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C. Tickling H#IZ LY T v N OAFTEICEE S 28T ORI L 720 HHET v * & DI
TIZEA R RN L 72 AR BRI INIZ 213 2 2 o 720 ARASRLER ORI 0587 T- B0 58 BB RHT ©
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PHIZ TS50 T 2w FPHL, T4
LWL S RV R ORFE RGO 72,
PEIRIBOBE B FE|EICL ) R IZE ST
bolzbk A, EROIMMED EAIHIG S
T (Hayashi et al., 2003), & 5 2% W & HIMER

DBIEFDEBZALA ) ~ 7 L T (Hayashi et

Selye H(1937)1Z A b L A3 &2 RB L, A
b L 2RISR B AR OIS TH 5 &
EFEL72o AR R EDA L ADPERIC
blzbHEANLVARIVE VP B\BENIGW S I,
REITERE T D 23T OBELOHAA D E

L. BRIIZIIHRIC > TLE D . RO
HEIIBWVWTOLENT & (BEA LX) 2% 5
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7ok FITIE20kHzD R 2 56§ A 05, Pa &KL 72
& XIZIIS0kHZO B 2383 %0, ARBFZETIE,
Tickling ## 2 L Co0kHzDFE % & o T
3 % Laughing rat (% 7 v b) (Knutson et al.,
1998 ; Panksepp and Burgdorf, 2003) % T,
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R THED. B # L CMEie (FRIC 3 TR o1&
A OFBIER) L F - R FHAMOBHIZOWT
Er L7z,

BB & T3k

LkY]

BEFLE A O Wistar 7 v M & 1 IETOFRHE L
Zb0ERBEAL, Z0OFFE 17— 1 ILCER
fE L7z, ARFZRIE, FERISETZ D, KT
B EBRE R RORR R, FEBRICHH L7
B OFE K OWE X FE KT O %D b FERE)
YOI BB N HE - 726

Tickling HJ3#

v M, 4B SHBO T, 2 M
Tickling #l# % 1 H 53 MAT-720 7 v & T
ANKRy 7 ZOHI|ZE X, 15F O RO,
BSEER & JEH 2 A HAZ < § < AR % 15551 5-
A ZO30M MO BRI & RIBOBNEE 4 FE (2
SN R L, 1 BIRE L, FOT2 5O
BHEE % 4T - 72 (Hord et al., 2009) » Tickling I
¥ (Tickled) (2xF LT, AFHEIZ, BEfili 57207
DOEEF L (Lightly touched) & 4 < fili 7z v 2]
¥ (Untouched) & L 7z,

B PR 1 O RFAif

R~ A 7 1k r (MI-3140, /NEFifl2R) %
AWT, 7 v b2%%8$ 550kHz (35-70kHz) D8
T % 158 ORI & 15580 R o HER) 2D v
C(§t16Mml/ 5 40H) . FNENIEEL . 50kHzD
TEPRINCTE/- 2% 1 HRA 2 M LTHMY
EEOFM g &b L7z HIBHETI139.3+0.6
KA Vb, BHIBEETIZ0.6202K 1 > b, E
FIBAETl20.0£0.0K8 14 ~ M T, 3BT
S50kHzDZE A 13388 5 7 2 - 72 (Yamamuro et
al., 2013) o
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4= RNA 7518 D i 34

Fv MIVIZF VI —FTIVCTREEL., EHE
TR CRELIERE L. Ak 2 ) 1 L. RNAlater
(Quiagen) T, 4C, —Hf > Fa—T3
Y. —80TIRAE L7zs 4 RNA 4ot
1Z1& RNAeasy lipid Tissue Mini Kit (Quiagen)
2R L7z,

DNA A 7 a7 L A fig#r

4> RNA 77z sk & LT, cRNA 24
B L BEME L 72 Cyanine-5(Tickling#lli#) &
Cyanine-3 (X&) @ 2 fifH O 506t B & 17
v, DNA F v 7T flt L7z, Agilent 1o
Whole Rat Genome DNA Microarray FCT&&

NENDOMFEICHRT 2 HLHE X WE L.
Cyanine-5,/Cyanine-3 It % #&{z ¥ DI HLE)
ELTRDz, 1B LA L T 58 aT12
DWW 2 # O 72, FEBIEE) L 728 {n 0
REZHEE T 572012, SR THToHBIH
FEIZHARTH 2 BIE TR Co MBS <
LoTwWbhraxREL, AELHE SN
Gene ontology (GO)term % % D85 T-HE 2 FF
B7: GO & LTl ) 24T 7= (Hori et al., 2009) o

71 7 LA v (Klk) #Efnf D% & PCR AT

High capacity cDNA reverse transcription
kit (Quiagen) = H\» T4 RNA 475 cDNA
w=4& . L72o TagMan Gene Expression Assay
(18ff » Klk 4> FFE 12 >\vT, Applied Biosys-
tems) & Applied Biosystems 7300 Sequence
Detection System % f# ] L T Real-time PCR
FEI2E Y, Klk oL OERLz1To 72,
KEETOFRBELT 7 F > (Actb) & EHEHE
£ LTAACt H:12 & > THEH L7 (Yamamuro
et al., 2013)
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F 3 IV iHEARD BrdU (5-bromo-3’-deoxyuri-
dine, 50mg/kg) % 7 v b OFFENIC 4 H B #E
5L, 2NAHLY A F - & Rz AL
TR BICHES L7z $L BrdU & JHufk & i
NeuN (ffEM BB RY) ~ 7 APk, KIC
Cyanine-3 &9k Y Vhufk L Alexa fluor 488
WA~ APUED N 7 TV fEH s &,
ML= =2 F v ¥ RS = v T Bl
fi % #1%2 L 72 (Yamamuro et al., 2010) .

AT AT

TRFTAE TP £SE TR L7z, SETICE =
ENB DD E ) Hid Scheffe 7 A~ THET L 72,
pEA <0050 & EICHEEE R L,
T

FATE) B R - T o ZE BN

Tickling #H DB RFIEBUIS§ 2 8 % |
KRR BURTFES. . $igefk. HmEk,
WU O ML Z DV TRES L 720 DNA < A
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7a7T LAPFIZEY BRI LT Tickling
D < YR LA C LoD B3 BN L 7@ (a1
2 L7z IR FEETIZ136 (& EE T
26.075) DBARF-DOFEBIMA R 5 N7z, b
DBIETOF#A % GO term &, EATHIRI
FFENR T F FRERE, RIVEVIEETH - 72
(Hori et al., 2009) . AEDFEHLH Z/R L 712K
TEIREELT 2R 1SS 5, ARIEEICH
%29 5 &5+ 75 ffl (Galp. Orexin, Pmch,
Agrp, Npy). ¥ ICEAMR T 5 EIZ 7552 @
(Pomc, Cart) & F T\ 7z,

BATH B EE (R T OEE RO 572D T,
Tickling i % 2 JA MMk L. SRIHHEE & O
THEAERLAREOL L Z B LAE T A,
Tickled 7 v t O &= 38N L 72 AR E N
12313 7 b o 720 Tickling 1. # O —0
LR EEDR VD D EEZ BN,

MEIR O Klk 7 7 3 ) — & IEF OB

MR (B M BR. B TR O R85 0 &5 1T
T, Tickling ##412 X ¥ 593 (45T $41012)
DEAET- OFBHIMAR SNz, FF#m % GO
term (X MAP ¥ — i) VEREER & /R )
7L A4 EMTH o7, T, Real-time
PCREICE > THFROISMEDO Kk 77 3 1) —

# 1. Tickling R & 2 HR T O AATE) BB (L7 O FEBIALE)

BEAiE~0 |#EET X* O #on
(=] (fi5)
112 i Galp (7 =2 #~X7F K) 2.14
Orexin (AL X v v Bl&A&NNA KR T |1.60
LF )
Pmch (X7 =2 RffEANLE L) 1.87
Agrp (Agouti B % > /X8 7) 1.80
Npy (=a2—m~X7F KY) 1.59
1 il Pome (FmA A7/ aLFr) |2.13
Cart (A7 7 =43 FHE |1.94
5 5 1)

MR 20 B AR T2 BURAT CTHIE S 72 GO term “EATERAE” EI5 T
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B FIZOWTEBN R IET 21T 72 (5K 2 ),

Klk7 (Klk1l) & GK11 24.6f5 00, o
Klkl. Klk2(Klklc2, Tonin). Klk1b3(Nerve
growth factor, gamma) . Klk1c10, Klks3 (Klk1c9)
b 2~ 3EOFEBMAR SNz, Kk & >0
TNZEALDH B DOHE S . it KIK7 ufkz H
W IS 7y MENTTIE, RSB
WT KIk7 % /37 « )NV FOBEIAEED 51,
S5 ICREMRRLE TR, FHFIROBRE/EIC
Klk & > 7%7 OHINAE%ES S 7z (Yamamuro et
al., 2013),

i K DA A D et

FH R ISR T A i o Bk ] o kL
MiRalE Tix, EHd 1 HISH 9 T8 o B
FASEEAE S, Z OBFEANIE D — AT = =
—HYIZRET S I ERMLN TS (adult
neurogenesis) o BrdU % H\v T, Tickling 4
O AN T B B G L7, oI
ML O BEFH BN DR A D 72012, 5 HIH
Tickling ## % 47>, BrdUD i 5-1% 18
CE L. $T BrdU $UfR & fhid il e 22 09 2 9t
NeuN PUAC ERB SN LMBE AT~ M L
7oo HEILM MR AT, Tickling il 3
(1165.0+163.5) Tlda > h 10— L#(743.3+
69.5) & IL#E LT, 57% ¥ THE DN (p<0.05)
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R L72e RICHIIED AL - BELEFE D 522
A B 72012, Tickling Fl# %47\, BrdU O
WP 5t SHAMUE L —ERt SN e 4
7 v b L7z, FIEEETIE2305.04£145.1, 2>k
O — VEETI31641.7+235.4(p<0.05) &
Tickling FIHUT B TL~ D B  fleE L 72
(Yamamuro et al., 2010) .
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HIRTFE X, Tickling oG &z & LTHE
ITEN RS E AL T2 E S, BEATEIDOLE D
LBINT, HETHIE, BOPRBEIILL, 5
WIZIEFED 7V a3 — A= 2 — 1 v s
fbshs &, 2GR T SRE O NPY
Za—ureiFEEb L. RIZHHMEEF O OREXIN
L PMCHOBZIZLD, 5lE3RIENE, 2D
BRI T LT, LT F Y- LS Uik
TEBIGFICEC e MbNTwb, £2T
Tickling B2 & V) L 7 F v 2B E (LT DEE
B9 % H &) % Real-time PCR ¥ TG L 7245,
REGEHALEFHIROSNT, BETEELE T~
FEBIVTF OB EN S NWEEZ BN,

FRIR TR KI5 R & AR EAE DS 1) |
KREBATEN 2 HIH L. P3I-R = HEMRSR O H
K& LT <, Tickling R DB ZZE & Hik

# 2. Real-time PCR{EIC L 2 O Kk 7 7 3 ) —B{ETDEH O E = HENT

Tickling #l ¥ | & AI¥ (%) A (%)

(%)
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
Klk1c10 233.5+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

HHRBRE O Z100% & L TP ESEZHI L2 (%L dn=14).
* p<0.05, ** p<0.01.
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(Kempermann et al., 1997 ; van Praag et al.,
1999), B ZLREEL X, 7Y BT —T D
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BRI EAGEHRMOZLZ b 72540
. BN E S S ICROLLEND B,

EN T AR SR N I ey = K S S
BB ADBWEAL T 7V — 7, R
V— 7% L COHEIBEHFRBE [ - 31 FF%e
At & DItFEFZEE LTk SNz,

eSS

Hayashi K, Hayashi T, Iwanaga S, Kawai K, Ishii H,

65
4% :61-66H (2013)

Shoji S, Murakami K (2003) Laughter lowered
the increase in postprandial blood glucose.
Diabetes care 26:1651-1652.

Hayashi T, Urayama O, Kawai K, Hayashi K,
Iwanaga S, Ohta M, Saito T, Murakami K
(2006) Laughter regulates gene expression in
patients with type 2 diabetes. Psychother
Psychosom 75:62-65.

Hori M, Hayashi T, Nakagawa Y, Sakamoto S,
Urayama O, Murakami K (2009) Positive
emotion-specific changes in the gene expression
profile of tickled rats. Mol Med Rep 2:157-161

Kempermann G, Kuhn G, Gage FH (1997) More
hippocampal neurons in adult mice living in an
enriched environment. Nature 386:493-495.

Knutson B, Burgdorf J, Panksepp J (1998) Anticipa-
tion of play elicits high-frequency ultrasonic
vocalizations in young rats. ] Comp Psychol
112:65-73.

Panksepp J, Burgdorf J (2003) “Laughing” rats and
the evolutionary antecedents of human joy?
Physiol Behav 79:533-547.

Selye H (1937) Studies on adaptation. Endocrinology
21:169-188.

Van Praag H, Kempermann G, Gage FH (1999)
Running increases cell proliferation and
neurogenesis in the adul mouse detate gyrus.
Nat Neurosci 2:266-270.

Yamamuro T, Hori M, Nakagawa Y, Hayashi T,
Sakamoto S, Ohnishi ], Takeuchi S, Mihara Y,
Shiga T, Murakami K, Urayama O (2013)
Tickling stimulation causes the up-regulation
of the kallikrein family in the submandibular
gland of the rat. Behav Brain Res 236:236-243.

Yamamuro T, Senzaki K, Iwamoto S, Nakagawa Y,
Hayashi T, Hori M, Sakamoto S, Murakami K,
Shiga T, Urayama O (2010) Neurogenesis in
the dentate gyrus of the rat hippocampus
enhanced by tickling stimulation with positive
emotion. Neurosci Res 68:285-289.



66
W e ERREETTE 45 D 61-66H (2013)

Proceedings

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)

Key words: Positive emotion, Tickling, Gene expression, Feeding behavior, Kallikrein,

Neuro genesis



