3F YORFFTHEACL >
THELEZ 52, v 7 — Nl L o RKREBIR 2 mHHGEE L
7o, OBEMICHT 2 HEFHEMEY v 7 — F T, A
&I B HILE IS R SN TORBUGTER O 5
MATBIE S N72AY, FOMOFIEAD EIRTIRE LA ES
o7z, @% v — PO ANEATBM OZEM~ v 7
ORI O ER SN D & WA T ISR -
72, ZFOMOFIA~DO B/RTIE—E L2s s Bigtsh
Grodz. @Yy o — IR OWLE AT 2 BLE
B L7z BRI, AR S O HiEEATEE LTV 512
LD D B TREANDBENBSRINERICBVT, #
RAORRWRBICHE~OZEI B I D ELD,
FEEH Y v 7 ORI O AL, v — N
T CTIR R 72 5 S TN ZAL U T BUS I e 125 5
L, ¥y — FHEdEd Y 5 — FOREICEET L. X
HAZH v o — FBIATI# O R 22 IIGE) /8 & — > DAL
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IoT, MBICLPHEEGANLLEEZILND.

23. GAD65/ v 777 b7 RERAWEY v — Nl
W 27 LOFEIR

WA, NEEFSEZ, Otk dE (BRI 7 3% [ F 7E A%
HE - A BRABRSEAT, AIIERFBERY: - A RHEF5EFRE)
SHIRERER) (v 7 —F) ORHRICH T S RE
WEOHEENZIDOWT, TRETIEFLALMON TV R,
T ZEM, o — Nl S 25 202003 2 B
fEEWE O W2 HIYT, GABADAKEERTH
% GAD65 DEETFHIE~Y Y A% v, HEY Y7 —FoD
BRETE 2 AT L7z, 2 O#%, GAD6SK v 7 A3H v
r— FORKEEIARICHIAL, WRIEIMKT 9 2 M s
Rohz. F/, AV Y 7 — FEIEB O E 04 H)
v 7T b ATEFIIHML Wi, KIS, v
o — Nl Y 27 5 DISEREE RS HINT, MUNER
PRI X0 B RICHR 20 a2y 77— F& AT
WCHERLIZEZA, 79 7T I EITACBWTY Y o —
Rt OFG Z2 IRIRASHRE 1S 3R0 bz, s iR
5, GAD65IZL D A s s GABA X, EETHOME
WKCBOWTRELEY Y 7r— FOEIRICHE L Twb £ 2
bNb. 515, ¥y r— FHlloMGRET IV L LTRE
ENTVLHADFHT 74— Ny 7EFVEDB B WY 3
ab—=Yavk, /v T NI AOERBRERENS,
GABA X7 4 — NNy 7 ORFFEIHG L Tnwb T L
DRI S 7z,

24, ¥ RARIKICKHGT B URKIY v hHT 14 FERHEE
X0k-7

;OER, STEF, BE OB, OBE/RKIR, KM
B (PR AR - PR - VARSI, A

LA, HARAIESR & SRE R & ORERENIEANER ShTh
D, Fe dRRHHETORIEIRE D ARKAIRSRIC AT T 5
BIZOWTHIREIT > TE 7. D40 THRERIZ A%
RERIEL DR TH Y, MNTOREH LML TH 5/
B S BEAET B2 bR Twb, L, BER
TORIFISEICET 2HME B %L, ZOREMEAN %
HAE . 22 THN, BRYSERIZ BV CTHERIAT S 20
RELEVPRIDZDOEHMML, VAR AIFTAF
(LPS) 577 AWLERIZ B % S0iEIn & B a7 0 5%
BV THRE 21T - 7.

Ji# 0 C3H/HeN ¥ 7 Z1250 u g/ Ve LPS % e %
51, —ERFEBOWREKIZBITS TNFa, NFkB, 1«B,
iNOS, caspase-8 D& T-5H %Y 7V ¥ 4 A PCR
FICTER L.
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MR L ER L LPSHY 2K B O T, TNF a0iifz
FRBEIHANCAE R FAZR L7z, HEEGEE &3
WAt BET-F B D MEIICHE R LA ZRL, 240
M 121% caspase-8 BIA T HIEDHATICHE 2 LA %
RL7z. SNSDOREENS, KRR A7 & 3 i kg
BB T BMERIZB VT D, LPS KA G- N s s
VBRI 5> TnD 0 LTI,

25. YUXERZKICETDIREMY M bHACHERD
2

SFET, K OEE, bR R, BEERER?, K
BT (O PR i AR A - BRAAEE - AR BAE T, ot
PEL)

Lk, RIEROBIEMEE & Akt B IE & o B
WEES 2T 2 HNT, BIEET VY A Z W TH
WAFER IS BT B IIEVES £ DA £~ DRBLE AT L 72,

C3H/HeN~v A (&, 8W) 27 7 2EMREOT
Fr¥3 v THHLPSZ5uglilENES L, HMoOEREH
(LC) 1ZB1F51kB, TNF-a, IL-15 mRNA ORI EZ
L7 FHEEC, LCO V¥ 271 (NE) af&
ZPE L7,

Tx B mRNA OFH X LPS %5 2 W [ 1R E % R
L, SHMIHICERWIREIZRE 72, TNF-a mRNA I X 0O°
IL-1 f mRNA OFBIEIZ, LPSH5 28,25 ERL,
ARFRIRRICIRRMEZ R L7z, ZOBBRA L, 15HE%»S
24WE RIS O BE DS R L7z, NE&A =L, LPSH#
5. 24 WA A TSR L7z, LPS#51C X 2583 B4
13, CRF type IZHMT v % T=A M ORiHESICX D2
ALARD BT h o 7.

D LEofERE2S, LCICBA2RODOKENET A b h A
Y OFEBIE, KMICBIT 2B 3EBRTH Y, Rk
OfREENL T D EHEES Nz RIEET A b AL 2D
U L5 & NE ORAD OBEIZ DO W TEH B M3 5
FETH .

26. BLRMMEICBETACAMPE N LEF MU LK
T )L O — A EEXA DR

RN, ATHE W, AEERT, B 3, BRI
B (BB ST R PR R SR A )

1785 ) o A4 7V 3 — 2 LiGE R (SGLTL) 1,
N B & OEIRME O FEMIBICEI L, 7V a— %
SR E kE %> T\w5b. 4HEGFPEAR SGLT1
(SGLT1-EGFP) #%E%H T % MDCK #
(MDCK/SGLT1-EGFP #fifid) % fiv»"C, SGLT1 {7
Bt O AT %47 - 72. MDCK/SGLTI1-EGFP fifg iz,



8-Br-cAMP % JUH L 72 & & 5 SGLT1 i& A BEAR AR 1912
b U7 ERL - Wi X OB R S 8y H
DO FF LD S, cAMP IR F-#E F o SGLT1-
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STHHIEIN TSI ERHSL N E RS T2

27. KBBERER trypsin 5 ORE LR 1 7 2 fxikat
IZRIFT %R : Ussing chamber & TNDH#&5T

SR —, Ak A, BE B GERRR IR RS A AR
Bl BAERF gE =)

KA F WG O FHI2 A P @ protease 28 5-
TAPEPEWSPICTH720, YL~y AEE%
Ussing chamber (227 L, HEERETHRIT L.
Trypsin % F M 59 5 L @HEET (Isc) 2 LAL
72. 100 u M Trypsin i & % Isc F5H-1%, Wi Cl~ free fCH
WA L2 ICIZIZ S L7z, 72, NPPB (100 u M, ki
M) fFAETFCTHRELPHI SNz, Trypsin i & 5 Isc
FHIGTTX RIS X DT A I L7, Atropine,
Hexamethonium (3555 L % 22> 724%, NK1 Z 2 RBLE#]
D L-703, 606 trypsin 2 & % Isc A2 A F I L 72,
histamine H1 522 EH#] 0 pyrilamine % Isc F5-%2 A5
MR L 72, W7 446 F T, Trypsin#5-12 X % Isc |
TR R T EINAS > 72, Zaldaride f74E F Tld Isc Lo+
A EICHH S

(iam] Trypsin BWEHIPE G2 BEN ML % /- L CClL 4
WEWEMALT 5. % OFE substanceP fEBIVE AR A — 50 B
59%. AIVEY2) YHHELTW LR .

28. v MNEHERFICHT27F717x%—RiE
& Kupffer fHi8 DRET

oAb, ZAME, SHEE, AEfom, T
(ERERFR A T AT 5, RRE)

Sy bOFTF 74 5F Y —EFTIVEM L, Kupffer
ML D& % ) L7z,

(8] WHT VT IV CTRBMELZZSD T v MO
OMMARME THER L, JPET VT I~ 001 4 g-lmg
w45 L7z, @Kupffer Mfa kg 4 #] S & 23847 KV
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[#E%] QIETVT I Y10 g Eo3k5 CTHEW LM
B A4 U7z, Rpost 13%9 1.4 4%, Rpreld3# 344512k
AL, Wi 4 DG & 124 L7z, @ Control B,
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B6HFIC LA L7zAs, SHMEICHELAT Lo 7.

(B8] 5y MFETF 74 5% —Tid, JIZRRW%
BPEIIMAE DGR, FEESHAT 5. 202 LI
NI 2 ARG BRI Bh B S, AR WACE ISR 3 %
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29. DEHICH T IRBEKRIBORERSF | E FOE
BETIVE BV IR R

BHHEE, WH#Z, ZAFE (GRERNRYE: - 4B
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[H] LEHoRMEES S (EAD) 1 QT &Rk
B (LQTS) KB AFIEMAEROKKEE Z 5N T
5. Ak e ld, SEHEICESVw e POEHETFTLO
BEERESE BT 2 4TV, EAD OFHI4M & 85 & JERE
JIZER RS L 72,

[77#] Bernus & (Am J Physiol 282: H2296-H2308,
2002) DEFNVEBIEL#H Lk MOSEFHEFV (EH
FOLQTSEF V) ZHv, LB Ca* F+ # V&R (ICa,
L) ROBIERFK K IK) 0a vy ¥ ¥ AL
L7ZET NI AT DOV REZENE ¥4+ 3 7 AD%AL
(Gl 85— ) Z AT L 72,

[44] 1) ICa, LIl O IK ®#E WK (IKr) &
VS (IKs) #H FCTEADASHE L. 2) LQTSEF
VTl Hopf 23 (HB) 12 & 5 P tiesgfb & EAD HiBL
OBMEAME T L7z, 3) EAD2SHHLS 5785 X — & fHidIZ,
Ksa 275y AWM XY HAL, IKsIHEGEES
EVIERL. 4) IKsDIEEALER (n) #/85A—% &
Mg &, ICa, LM IKr #IHNICtE - Tl 7 ¥
AT ALAOHBMIEAEICY 7 ML, LQTS E 7V Ol ik
HB R Chghl L7z,

[#4#5] 1) EADIZ, IKs DBWIHHEALICE->THEL S
—BEDY IV A ZNTHY, VAT LD2REINE
MONFENHEERBIC L > THEL S, 2) LQTSTHOEADH
Blx, HBMO Y 7 MIfE) EAD BB TIC X 5.
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JEL7:. IKREESRE ClaEiE 650 M 22T 5 15C F Tl
U7z, ARGUEBEZRC X 0 OAB S E E—@ P LA L
7o. LF/HFfH S #R2 BA L7z, BEB T T AR,
WEERTEIC R - 72, RIRMEEEC X 0 IE - O £ 12
A L7, LF/HF IR ZICHERL 2 LA, 20k
T3 2 AL ICHE B L2, BRES ISR
Wolhldlos, XY, MBEEIEZT v bOIME -
DI E RS > R T ER S 2 000 7z,
F 7O ABIBRE B OMFNTIC L D, IR IS AR > JIAE
B AN T Y A R T D 2 L5072 &
LEACIISSEANRER & B S 5 2 & TREFOREIRE
LS TWBLI R RIS 7.



