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e RO EE (33C) : In this study, I revealed that crickets show age—related memory
impairment (AMI) in long—term memory (LTM) formation in three types of learning; to
associate either olfactory, visual pattern or color with water reward. The AMI in each
type of learning were fully recovered by administration of agonists of NO-cGMP signaling
pathway. I also revealed that in the LTM formation mechanism, nicotinic acetylcholine
receptors play role upstream of NO—cGMP pathway. Additional experiments were performed
to test whether degradation of NO-cGMP signaling is responsible for AMI in cricket LTM
formation.

AR E R
(EHHAL : 1)
[ERESE Al HERE 22 & &t
2008 fEpE 1, 100, 000 330, 000 1,430, 000
2009 4 1, 300, 000 390, 000 1, 690, 000
2010 4E 900, 000 270, 000 1, 170, 000
A
FRE
&t 3, 300, 000 990, 000 4, 290, 000

Moo 8 - AW
BIfE o8 - B - JEEEY S - B AR - 1T
F—U— N RO EREE . R GRS, ARl RIRE. bERE Bh

1. WHZEBRAR S W DT =
Il AE 5 FEiERE 7 OAR T (s M G B =

BRI B W T — Rk ZE 3 (NO)-BR R GMP
(cGMP) ¥ 7" F WMARTE R DN E B o R E 2R

) OPRREEERE OB IR - FL B O T Rlb
ORI IEN 2 DB B BTk
WTHEERPRETH D, IHEREREITT X
Ry A n X OEE - FLETE RO MRS O
MFEZIT>TEY, a4 FORMREEOIR

ZEERHB LW, S DICITE, BTNk
T A X CUEMR L O R A R R
BOBRIZEFTZ2, BRHIFEEZTMESN
2 TRb b RGBT O BN
EEENALNDZEERH L, 6



DR BIFFRARFTE 1L TNO-cCMPR > 7
JABREER DIEERS VMK T L, Ehic
X0 M RLEEEN s ERE SN
RPN EN - TE T,

2. MREOE®

AW D B BT RS OREE & FEBRIYIT R
AETAZETHD, IHIT, 2ARFOHRD
EZThEHERRERENEE TV DLIONG
D,

3. WD L

(D FEE - MR 7 2 Ry ada X
(Gryllus bimaculatus) #JuWi-, a4 o
X DOKNORRKZ FD SH LTI, EFRO
AT 3 HHfE K S E7,

(2) FH LR FEI I, Bv, 1R
INBE— o F T AOSEERIEL (conditioned
stimulus: US) &, /K (GREM) 7= 133K (E1)
DRI (unconditioned stimulus: US)
Zxtfeoas (CS-US) L7z, Wg4fte7s A2 bk Z 3
TRAT & AR (1 RefB £ 721X 1 BER) 14T
VY, DR % b U S8 IR O 200 2R & FEAL
L7, BB 1 BEOa A FIcsnT,
i 1 B % OEWFIEOE AU LB 7255 I
OMET, R WREE 3 3-4 [A], R E]
BN 6 Bl AR RN &R e N
HIZ8EITHD (WTNHINORMIMREIL S 5
[ spaced training), MR IHREFE B W
T LEIOFEFFE, & U < ILFIBRM R E 2200
IPWVEEEFITE (massed training) Tik., 1K
% OFEHFEEIIER IS, 1| BEORE
HFRIT 2 BRI LR,

B : AF LY ha=Fr (MA:==
FURT v F a3 AR (nAChR) BH
B, ZaRs Iy (AxHY BT RvF L
2 Y R (mACKR) BREFA) . MK-801 (71
2 I U RRIAERA]) . metergoline (1
b= U ZRIRFAER]) . chelerythrine (PKC
FHLE#4]) . 5-Azacytidine (DNA A F /L T
A7 =7 —EMEHF) . AEBSF (B o 7mT
7 —YBLEH]) . genistein (PTK FHEHA) .
NOR-3 (NO Z&ZEF!) . 8br—cGMP (cGMP 75 1
7). 8br—cAMP (cAMP 7 Fw2), ==aFr
(nAChR EENSE) 7 & & 1P 5 L | 8 050
BIZH X DI OV T,

(4) NADPH #022 EARA L 1 - AR L 72 =2
FrFnLMAEY H L, 0°Co 3. 7% /L~
Voxy ) — IR T 12 0MEE L, 0°Ch
0.IM RURNy 77 —TU AL, 27C

@ NADPH, NBT, Triton X #HEIC 2 FERI-DU)
THEB L, EEBEEE T TR L,

4. WFERE

(DAFFEEOFB ST (IR 27 | 12 K
MR EH) CToatoxXoFhEam (h
B L CBIdE CoHE) 1%, MLz
—HEIZEIE LTV DA TR, MRS 128
14 A CTHoTz, AWFFECIIRRiZ 1EE (4
—7H) OataXEaMEata L,
ped iR 3 A (18—21 H) O ot uXah0
ot Xy 2 LIizT b,

(2) s =2 A 1 FITBN T, LR 2
O FNFEATIC I Z R cAMP (8br—cAMP) % IfiL Y
BhHET 5L, BRYRENERICER I,
Z OFEFIE, NO-cGMP 2D Fiii Cii< & S
TUW % cAMP-PKA & DRRYE C & AN E G i fE
EOUEIRNHDHZ LERL TN D,

(3) Il = A & F IR RN E £ 213
TR I 2T 728 2 A, Wbl
i1 R O BIRLIBIZIE R TH o 7208, F
1 BROESREIIE Ao olz,
ThRbOHREE & AR E ik, mRs
B L RIS, BB ORI OB
BEENL LN, HREFECARTEICE
WTH REFEICOMEEDEREEN A LR
D&V BRITEFHEESIMIZCE W THIO T
DA THD ELEHIZ, TNHDORERITRE R
O e LB B 5 O M E M A R TREL & 72
DR THD,

(4) LT SR 7 . MRS L R R
R AR oM R IE R E T S
b, FIFERTIC NO-cGMP Z DRRIEHA] (SNAP,
NOR-3, 8br—cGMP 72 &) #5425 & TIE
WL ULECRIE Lz, ik, dilson
BB B9, MR IE R 23 NO-cGMP %
OB TICERT 2 Z 2R LTV 5,
Z OFRERIZEN - EERFSITRBNTHIRVNA
X7 N2, @RI S v,

B) FHRA a4 o FIZEB VW T, massed
training O EE B EZ L, ERIZK~D
caged NO DYfRBEEZ T2 2 A, FIff 1
AoOEWRESEKRINT, Thbb
caged NO D YEMREEEIC L v BWIR BN FHE T
&7z, 272 L. a4t o X TREEDFER %
179 &, ERMBO TEL T —F BHEHT
Xehotz, LA 27 MW LN
—a UED R EDLRPLETH D,

&) M= A r X LERAR AT XFOMD
NO A pklE# (NOS) DFEBLA NADPH o y% kH ik



EFETHANTHE L 2 A, FHpkika 4
0 X TIEMOFEIKD 5> Hx 7 a koL
IR ISR T - Th 0, fikfadEx
MY E ST e, —J7, M4 r ¥ T
X/ A RO Yo F o T e, A
Al EE L FERICHE S LG E o Tz s
STz, Thbb, HfkaAax e kT
A e T 2 R4 O NOS R B & A
BnEWzb, ZRHORENS, ¥/ 2k
AN EMRBOEROLTH Y | B oMk
PERBREE O Ch 5 IR R S L7,

(DFERRE A v FizonT, BEEEO
FEHFLIROERICBE D D ARy 1 2 TEh 3
HCH®E L, 20EMn L T=aFy
B7vFoal) 28K (nAChR), LA A
VTR F A a ) /A (mAChR), X
VBRI, Be =02 R/, TaTA
V%S —+F¥ C (PKC), DNA AF )L KT AT
=T7—Y, vV T uTT—¥, ZREEF
gy F—8 PIKIZHEHL., s Off
EREERAR A 0 TG L, BN
BOEMGEBEORRICERELE2D5/1E )
MEFNT, WTHhoOIEY S - LRIk
T HRENED DN, BEHFEE O
\ZDRPLE R % 7R L= S DIE nAChR DT
WTHDHMAZITTH T,

@) FEATHIE L V. EHRR a4 v FITBn
T NOR-3 X° 8br—cGMP # #5795 & 1 RO
HIECOLEMREEZ K TE D, I422bb
EMRBOFIENRNH L Z L BbhroT
N2, AAFZE CIEET 7212, nAChR DEENIR T
HbH=aF >t NOR-3 X 8br-cGMP & [AERIZ
EMEBoFENRIH LR LI, =
aF AZRBORIGERBOFEIE GLED
HEEREhIE) D Z & AR L2 OIXARWFZEN
HHTThD,

(9) IR = A 1 0T, WU S I 2 S ek
AT nAChR D FEHIHE & NO-cGMP & DIEENEE D
R 5% . F 7213 nAChR D VEBNZE & NO-cGMP
ROFEFIRDO RN G 2T o2 2 A, miE
TIEREMRENSER S NIZDICR L, $%hET
EEMREN BRI N R oT, ZOff
R b RHEME O AGHEFRIZ 350 T nAChR 23
NO-cGMP SR D it TV TV D 2 & AVURIE S
iz, B HROFEFERE DML T NO-cGMP 5% D
LB < 1 E ERICEE L OIEAR
MEENHID T TH 5,

(1) szt e Fic=aF 28511
BRI A 21T o7 & 2 A, B

SR O MEERIEREE LIS &E S L)
72, —J5. NOR-3 X° 8br—cGMP % #5925 &
TR B ENERICEE L, 2 b0
FEAX, MR KX oI T A EE TWnWDH o
1L nAChR TiF< EN LV TiRD T 7 s
ERTHDHZ L, T2 5 NO-cGMP R DHRE
KRR EREORKN THL Z & %
RIBELTWD, Zh b —EHOMERIZENI D
FRTREL, BORHIE ST T,

5. ERFEERLFH
(WFZERERE . WFZE 3 K ONEHEAF 203 12
AR

UEEams) (B8 )

(O M. Mizunami and Y. Matsumoto Roles of
aminergic neurons in formation and
recall of associative memory in crickets
(2010, 11) Front. Behav. Neurosci. 4: 172
(11 page) Hacf Y

@ K . mAEEA TEROBWEED
A LICEbD ST T R UEE = 2 —
2 2] Aroma Research (2010, 2) 41: 53-57

(Z V7T AV ¥ —F vtk ZfittHIR,
R Aaile L

® Y. Matsumoto, A. Hatano, S. Unoki and
M. Mizunami, Stimulation of the cAMP
system by the nitric oxide—cGMP system
underlying the formation of long-term
memory in an insect. Neurosci. Lett.
(2009, 10) 467: 81-85 A Y

@ M. Mizunami, S. Unoki, Y. Mori, D.
Hirashima, A. Hatano and Y. Matsumoto,
Roles of octopaminergic and dopaminergic
neurons in appetitive and aversive memory
recall in an insect. BMC Biology (2009,
8) 7: 46 EHAY

® E. Perisse, V.D. Raymond, I. Neant, Y.
Matsumoto, C. Leclerc, M. Moreau and J. C.
Sandoz, Early calcium increase triggers
the formation of olfactory long—term
memory in honeybees. BMC Biology (2009,
6) 7: 30 EHAY

® Y. Nakatani, Y. Matsumoto, Y. Mori, D.
Hirashima, H. Nishino, K. Arikawa and M.
Mizunami, Why the carrot is more
effective than the stick: different
dynamics of punishment memory and reward
memory and its possible biological basis.
Neurobiol. Learn. Mem. (2009, 5) 92:
370-380 HaiA Y

(@ T. Takahashi, A. Hamada, K. Miyawaki, Y.
Matsumoto, T. Mito, S. Noji and M
Mizunami, Systemic RNA interference for
the study of learning and memory in an
insect. J. Neurosci. Methods (2009, 1)
179: 9-15 A Y



MAZEA, FEETS TRAOERE Y
T vavYa O - GEA A
DOFZEN G |, [HEARAT] 26 (1)
12-22 (EBFpaFIRL, ABEK) 2009 4F 1
H EHAEY

(k) (G 1e1)

@ Y. Matsumoto, C. Sato, T. Takahashi and
M. Mizunami, NO-cGMP signaling is
involved in age-related memory
impairment in the cricket Gryllus
bimaculatus. Neuro2010 (Kobe, Japan)
2010, September 2-4

@ MAFZA, 7 X AT at ool
fEFESE & NO-cOMP > 7' F U niER, HEAFHE
Bt B (§l) 2010 45 8 A 31
H

® Y. Matsumoto, C.S. Matsumoto, T.
Takahashi and M. Mizunami, Age-related
memory impairment and its
pharmacological rescue in the cricket
The 9% Congress of the International
Society for Neuroethology (Salamanca,
Spain) 2010, August 2-7

@ C.S. Matsumoto, Y. Matsumoto and M.
Mizunami, Effect of epinastine on
acquisition and retrieval of appetitive
olfactory memory in the cockroach. The 9%
Congress of the International Society

for Neuroethology (Salamanca, Spain)
2010, August 2-7
® M. Mizunami, Sae Unoki and Y.

Matsumoto, “Cognitive” aspects  of
insect classical conditioning revealed
by studying the roles of aminergic
neurons in associative memory recall.
The 9% Congress of the International
Society for Neuroethology (Salamanca,
Spain) 2010, August 2-7

©® WmAFA - FEEETR - KK B, 24=
FOHWTEE - GRICB T 7 EF LY
VERROME . BAREAAESE
32 [BIR= (@) 2010 427 H 19 A

@D BAERFEA - K ., 7FFvatex
BT A KM O & FLiE o
Bk, AR A P 31 R4 -
55 34 [Bl H ARHEEN p 2 KRB RIRES
CompBio12009 (KFR) 2009 410 A 23 H

® WAZEA - (LFEZE - EETS - BT
B - KPE Bk, X7 VUAAEICET HH
WRIBOGZ OFRHH, B AREY) 725 80
ke (F#fE) 200949 A 17 H

©@ KW - R ETE - RAREA . AW
FLIEIE MR L BT vonr? H
AENW S 80 [RIRE (FRAE) 2009 4 9
A17H

AAIEIN - FRIHIR - AR T2« K B

TR ataxXoWEY - RBEET R
F o) UK, BAREIFEEE 79 IR
2 (%) 2008429 A 5 H

@ PIHIFE - RARFEA - K R, 248
Fo FEBEER] — ENETIETEE
FATENIEEIC R 5 D02 HAEWFE
579 [FIke (f@hE) 2008 429 A 5 H
@Kl - A - K R, 7 XK
aa X DR FERTRMEA T DRk
S, AAREMTFEE 19 BIRE (FEE) 2008
F£9H5H

@ VefET = - AR - PO - KR k.,
ey IAXT Y ORGSR EICBT 54
7 RS U RIRIREAORE, B AREMY
N 19 MRS (f@l) 2008 4-9 H 5 H
WDMATEA « EGESC - EfET= - KB Bk
T ARy atuXoMBtiEEREE, AR
P A BRARAL 2 5 30 [HIR<s (FLIR) 2008
FET7TH21H
OMATEA « EEE S EET - KB Bk
7 Z Ry a3 XOEWEE O R E
PEEE | HAMRRE K ESE 31 [k GER)
200847 H 9 H

O -5 K - 7 AL RARTEA - KB Bk,
THEFRatrueXOMRFEEMNTREICE
05 —ILEROEE, AARMRE SRS
531 [mIke () 200847 A 9 H

() G2 1)

O K B, BERFEA TadeForEH L
FLlE ), B ERER, (8o 2EknA &
(5% B EBZEZTNDDOMN?
R LAY F] 4 BE 1 EE
4 8 (53HE pp. 65-81) (FESZHIAR) 2009
F 8 H

@ K G BREFEA TREROFEEFE D
WA & ER, FEHER - SHLEZELE,
TREHI AT 4 7 A~BhoOHFFITFER
~I (SHEBE  pp. 596-599) (NTS) 2008
10 A

6. AFFEHRE

(D) WFgefFRs

WA ==/A (MATSUMOTO YUKIHISA)
ALHFE RS « REFPEELIFSERE - AF9E R
HFgeE &5 60451613

Q) WrFeniE 7L

(3) HHENTIES 7oL



