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FHLEG S “BnEERET OWEEE RO,
WEPRRDOBEIEFEEICL ) RVIZESTY
Lozl Zh, EBOMMBEMED LA IHIH &
T (Hayashi et al., 2003), & 525w & HIMER
DEIETDOFIEALH) » 7 L T (Hayashi et
al., 2006) VA Z EHHLE NI R oz, TDEWN
DR R HREMFERLHREMEROE G
PRBENT, Ty MIRRPLEMmIHE-
7oL ZFITIF20kHzDF 2 59 A5, a7z
& EIZIZ50kHzD F 2 3 5, AIFZE T,
Tickling Rl Zxt L Co0kHzDFE % b o TR
9 5% Laughing rat(%£9 7 v }) (Knutson et al.,
1998 ; Panksepp and Burgdorf, 2003) & FH\> T,
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HETER, B Z L CHEEAR (B IC3E THR) D&
EF-ORBEE L Fi- L RBEABOHBEIZDOWT
ET L7z,

FRE & J5
B

BESLIE D Wistar 7 v b2 1 B35 OFEHEL
boxEAL, £0FF 17— 1ILTHER]
fE L7z, RBIRIE. EIZEL D, FRRFE
B EBEE OB ERT. EBRIHER L
B O FE K OB T IR F D E O b EERE)
Y OELY P MuERHLE e o 72,

Tickling ¥

v M2, 4BEPSED T, 2EMH
Tickling 1% 1 H 50 #fTo720 7v b2 T
ARy 7 AOHIZE S, 15 HOERIB O,
BEEE & IR A R EIC L AR E 158 E 5
2. FO0WEOERIFE & RIBOBIEE 4 5 (2
SE)BYEL, 15BREL, BO20MORH
WEEE % 47 o 72 (Hori et al., 2009) , Tickling
B (Tickled) 2+ LT, ARG, BN s 7207
DRI (Lightly touched) & 4= { filtd 72 W
# (Untouched) & L 7z,

B VE IR O S il

BEREME~ A 7 ok (MI-3140, /NEFiHIES) %
HAWT, v b2 T %50kHz (35-70kHz) D8
Tz, 15 ORIE L 1580/ O EFHE D
T (§F16MEl/ 5 47[) . FhFNEkR L, 50kHzD
EEVPRNTEEER 1 RA VM LT
BiEDFEH EEEAL L 720 FEHETI39.3£0.6
KA Vb, BHIEETIZ0.6202KR A~ b, &
HEEETI20.020.0F 4 ~ b T, WEETIZ
50kHzDFEFE 1332 5 1172 % - 72 (Yamamuro et
al., 2013) .
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(Quiagen) T, 4T, —Wgf v Far— 3
Y. —80CITRAF L7z 4 RNA 4H O
121% RNAeasy lipid Tissue Mini Kit (Quiagen)
A L7

DNA ¥4 707 L A fi#tr

4 RNA 7l % BFEMEL L LT, cRNA 248
Bt L B4iE L 72, Cyanine-5(Tickling#ili#) &
Cyanine-3 (xtHg) ® 2 FEH O H LB EER 21T
v, DNA F v 7f#Hricfit L7z, Agilent D
Whole Rat Genome DNA Microarray - T&4

NENOBRICHRET HEEEEZHE L.
Cyanine-5,/Cyanine-3 It %= B{5 T DEIHLE)
& LTRD7z, 1L5ELEEE L T AEETIC
DWW Z D7z, FHER) L7 EETFHD
WA HEET A7-012, &EEFPTOHIEHE
IR TH 5 EETHFR CORBBEED S <
ToTWwhbhriBREL, ARLHEINL
Gene ontology (GO)term % % D& {5 THEIZHFEL
B2 GO & LTCEI Y 24T 7 (Hori et al., 2009) o

B 7 VA > (Klk) EEFDEE PCR T

High capacity cDNA reverse transcription
kit (Quiagen) % FH\» T4 RNA 43 H 25 cDNA
&R L72. TagMan Gene Expression Assay
(18f8» Klk 4722w T, Applied Biosys-
tems) & Applied Biosystems 7300 Sequence
Detection System % f#H L T Real-time PCR
FEIZX D, Kk oBBEELFOEELTITo 720
BRBIEFORBEEILT 7 F ~ (Actb) & NEELE
& LTAACt HEIZ & o THEH L7 (Yamamuro
et al., 2013) o
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F 3 T VB BrdU (5-bromo-3’-deoxyuri-
dine, 50mg/kg) % 7 v b OEMEAIC 4 H [ E
%5 L. €N2%ELY A F /- wiisife & s
T F R L7z 9t BrdU & v ik & it
NeuN (fHAEM B RA) ~ 7 A PR, RIC
Cyanine-3 #§&#it Y V¥R & Alexa fluor 488
eV APUEDH 7 T VR &8, &
HU—¥F—2F v VEMELTFH T _ELmil
g % #i%2 | 72 (Yamamuro et al., 2010) o

AT AT

FRATRE I £ SE TR L7z METICE R
EN3DH DHHE D Ik Scheffe 7 A b THET L 72,
pEA<0.05D L XIZEBEER L L7,
)

FATEN BB R TR 0 ZE B N

Tickling F# D BIZTIFIH T L8 L,
KR IR TEL. #E. MR, HImEk,
W IR OO B RLEE 1 D W CHEF L 72, DNA < A
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707 LAFEIZEY, BRI LT Tickling
D < YR LR CLAEL B L /& n T
THHB L7z, URTHEH CTIZ136 (&BETH
26.075) DEZFOEHBMPR 5Nz 215
DBIZT ORI 7% GO term 13, EATEIREE,
WRENT T MEERE, "VEVEHEETH -7
(Hori et al.,, 2009) . FEDHERLEZ R LK
TEEEEZF2ELICET S, EEEICHE
25 % EB{ET 235 M (Galp. Orexin, Pmch,
Agrp, Npy). HI#lICBIFR T 2 B T25 2 fH
(Pomc, Cart) & F LT 7z,
BTBEEEETOEH RO LN 2D T,
Tickling H# % 2 MMMk L. EREHEE L O
THEEELREOLRfLZ B LALZ A,
Tickled T v + OEAEITBEIN L 72 AR ERE N
127213 7% %2> 72, Tickling REIE, 70 —D
THzZzEDLTVW D EEZ LT,

WE R O Klk 7 7 3 1) —BfRF DO FEHIEIN

W (B IR, BT BR) ORI BT
T, Tickling ¥ & 1) 593 (& E (5 F%$541012)
DAETF ORI RS N7z, F#ei9% GO
term 1& MAP ¥ — €D »EREESE & kD 1
21V A4 UEMETH o720 2T, Real-time
PCRFEIZL > THTRDISMEDO Kk 77 3 1) —

1. Tickling FIIZ X 2 HE T8O EATE)EE (G T DS IHZEH)

BE&g~0 |EET ¥ B M
& A (f%)
12 it Galp (T =vHEXTTF F) 2.14
Orexin (A Vv F ¥ v Bl&H A E2Z [1.60
L)
Pmch (A7 =R LE V) 1.87
Agrp (Agouti BIE ¥ v /7)) 1.80
Npy (=a2—uaXFFFY) 1.59
EER Pomec (FmA A7/ arsFr) [2.13
Cart (bAoA T 7 =& FE |1.94
EEW)

HEFEEYD 2 B (5 FFE AT THIE S M7z GO term “EATEIRGE” EIET.
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BEETFICOWTEEN R 21To72(F£2),

Klk7 (Klk1l) & GK11 (Z4.6f50sEn. o
Klk1l. Klk2(Klklc2, Tonin). Klk1lb3(Nerve
growth factor, gamma) . Klk1c10, Klks3 (Klk1c9)
b2~ 3RBOEHEMPR SNz, Kk & 2%
IO H B DD . Pl KIKT Ptk z B
W2 I A 7 ay MEFTTIX, FREEEICE
WTKIK7 # /87 - )NV FOBEIMDELO 541,
X HICHEMRLFETIE, S TROBREMIZIC
Klk % > /57 OHEMAEIEE S 7z (Yamamuro et
al., 2013) o

¥ K D A AERT 2R D R

2T LR BICERT A i E O IR [ o FEAL
MRz ik, EHD 1 HICH 9 T8 o Fr bR
FEDSEEE &N, £ DOBEFEMIE D —EB2 M= =
—HVIZEET A EPALNT WA (adult
neurogenesis) o BrdU #:% T, Tickling %
ORI EIK T AR B BE L7, F1DIC
B OMEFEBENOEE Y 2 57012, 5 HH
Tickling 8 % 47>, BrdUD &fdz 5-7% 18K
ME L. $t BrdU Hifk & i i e 2 a9 2 1
NeuN P T _EFB SN M2 I ML
7o _EYMM AT, Tickling il BLAE
(1165.0+163.5) CTid a2~ b — )V (743.3+
69.5) L B LT, 57% F THE DM (p<0.05)

R U720 RICHIBEDO 5L - AR~ OLE
%A 572012, Tickling ¥ % 17\, BrdU O
¥ 5% 3 EMME L BB s s Miigt
Vs L7z Hll#EETIE2305.0£145.1, 2~ b
O — VEETI31641.7+£235.4(p<0.05) &,
Tickling T RBAMB~DOE b IRAE L 72
(Yamamuro et al., 2010) o

z B

HETE T, Tickling & EBEZFE LTE
TEIRSE B IZ T AR E S L, EATEIDEEDE
Banhi, BETHI. BVEEICLEL, 5
VIIIEBE D 7V a2 — AR = 2 — 1 v ASE
fbLans k., ZEEFIHKTHSIRED NPY
Za—urEREE L. RICHMEAEF O OREXIN
L PMCH O &I12X Y, 5l&EZISNhE, 2D
BEREER T LT, VTT V- LT FUREE
FERIENCE L 2L TS, 22T
Tickling #liEIZ & W L 7 F ¥ SBMEELRTHE
B9 57 &9 H» Real-time PCR 1= CHE L 7225,
RELFHESIRONT ., ETHEETFD
IV ST URBREN STV EEZ DN,

R T ERE RANAA5R & RERAEER 2D 1) |
REEATENZ B L. WA WR BEMERO
e LT <, Tickling FISDEEZE & HK

2. Real-time PCR¥EIZ L 25 TR Klk 7 7 3 V) —#{ZF OLEH) D& &R

Tickling Hl # &AW (%) =R (%)

(%)
Klk1 191.6+21.8% 63.9+56.7* 100.0+47.7
Klk2 224.4+22.2* 74.5+58.8* 100.0+45.7
Klk7 280.6+£28.9* * 60.4+64.2% * 100.0+59.1
Klk1b3 162.4+19.0* 99.4+33.1°*% 100.0+31.1
Klk1lc10 2838.5+27.5* 56.6+68.2* 100.0+50.4
Klks3 228.6+26.2* 55.2+59.7* 100.0+52.1
GK11 241.3+28.7*%* 53.0+73.1%* 100.0+60.1

EHEEEDMEE100% & L TEYESEREH L2 (KB E dn=14).

* p<0.05, ** p<0.01.
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(Kempermann et al., 1997 ; van Praag et al.,
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. EYFENER Y SO ICEDDULEND b,
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The expression change of genes by positive stimulation:
The effect of tickling on the psychoneuroendocrine system of the rat

Osamu Urayama

Department of Physical Therapy, Faculty of Medical and Health Sciences,

Tsukuba International University
Abstract

An event that leads to positive emotion is called eustress, good stress or positive stress. In order to see the
physiological meaning and mechanism of the positive stress, we picked up the 50 kHz ultrasonic
vocalizations of rats during tactile stimulation (tickling) and then studied the changes of phenotype and gene
expression in the brain and other tissues of the rat by DNA microarray technique. In the hypothalamus, the
expression of genes related to feeding regulation was altered. Food uptake increased more in the tickled
group than in the untickled control group, but the increase of body weight was not different between two
groups. In the submandibular gland, the expression of several genes of the kallikrein (a serine protease) was
quantitatively up-regulated after tickling stimulation in real-time PCR analysis using the total RNA fraction.
In the hippocampus, tickling stimulation enhanced neurogenesis, the proliferation and survival of newly
divided cells, in the dentate gyrus. These results suggest that tactile sensory processing in the central
nervous system is memorized in the hippocampus as an episode with positive emotion and affects the gene
expressions in the peripheral tissue probably via hormonal and/or autonomic neural activities. (Med Health
Sci Res TIU 4: 61-66 / Accepted 8 Jan 2013)
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