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Effect of touch/pressure and pain stimulus on the tongue in memory
and cell death of cerebrovascular dementia model rats

Takayuki FUKUNAGA, Ryuji KOMAKI, Min-Chul SHIN
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Maze RER T BFER R fH4E, Step Down 7 A b TORBRFHEE R, BrdU, c-Fos Fttili,
BDNF O A & 2 ¥ e m 2 2o 7. Lo L, Wil 7 - 72 (P2VO+PS) #id,
Water Maze iB& Tl BELERF OA B R EMITA O NTZD, TOMOAEZEIRD LN o
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type dementia : AD) TH 1V, k< 2FHOERK
BT D 2 O MEVEZRAGE (vascular dementia :
VaD) Th b, FRIIEFEDOIETIE, 65AiOH
AEPERRAVAE O v C I PERRAE O HI 525 4 ) & 4251
RETHLZLPWEEINTREY Th b DB
R BEBHED 12 LT, WMEHHTL L
TEERAEHRICB Z T2 NT a7 T LOR)R
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THIENHMESNTEY, HEEIIHFMERZ AT
% A Jp = A 5 L H AR FE R - (brain-deriverd
neurotrophic factor; BDNF) 7 &2 & ) EHMIC
AR WYE 2T 2 X ) = X L DWMED G- LT
MRRERNER T 5 L E 26N Tn5 7,
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1. XEBREY

FERE 2L, Wistar RHEE T v M ((REH
200g) 20Vt % F v COMFEB IR IR Z&HE + IO D
&AMt (Sham Control, n=5), @) Hl# 3 Bh kK 25
# (Permanent 2-vessel occlusion : P2VO) + il
O & A (P2VO, n=5), @ W Bl ¥ 3 B Ik #5 2 7
+0.73 newton (N) fill - R EHFEHAE (P2VO+TS,
n=5) @i f#EIHBYIRASEEHE +1600ng/10 1l 7 74
A4 ¥ AR (P2VO+PS, n=5) ® 4 #EiC
T, EANORIFASHHARE KT TR E 2 AT,
v Mok (CE2 HAZ L7) BIOK
T HHNZHEIS &, B &0 RPNII20EH Z & 120]
Woarra—n%zL, Eik250C, ®EDS+5%
DEMTTHE Lz, BOfES I OFEERIZEHL
TIFREARTRERL AR A FEBRBIAN 2 3857 L 72 (8) 20-
03)

2. BMEMRAEREEIY T T IVOIER & AHER

E

3R A RRESE (05ml/100gip.) % MWW T4
JREE N CHM OB 2 5-0/ 2 TRZL, 20
1A%, AREBICAEM ORISR Z KT 5 2
XY, BV X 2 A T BB e e
WEeFNVZ v b (P2VO) ZAEK L 7", P2VO @
YRk & 5B AR MAE T B R R T 572012
P2VO OERHTZ 0 H & L7z 1M Z & ofkE D%
b2 E L7z,

3. HRIBCE

JIot ML R R RE B W € 7OV DA 1 A R % 7
SR ZAT 5720 T v FOFHF~Of - JEFFIHEIC
BLCiE REEZHCTHIOSE, ZEBIEERE
FOE#HSZERNLLH 1M, 1R&H72) 9EoHE
FET 1 o F RIS L 720 BEEIC DO W T,
SW A7 A # — (von Frey i % otk L7228
Semmes-Weinstein ofilament tester, Smith &
Nephew #1:#) v, HP 5 OfsexE &1L,
TORIBEE TI20.73 N DR BE 2 BN L THEME L 720 T
FRERIERE G LTiE, 1757 offfte2E 12 L,
YRy FEHWT, 11/ 1H, 1600ng/10 ul @
NTHA T EREEEICL s Al G Lz 3 v b
O—VHHSH LTI, BRI X 2RO0AEZIT- 7,
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F 72, MO AR T 572012, HE2HWMT 5
1 B ATz e (LP. Injection) (24 H 1 [H100
mg/kg ® BrdU ##45-L 72

4. Water Maze (5%

Water Maze A 5% Tl&, Ef£145cm, & 260cm
DT =V E VT o7z, Kilnxk23£2CE L,
KEEIE20cm & L7z. Kl & FEROE S D% il
L, ZI~FET S ETOMRMZRREL . Fhis
B Z 3 HMY, ToBI Yy MI7—=IVAT
10cm X10cm O EHD B EFER S, BE Ao
Fo7:t%, 30ME RIS E 5 FNHZ Ik &
L7zo HRIFERTHR, EFVEERL, BHP2S
TR E 1 - A%, WO T CTORERH %
AR L 72,

5. Step down inhibitory avoidance (step down)

R

WO T A D BIZ Step Down ik % 47 -
720 Step Down & B T 1%, 50cm X25cm X 30cm
DFEWRT 7 ) IVEER Y 7 2O MIZ5ecm X 12cm
X25cm DEEDT Ty b7+ =AMz, AN
i 2mm HREO—#O AT >~ L AHiHE, EE2mm
R L7z HP S OETHRZISH LY, FER
WD 20 MR & LT, 9y F%Z25ecm®

B3IDT Ty b7 4 —5RICHEL FEREH30ME,

Y MNBTTY VT A =L ERSTEOAT VLA
SIHEAFED, %5 Bl L 22 REIC RS (1 He,
Is, 20V) 25 2%, TNEZTTY v BT Ty
N7 4= FICBEL, 79y b7+ =200 FE
DAT v L AGRRIZHEEICHRED & 5 T TORM %5
WL7ze b, BEHMBEIT Y NBTEDOAT ¥
L ZAGFRIZRE D T AT S 2 v,

6. mEHEB{LZEAIRE & Western Blot ik

1 7 H# ® Water Maze ifli& & Step Down XE#
T %, 3HRAMTESE (05ml/100g, ip.) 12 TH
M2, MEER %2 BB L 72 <0 & 7 5 Phosphate
Buffered Saline (PBS) #4x8pifl & zc# L 7-%%, M
EARLER L 720 T v M X DS 3 Lok
1% 4 %Paraformaldehyd (PFA) (Zi2iE LA H &2
% NG T4 AWML, 370 b —2ZFHV6um D
JE ST L7zl SRR Z B L7z 2hbHD
ML ARIZ c-Fos (Anti c-Fos, ¥ ¥ % 7 )L X),

BrdU (Anti-BrdU, 7 77 2) OREGRMZE T -
o B BEMERTY S VA X T (BXS],
OLYMPUS) 2 & 0205 DB E &g it 6
#& % L (n=6), Cell Sens Dimension (Verl7,
OLYMPUS) # M\ TR EAiig o % % i 1 o IR
B CHEHM L 720 ¥ 72, Western Blot 12 & - T
¥ R BOEALE G Lz, S L2 21LD T v
~ ORI X%, G omE (n=4) 7Z0%
B v L, T-PER Tissue Protein Extraction
Reagent (Thermo Fisher Scientific) ZH\W<T% ~
NI B R L7, fFohizs 87 B
Anti-brain-derived neurotrophic factor (BDNF,
Cosmo Bio), Anti-caspase-3 (caspase-3, 7+ 33),
Anti-glyceraldehyde 3-phosphate dehydrogenase
(GAPDH, Abcam) D¥ifkzH\WwT¥ ¥ /87 HH
BT akE, WES (Protein simple) (X 0 8L
TR FERE L 72",

7. WEtiE

A HE, Water Maze Bk Step Down & Bk O #
R, PR (SD.), c-Fos & BrdU Rk
#fw, BDNF & Caspase-3% v /2327 EHEEHIZOWT
&, E¥ e EdERE (SE) TERERER L
TEMI 2L, —JCRCE BT 21T, R & L
T Scheffe MEZ H WL BIKEZIT-> 720 HBA
HAKHEILX 5% (p<0.05) & L7z,

I #&R

1. BEOZEIL

o ML A P RRRE S FE BN £ 7V (P2VO) DAERL
& HRBAERI ST B2 M 5 720 IR
DEALZ MG L7zo 113 P2VO O % 0 H
EL1TEAM I OREOHR 2RI, Mk
TORELLZ IR L72AS, KREIHTRAEMER I
100g FEDOREIEMZ /R L, AEREEOZEILI
Aohhrol (K1),

2. Water Maze E&
RGN 3 208 2 Wi 3 472912, Water
Maze iRE& % 17> 720 X 2 1& Water Maze B J
FER 2R3, RBBIRIERGTELRE + LT A RE
(Sham Control #, 255=10.2) ZxF L i {4 28 8)
DRASZREE + B0 ABE (P2VO #, 505+54) TH|
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3. Step Down #E&(C K 2 FEHAECE O FHil

Sham Con, Sham Control; P2VO, I MEFEHIET » b ; TS, 0.73N SW AT A ¥ —
filt « BT PS, 1600ng/10 ¢ 7 7% 1 ¥ Y EHEL; *, P<0.05 ; **, P<0.01 ; n.s., no

significant; Mean * S.D.;n =5

(403.0=149.1) TIIFBERE [ D IE R F A3 A S 7z
LODEEEIBO N o2,

4. c-Fos & BrdU BEiEfifaRIR ICxE 4 2 HRIED
-7
MEMERAVEE TN T v bAOTHRIPINS X 5 i

TOMBBIEEAL & MBI 3T B L AT 5

72O KB HAL~ — A — T 5 c-Fos & B 5t

% — 75 —"Td % BrdU Bt % foy g ta i cill e

L 720 c-Fos IZBJ L Cix, Sham Control # (358 +

48) ZxL, P2VO# (169%5.1) TH # 7% c-Fos

B PEMII O A A3 A & 7275, P2VO+TS # (262

+49) T H & 7 c-Fos I M Al Hg o 5 Jn,

P2VO+PS I (21.2+34) TIIIEhMEAAIA & 7z

DOOHEETIBOOLN -7 (K4A, B

BrdU FEMiiic B L <id, Sham Control # (259

£12) K L, P2VO B (158+28) TH & %

BrdU FrEfile o % BUR A 23580 b ize L L,

P2VO+TS # (215+17) & P2VO+PS # (182+

21) 12X L TiE, P2VO BEIZHER, BrdU Btk

DEFERBEM, EBIEmasA shie (K4C,

D)o

5. BDNF & Caspase-3 # /N7 BEHRBICHT 5
BRIBORE

ARWFFECIE, RN OB F 02 b & A
FaZBIZ BT T B E MG T 572012, HENTTH
% BDNF & flif3e » < — % — Td % Caspase-3%
V87 B DS Bl & Western Blot % Tl 2 L 72,
BDNF ¥ ¥ 3 7 B2 LTI, Sham Control £
(081+0.06) IZHF L, P2VO # (059+007) TH
7 BDNF % ¥ 37 B OB 05380 5Tz,
Lo L, P2VO+TS#: (0.7£0.04) & P2VO+PS #f
(065+0.04) 2% L CTix, P2VO %12 X BDNF
5 R EOWIMERAASNTZD OO, FEAX
BOLNLeho7z (KM5A), Caspase-3% » 75274
\ZBI L Ci&, Sham Control # (0.7+0.1) ZHf L,
P2VO # (21+03) TH E &AL DO BINAFED
5 M 7o L & L, P2VO+TS # (16+04) &
P2VO+PS # (1.8+04) ZxF L T, P2VO # 12
o~ Caspase-3% » 737 M OWAEI A A S 7z b
DD, HEZEZIBEDON 72 (M5B,

NV ZE

ARBFZETIE, THAOfl - £, 8RR A L
BHVEET NV T v MRITTREIZ O W TTEIFRY
Tk FEWFNTEE A TRE L. TR
A, RSB IRAS 2L T2 R O R8T K B fRE
REBOZALZ LIRS 5 720D 24T o 7R E O E T,
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X4. FRBICES c-Fos, BrdU fRiEilan#IELT{L

A, B, c-Fos Bl 21t ; C, D, BrdU By 4 M g @ 2 1t ; BrdU, Bromodeoxyuridine;
Sham Con, Sham Control; P2VO, BRIMAEPEFRAGES v © ; TS, 0.73N SW HE T A & —filt -

J£ 36 & fl #; PS, 1600ng/10ut 1 7% 4 ¥
significant; Mean = SE;n =6

MR EHRIN X 2 KA TORELRLEZ R LD
DD, FEAIAON o7z, BIMEROYA,
TR EWEPREOLALICHEE G252 0%
(B Do RHIZETH FMRL TR X 2282 Tl
L7278, &WETORELErALN - 0D, A
BAENRPo 722 2T HREMAST v ok
FNCKELSHEBES 2 Do 2 EDHERTE 2,
72, AWFZE MM ERRAEE TV 7 v MK

> ) #; * P<0.05 ; **, P<0.01 ; ns. no

5B TR 22 ) B RS R S OV RE R
T RE RS 2 72047 o BT, AR ZHE)
RG22 47 o 72 P2VO BEIZAS L, 1 R FH B IR A% 26
BE R 2 AT o 72 F A CH B 2R RO UEE R
EARO NIz, BHESY OWFFETIE, WHHENIR
KAKEEET v F 2 MW THEERE EATEIELIIO W
THRH LTS, TOWRETIE, B IRRkE, Kk
B & 2 22 B B TR 2 AT L72RER, R
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b —l n.s.
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2.0 g7,
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2 F ) _____
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X5. ®R#ICE S BDNF, Caspase-3 Z /N7 EDHRBEZAL
A, BDNF % v 827 B 03¢8l& ; B, Caspase-3 % v /327 E D58l ; BDNF, Brain-derived
neurotrophic factor. GAPDH, Glyceraldehyde-3-phos-phate dehydrogenase; Sham Con,
Sham Control; P2VO, WM& EFEAAES v b ; TS0.73N SW M7 A & —filt « =55 %15
PS, 1600ng/10 wl /1 74 A4 3 ¥ FHFHL ; *, P<0.05 ; **, P<0.001 ; Mean * SE.;n =4

M FRHE Z v b & Flg Uk k ok s < i
BRCHEOPRBESBOON TS, 72, K
SRREREZ SC 2T R S8 72 7 v MR SHE)
MRAAAEROMEZ1TH &, ikl rHTHhL
T—=F T AE) —IMEFESIND DS, Witk4NHT
EHEOPREENRALNIZEHEL TS, KKk
FEAABRCIL, FEMIMAE RRANE 7 v MREE IR L 7
S 74— LEERBOAFEREE, Mtk 30 H
BoT v FTIE, REERNETH 722 & bW
ENTWD, INHOHEIL, IE R EL TE) Y
PBICUEORELZTI&RI L, HESEHT
EHICATEI AR R OREOBEII#IT TS vy H

ZRELTWS, AFFETH Water Maze i T,
Sham Con #EIZH L, P2VO B TIXAZICHE R OIE
FERALNTH, P2VO+TS B X U P2VO+PS #
T, WHOAGBEREMAA LN, 72, Step
Down #1238 \VT3, Sham Con 2K L P2VO
A BRI O AR A AR S 7228, P2VO+TS
HCTIIAE R AERMOMEE, P2VO+PS B CTIILE
RS ASLNIZZ L5, BESY Ol & [k,
MR FHBIRAS 3512 & 0 B R RLIRRE I BB 338 4R
L7-WRBEAE 2 b b, FERPRLERIEED—
DOOJEEE LT, S E K3 % 22 M5
BREHITEAEETH2LEESbN T 55", [
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AT ) 2 < Tl O BB T 975 Z & TR
TROBEE SN RRESE 2 5N b,
ARFFETIIMMEREEZR LTy MZHEAND
fill - JE, WENIMEIT o 228S, P2VOBETALR
7R - FRBENKT OWEE T 713 SGEE I ATH S
Nize AHRSY, 1755 0 I E IR M G € 7
VT b OENOf - T, JE R 8 J5 A
KR, Step Down iR CZEf#H - ME3ERLIR,
FWR B TogEZHRE L Tnd, HBLY X
SW M T A % — % H w25 R o 52 T0.73N @
SRS AR O L Z T &R L, Iy Mol
B - FERAON EIZHFSG L mELTwb, 17
52 131600ng/10 ul /1 FH A T v DIERERED
MHWRAT 26, T~ ORIBEEO IEPNRIE & FEkIZ T v
~ ORI BHS 2 HiKARE D 2 AL S
LI DRI E 2 52 5 2 L TRE - RN
D FIZH BB TW A WRENED D 5 & WA H
%o TOMRERE L CIEHRMA & =M EME
Be, BURBNIINEIRE, AUk %58 ) i 2
ESNLWREZHB LY FHEL WA, T2,
FAYHNB AN OWEPEAL, R T 055w & Mia
HEOZALERI L, FHEHE)ERROMMmIIEEL
HR72WEMEZRLTWAS ™, R 5Y (XL
BIZX o TlEEOHAMBIEL RIZTT LR
Yamamoto 5% &, kS W E 5 2725 v M
IV 52729y boEEENBME L E
WL TWd, IO, 5 ARNZETD P2VO
7 v MOFE - FEEIKTIEE~Of - R
V2 & B KRR SE R (AR D D), iR OfhiE
ML OIEMEAL ZHE S § 2 LI X o T SN
PEATRIE SN D,

L2L, ITELY OETIE, 7Y FOENDI
HARIBATEE - FEEHDON LICHES Lz L HiE S
NTWBED, RO MIMEEREMEET VT v b
T T REENREIAS NP5 72 ZNODH
RS, WIEERANESORESH 556, £
SR TE N D R AR T d % W REPEDRIE S
Noo Mo T, GREAMEZETIVI Y MEFHL
L DRVHE COMEBEDVLETH L EEZ BN
%o

PAARE DG AL IC DWW T, HP S 7S A
TNOfilt - JERE, JWERWMAST v b OWEEFIRICE
VT % ARSI o 15 AL <o M B 2E % (i S & 7 & 3
HLTWb, o T, KU TOFRIMA P2VO

7 v PORE - FEHBIKTEEDO XA = XL %W
PN T 57O~ — A —TH % c-Fos &
Mg~ — 4 —TdH 5 BrdU, KEKRTTH S
BDNF, flifgsEn~—Hh—Td 5 Caspase-3 ¥ » /%
JBEEHVTHE L7z 2088, HHliE1r- 72
P2VO+TS #, P2VO+PS #: T P2VO # 1 Ik X,
c-Fos & BrdU FtEfig, BDNF OF & ¥, X
WEHEIMER), Caspase-3 % > 7827 B O A0 A3 ER
DHNTZ, HPESYATFELY X SWHET A Y —
ZHWIZEANOf - R, T A Yy 2w
T mANORHEREIE, Ty MEBIZBIT S c-Fos B
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Effect of touch/pressure and pain stimulus on the tongue in memory
and cell death of cerebrovascular dementia model rats

Takayuki FUKUNAGA, Ryuji KOMAKI, Min-Chul SHIN

Abstract

We reported the activation of the hippocampus and increased neurogenesis in rats through
somatosensory tongue stimulation, which may enhance memory and learning. However, the impact
of somatosensory tongue stimulation on memory and apoptotic cell death in the cerebrovascular
dementia rat model remains unclear. Presently, we investigated the effects of touch/pressure and
pain stimuli on memory and apoptotic cell death in the cerebrovascular dementia model rat using
behavioral and molecular biological methods. Consequently, compared to the cerebrovascular
dementia model rat (permanent 2-vessel occlusion ;P2VO) group, those subjected to tactile and
pressure stimulation of the tongue (P2VO+TS group) exhibited improved memory, and there was
a significant increase or tendency to increase in BrdU and c-Fos-positive cells and BDNF.
However, the cerebrovascular dementia model rats subjected to nociceptive stimulation of the
tongue (P2VO+PS group) exhibited significantly improved memory during the water maze test,
while no significant differences were observed in other factors. In the study of neuronal cell death,
a significant increase in Caspase-3 protein was found in the P2VO group; however, a slight
inhibition of expression was observed in the tongue stimulation group and no significant difference
was observed. Based on these results, we suggest that tongue stimulation with touch/pressure and
pain activates the rat’s hippocampus, neuronal differentiation, and growth factor; thereby,
improving memory and learning abilities in cerebrovascular dementia model rats. However, it was
suggested that the tongue stimulation may have a small effect on improving memory decline
because of the neuroprotective action from cell death in cerebrovascular dementia. Eventually, it is
necessary to further examine the different intensities of pain stimuli in disease models.

Keywords: cerebrovascular dementia, apoptotic cell death, tongue stimulation, rat



