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T U= A0 p LE A IRFN#E ., pH7. 6Tris-HC1 THA
B 7m T x ) —)b s 7 maiRL A E AR, 15000
rpm T2 SR Lz, EEEROF 2 —T I L,
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CGRP+CGRP8-37 (0.5 nmol:{RA) Z#MMEAE L L7z,
BhHMH1 BB REAEE S, FRICT
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CF v R_—HNIZAND & BECERRGETITh D L
ATEFEE L0, WTFhoRERIZB N THLT <A
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Fig. 1 Effects of CGRP intracerebroventricular
administration before fear memory retrieval inmice.
of behavioral

(A)  Seaquence procedures for

experiment. (B) Freezing time of a lhr after
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administration (n=5). (C) Freezing time of after 1
day administration (n=5).
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CGRP(O 5 nmoL ) & % V& CGRP+CGRP8-37 (0.5 nmoL:
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@mtt(mgmooéﬁﬂﬁéﬁzfm61ﬁﬁﬁ
WLTH, BRICE Y3 TE200 PIF EBES
., BB L iz, T0%, CeRPE MEN S
T 5 & AW IEIE E ) saline W HBE & b, 4 B
MIZABICEWVEDOEE ThHo72, T2, TOMKIGIE
CORPZ A AHH1%E (CORP8-37) & CGRPOD I EIZ L -
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Fig. 2 Effects of CGRP intracerebroventricular
administration after fear memory retrieval inmice.
(A) Sequence of behavioral procedures for expriment.
(B) Freezing time of 1 hr before administration
(n=5). (0

administration (n=5).

Freezing time of 1 day after
Freezing time was abserved
for 5 min in context test. Each bar indicates the
mean = S.E.M. One-way ANOVA by Tukey’s test.

*P<0. 05.
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3 —3 Picrotoxine (GABA
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CGRPIZ & % Rl ZLI& DT AIZ GABAMF IR R 03 B 53 %
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W%ﬁ%umym)%&5L\?<Aﬁﬁ%MELtc
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I B 21TV, e o1 KERi#%IZsaline, 7 =4
¥ (3 mg/kg) DREMENEG 21TV, 51230 4
#lZsalined % MECGRP (0.5 nmol) ZMM=EANESE L
7~ (Fig. 30) , 7o b o0& 52K D, CGRPIZ &
HRUMRRIEEEESFERICIE &/ (Fig. 3B) .
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Fig. 3 Picrotoxine (GABA receptor antagonist)
inhibited CGRP-mediated fear

Seaquence of behavioral procedures for experiment.

extinction. (A)

(B) Picrotoxine (3 mg/kg) was administered by
intraperitoneal before CGRP i.c.v.. Freezing time
was observed for 5min in context test (n=9 animals
per group). Each bar indicates the mean = S.E.M.
Saline X CGRP<0. 05 ANOVA  post-hoc

comparison by Tukey. *P<0.05, PTX; Picrotoxine.

, Two—way
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3—4 CGRP ORUfFEIEHELEIER ORRZ(L
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BITRE Z1TV, 1 R (Tsalined 5 VMECGRP (0. 5
nmol) #MMENHEL Uiz, 7 < ARRIIMENE G %
1T-7-8 B4, 15 B, 22 B#% o3 [EHEE L7z (Fig.
4A) . CGRP MHZENEE%#1T-7-8H % (dayld)ZBW
TCCRP IZ L » TRMARBIHEOHENFEICA LN
72o &£ T. CCRPOZMMMFEIBRIE HFLFEM A1

W D2 BTz, (Fig. 4B) .
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Fig. 4 Time course of CGRP inhibitory effet on fear
memory extinction. (A) Sequence of behavioral
procedures for expriment. (B) Freezing time of 1 day,
8day and 15 day after CGRP adminiatration (n=9).
Each bar indicates the mean =£ S.E.M. t-test,

#p<0. 05
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1 B BRI REA T 21772, 1 BRBICEEZ S
“ti“?‘ Zsaline & %V MZCGRP (0.5 nmoL) %H“’ilﬁ?&’q—-
W AITE A BIE L7z (Fig. 5A) , ZYfizols
,_\t I FIUZCCRP %532 &3 < BB
saline 58 TIL15071F EIC*F L, CGRP 5T
100 BUTIZEAD L, BREOHENFTEICALN
7- (Fig.5B),
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Fig. 5 Effect of CGRP intracerebroventricular
administration fear condioning 1 week later
witout fear memory retrieval. (A) Sequence of
(B) Freezing
Each bar

indicates the mean = S.E.M. t-test, *p<0. 05.

behavioral procedures for expriment.

time of lday after administration (n=5).

3—6 Real time PCR 1T X % MMPER T OWHE
CGRP MMENEGIZ L 2 MR ICBIT 2 BEETHRE
B~DORBEL RN+ 57—, Real time PCR 17> 7-,
CGRP Z#MMEANIE LT~ ¥ AMEHIZ B Tt
F T AGREEE S CABAGKICEE L TWAH I L I v
BT VAR F LT —F (GAD) DRERBEOHEREZIT-
720 2FEIEDT A Y 7 4+ — AL TH HGAD1 (GAD67), GAD2
(GADB5) 123V NTCGRPIZ & > TGAD20OmRNAZEF & D |
ABERICA LN (Fig. 6B),
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Fig. 6 Effects of CGRP administration on mRNA levels
of GADI and GAD2. (A) The levels of GADI mRNA in the
(B) GAD2

Each bar indicates the mean =+

mice hippocampus by CGRP i.c.v. (n=6).
mRNA levels (n=7).
S.E.M. t-test, *p<O0.05.
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AREERTIX8 BEOIEMCSTBL/6] ~ 7 A% FHWT
CGRPIMZE N 5-1Z 31T 5 M LI~ DRI D Tk
WiSORFEERBR A VRS L, £9°, lEEE) &
F—ERAEREEE TROHT ) BRoZ %27,
BEOLOERBHRLTVBICHLEDL LT, ZOLARIN
R MEVHE RV EIZEEE L TV A BEEN T
TRVREZRL TS, g S h-mEEE ke
HEELOBREZFET I LHDHM, TOEL
MR 5Ex7#E 9 21EESE (extinction) Dy
BEFETLII L b D, WRIT, HWEFE L I1T2ME
AT L VBSOS 2 FRT D K DIk o B
wtL. Sl (CS; Fv =) #8715 LER
FBIC £ 0 RHT RIS (F7< HATE) AHEEET
LEGER L, HEPEITILATEATE (prefrontal
cortex) & kiR (amygdala) NELS G952 &M
MHNATWDHY, SE, Fx ORFFETIXCORPZ FLIED
TEZICRE LS E BV TR RENEE ST
BREINTZEFETHoT, KK, HEIZEL-TwUR
IR A RBR UG 2 Z2RGH & FE T 55,
CGRPEEIZ L W FHIFMHE =N, BRICL > TREL
EAL L= B E25CRP DER CTHOEET S 2
ECRMFEBEEREFEICER 7B b5, T2,
T D UGIECORPZ A BFEHTE (CGRP8-37) 2L »TH
BICIHl SN2 L D LCRPEZ AR ZN LIZRISTH
Ll Esns (Fig. 1C,20),
GABAIZNZ B L CRIHEIN, =a—alfoTH
B S N A MG REEYE TH Y | GABA T RK L #E
U&= —n OB & 2MEl+ 5, 4E. FHx
VXCGRPIZ & 2 R SR 1B TH 5 P ASGABAAR R D FE T
LDbDERMAESL T, REFRTIL, CGRPIZL 5T
BMFRIETH B E 47z, ZHUIZCGRP H3GABA %
RIMEAL=a2—n OBEESMH INTZ2DEE R
HID, /o CABAZ A EHERE (¥/m bxiv) &
HIZ X o THBEICIH Sz 2 & 5 5 CRPO RYiFLIE
THEPLEERICIZCABAMR R B E LT\ 5 2 L3R
wahnsd (Fig. 3) , £7-. GABAEEE=o—n(C
X7 NVE I VEEDHABAZ AT D UV I U EEBLIR
feEESR (GAD) PMEME LGABAYEEhME = o — o VAFRK
WHERBALTWDZERMLN TS Y, Z dGADIZIE2
FEEEOT A V7 4+ —LMBTFEFE L. GADL (GAD67) 1A
BEA2MRIZ, GAD2 (GAD65) IXM IR RIICEEICHFEL
TW5®, KEBRTIZ. CGRPIZ L - TGAD2OmRNAFS B
BRI L7z, I, CORPAGAD2AEEICIFEET S
FRRAERIC/EA LGABAEEN M = = — a2 U N IERAL L 7=
=HEEZHRD (Figh) .

B GMATTFE . WEEZOBERICB VTR
REESMAEZ (BLA) 2> 5 B —HMRRERERIC L 0 | Sefffd

TR (CS) Ikt U CORTHRRIEK /NS — RTINS |
T BRIEBE ORISR KEEN EFT DM G
#HAE; Fear neuron) &i{HEFEZRER L T < ARG
DMET U 72BRIC S KSR DS 009~ % i (V5500 ;
Extinction neurom) 3R SN TRV, ZHSIL & TH
ERNTENENRR DHRNHE S Z & n@E ST
W5 P REBRIZBWT, BRANE%ICCORP 2484
SHEFICEEGT L LRBOHEHENMEESNZ/BR,
L% TILCGRP AN ZMfiMARIZ /B L, ABE 72 L CILCGRP
DSV EAMACAVER L7272 9 IZCRP D & AR~ 7=
AREELEZ LD, U EORERIZL Y CGRP 24z
BIHEEEEAIL, BEr —EREI S -%ICHES
L. GABAMRERMEE L TW\WD Z RIS T,
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Effects of intracerebroventricular (i.c.v.) adminis-

tration of CGRP on fear memory in mice

Shuta MISHIMA, Shota MATSUUCHI, Ami OTSUKA, Naoya HASHIKAWA

and Narumi HASHIKAWA

Graduate School of Science, Okayama University of Science
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan
(Received October 5, 2018; accepted December 6, 2018)

Calcitonin-gene related peptide (CGRP) is a 37-amino acid neuropeptide, which plays a critical
role in the central nervous system. It is known that CGRP administration improves anxiety-like
symptoms and depression-like symptoms, but the influence of CGRP on fear memory learning is
still unclear. In the present study, we investigated how the effect of CGRP was
intracerebroventricular (i.c.v.) administreted on fear memory learning uesd by “Contextual fear
learning test”. CGRP injections (0.5 nmol) was non-sigificantly freezing time before fear memory
was retrieval. However, the fear memory extinction was significantly inhibited by CGRP
injections after fear memory was retrieval. In addition, this response was through CGRP receptor
because it was inhibited by CGRP reseptor antagonist (CGRP8-37) injection. Next, participation
of GABA nervous system was revealed because CGRP and GABA receptor antagonist
(Picrotoxine; 3mg/kg) injection were siginificantly inhibited by the fear memory extinction.
Furthermore, result of examination time course of CGRP inhibitory effet on fear memory
extinction, the fear memory was keeping after fear memory retrieval 1 week has passed. These
results suggested fear memory extinction inhibitory by CGRP intracerebroventricular was effect
after retrieval memory once and contribute GABA nervous system.

Keywords: calcitonin gene-related peptide; fear memory; retrieval; extinction; GABA.



