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Abstract

Pain during orthodontic tooth movement is primarily caused by the noxious stimulus to
periodontal ligaments area. The nociception in orofacial region, including periodontal
ligament, is transmitted to cerebral cortex via thalamus, and processed by the well-regulated
somatotopy. Rats, like human, also have somatotopy, and it is reported that the electrical
stimuli to periodontal ligaments elicit the activation of primary (S1) and secondary (S2)
somatosensory cortex and insular oral region (IOR). However, the physiological cooperation
pattern between S1 and S2/I0OR was still unclear. Thus, the optical imaging was performed to
clarify this association in the present study. Electrical stimuli to the periodontal ligament of
the mandibular incisor evoked the simultaneous neural activation in S1 and S2/IOR. When the
initial responsive area in S2/IOR was electrically stimulated after the injection of sodium
channel blocker, tetrodotoxin, to the cortical region between S1 and S2/IOR, response was
attenuated only in S1. These findings suggest that there is a dense intracortical connection

fulfilling complementary processing between S1 and S2/IOR.

Key words: periodontal ligament, somatosensory cortex, optical imaging, rat
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1. EBREWY

AWFFEE, BERF A E ) ERmEEE B R ISR 57K (A1536) O b &, B
TR S B SRR S B I IS AT b Tz, FEBRITIE, 5~ 6 Hiiso
Sprague-Dawley SZIEMET ~ b (ZH 7 R —E X, HiR) #H\7= (n=17,158.7+25
9),

FHL, 7 L& (SIGMA, H0) % 1.5 ghkg JEEN G L &8 M F I CTITo 72,

IR EE 1L, RESA (EMMHB L O TRIEME) OWkad b o THERRL,
FEBHET DL BEIZSE U T LA OB S 2T 72,

2. JEEEEHI
2-1. EFEARDIERK

BT OZ vk (n=16,161.3 £10.59) I, LRV, KERE 21T A0E
ek L7=t%, WMEMEELEE (U 78, B ICEEEE Lz, HivT, 2
TUSEES 0> 52 6, RISEFS % FIBE L, (USEES OREE =¥ L OMIEEE 2 FRE L, K 10 x 7 mm?
DB AN L7z, S BICHRAREL, @BHSEMERmIC, AHaiRicmig Lz
RN M58 (1 mg/ml saline, RH-1691, Optical Imaging, New York, USA) 0.3 ml
WL, 90 HRIET 2 2 & TYef L TBIREF & Lo, MBI ATE T 2 Bla2 s
L CCO M AT HIMBESEDTDIT, Ty FOEALE 60° GRS T KBTS

A A= T x1To7 (Fig. 1A),

2-2. TN Tl 1%
e FR MR RE I~ 0D FEATR B 1 0T

TFANT A Y — (B 100 pm, ZEE)IERR, HI) O 2.0 mm 048
B S, WREmZ ER Uz, PUBFEMIE, T v oA A AR e AE duk
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(ZHEN LA EMR & L C =, BRI s il e #2580 5 mm #F A L 7= (Fig. 1B),
R R B AR T B~ 0 0 15 A R
% 7 AT %M (UEWMECSEON1M, FHC, Bowdoin, ME, USA) Ol 4 f B #

J& 725 0.3 mm OB ST LESARKICH W= (Fig. 1B, C),

2-3. WA
XIS E (SEN-8203, HAERE, HA0) ZMH L, #RIEEE X OKIMECE

2L (1.0, 3.0, 5.0 V, 100 psec, 50 Hz, 5trains) #1772,

2-4. FEMILE

S1 & S2/I0R A D BUE A IC OV TRRETT 572018, BIRKT MU 7 LA F 0 F
Y ANVEETH ST ba K hFr (TTX LuM) (Fiyesiss, KB 2 Hv, i
DOWEIA B AZH L7z, Patton & PO HIEICHEL T, JeliOEEFK 2.8 pm O
T T AE =— RV 2 H L THRRMEIR S FATISK 5 mm iZh/z>T, TTX &4 10
s PNEIE MR TR, BREWN (BMRFIA LR CES 0.3mm) ~REEA LT,
TTX ARG E EA 30 &R ISR, & 25T S2/IOR ~DRIF 21TV, TTX I
AR O BERIEI 0 % 0% 2 bl L7z,

2-5. JEEALEHR
BB AL M RH-1691 a0t 28 kiE, ik STtV RIRBEMEE (Leica
Microsystems, Wetzlar, Germany) % #5# L 72 CCD # X 7 v A7 & (MiCAMO02-HR,
Brainvision, ¥ 50 IZ Lo CTHIE Lz, ¥ v 7 AT - T 7 (CLS150XD, Leica
Microsystems) Z Yt & LT, il 7 4 &2 — L XA 7o v 7 I 7 —IZTHE 632 nm
(ZHHIE U7 bild e 2 BB R I Lz, #0otB kidn o 727 v 72— (L >
650 nm) Tt LI L7z, 7ed, A L7 CCD U 2 7 OF = KEEIL 6.4 x 4.8
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mm?, EFEEIE 192 X 128 pixels (H#hHiFE%Kk 184 x 124 pixels) TH 7=,
TR R M R L RRER P IR AT 2 72D, R O HC AR D> & FERIITIRE 0
HEAEZ R LAIE L7z, 77U o ZTHIRIL 4 ms (1frm =4ms), 1[50 FRERRFH]
13500 msec & LT40 kY FOMIEZITS 2 & T, /A XG5 28R L 7=, RO
Rl & FERITIRE D FCER DOIZIE, 10 sec DRIMEZ 22T 7o, 7 — Z fi#HTIZIZ, Brain Vision
Analyzer  (Version 12.08.20; Brainvision) # 7=z, ZOfoOMIE L LT, EHML
(DF/Fmax) & Spatial Filter (9x9) Z1T-o7, ER(LIE, HTREBFTORLH LN
SOME% Fmax & L, ¥ sEigO42 5% Fmax CTHR&E L7, Spatial Filter #LEE(Z 1 v
W7 — 4 9 x 9 pixel DEZ FEMEICE L Lz, IR OB, FEICx3 505
BN A AREET D72, BKAT 10 7 L— 275158 57 3SD 4y D & Bl L TFEox
Lic, F70, IWEZHIZT 2720ICHIBRT — % OAOEITHEIFR LT,
BUEE (B DIRFZE R BRI 2 AT 9~ 5 72 012, BARMESEIGIBIRFIZ 510 2 S1 NI
IR & S2 AT AL region of interest (ROI) Z % E L7z,
B DRFEIRIRAT 24T 5 T2 012, HIBBHAE D BISERME TORR &, B — 7125
T2 FE CORFMZFHI L7z, R OFRRITT7 L—2 (frms) #k LTE LT,

3. AR P YT K D AR AR L D P G A 2R

Pentobarbital sodium (50 mg/kg, JEEENFLS) | frt%, 7 b % BNENLE E S E

(ZIEE U7z, ZEARIEEER 2 BB LARISE S 2 fi = & RIBE LAEEE 2 8 S & 7%, TR
MHENIR & MR D Z R AL TE 5 ETHAM FU ALV THEZUIHIRELZ, 61
SLAHMENL L LT, ZZmh bW~ 1.5 mm, M~ 2.4 mm OFNLOF & 5521 bR E
L, EmOBER28um DT T AE=—RNLVEFH L CHER LI RERENGES
0.3 mm (2 TR b L—H—T& % Fluorogold (3 % in saline, FG,
Invitrogen-Molecular Probes, New York, USA) %7 0.1 ul JE{EA L7z, iRzl <7=9

=— RIVEERIEA. 1 o REF L T2,



Z v MR B EIE % 1A A S ST EE L7z, W TFIE & L T Pentobarbital
sodium CIRBREE L 7-tk, ABREIE/KIZTHUM L, 0.1 M phosphate buffer (PB; pH 7.4)
(SRR LT A% ANTRLLT AT e B (RS il CREREE 21T 72, £
%, MEBH LEEEE LTA4% /STHRALLT LT & RIEHE (4°C) ([ —BRESHE
7o A, BEELIEMA 30% A7 v —AFKITIREL, 3k 7 2 h—.24 (CMB8150,
Leica Microsystems) (ZCJE XS 50 um DKL E A T A ZAERZAER L=, FG D3 Af
B LUK OBERICITEOCTEMEE (HS A —/LA v U 3t BE#EE BZ-9000 ; ¥ —=
YA, KRB &MWL, ACEMEGRIIBIREF TV, FG B O BI521% 470 nm O F

@A T Tl 72,

BAEOFIRIT, PHHERRZE L LTz, F72 Paired t-test |2 & 0 #EFHENT 21T\, p<
0.05 ZHEKMEL Lo #EtY 7 MTIX, =7 'UHEEF 2015 ((E{F# Y — & & SSRI,

W) & HuWi-,



A BT B AR IR e~ 0D FE AR S et D BB N

Z v FO TEEAMIRTE A EAREC = A VT A v — MR EMm 2 A (Fig. 1B) L,
il (100 psec, 50 Hz, 5 trains) D58 % 1.0, 3.0, 5.0V O#iH CA L =&, KK
B TOINEENTA A= I X 0EI LTz, ZOR5E, B (7 L—24, frms)
1% S1 (1.0V:45+0.3frms, 3.0V:5.0+1.2frms, 50V:3.8+05frms) & S2 (1.0V:2.8+
0.5 frms, 3.0 V: 4.3+ 1.1 frms, 5.0 V: 4.8 + 0.6 frms) THIFLTREEIZ L > CTHRIigo7-, F7=,
FINIREE 1.0V IZHBWTDA (p<0.05) AEENHOOHIL, S2DHHMH S LV HE<
727z (1.0V: fiff] p = 0.04, 3.0V: Wiff] p=0.68, 5.0V: Hifil p=0.42),

BB R4 5 B0 B — 2 12 B3 LTI Horinuki & 212 & % #4 & kLS, S1 & S2/I0R
TR O W T, FIRE Z & IZIZIEE CRFRICH — B — 27 2 b DISE R E b7z ((S1)
1.0V:11.3+ 1.4 frms, 3.0V:9.3+1.0 frms, 5.0 V: 7.8 + 0.5 frms, (S2) 1.0 V: 11.3 + 1.3 frms,
3.0V:83+13frms,5.0V:7.8+0.6frms) (Fig. 1D, E, Fig. 2C), Z DIGZEITFHI L 74
BO@EETIZIER CALEICEE SN (Fig. IFn=4), 72721, Fig. 2CIZRrL7= k9
(CHIPMEEEFREEAS 1.0V TlE, —@MEoRMe ' — 7 2R LI OEERE & 1387
D, RIZONR ER A INEELDFRD BT,

F7o, FPEIEIE A 1.0, 3.0, 5.0V OFFATHIMNEE 5 &, S1 & S2/I0R & & IZHIH
JWEEIML 2 ol & LT RLO RIS E AN L (Fig. 2A, B), JWERE S EH L
7z (Fig. 2C, D), S1 3 XU S2/IOR 1T 5 WIHISZEfEIIZ ROl & & V) &R EE %
FEIR CLE#d 5 &, S1 (1.0 V: -0.19 +0.02 %, 3.0 V: -0.39 + 0.04 %, 5.0 V: -0.48 + 0.03 %)
(ZH~X S2/I0R (1.0 V: -0.20 + 0.04 %, 3.0 V: -0.42 + 0.05 %, 5.0 V: -0.51 +0.05 %) D J5 7

SRUME 23 & > 72 (Fig. 2D) o

2.S1 & S2/IOR WHIHAIG A EBAL D B2 B K& 2D W T O
2-1. HEARRESEEANLIC IS L7z S1 B8 LY S2/IOR ~DELK AN 54 2 BB IR
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TER YD AR SEIORIE 5 L, S1 3B KON S2IOR ITISE TG BT 2 & s L
72#% (Fig. 3A), [R—fE{&D S1 & L < 1% S2/IOR DHIHIGE TN X o 7 AT L M
ERIAL, b9 —HFOMEBISENECD0BE Lz, TORER, S1 NG
NA~DELXHNLI LV S2/IOR (A NEE Sz (Fig. 3B), [FIERIZ, S2/I0R )
HISEHNL~OBELHIC LV, SLITSER Sz (Fig. 3C), bl zH
KIKENRE A A T > R~—27 L LTHERAGDLED &, KE~OBZMM TR LN
IS ZSBALE,  pRAR AR 63~ 2 WG A0 IZE 2 L 72 (Fig. 3D),
F7o, WRBEFEBICESHM 2T 7256 L #20 (Fig. 2C, D), o Z A I 27
(IR CT 52D —7 ZFp 0B gl sz (Fig. 3E, F),

2-2. TTX BB AIZ X 5 S1-S2/I0R [ D BB RS (2 DU T O R

AR SRR L2 569~ 2 WIS S BB & S2/IOR RIBKIZ 53 % SIS EBALAS —Fd
52 L aERR LTctk, S1 & S2/IOR WANHIIGEHALIZ BUE TS 78 & 2 i s L
7z, S1 & S2/IOR [HEE DOAFRETEEh 2 4 2 HAYT TTX ZBEWICHEEA L
%, FFOMREIEEFS X OF S2/IOR NHTHIIGZEFALIZ 6 L CEAXARZ1TVY, TTX &
AR5 ORI T DIE 2 g U, Z OSSR, RIS 5§ 2 I8 1
TTX EATE, SLEBLTS2/IOR & HIZHE (p<0.05) (2 L7z ((S1) AR -0.37
+0.04 %, {EAT%:-0.24 £0.03 %, (S2) AR -0.42 £0.03 %, 1A% -0.31 £ 0.03 %)

(Fig. 4A, B, C), —J7, S2/IOR ##4LTix TTX HEA, HEAT TdH D S2/IOR (ZH~
TS1 COIEDHRAE (p<0.05) (2§ Lz ((S1) ¥EAHRI:-0.49 £0.03 %, EAK:

-0.40 £ 0.04 %, (S2) V¥ AR(: -0.60 £0.02 %, £ A%%:-0.59+0.04 %) (Fig.4D, E, F),

3. MR F Ytz X 5 S1-S2/I0R [ D V& RLEK&GIZ DWW T ORE)
S1 WA B EBNLAR Y F S TRt L —Y—T&®H D FG Z1EAL, S2/IOR M
5 ST ~DOFREREET 2 RN RS LTz, T ORER. FG BIEMIRX, FG EAENL
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ToHbH S1EBLVFEMD S2/IOR FEREIZHIE L7 (Fig. 5., ZAUIX LT, FGIX
SHA DB IZITRBO o Te (F—XITRsd),
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)
AMFFETIE, S1 & S2/IORIZH1T 2 MR IR T o0 1 AL B |2 SV THRFT L 72,

2

FT, BEEMEZMEARZH W invivo X FA A=V 728> T, v MO TH
RITBR TR BRAR ML B RURIM 21T 2 &, I S1 & S2/I0R FEIRIZ I A 3 BLEE S vz,
WIZ S1 b L <1 S2/IOR OHIHISEIBAIBLHRIEEAIT O &, b 9 —FF OIS E
PAZ—E L CUNENRAE LT, £z, S1 & S2/IORIC TTX Z1EAT D &, HiREH
BORITRIC X 2 0520% S1 & S2/I0R WifEIE CTiEs L, S2/IOR Z#EXUANK L CTH 511D
SLIGE BT Uiz, /ot b L —H—Z2HWIZMRFHN 5, S2I0R M5 S1 ~D#H
BHENFIET D Z ERB LT o7,

1) HEARMEAEIE D & KB ~DIEHR AT

ARBFFE TRV IR TBEIC L 2 b0 TH Y, COZRBEIK LIZ), H
DUNT E DOMRRBRAE Z I L2 2 [FET 5 2 LTk, L L—RIIZE b
TW5D X HIZ, FETREEDS/ NS T AU AR 72 EDOROHREFRMEZ R L TR0, K&
F AUV ERMEICIN 2 C C B 7 &R HRHE 2 [RIRF L AR L C 2 mTREME DS @ 9,
BAR NSRRI 63 2 BUEG AL, FIOR RIS R L= 2 &b (Fig. 2C),
SHIPLIC L > TENE S D KM O LG L CRE CORENERT 2 & HEH
END, ZTAUL, KAEHIR TOBBEREOBINIZ LY S1 & S2/IOR TO A fEIR YR
WD LW EEFEFRICL > TSNS (Fig. 2A, B),

ARIFFEN IO CHRARBEAEIR 2 AU T2 &, 1FIER CERE S L <1 S2 i34
THVEIFT S1 & S2NOR ITRENE L2 L, S21E S bDANEZIFTLY
EERIE AL 21T o TV D LN ) ZRETORFE 1T —H L 2N BB 6
Do TORERPHIL, FIT Liao & 9T v MRIEA~ORIBEERIC L > Tl Lz &9
I, BRI IS BV T HIEKE D S1 & S2 4 & (2N L 72 AT MFAET D I BEEDS
EBEZOND, AFROFEFI D L, S2/IOR OJFEFRE N S1LIZEE_ K& W2 &1 (Fig.
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2D, 4C),S1 Z M LT H S2 MEX b D IHHMEDNINE SRR LR 52 &
LAHETH D, ABFFE TR LTz S1 & S2/I0R [ U5 a1 ORERERERS X, = O
IR D, IHIT, S1 & S2/I0R D BUE g & TTX T K » Tk, siHRIETE
WORPIC L0 2 58I E HITISED WS L2 Z &1X, ZoREEEMTAEDTH S,
Iz C, Mt b L—H—Z HWZRFTH, S2I0R 25 S1 ~DOEHBRHENIFIET D
ZERREINT,

$70, BERNKRRE & B0, KRR EZIT > 725G IR EICB T 2081, H—
DY —7 ZRmd, UL, KRS 2I020%, B — 72l <ide BEEE O
72 DI DWHEDN & 72 DIHERIC Lo THRITRE SN D Z R —RATH A S, *
O, EEBITERO T TR 2RE L, MOALNPME=2—n 28Ik D
flix DEMZ 31T TW D AIEEENR B 2 bivd,

2) S1 & S2/IOR D#%HI
=XAMRERDOEINTIRRE 2 An 2 5 PATHERSTREIZ, Ko DR RIFREIZZ D
FREGUR B IR TAVE L, MRS A2 U722 s BRI D 9 o FURD S
BN RIMBE A~ &S D08, S1 A~ 2 £ 2 0UREZIE, JERDL R (R4
RIREMRIEE, ZNAIRERIEZ, % FRIERIEE: VPI) Th b, —77, S2 ~IZ[F UHEHIIEE
ERE (& LTVPD, BEHOM, BERNEREO T OMMUP.OENS bR P S 5
0, 2O FATHEBREHRBITIINER EAMURD 2 o0 Y, ZhENERDHEE A
LTS LEEFEZBNTWD, WRBRITRMLGRICHRST L, BEERNIZIT IR A DO
BAE ZH->TNDH EEZ BN TWD, FMARIZSL (b LT S2) IT&HL, K
AL RAESCHRIE 72 B A DB 2 lH 2 H > TV D EEX BN TNS Y,
(2, AWFETHE R LIZBECEIZIEARIE L R U X 518, REFMHO AR R
X > T BRMICTEH SN s =a—ar3h v 19 MK (& ISR
E BN S IEREORI 252 5, BREO =2 —1 UIFRONERIRIEIZE
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THWEBAENI L, FAGEDAREARNECFGT 5 LE2 TS T,
BB EEAAT 5 HREL, KRS RELE (asymbolia for pain) % F&5E % 17,
ZOBETIE, BREMMARA LT 2 2 LIITRET, WAOIRSR, ZEMI), H
IR TE D b DD, WAIKT HHBHSENET 5, 20X, BK
BIIIM A ORI, FEIRE X OSRHIF RO S 2T OB TH DL EBERABILD,

3) S1 & S2/IOR DR FFOE R

—MEIT S1IE, IR DT & 2 WITHEERNL ORIE 2175 £ B X BT 5,
TR O BLERARICRRAORERZ oLV ) K0, BEE U 7o (RS D Z2 I 72 1
WECBE L TWDEEZ 6N ¥, —J%, Bk LizL 51C, S2/I0R Tidfilig
90 SO A BT 2 FRIR O AR, TFENCRAIAE G B KOV E ARG A B 5T S R
REMEA D D, FEBE, S2/IORVIEIRAIMIC R RANTIEE T 5 D TIER <, kkx IR
EMEO BRI SET 5 2 E R ME SN TEY, 25 OIS AR 7 Atk
BHEOHEAICEEGET 5 L &2 BTN 825,

BIEWFHARICRB T 280 OBETIE, RETIZR T SMREOEICE > T, BRI
HEEORTICLY LiIZUIFAMmERAEE SN S Y, hoBENILE ) AL

BT E LT, HOBBMICEK L bRD Z 2 n3%0 Y, 20k hthol

BN, AR L RIC K 912, BRENOREZ A4 % I LT S1 & S2/IOR OIF
BYEAS B L 22 MIAOE R & BB 2 MO A @ U T, IR SR G RIS RN S
NEBANZED LB 2 LD, HBIEEE OFER, OB E D BIF & 2 2 88T
TEIR 72 258 O FERET O 7o N EEEIR 2 5f 2. DB 20, OBENCLE 5 w2
$ % S2/IOR T3 1) D [EB=CRLIEAS S & A HiE 23 U C, 2EE Haith 0%
HEG- L TCWARIEEMED B 5,
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# W

S1 725 S2/I0R 123 A H#EEER DM, S2/IOR 725 S1 ~FEHRNEHE S5 g EER

EMWERRL, S & S2IOR MOMATAT ML &5 & ARRS NIz, KIKHDOR

HREH N 26 O EEIF IS - T-B8TIE, S1 & S2/IOR [3AH A S 21T\,
R

R ORI X OVE R B 2 5B 72 G AL O R 2 m D T\ D 2 & DR
e X iz,
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Figure legend
Figure 1.
In vivo preparation for an optical imaging.
A. A schematic drawing of the in vivo rat preparation for optical imaging. The position of rats
were inclined by 60 degree to the long axis to observe both the somatosensory and the insular
cortices in the same field of view.
B. A diagram showing the periodontal ligament stimulation (PDL stimulation). Custom-made
bipolar stimulating electrodes were inserted in right mandibular incisor. Arrow denotes the
position of stimulation.
C. Central somatosensory pathways and cortical positions for electrical stimulation. Sensory
information from the PDL is transmitted to the primary (S1) and the secondary (S2)
somatosensory cortices, and the insular oral region (IOR) via the nucleus tractus spinalis
(NTS) and the ventroposteromedial thalamic nucleus (VPM). Custom-made tungsten
electrodes were inserted in the S1 or S2/IOR (magenta lines; a, b). The contact point of
magenta lines and S1 or S2/IOR denote the position of stimulation. Rhinal fissure (RF) and
middle cerebral artery (MCA) are shown by orange lines.
D. A representative of excitatory propagation responding to mandibular incisor PDL
stimulation (5 pulses at 50 Hz). The intensity (AF/F) and areas of responses are represented as
the pseudo-color map. Time from the onset of stimulation is shown at the top of each panel.
Electrical stimulation to the PDL were applied at the timing indicated by arrowheads. Blue
and red circles indicate the location of regions of interest (ROIs) showed in E.
E. Typical optical responses in the S1 (blue) and the S2/IOR (red). These responses were
recorded from two ROIs showed in D. Electrical stimulation was applied at the time indicated
by arrows.
F. Spatial pattern of the initial and maximum responses to PDL stimulation obtained from 4
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animals. The initial (left) and maximum (right) responsive areas were superimposed with
reference to the MCA (vertical dotted line) and RF (horizontal dotted line). The number of
overlapping images is represented by the gradation of colors; i.e. the area painted with deeper

color showed as the larger numbers of animals.

Figure 2.

The intensity-dependent change in the optical signals induced by PDL stimulation.

A. Maximum optical responses to the mandibular right incisors PDL stimulation (5 pulses at
50Hz) at 1.0, 3.0 and 5.0 V.

B. Superimposed image showing the maximum responsive area. Each Maximum responses
(1.0V, 3.0V, 5.0V) to the mandibular right incisors PDL stimulation were superimposed with
reference to the MCA and RF. The detailed explanation for B is same as that in Fig. 1F.

C. The temporal profiles of optical signals in S1 (left) and S2/IOR (right) evoked by 1.0V
(black line), 3.0V (blue line) and 5.0V (red line) of PDL stimulation. The ROIs for each
record are shown in the image A (left). Electrical stimulation was applied at the times
indicated by arrows. The horizontal and vertical lines shown in upper right indicate scales for
time (100ms) and ratio of change in optical signal (AF/F; 0.1 %), respectively.

D. Changes in the peak amplitude of optical signals over the increase of the stimulation
intensity. Closed and open circles indicate peak amplitudes of optical signals in the S1 and the

S2/10R, respectively.

Figure 3.

Optical signals evoked by electrical stimulation to the cortical areas.

A. A pseudo-color map showing optical signals evoked by PDL stimulation. The horizontal
bar indicates 1.0 mm.
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B. A pseudo-color map showing color-coded optical signals induced by electrical stimulation
to the S1. Dotted lines indicate the position of the stimulating electrode.

C. A pseudo-color map showing color-coded optical signals induced by electrical stimulation
to the S2/IOR.

D. Superimposed image showing the responsive cortical regions. Optical signals in images A,
B, and C were superimposed. These three responsive areas were matched well regardless of
the difference of stimulating regions. Blue circle in the S1 and red circle in the S2/IOR
indicate the location of ROIs showing in E and F.

E. Optical signals were evoked by electrical stimulation to the S1. Each optical signal was
recorded from ROIs shown in image D. Electrical stimulation was applied at the time
indicated by arrows.

F. Optical signals were evoked by electrical stimulation to the S2/IOR. The recorded ROIs are
same with those in E. The horizontal and vertical bars indicate 100 ms and 0.1 % (ratio of

optical signals; AF/F) in E and F, respectively.

Figure 4.

Effects of TTX-injection on the optical responses to the PDL and the S2/IOR stimulations.
TTX was injected into the cortices to inhibit cortical transduction between the S1 and the
S2/I0R.

A. Representative of excitatory propagation corresponding to the PDL stimulation (5 pulses at
50 Hz) before (upper panels) and after (lower panels) injecting TTX into the cortices. The
area and amplitude of an optical signal (AF/F) was represented as the pseudo-color map. And
time from the onset of stimulation is shown at the top of each panel. TTX was injected along a
thick dotted line shown in the lower left panel.

B. Temporal profiles of optical signals evoked by the PDL stimulation. Optical signals were
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obtained at the ROIs in the S1 (left) and the S2/IOR (right) before (black line) and after (red
line) injecting TTX. The positions of ROIs is shown in image A (blue color, left upper panel).
Electrical stimulation was applied at the time indicated by arrows.

C. Comparison of the peak amplitude of the optical signals (AF/F) in the S1 (closed circles)
and S2 (open circles). The peak amplitudes of an optical signals evoked by the PLD
stimulation were compared before and after injecting TTX (*p<0.05, paired t-test; Pre TTX
vs. post TTX).

D. Representative of excitatory propagation corresponding to electrical stimulation to the
S2/10R (5 pulses at 50 Hz) before (upper panels) and after (lower panels) injecting TTX into
the cortices. The detailed explanation for D is same as that in A.

E. Temporal profiles of optical signals evoked by the S2/IOR stimulation. Optical signals
were recorded at the ROIs in the S1 (left) and the S2/IOR (right) before (black line) and after
(red line in the S1 and orange line in the S2/IOR) injecting TTX. The position of ROIs is
shown in image D (the top left upper panel). Electrical stimulation was applied at the time
indicated by arrows.

F. Comparison of the peak amplitude of the optical signals (AF/F) to the S2/IOR stimulation.
Optical signals were recorded in the S1 (closed circles) and the S2 (open circles) before and
after injecting TTX into the cortices. The optical signal evoked by S2/IOR stimulation after
TTX-injection was significantly smaller than that before TTX-injection in the S1 (*p<0.05,

paired t-test).

Figure 5.

Spatial distribution of fluorogold (FG)-positive cells in the S1 and S2/IOR. FG, the retrograde
tracer, was injected into the S1 region, and labelled cells were observed at the somatosensory
and insular cortical region including S1 and S2/IOR using a fluorescent microscopy.
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A. A fluorescent image of a parasagittal section of rat cortex at 7 days after injecting FG into
the S1. S1 and S2/10R are shown by boxed areas. MCA are indicated by dotted circles.
B. A magnified microphotograph of the boxed area seen in S2/IOR of image A. Yellow

arrowheads denote FG-positive cell. Bars in images of Aand B indicate 500um.
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Figure 1

A Rat position B PDL stimulation € S1 or S2/IOR stimulation
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Figure 3
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Figure 4
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Figure 4

D s2/10R stimulation

0 ms 12 ms 16 ms 20 ms 24 ms 28 ms

- - - - -

AF/Fmax

(%)
0.84

F -0.7 -
-0.6-: o— -3

S2/IOR

e
LL

E -0.5 -

Pre TTX 5 0.4 - *

Post TTX [0}

3 )

Pre TTX = -0.3 -

Q- -

Post TTX & 02

02 © : ® s1
(0]
700 ms o -0.1- O S2/I0R
%"\J MOJ 0

MM MM Pre TTX Post TTX



S2/IOR

Rostral <«

Figure 5

B

S2/I0R

500 um

Dorsal

A




