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Influences of tongue stimulation upon spatial memory/learning ability in rat
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WwWTOay ba— ¥ (n=10), @0.28 newton (N)
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L7112, REWRRT LT ZHE - oL,
BEM], Working memory error (WME), 45i&EiRN%,
Reference memory error (RME) % gl L 2272
HBEREDTRRE L U7ze e ds, FTEERERICEE L Cldix
KT84 & L7z,
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4. Step-down inhibitory avoidance (step-down)
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WML v PXDVBELSRLHMAKEZ 4%
Paraformaldehyd (PFA) ZiZiE LAHME S, /3
FI7A4EML, 3 7abr—2a2zHw, 6 um DEE
THY) L7 BAREREAR 2 ER L 7ze S HiE)ER
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6. RT-PCR (Reverse Transcription-Polymerase
Chain Reaction) %
RT-PCRETIE, F v b XD LzE % H
Wizo F 7ZHNHIIE O BEINCIZAS TR 20 e R o vk
ORI HTHY, MEEHIROEL - E - V7
ADHERETLHE 2 EOMFEMIIB DR 2 T 5 & 3
2 )i H R # R S 22 ] F (BDNF : Brain-derived

neurotorophic factor) @ mRNA %# %, RT-PCR
1% (reverse transcription-PCR) % i CTilll %€ L
720 ISOGEN (Z=v Ry YV —=V) ZHWT, #H
25O mRNA $lilh 217 5 72, M L 72 mRNA 3,
Bio Photometer plus (eppendolf) 12 & 1 B % 52,
ETOWE%1000ng/ um (ZFH% L 72, Prime Script
TM RT-PCR Kit (Takara Bio) KU Thermal Cycler
Gene Atlas (Astec) % ffi /1 L, Template RNA
1000ng/ uL ZHWTC, £ - 7=-1V 7 (65T
5 min), FEEE G (42C 20 min, 95C 5 min) {2
FDEWRENADNAL ub 28R & L C
primer20 M, TaKaRa EX Taq HS % v RT-PCR
FBEIT o720 StF% (94T 3 min), (94 30 sec,
58T 30 sec, 72 30 sec) 40cycles, (72C 10min)
EL7ze HHLAETI4 < —EH ZDTFITRT,
BDNF (3iii# 4 X169 bp)
F-primer 5- CAAAAGGCCAACTGAAGC -3,
R-primer 5- CGCCAGCCAATTCTCTTT - 3
GAPDH (#41iE+ 1 X306bp)
F-primer 5~ CCTTCATTGACCTCAACTAC -3,
R-primer 5- TTCACACCCATCACAAAC -3
BDNF mRNA ¥ =i, 2% 7o —Ax=Hw
T100V 40 min ®EH-T, 7Hu— A ERKE =17
W, ZOH, TFVTL - TavA FIBHRTHREL,
B4R L 72 DNA o8Ny F# B EHx% L, photoshop
(ver. 7.0, adobe Systems Software Ireland Ltd) %
H v T2y ¥ F @ density % #ll & L, BDNF &
GAPDH O H| & T 2 Feihat L 72,
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T— 13, PGS (SE) 2EhEhE
L7z, BEMZEE, —KRES T Z L, FEMR
%€ & L T Scheffe % W 7= 2 E LK 217> 720
e BHEARMEZTS% (p<0.05) & L7z

. #=X

1. 8 FE MG KX & 5 B& (Radial arms maze
test)

TR & % 22 M7 E - MR RO ZIL 2 WE T
5729012, 8 IS IRRE AR Z 1T o720 K2 A
&, 8 IR R i iR o i BERR ] & Working
memory error (WME) %/R9, AT ZERHICE L
Tld, 23 Pu—NVEET7H6=x818, 073N HTIE
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31, &EINE & Reference memory error
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2. Step-down inhibitory avoidance (step-down)
ER oY
SRR T 2 5 B R WG9 5 729 1T Step-
down iER X 1T > 720 T ¥ M — VEEIF580= 168,
0.28N #:T132215+84.3, 0.73N #£T13460.1 +724 &,
oy ba— VEEICRFL, 073N B TRk O
MRS s (K4) (P <005, LaL,

028N #ELOMNHEOH T AR ETRDO LN L
75)0 f:o

3. REABLFELREZ AV c-Fos BHMEDOH

AWz clx, MfgiEto~—4—& LT c-Fos %
M7z, c-Fos i¥, ¢-Fos mRNA 22— F3 5% »
N7 THY, MOBETFZIHFEALEE DTG R T L
LT EEZO5NTWD, c-Fos BB L 72812,
ex e ZAr — FROBD e &, ) Y IRILASEZ 572
D, MIEOKSPIZILL TWAEEEZEZ LN TV,
51 c-Fos BrlEfife D% % 7R"9 . c-Fos Bz
DEIZOWT, a ¥ ba—L#TIE161+25 (Aa)
THo7z0lZx L, 028N #386+49 (Ab), 0.73N
1338+44 (Ac) &, ML HIZa ¥y ba— Vi
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L#2L, 028N # £0.73N B TIIA B e 21358
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WTHEBR L7z RFETIE, ek s e+ 5
72012, HERFET A 1RERETIC, BrdU 100 mg/
kg #®H 1B Z v FoOfEKE (IP. Injection) 2%
51720 BrdU BHEMBoRIcOWT, 3y ta—
VB T E178+20 (Aa), 028N #f T 1X185+29
(Ab), 0.73N #T13265+26 (Ac) &, I ¥ bu—
JUHE & B L C0.28N & - 0.73N £ 3412 BrdU Bat:
MlLOETORMA R L7272, AEEIROONE
»orz (B) (KM6).

5. BDNF mRNA
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av b= VBRI, 028N #, 0.73N BRI
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WZxF L C0.28N FH I HRE CTla r g, WME, 4

WHETIIERRBA»ED 5Nz Kim 57 1,
75y s HERE )AL X TORBT ) 4 X% Mhe
727 v NS, 8 AT IREEGGAER D T T —FiAhsi
L7 & L CTwb, Yamamoto 5% 136 & D
) E <y CER S, MOl ERL 2y
AT, WAL 72~ R &R LT 2=
BRe DA EL T2 b, TR B
HB e EORMRFEATT » + OFEIHEEE LT T
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o — VERICR L, 028N R I IR I o A
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b #iE L Twb, 7 Yamamoto 5 ¥,
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WCEoTTy FORBHOETRAON/E ST
BY, TE~OHEA, 7 v OB EL S
Al HCTHEM L2 RE S N7,
HNORAST v b O OEMEAL, A4 <
ERF OB RIT T B2 i LR, 3
= VEEICK LT, WRIEET c-Fos OF &1
mzEREBLAZ, L2 L, BrdU B Eflllg X BDNF
mRNA OFEBLE TIEERP O MBS X 2 Bmas i
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LN, HEAE LD -7, Utsugi 57 138w
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IDBROLNTVWIDTIE RV EEZONS, 72,

BDNF mRNA R &BICBWTHELZILZED
horzh, Kim 5 135 v My LT 1 H3054
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HLTWE, SHOERBIC X 2#HRTIE, BrdU

FrEfiia 2> BDNF mRNA O T OBMNIIED 7258
FREZROLZEES Loz TNIZELTIT,

EARICIESDEDRA SN0, EAREEMRP LT
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RIS 5 2 & T, ZOREE =L FmE
B, SURBRANIIEM, A& & v ) R Ta
EINLD, SHRIIINSOMET & TOMILEI Y
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Influences of tongue stimulation upon spatial memory/
learning ability in rat

Tetsuko TANAKA, Takashi YUKIHIRA, Kentarou NISHI,
Takaaki KUBO, Min-Chul SHIN

Abstract

The tongue plays an important role in the functions of taste, mastication, swallowing, and
speech. These functions are due to the tongue's sensory functions, e.g., taste and somatosensory
functions, and motor functions. There are many studies on the relationship between the tongue
and taste, but not well known about another important role of somatosensory of the tongue in rat.
In the present study, we investigated the effects of tongue stimulation upon spatial memory/
learning ability in rat by using behavioral testing and immunostaining. 0.73 newton (N) tongue
stimulation decreased the frequencies of both times and working memory errors in a radial arms
maze test and increased latency time in a step down test. In addition, 0.73N tongue stimulation
increased the number of c-Fos positive cells in rat hippocampus. Tongue stimulation also slightly
increased the number of BrdU-positive cells and BDNF mRNA but there was no significant. Based
on the results, it can be suggest that net increases in hippocampal neurogenesis from sustained
tongue stimulation are likely a result of hippocampal activation and neuronal differentiation, and it
could ameliorate the ability of memory/learning in rats.

Keywords : tongue stimulation, memory/learning ability, rat



