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Effects of pain, warmth, and cold on rat’s memory and learning ability via tongue stimulation
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I8 24T o 720 FATHIZE Tl Jeim il 70 1 8 2 Rl
LTW/z25, ABFZETid, BEIZ X 2882 T
bz E Wz, KOREE, 8T RTDNE
UHICHEAE 3em, EE lem O WE % ik L THEER
ATV, 8AKDT —2DHH 4 RKDAKIZKEL) w1l
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L7:t4, BEARZGER L, 9y FXDEONMN
HLkk % 4 %Paraformaldehyd (PFA) (ZiR{E L ALk
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test)
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memory error (WME) % /"9, ZHHj5H KO T
BEREIH] & HeX 1 20 A B O 1 20 i SERE ] TR 3L
FIAE D Con BE (328+028) 12xtL, 1lng CAP &
(348+044), 100ng CAP ¥ (288+042) TIi: A
BAERALNG D - 7228, 1600ng CAP #T131.86
+028 L HE LM OB bz (K1 Aa,
P <005, L2L, i - @WRFBAEICEL T,
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B (277+135), 11T Cold # (36+082) ILITH
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T130.33+£0.82 (P <005 & A E7% WEM @4
PRHLN (K1Ba)e L2L, i - &Ll B
B LT, Confif (25C) (1.35+053) (ZxfL,
43°C Warm # (094+0.38), 11T Cold # (0.83=
020) EIZHEAIASONLE,>7 (M1Bb),

213, & #EINE L Reference memory error
(RME) #7/R¥ . 4BEIPE T AR D Con
B (1317=167) 2% L, Ing CAP # (12.33+1.92),
100ng CAP % (1183+137) TIZAHEAIZALN
%o 72H%, 1600ng CAP BET139.66 091 & A &
RO SR SN (K2Aa) (P <005,
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Con, control; CAP, Capsaicin; *, P<0.05; ns, no significant; Mean = S.E.
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Con, control; CAP, Capsaicin; *, P<0.05; ns, no significant; Mean + SE.
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Con, control; CAP, Capsaicin;

B L Clng CAP B (11067+1213) TIXAHE AL
BOOLNLHholzb DD, 100ng CAP B (331.67
+£4498; P <001), 1600ng CAP # (487.67+7152;
P <0.001) 2BV TZh 2Nk oA S %8
MA RO SN (K3A)e LAL, i - &EAHHE
\ZBI L T, Con B (25°C) (238.75%26.12) 2%t
L, 43 C Warm # (213+4570), 11 C Cold #
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B)o

3. wEHEEEFEE% AV c-Fos BN
RIS X B Mo m L Z e 3 5720, i
DR TH % il CHREEbt~ -7 —Th 3
c-Fos B 4 M Bg % 5t Ml L 720 c-Fos i&, c-Fos
mRNA 232 — F$5 % 82 ThV, ozt
WML S 2B T LTl EEZ SR TY
%o c-Fos BFEM L 721212, BAc e h A — Fo
MeE, ) UBLERZ 5 2 L TR S
b5 arEE2Z5N TS, 5 EH #E D Con B
(1463+264) &ML CTlng CAP % (1861 +3.14)
TRAEEIFRDODON L7280 DD, 100ng
CAP # (286%2.16; P <0.05), 1600ng CAP %
(4043+6.34; P <001) 2BV TZNZh c-Fos b
MDA E LA RO Sz LaL, &%
FRIBAECBI LTI, Con B (25C) (1535+3.25)
WAL, 43C Warm # (194+3.15), 11°C Cold %
(205+352) LITHIMEINICH - 72 d DDA AT
AOENHDo T,

4. REEBtFERE%Z AV /- BrdU B0

=, P<0.01; ™

*, P<0.001; ns, no significant; Mean = SE.
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1B ETIC, BrdU 100 mg/kg 2% H 1M 5 v b
JEPE (I P. Injection) 2#%5-L72. ZO#EE, ¥iF
B BB @ Con # (165%+265) & L& L Tlng
CAP # (1453+4.87), 100ng CAP B T3 A & 7%
RN o728 DD, 1600ng CAP # (3054
+£765) 2B\ T BrdU FathEMile o4 & 72 B A3 72
Do (P<005). LAaL, - &R
Bl L Cix, Con#t (25C) (1651+325) IZXf L,
43°C Warm # (215+547), 11T Cold # (196=
4.84) HITWIMEIRNCH > 72D DDOEFEEEIIALN
o7z,
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FRALA b L A RPURR LI SR (M N DB 2 e B %
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X 2R OB & LA b LA, B LD
OV Z T 5 720, 1iE %2 H v T d-ROMs
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Red arrow indicates the c-Fos positive cells. Con, control; CAP, Capsaicin; * P<0.05; **
P<0.01; ns, no significant; Mean = S.E.
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6. BRBICEPEIEX ML X ERBRIEADEL

Con, control; CAP, Capsaicin; ns, no significant; Mean *= S.E.
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I & WME TOHBEZEETALNL D o720,

1600ng CAP Hll 3 AE Tl Ar Z W [ 0 F 7 7 M &
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X R H o 720 Yamamoto 5 1%, ¥k S i %
H.27299 VXY, WBWfEES 2725y boFEE
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FEMCRI DS 8 7 I IR R EREABR T T v b DR
N EHEmIEEHIE L TWwbH, 72, Step-Down
AR F 72 R RIS AT TR B oM ICB L C,
I - SRR CIIARENRO LN o725 D
@, 100ng, 1600ng CAP Al 3 ¢ e bk RE ] O A &
R BIMAERD B N7z, Fukushima 5 12D
Ty MIBHEOEE G 2L, BEOME S
ATBEE RWER E R & 72 B AR I X -
THERRE LR, SR OGE RS
N5 L<Thh, HFSHY X, H~ofl - 15
I & 1) Step-Down 35 T 0 3 i g fH] D 4t & %
WL TWwb, Uneda? X, KT v b/ HIH
B2 P L 22FI e e S VBRI S v MEEX D
b 8 7 AT IR B B D A R AMK T L 72 & i
HLTWb, INLDMENS, RERTON 7
A2 Y ORRITHEAT 2, T~ ORISR O TR
WD X HIZ, HOFEERB AL B 5 X
e DI 2 LS, REDOHRIEEE S
AL ZEZONL, LaL, HN\0OiR - B

FIW TR OB E R AN o722 L1
T - 5 R SRR RS B B it o1& AL 2 5
SRITETORBIIZEDS b o 2RI E 2
bNb, MMAT, i - &R Cc—a 25
HEE D OXT OB A S Nz0EHF S O
DX, T ABROREBRDTF O - LT
WMe o MEEMEIEZE 26N 5,

TNORE, - WERMAST v b O Iz
B B MEAEVAL R MR A T B, Ml
Wk~ — 7% —Td 5 c-Fos LM~ — 4 —CTd
% BrdU # VTGS L7ze ZDOHEE, c-Fos Bk
MR DOZAICE LT, Ing CAP#, i - @50
WHETIEZENZND Con B & LB L CAH & 2B
RSN ZR 057228, 100ng CAP #, 1600ng CAP
HECIIAHERBMZR L. 72 BrdU BtkMilic
BWTixlng CAP #, 100ng CAP #ECTH T OB
BALNIZLOOHEAEIASNT, - BRI
HIZBVWTHFERICHEEAIZBO N o720 L
22L, 1600ng CAP B TIIAERIMAIA LTz,
Zhang 59 I HEHEFIHET VT v MTBW T A
RIS BT 5 c-Fos i 2 A S & 5 & il
L CTwb, 72, Funahashi" 51358\ k8O % A
I ASHERS O c-Fos BrtEfile OBl 2 A B3 &
ot I|EL TS, L2L, 74 rE2Hw
7245 [0l O T~ O Ja B O S SIS O c-Fos Ptk
faz ABITHIMS 5 L V) ERERI-Z LD,
Zhang 5% % Funahashi 5" ® #5112 & 5 c-Fos
R AL O FEBLNENZ, A HE 2 WA O RV A
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Jix 2= T4 T D c-Fos BptEfilE, BrdU By g 2 3
MEE-LoPEY 2550, FERICHP S § SW
WMET A Y — % V72 Em~Ofilt - JERRI#IE, 7 v
M IZ BT % c-Fos FrEMilg 2 Bhn S & 72 & ity
LTWwWh, THHDRERIE, KRR 5 5
H B D 50 EE DS A RSR DTG AL T 7213 B0l 2 5] &
T REMEZ RIB L T A, SOl - ol
Bz 72 o TILIRE T34l ~435, BHETIZ10~11
FECHIR L 724 9 AR CTH KT 5 0 %
175 720 c-Fos BPEMIAE, BrdU Buthfile & 128
WA RSN hozb oo, FT ok
ZRLTEBY, THEF T ARIC X DMl - EREAITR
MBEIZMbD 5 72720 DAL TH L REEDEZ 6N
Bo BB LTI LS &, 435 D b oo 2l i
HMb o 72BIIIREZHRMETH LK) E—F )V
SRWMVINT 5 LWMELTWD, T2, MMESY
X, Ty FOEAREICBT S EEME AR S 2 —
O Y OBRUSFEZ MRS L, RIREE o BN & 4512 2
IS ZHHEDSHEEIM L 72 8 iE LT b, Tho D
mns, AE, Ty ha— VB E LT A
BoNhro72EKE L CTHMEEOREDEZ D
N5 REBTHEN L7225
ZVEIPAOIRE 2 L CT\wWb, Yamada 57 111
TR CORKE OB EIIRE L FAIHEL R D
md, DUFRlE, @, EONETH 7z i L
TWwh, T2, MYICks e, RERHOHEMSIZ]
cm’H720 1 ~ 4O HFEEL TV BAHS, LIEREIC
%5 1ARDT 2O THY, LENIZIR
BIBUIH L THREL D O THIKTH 5 L ik
LTWwa, GV - @R ClEa B
DENGo 2720, i - R AR o H

THEVRMTH ), BEZERIDLEVI b,

TAOIR - WA O AV S W REN:
ZZbNb, o T, GHIEI DREZEHM LG
PEAL S & B REEO - H RO RIBEREE IS DWW T
LWGEL CWERH L LEEZ BN D,

BALA LA, JUBALIICBEL T, WO
WKBWTHHEBEEZBOLIZIEIESL o7, BRL
A ML RAIMDOZAL LG IZ BT 5 5E & B LT
BY, WHICBIHEMEKELZT O X T O L
PR AR T L s, P LEER oGk

ZEODHIET, PUBLEIRZ TS L S Tw
%7 AORITE, REEEICBNT, FER
PURAL ) OBERIZFED SN 2o 7228, HOKEIZ
HEEREEFTHE L ofilE hoTBY), 5%, #
Zhk % iR EERCRIIIREE 2 WA 375 2 & IT K o TR
LAHEREBONLWREDEZONS,

T AOI - JFEHEE = LR O REE R 2 5 BUR
BNENKZE Y, EREEREIIER 5NED5, 4
WHIGECTE - FEBEIICEH LTfE 21T o 72729,
WHIZE =7y Mo leMiOARET 72, 514,
MUFLHT A DB INER ¥ F 7 A DFEK DWW THIE,
BN OB b LEE D EEZBND, T2,
M D 53 R0 15 R W B 59 B ok b ke e SR 22 I 1
(BDNF : Brain-derived neurotorophic factor) =
4 v A YRR EKT (Insulin-like growth factors
(IGF) LR EDOBERFICBIF AWML LELEE 2
bNd. ZHORIETIX, #7THA ¥ Ik BEN
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Effects of pain, warmth, and cold on rat's memory
and learning ability via tongue stimulation

Takashi YUKIHIRA, Ryuji KOMAKI, Takayuki FUKUNAGA,
Tetsuko TANAKA, Min-Chul SHIN

Many studies focus on the relationship between tongue and taste, but not much is known about
the tongue’s other important somatosensory roles. In our previous paper, we reported that
stimulating the rat’s tongue with touch and pressure activated the hippocampus and increased
neurogenesis, with the possibility of improving memory and learning in rats. However, it is not
well known how stimulating their tongue with pain, warmth, and cold could affect their memory
and learning ability. In the present study, we investigated the consequences of these stimuli by
using behavioral testing and immunostaining. We discovered that stimulating the tongue with
Capsaicin (pain) improved spatial memory and learning ability during the radial arms maze and
step-down tests. However, stimulating the tongue with warmth and cold showed a non-significant
improvement. In addition, c-Fos and BrdU positive cells in the hippocampus increased
significantly in the pain tongue stimulation group (compared to the control group) but not in the
warmth and cold stimulation group. Based on these results, we suggest that pain activates the
rat’s hippocampus and neuronal differentiation, and could improve their memory and learning
abilities. However, the current study showed no significant difference with temperature stimuli,
making it necessary to examine its intensity in the future.

Keywords: tongue stimulation, memory and learning, rat



