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Effects of the analgesic drug for endodontic treatment on odontoblasts.

Shimada, Miyuki

3,800,000

TRPV3 Ca2+
Ca2+

Ca2+

We investigated effects of the guaiacol on odontoblasts which play an
important role in nociceptive process via activation of transient receptor potential (TRP) channels
during stimulation a?plied to the dentin surface. Guaiacol evoked Ca2+ influx from the extracellular

medium via TRP vanilloid subfamily members-3 channels on the plasma membrane of odontoblasts, while
the drug did not inhibit hypotonic-stimulation-induced Ca2+ entry in odontoblasts. These results
implied that analgesic effect on odontoblast by guaiacol is unlikely in the dentinal pain. The
bradykinin-induced and a direct mechanical stimulation-induced intracellular Ca2+ concentration
([Ca2+]1) increases in trigeminal ganglion (TG) neurons were significantly inhibited by guaiacol. We
suggested that guaiacol develops excellent analgesic effect on the pulpitis by inhibiting
mechanosensitive ionic channels in TG neurons.

TRP channel Odontoblast Guaiacol Trigeminal ganglion



¢ X C—19, F—-19—1, Z—19, CK—19 (#m)

1. WSO 5

R PR CHR BB O BRI S - SEERRh R
DOEWEFDBISH SN D0, HEEICAFET D
ARz L CEDOIFIN ED X 9 kT
TER LR 2 FAET D OO0 TIEARH
T, REDOEANENE FHEFIGH S TD
HDWBLRTH 5,

TR, RFFMENEEZ AR THD Z
ERHLNIRY  REZHES TRV — &
LT TRP Fv 3 Anmbh s, TRPVL
F v KNI T A DOZRIEE %
BHThoN, EEEE L THYW NS 7
= )= VRIEHNI A TV A RSN
BlLifbkEmThHr b7 ) —1%
KNG T HFEHI D TRP F ¥ R/VITER L
PRI R EZRE L WL AEER D S, T2
T, 7=/ —NVREHD1O>THDHITT =
— NV ERFFMICE S L, EREEOEE
D 1> THHMBEAN I NV T AA A
B ([Cazt) OEfbzxfmstLi-E A, 7
7 % =2—/LZ TRPV1, TRPV2 5 L ) TRPV4

F ¥ kL Tid7e < TRPV3 F ¥ x/WIZ/ER L,

st H Cazt it A S ELIEMMRH 5 Z
LRSI o7,

2. WHEOHEM

R T AT v a— L OBIFERIC
DNT, HE L~ L CTOEM R ® 2 WIFEH
FEFE 2RI B 72010, B2 = X 44
BHi—a— o NCHEE M AT AE T B
[Caztls Z{bic T 27T v a—Logisr
FRAET 5,

3. WD ITE

(1) W& Kt

R SN~ 7 AHEOSR FHFEMI TR
HiE (odontoblast lineage cells:OLCs) B X
USTHEFY 4 A% —F > (T Bl L0 2%
HEtL o= X#HEHi=oz—1o v
(trigeminal ganglion neurons:TG) % %3 L
BCHREBEL, zhEnEERF T2 HE
R L7,

(2) RIE D #L

TFTYa—nx=s ) —T 9 mM ([ZHAR
L7EbDEA Ny ZIIRE L, Z A EEER
Jashit < 0. 009~9 M (ZAER L T BRI
L7, TRPV3 F ¥ RV T & d=AZ MZ 100
uM 2, 2-diphenyltetrahydrofuran (DPTHF)
Z T,

(3) HERRLZ b3~ 2 Hl4

OLCs {Zxf L CIXMEWIC & » TiRBJE ML
NIz, O, EHERISMNED NaCl %
< = h— /L TTEM LS E LR IR (335
mOsm/L) &, 77 ¥ a—AmNd 5 WL IER
TNOARIE B E ¥k (200 mOsm/L) Z 4 L 7=,
TGIZx LTIE 10nM 77 V% = 12 L 2%
F X EEESEASE A T, TV =
X7 T ¥ a3 — VRIS D IR IEIRIN ORI

ZAHEL L VEWRIC K o TRl 2 R Uiz, H
PRI TG e 2 #8FE L 7= 35 mm Dish O
IR DI BT T T v a— L& i
ML=borzHEL, BEE2~3 mDT 7 A
flef /by N2V ITZ~v= =
L—& T 30 R L7z (X 1),

Glass micropipette |
with a tip diameter (™

\ The target TG cell
of 2-3 ym in fura-2-loaded cells
e ==
Mechanical stimulation
with 12.8 uym in a depth

three-dimensional
hydraulic
micromanipulator

microscope

Image analysis
system

The extracellular solution
with or without guaiacol

1 EREERORIT O 5 ik

(4) [Cazt]i DWIE

HE L HE 2 Nz 7= B oo [Cazt]i (2xktd 5
IT X a—nVOEREBRET 720, s
T A A= TEEHWTZ, OLCs & DN T
TG IZHIREN Ca* fin3K (Fura—2) Z A fr L.
[Ca2+]; & 2 W Ehi 1C 35 1) A s ek b ¢
LT,

4. BFZERE

(1)OLCs (X145 77 ¥ a2— /L OfEH
OISk Ca> fFAE T2 T 200 mOsm/L DI
RBERE A9 5 L [Caz] ML 7=,
Z OARIR B G 7 [Ca2]: 0 13 E e
Beh 4 bl H £ T, BUERIELRWE
PIRSNT,

@Sk Ca® fFAE T2 T 200 mOsm/L DI
BBEWIKE 0.9 pM 77 ¥ a2 — L & [R R #%
592 L [Caztli M LT-, Z OB
B VA IR B 3 5 (2 38 B4 B [Ca2+]s #50
CEHEBENE NS T,

@Sk Ca® fFAE T2 T 200 mOsm/L DI
IRIBEIRE & DPTHF % [FIREf 5-9- % & [Ca?t];
DSEIN U 72, & ONNIFAR IR 3 1A i Hih 4%
HWFIZ3 B9 % [CaZt] BN & B EZEN e
-7,

@HE»> T, R ZAHLTH 2 G FEHINE O
A R % 5 & i 2 RS IE Rk L T
TRPV3 F ¥ X /VIXERET, £/ 7=
— L MR 5 A s 1 [Ca2t]y H8 0 % 4
FLARWZ &, 7Y a—LORTER
6T D BRIV & & 2 b,

@)TG (2T 25 7T v a—LOfEM

OIS Ca*fFET T TG I 10 oM 7T V%
= EEST D E[Cati M LT, T D,
0.9M /T ¥ a—L&T7 7%= LR
35 L, 2o [Caz] HIMIAREIZHD L
e BOT IV 2 HMEET 5L
[Cazti N LT=, 6> TZ T ¥ a—LITi,



TG ITBIT A7 T V%= i3 ME[Caz]; 90
ZIHEITAERNS 5 Z Enmm s (X
2).

A C24 +100M+10nM+10nM +100M  + 50 mM
Y BK BK BK BK K*
= K K % K qKw

m
+0.9 M
GC

[ 1.26 mM Ca?* ]

I T T T T T T 1
0 200 400 600 800 1000 1200 1400
Time (s)

GC: /7 ¥=a—)

BK: 75 U¥% =V

K : high-K*#&i&

X2 TG=ao—uaiiBiFsr 7 7va—1L
D77 Ux= %M [Caztl BN o]

OMIfaA Ca> 1E1E T T TG 1T 30 FY R >Rkt
WAz 5 & [Caztli B L7=, 0.009 uM 2
T Y a— v EEIN L asME S o TG IZE
PEREARIT 2 0 2 C b AR A s PE [Cat];
HWINTIE S o7, LasL, 0.9 M 7
7Y a— I OMESNE T O TG % B %
WA % & BRI S F 1 [Ca2t]s #E NI
BEICIH SN2, 77 % a—iZ X %5k
A e PE [Cazt]y BB HNC (38 R A7 1
NI o7 (X 3),

AL 407 +128um
w (in depth )
3.0 .
20 \
1.0
1.26 mM Ca®* 5
— GC: /' 7rva—)
0 200 400
Time (s)
B& 40 +12.8 M +12.8 M +12.8uM
o (in depth ) (iin depth ) (iin depth )
L B ] L 2 1 L . ]
30 +0.009 uM +0.09 iM +0.9 M
GC GC GC
20
1.0 r—J\ O NS
[1.26 mMca>*]  [126mMca®* |  [1.26mMcCa?* |
) T 1 T 1 7 1 T 1
0 200 400 O 200 400 200 400
Time (s) Time (s) Time (s)

M 3 TG ==2—a iIBITA7 7Y
= — )L D BEIRAIEEE % ME[Ca2t]s HE IO

Eel

Ar = hue—)L Bt 0.009, 0.09. 0.9

W 77 Y a— ok

@I =2—BNIBVWTT I VF=URE
PERERR RIS X - THR S5 [Caztls #En
W77 a— it Xo THEEICHE SN
TS 7Y a— W IBFERE L

WS —a IEAT 5 2 & TER
PR R ERET LA TH D Z LR
mwEniz,

5. FRFEELRLE
(WFgefRaes. Wroe
X TR

Gy K OSEEERTIEH 1

(MERsamSC) - (BF 10 1)

@O Kojima Y, Kimura M, Higashikawa A,
Kono K, Ando M, Tazaki M,
Shibukawa Y, Potassium currents
activated by  depolarization in
odontoblasts. Frontiers in Physiology,
8:Article 1078, 2017. &FA
DOI: 10.3389/fphys.2017.01078

@ Shiozaki Y, Sato M, Kimura M, Sato T,
Tazaki M, Shibukawa Y, Ionotropic
P2X ATP Receptor Channels Mediate
Purinergic  Signaling in  Mouse
Odontoblasts. Frontiers in Physiology,
8: Article 3, 2017. &t
DOI: 10.3389/fphys.2017.00003.

@ Nishiyama A, Sato M, Kimura M,
Katakura A, Tazaki M, Shibukawa Y,
Intercellular signal communication
among odontoblasts and trigeminal
ganglion neurons via glutamate. Cell
Calcium, 60(5):341-355, 2016,#5¢
DOI: 10.1016/j.ceca.2016.07.003

@ Kimura M, Sase T, Higashikawa A,
Sato M, Sato T, Tazaki M, Shibukawa
Y, High pH-Sensitive TRPA1
Activation in Odontoblasts Regulates
Mineralization. Journal of Dental
Research, 95(9):1057-1064,2016, 2 &t
DOI: 10.1177/0022034516644702

® SatoM, Furuya T, Kimura M, Kojima Y,
Tazaki M, Sato T, Shibukawa Y,
Intercellular Odontoblast
Communication via ATP Mediated by
Pannexin-1 Channel and
Phospholipase  C-coupled Receptor
Activation. Frontiers in Physiology, 6:
Article 326, 2015. #ic A
DOI: 10.3389/fphys.2015.00326.

® Kawaguchi A, Sato M, Kimura M,
Ichinohe T, Tazaki M, Shibukawa Y,
Expression and function of purinergic
P2Y12 receptors in rat trigeminal
ganglion neurons. Neuroscience
Research, 98:17-27,2015, it
DOI: 10.1016/j.neures.2015.04.008.

(@ Higashikawa A, Kojima Y, Sato M,
Kimura M, Ogura K, Mochizuki H,
Sase T, Shinya A, Kobune K, Furuya T,
Sato T, Shibukawa Y, Tazaki M,
Transient Receptor Potential Cation
Channel Subfamily Vanilloid Member




(%K)

)

3 is not Involved in Plasma Membrane
Stretch-induced Intracellular Calcium
Signaling in Merkel Cells. Bulletin of
Tokyo Dental College, 56(4):259-262,
2015, AHif

DOI: 10.2209/tdcpublication.56.259.
Kawaguchi A, Sato M, Kimura M,
Yamazaki T, Yamamoto H, Tazaki M,
Ichinohe T, Shibukawa Y, Functional
expression of bradykinin B1 and B2
receptors in neonatal rat trigeminal
ganglion neurons. Frontiers in Cellular
Neuroscience, 9:229, 2015, ##Ht

DOI: 10.3389/fncel.2015.00229.

Kojima Y, Higashikawa A, Kimura M,
Sato M, Mochizuki H, Ogura K, Sase T,
Shinya A, Kobune K, Furuya T, Sato T,
Shibukawa Y, Tazaki M,
Depolarization-induced Intracellular
Free Calcium Concentration Increases
Show No Desensitizing Effect in Rat
Odontoblasts. Bulletin of Tokyo Dental
College, 56(2):131-134, 2015, &7t
DOI: 10.2209/tdcpublication.56.131.
Shibukawa Y, Sato M, Kimura M,
Sobhan U, Shimada M, Nishiyama A,
Kawaguchi A, Soya M, Kuroda H,
Katakura A, Ichinohe T, and Tazaki M,
Odontoblasts as sensory receptors:
transient receptor potential channels,
pannexin-1, and ionotropic ATP
receptors mediate intercellular
odontoblast-neuron signal
transduction. Pfliigers Archiv
European dJournal of Physiology,
467(4):843-863, 2015, 7 7t

DOI: 10.1007/s00424-014-1551-x

(8} 22 1)

AATGL PR AP X | BE)IFSE, fill 12
4 ), Odontoblasts express plasma
membrane Ca*-ATPase 1 and 4, £ 95 [A]
HAER S RE, 2018

P H A2 X (ORATRGE. eiRiEmt, JE)ll
FE ML), “XMRH =2 —a
%577 v a— Lo IER. & 59 [F
RS E R I RS 2017
AFFEEE (FEH AW & J)FESE, il 6
4), BFFEMBICET 55 pl &z
store—operated Ca® entry (SOCE).
59 [ml B LR R S 22T R, 2017
AFRRED (R E, BEH AP X | JH)I15%
3 .t 10 44), Alkali—and ADP-sensitive
store—operated Ca? entry (SOCE)
mediated by Ca?" release—activated Ca®
(CRAC) channels in rat odontoblasts,
55 94 [8] A RAEFF RS, 2017

AR BEEE (EERIER, [BHA D X i)l
FE, M1 4), BFFMRICEBT S

TRPAL F ¢ ZVIIT A VIS LR~ L
FIRACZARMET D, 55 10 [A] = AR fE B
DREH — AR Fis, 2016

P A & (RATRRED. TEARIERT. )1
%% b3 4), Guaiacol IF— XAPRE

—a—n UIERH LERIR ZBET 5,
55 58 [RI g B EEME R I K2, 2016
AKTIREE (el EAT, PR A & | J)1138
S fth 6 4), REFMIICK T LT AL
U % 5% M store—operated Ca®* entry
(SOCE), %5 58 [l R ILAf = TR
£, 2016
Ve e ORATRRED., PR A & | )58
= fhe64), 7y hT6=a—ailE
VT B G IF SRR R B AR T S M ETE Eh FE A
FLEk, o 58 MRl EFRFITRE,
2016
Shibukawa Y (Sato M, Kimura M, Shimada
M, ffL 10 4). Odontoblasts as sensory

receptors: Transient receptor
potential channels, pannexin—-1 and
ionotropic ATP receptors, mediate

intracellular odontoblast—trigeminal
ganglion neuron signal transduction

International Association of Dental
Research (IADR) Pulp Biology and
Regeneration Group (PBRG) Symposium
2016

Sato M (Kimura M, Shimada M, Shibukawa
Y, ffi 9 % ), ATP released from
odontoblasts by mechanosensitive TRP
and piezo channel activations
generates P2X3-mediated action
potentials in trigeminal ganglion
neurons. International Association of
Dental Research (IADR) Pulp Biology
and  Regeneration  Group (PBRG)
Symposium 2016

Kimura M(Sato M, Shimada M, Shibukawa
Y, #194), Store—operated Ca® entry
in rat odontoblasts. International
Association of Dental Research (IADR)
Pulp Biology and Regeneration Group
(PBRG) Symposium 2016

Kimura M (Sato M, Shimada M, Shibukawa
Y, L 9 4), High pH-sensitive TRPA1
channel activation acts as a key Ca®
signaling that regulates dentin
mineralization by odontoblasts

International Association of Dental

Research (IADR) Pulp Biology and
Regeneration Group (PBRG) Symposium
2016

Kimura M (Shibukawa Y, Sato M, Shimada
M M 6 #4) , High pH-sensitive TRPA1
channel activation in odontoblasts
regulates dentin mineralization and
calcification. 12th  International
Conference on Tooth Morphogenesis and
Differentiation, 2016




ARATBRED (P ER], PR v = | )38
SE . ff 10 4 ), Expression of
store—operated Ca® entry (SOCE)
mediated by Ca* release—activated Ca®*
(CRAC) channels in rat odontoblasts,
%93 Bl H AREH TSRS, 2016

© RS (KRB, BBHEAP X )l
F3E, fh 74), Evoked inward currents
in trigeminal ganglion neurons caused
by intracellular transmitters, ATP,
released from mechanically stimulated
odontoblasts, % 93 [A] H ARAEHFSK
2 2016

VERRIEAT (REFBRED., (BH P & | )13
M 9%), = XMHRHi=a—r O
OF 0 e B A o R 6 1 PR ) &5 BB D i
Hr. 5 300 BIHCR AL R4, 2015

@ AREPBREC (PR e, BEH A X | )15
ELM 5 A, BFFMBICBT D
store—operated Ca®" entry (SOCE) (Ca?'
release—activated Ca®' (CARC) channels)
DIEBL, 5 57 [l FH R P P K2,
2015

VEREIERT ORFRED. [BH A & | )13
S, il 5 44), GO A R AORI TR TR R
INDEX MR =2 —m N X E
Wi BRI — = 2 — 1 L 3EREERIC &K
% odontoblast hydrodynamic receptor
theory OERAEBRFAIFENT, 2 57 [l
FHLREE P2 RS, 2015

AATIRRED (R ERT, B AP = | )28
SEth 8 44), Ca® signaling activated by
alkaline environment in rat
odontoblasts, ZHIEMMLIZEBIT A TV
71 VIEMAL Ca*' > 7 U v 7, E 120 A
A ARfEd v aine - REMES 592
[ A AL RS KBRS, 2015

B HH A & (RKTBRRD., Vel Egs, )38
3E, L2 44), Guaiacol activates TRPV3
channels in mouse odontoblast—lineage
cells, 77 ¥ a— L iZRHFIFEMinD
TRPV3 F ¥ /L 2 1EMA L3 5, 25 120 1 H
ARSI - RETINES 592 [H
HAEH R REEFIRE, 2015

@) PEH AP X (RARRED, VepRiEm, H)15%
SEL M1 4), ST a— L oOmiEE TS
2R d6 T D ARIR o7 1 i B s
Ca* WA Z M S, 5 56 [HIHF}HLA%E
FRTIN RS, 2014

@ AFRRED (EERIER, BEHA Y X )l
g, M 5 4), RFFMBEOT VY
R VER BT RO ORI . 25 56 [A]
R R R, 2014

6. WFFER

(D) W RaERE

P AW (Shimada Miyuki)
WAL R T « B - FEH Ehamhn
WrgeEds 60297348

(2) WFge s

)1l == (Shibukawa Yoshiyuki)
AR RS -t - R
et ®&s:30276969

fefE  1EAE (Sato Masaki)
AU - HEH8 - 2D
oeEHZR : 80598855

AFt #EEE Kimura Maki)
R AL RS - B - B
et ®&s: 90582346



