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Calcium signaling and salivary secretory function
Yosuke Tojyo

Department of Dental Pharmacology, School of Dentistry, Health Sciences University of Hokkaido

Abstract

Calcium ion (Ca™) plays an essential role as a second messenger in secretion of water and electrolytes in salivary glands.
Many studies using fluorescent Ca™ indicators such as quin—2 and fura—2 have shown that stimulation of muscarinic, o—
adrenergic, or substance P receptors cause a rapid increase in [Ca™]; in salivary gland cells resulting from the production of
inositol 1, 4, 5—trisphosphate (IP;). The [Ca™]; response is attributed to Ca™ release from intracellular Ca™ store followed by

Ca™ entry across the plasma membrane. The increase in [Ca™]; is initiated in the apical pole of acinar cells and then rapidly

spreads as a Ca™ wave toward the basolateral region.
activate the ion transport systems in salivary glands.

the polarized Ca™ signaling in salivary gland cells.

The apical-to—basal pattern of Ca™ signaling is probably important to

In this review, I discuss mechanisms and physiological significance of

X—T—=KF I AN T LTIV, MR, MEESW, AV AEIGIRRE, A A -V T

1. I3IU®IC

REO60kgD NDRNNZIRFET 5 71V 7 L8134 1kg
Thb. ZDF9.5%H e FaFx 73y 4 bE LTH
RWIAELTH Y, MELHMARICEINE LY
LEIEHTH0.5% 18 X 2w, BRGSO 7V vy
LFEMICIEMDICREY 2nbDTH B, Z0—HEIE
MBEASOAEIHRIZA + AL L7z (Ca) THIEL,
MR E T2 Y F AV Vv — L L THEE
LEEIERIZL TS,

Ca™" LAfEMERE L OBID ) 2RO TR L 203 ~
TV CH % R EE DA%, Sydney Ringer (1835
—1910) TH»A 9. Ringerid, » TIHH.LEZfi- T
IESEER 2 L W /oECa™ & & & 2 WA R R T O
@Ak o TLE ) IR E, LIRIIEICCa™ 28
TR VwWA LTy THAZEEZRERL
(Ringer, 1883). Ringer® 5 I3 MAatkRE & Ca™ 2 FE VD

7RO FEREEZZSNTVED, 2O LIZC S
RHIGE LB R OP b6, Z0%k, Motk
ECT L DBMRICTER T AR XTI L AL W h o7z
E)THL. CWHIMEDOLH Y KAy Vv =T
BB EEMET L 72DZERAE OTGH R EIE (4R
HRFEZENEE) Thob. IAEHZITRE L7 [HHIX
froCa” 31 (19604E4%) 1k, ZDk—KT—o, kb
Ca”" ¥ ZF VRO EIRT IR o7 L B2 &9,

BAE, Ca'ld, MlGHIED ) TR, RIVE V5,
MR EYE OBUL, MiES), Moz, B, Es
FIH, TAER LU b7z AR 2 HIE S A e b A
WAyt sy Yy —ThbeEZLNTVDS, HEERIC
BUIABUWTIEDCA L > THIBME NS Z i3 X <Al
LNTWA, R, K- AF 3 TIECT 25t Hh v F
Ay by Yy =t LTRLHEOEE R L TWDE, AF
T, MBBHNC Y 7 FIVoOMEXFHHT 5 & ki,

ZAF L SERLT4E 3 H31A
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TR % 4 > 72 8L 72 B O D — i & /AT 5.
2. Ca*vTFIVER
Ca” IR ICITMLONIN TR E R ED S 5. Mgyt o
RIEHIZIE 1 ~ 2 mMOCa" BAFFET DIt L, il
N GHIKE) OCa JEEEIZ100 nMEL T T, FEIZHIFAt
DIFHFOIDTFTHD. ZIUTHIEICHFEET 5Ca*
R TIZE o TCH A FITHIBIMC A E T B T
&, F 7, MREMIIECT A IUY AA TR T 5 Ca’ Y
BRI ST 52 2 L2k B, MBI % Ca' i
DERIZ/NBAE (AR CTIIF/MEE) ThHob I EH
ZLOMEIZL > THLMIZENTBY, BZ5 /MR
PRAIE I IR VIR EE D Ca™ DS HT S LTV B
EERbNA. HEPNC BB 1XCa>* A M7 (store)
B Ca™t 7 =)V (pool) &IEIEM, MIBLAHIE % 1S
5 ERANTLOCEH, & HIIFMEsN D S5 DCa”
TADSE E T, MR O Ca™ B (L FERBLIRE O £ f 52 &
B b7 T2, CoMRICLTEHR SN/ -Ca 25k
YRAv Yy — & LTHRA ifilatine o im b § %
ZENL, ZO—EORILEAIN T T LY T EV)
(1).

o R U

|

HBZAR b7 5 DCa>* DI
BRI D S DCa2FA

}

HAZACa?;

|

HlRRIsDER

e S & Ca?*

mRED LA

X1

Ca” BB D A H = X L2 TIL19704F DA 5 12
gerstEDd 5N TE 72, AN R t“@iﬁjﬁ-&‘ﬁ%f""
A3 Ml (FEMNE) TIIBEOBLS LS| & 412
of,dﬂ@%%éuwm%wﬁ%#%cf%Eﬁﬁéhé.
itm%ﬁuﬁﬁié%ﬁmﬁﬁaﬁ%w%wﬁﬁm

L, #Milas2 6 OC AT &R S NS, L,
A3 UaBHI I <o TR AR 72 & O IR B PEMINIZ B30T A Ca*
BEDA N ZZXLIZDOWTIHINOEMRTTILS bh Sk
h o 72, 19754, HE[EOR. H. Michellld, 27K % Hl#
FTHERAT )= HECE V) BEROM X 12X - TH
JAEDRER S TH B A /¥ b=V VRGO HTH

MPRE, ZOFRC PEREINS L) IR EZIEEL
72 (Michell, 1975) . ZOFIZ IS T 558 H b %
<, CBB 2 A T =) YIRERFE s
Vo 7R RV 72 A%, 19834E, Al LIEE O R
HM. J. Berridge?s, 1/ ¥ M=) YIRE D5 EEY T
HrHrA 7 b=n1, 4, 5—=1 Y (Ip;) 25H
WCa” A b 75 DCa i 25l ERI$2 2T v b
D Wl B i & A o 72 78 T RS IZEEB L (Streb et
al., 1983 ; Berridge and Irvine, 1984), Z D3 ’-’fzﬂ:ﬁ
MET7enz. BlE, A/ //b-—lb’)./ﬂbﬁkftﬁf%
C"BIED AN A LIZITIZHS I o TW 5, 3“7*
b, 7j—xb#ﬂ%ﬁxﬁ% Wﬁ?ét GTP#E
BN TEDO—FETHECqY YNV EENLTEHA
T ) N—ECOEEALT B, FORER, 1/ =
) UIREOREICEIRE, RAT7FINA T b —
V4, 5—221) Bk (PIP) DOMIKGIRIC & o THK S
NPV NERIE L CCa B E A7 &k 23 (X
2). WEEIRHIL T S 2 D2 7 F AEE D RS %
T BHLHExEE TR LTnE 2 LIFEL RO LN
TW5,

MMafk (Ca* 2 7)) DIIZEIPFEET 544~ F
Y ANVRZHEERPEET L. IBPZEERIEEST L L
F v AVHIFAIT L TCa®" ARG 20 & Ml i B~ i HE
END. bLRAIIPZEREFERLL, 7u—=7L
2D IEBHER LK FERARITEIT I 3B S N D -85 2
A2 ThH 5. BUEIPS EAR O BERE At 20 M 2 i A 031
FIATON TV EDS, ZOFETH HARAWZE O D)k

R EWV, IPZEARO G TSR THE R IO W T
WrEHEZOREORFErSBICL T LY (T
45 2003).

3. HBEACa I DER

MR (MfBE) OCa™ iR MmO T (100 nM
PIF) Z &Iz, HEOTIZIEaMA —F— D
ff e DCa™ R E & Vo 7o e 0)*% ICLTHllES 5072
29 EEERICE D b v b file 2 12 19804
B F Tl m%W&F%F<m£i>%E% ZllET 5

LD DEELWEETH o, Ca A VBB TS
TV eV FNY VNI EEMED) FENH 72D, &'
FROMBIPIIE A RTINS » 73 7 B OB A IE 2 7
DSERBAPLETH Y, #HTETCIITEL L)
BOTIEL ., /2, ETOMBICIEHTESLLDTY
& 2 AN19804FEAX, Roger Y. Tsien& W19 7 X 1)
A DOENETEE (MRERFREA) f&f&@ﬁ%&w
EZ RIS S MR % 3 2 flFE L (Tsien, 1980 ;

EWTE Y,

m\.
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o ® o @ agonist

Ca?* Store

2 A7y VIRERBE AT ACTEIR. R, /K, Gq GTP#

A IAVA N

PLC, KA 7 4 J/X—HC;PIP,, KAT7FIVNA /T b= 4, ')/F_!I’?z;IPg, 1

vbh=n1, 4,

Grynkiewicz et al., 1985), Ca**3 7" F V2 D PG AT
BE o7z, $hbb, Ca#HtfERHEquin-2, fura-2?
HIEHTHSH (W3). quin-21L19804F, fura—21L19854F 12
FERIN, Ho b)) MICHFRFOMIBY 7+ ORf%E
Tz AR, ZOoREEFFZIETLENTD
[Ca" A H/AITMET LI LN TE L, gD
BWVEAETH 1AM, w2, 3HHETIUIIET S

CENTRTHA). THIEILEHHTHS.
N(CH,C007), N(CH,C00"),
COO“ C00~ OCH:CH:0.
N/\coo L N C00"
cmom \© 0
quin-2 €00~ fura-2

3 R Y. TsienlZ & o TH%E & ML7zCa? " HOGHERHE DO E

Ca* HOUHR/REEIICa™ F L — PANCHORFE B & Ml A

RATIREELEW T, ML E# L &\, Tsienld
ZOEWIZTE R EY AFV (AM) HEMIIL, J§
‘Zﬁ‘l‘i Il 7z AMEEE AR 72 HOUTROR I 5 (M
L, MBBNO AT T — ¥ TR G2
free D quin—2%° fura—212 7% 1), MBEANICEHE T 5 (
4). ZOMNIZEhEE S5 2 LM dot e %3
5. ZNHOCT HMHRRIE EInM A — ¥ — DCa® D%
L2 B L CHEOLME 2 2L S &5 DT, £D%bxH

5—=1 VB ;DAG, YT NVI)tu—); PKc, 7°\:r%4 ¥ F—¥C

JESCEERT Tl E
HTE5.

THIEICED [C]2HETHIL

Fura-2/AM
(BE&H)
(kB
-
£y
4 fura=2/AMIZHREMNICEL Y ;A 71k, MIRNTZAT I —

Y2 & o Thura— 2
ThHEEL,

W20, MBNICEEE T 5. fura— 2
RETHHENDOBMELE=Y —T 5.

A

WANIBSE SN zquin2034E, [Ca™' ] HlZD 72D
EERE (~1.0mM) ZHIRNICANSLEDRH D,
F7-Ca HE AR A X B 72 ORISR ET %D
REDDY, WEREFILALHEHENEZ S ko, —
#, fura—2iFquin-2 & Y 30f5 2L LB EE 2R <, R
DO AB T HRERPBRBONEZENLLE4TD

Ca"dOfR R L L ORDEH I TV S

quin—2X°fura—2® H 2 5 204E )58 X, uﬂ%@ﬁfﬁ";ﬁg
DA b Kk 4 ek 2 o f:Cath'ﬁ?Ef;ﬁfJ‘ﬁ'ﬁy\"éi
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n, TNTNOEBRHIRPMEKRESICEGLETHEH S
TWwh, Blz1E, mag—fura—2(3Ca* XKD T,
ML A VA A T N O iRECa™ 2 E$ 5 DI L T
W5, F 72, calcium green Cis/2 & O [ & MECa™ 908
BRI, M A VT & Z i oCa AL 2 BE T B
FrOI DI T WD, I E TICHSE S M7zCa 8OGHR
TREATEIC30MHIT T 5 T\, quin2% 585 Lo YT
7220/ CHh o 7=Tsien (BTEN ) 74 V=T RFEYF ¥
T IOREER) 132 0% B & T LEE T e — T &
RAZHFEL, ®WIINA T A A= 2 TR % &
S5 TW5h, WEEDE REILESHE %<8, 20004 M0
Berz oL ofMicHE e Az, EaBlgt) 7
¥ A4 LTHHALT 5 2 & & TTEEIC L 72 Tsien D Ly 1348
WTREL, DrobdhE —~"UVEZELTVDD
AT\,

4, BHERMRICH T 3MANCTRE ([cat]) D
HITE

& A THGIRREZ v CHERRME O [Cat' ] %
MO THE L7z DEFETH A 9 2. 19804 H, MR I
% BB O € 7TV L L CHW 2 585 5%
o tziz, TTIERD 7 IV — 7% M o
[Ca”' JIEZHRATNWL ) TH L., ZOHT, FHE
L TR TRELMIEE1TBZ 5 ALIRER K F8E
OB RELTHA . HHELIE, Arvya—
(LAH) VEFETTZAL) I2EoTRIERI SN

OETRRR A L

|

BRSBTS vz//////
/ —_—

SH LB RESUSREEHR
FTA rFak—al

- e
L

Fanswyp

Xes 7/
FhER (340 nm/380 nm)

Fura-2-AMZ S EERHPT
AFasi—irg

57y NETEMEo [Ca*' ] LA KIE % quin-2 % ffi >
THOTEEMIZ/R L7 (Takemura, 1985). Z D&
i, £ TCaDiit A - i EBRAD SHER T 2108\ X
Zro loCat OB & & EHAY R FEERIGEIL L L TR L 72
bOTHY, MRS WOWZEE D 5V EE & 52 1)
7o MrRTERSCICHE &, CattHOGTRREE & v 7o Cat B RE
DOIFFEDR 4 125 F S 1L (Merritt and Rink, 1987a ; 1987
b ; Aub and Putney, 1987 ; Gray, 1988), ME{ERAINLIZ B
F2C" Y 7T VO ADPHEAICHL LIS TE
7z.

FL72H D782 TIE 1988412 H 2. O 73 b dOt B EE R
(F-2000) z=WEA L, MEGARMNIEO [Ca™ % % Filds L
7z. F-2000H 0GR RHTEOLME 2 BB IS [Ca™' ],
(nM) (2R 2R EEZ N L T b e L, [Ca' [l
* HICHE SN REF VLT WRETH L. 22T
7 v NETROBREM (suspension) % w7z [Ca®'],
HWEOFNE (K5) &EBRERO—BIZHMNT 5.

7y FETREZREHSCI AL, MY TFT Ly, &
SI2a75F—¥kEbN Y 7 ABERTA ¥ F 2 x—
FyA. N)TYUMEORK, TN T AL reE
g —CHEBHME LT N 7Y Vst ko 2 LB D
b, TNHPATHEZEMPBOT A= KEL, Ehn
BRERVPFRETE v, REZEICHRZ FA O Xy o
(KA by F 27 TH) ClEL, IR+ oMIE
RELTHED, N7 AET2, 3EMIRERST, 6
~10 mOMBIFRE 2 HELT 5. 29 L TR

e IR E D RIE

5  MEGARORREANEOFREL L fura— 2 12 & B MEPICa® R EE Ol E

—
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KBTI H 2 IR oM S 55 BB TdH
. M) TV VB EETICaT S — ERED A TH
BLMIIES L) O ROMBESL L LTHES N, 55l
EERIZIEHE L TWB A, CllEIcfEi) &/ 4 ATk &
<, Ehwvwer—y—3Eonhzwy, LML T 2
UM fura-2/AM % & CoAREMT I H T3040 2 5 1 e £ > F
2= ML, fura2%MAENICIY AE 5. fura-2%
& R VIRE T CHIE 2 ey, WIS O fura-2/AM % B
Witk MBEBRE GEEVIIEL, 2% 5 —THlla
R L S HORE 2 FHIT 5. mmaémhﬂk
7ZHIE 2340 nmDhiEEE HTH L Ca BED LA

DﬁﬁﬁﬁﬁémtﬁﬁﬁiﬂTé.—ﬁﬁ%nmwm
RN E HTH L HEREIXCa IBED FHIC X VIRT T
5. ZOWEEFIHL, 340 nm& 380 nmDEhkE % 0.5
BRI L, stMEol (340 nm, 380

nm) 25 [Ca' | & HT 5.

H6x7 v FETRIBREMIED LX) V2i5ha T
NI — )V TR L 720 O #ERE D& L L [Ca™t | D%
b TdH %.340 nmD ST & 5 HobiEIx EA- L, 380
nmm DRI L B HEHERIER TSI 2. ZOHE%E
Grynkiewicz et al. (1985) O FICANTFEIHE T 5 &
[Ca DR ZAICE RS B2 LN TESL. [MTITRT
L9, AT = VIZ kB [Ca ] EAIEHIEE A
HNBREHY =7 L ZOROFRN LSO 2 5
B, TIAEY (WAAHY) VZEET 7 T=A M)
EHI S o TRINT 2 EEZEHHISNEZ LML, ZD
[Ca”' | BRSBTS L AN ) ¥ RO FEHALIC L 5 2 &
Bhhd, FBERICASNEKE % [Ca™ ] LA LM
BN A L7256 OC IS TH 5. Z iyt
DC AW THIZIZFARED [Ca™' ] EH nATE R &
NBHZEHOEMATES. M/ D S DC AL A
7L OCE I L )RR BENTIHELEEZLNT
Wh, T IR MK RY, Mifasta S ocat it
A LRI A B 7o oca ittt &, [Ca’ ik
BL DBV LR S NS,

F v NETRMRICIZA A ) VEREOMIZ, o—
TRLFY VZHEAERRTTAY U APZEAELEDA J
b)) VIRERH R TE S D HRSGET S.

NS DOSFERMEERE LS K& [catt] LA RS
NBERIEND &#ﬂ%ﬂfw —ﬁ B—7 K
LFH) URAIETIRY 39 —¥ORIO5wmIB T

L 2R EEE R L Tn b % ﬁ%f%éﬁ,_wﬁﬁ
ROTEALDSCa BN H 28 BRIV TIESET
B4 &%Eﬁﬁfﬁbﬂf &72.19904EH F TUEIB— A/
T AT I T —EHOSWORENZMEN A v &~

——
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HABEDE(

200. 0
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1 d 340 nm FpEESE

0 200 400 600 800sec

0. 00¢

[Ca>]i{E (M) DZEAE

430, 0f

CONC

0. 000

0 200 400 600 800sec

K6 fura—2%WYATEZS Y FETERAMEOELHEDZE
L& [Ca®t]id LA, KHITIO uMA Vv xa—)bv (CCh) ZHRML
7=,

10 uM CCh
400 1 Control ‘,
\
5
N
200 A ‘\\,\'
RV VSIS
|
(O
400 A
z
= 200 4 10 nM Atro l
,% 4 VWVWMMW
5 |- o
0 J
400
100 nM Atro
200
4 +
e gy A e B e
0
0 200 400 600
Time (sec)

X7 v ETFRMEICBTS L83 —)L (CCh) I &
% [Ca*]ibH L7 PO ¥y (Awo) 12X 2.

—3Ca"TH B L E X LWIEEN L - 72 (Putney,
1977 ; Butcher and Putney, 1980). L2°L, 73 7 —¥4
WORKPOLZFI ST 1uyMA Y 7a 7L/ = (B
—XEETT=AL) BETRMEO [Ca % ERAE
W0 (Hughes et al., 1989 ; Tanimura et al., 1990 ; Tojyo
etal, 1998). LLil, 7 AU ANIHOZ )V — 7%, 7 b
H TR 2 e n &g (~100 uM) o4 v 7a7r

—
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L= VTHlETsEs v b= R#omiE s

[Ca"]l D R RITZ EE2HE LD (Hom et al.,
1988), ZOHBIDORIBIEA Y TBT L — )L OEEG
o—TERICE 52 LA S 2127 o 72 (Hughes et al.,
1989 ; Tanimura et al., 1990). HAECTIEB—%B K%
LCaTBBIZOWTIEIBEM RIZEED L\, 72721,
7 v M TR OEEMIBIIBIINT, B—ZBERDOEEAL
12X o THIW [Ca”" | EFAEA R E D Z LS A I
%> T\5% (Dehaye et al., 1993). F7-bd ZOH L%
fERE L TV 5% (Nezu et al., 2000 ; 2005), % LAY
HRIIOWTEE o broTwnhwv, B—SHK—
cyclic AMPRAZ A 2 H TR T I 7 — ¥ D512 >
WIS (HBR, 1991 ; Hyk, MR, 1995) %%
LOTHEIIZLTUZ LW,

5. BRRMERICHTCa" MARKE (FREMCaR

A)

HBENC " A b 7 HCa" DSt S5 & R R EN T
MR 2 B DCa RADHEE B Z L IFBEICE Rz, L 2
ATCa AT E 5 & L ECa ANE &R SN D
DIEAH S B, BEMIL O &I LB AR EC T v &
VAR TC"DMAT A Z LT L CHMBENT WA,
W R A 7 & O FE B PR A X B ARAE M Ca™ T
ANV BNDT, CENEDHR AN ZXLTHRATS
DHPNEC™ ¥ 7TV OIFFEF T & o THIREWIIZET S
TdH-72.204E1Z /i, 7 AV » ONIEHS ([F 7 Bt
HERFFERT) 12\ AT, W. Putney, Jrid, JEBUE MM O
Ca" AR OFI & LT [FEMCca® i A | (Capacita-
tive Ca’" entry) & FFIENAKEEE TV 2B L 72 (Put-
ney, 1986;1990). Z DIRFHIZ & % &, FEREMMILD
Ca” W A IMIFENCa> A b 7 ORGE DOREFE IAKAE L T
HALEN, 472 =) VRRBACH R IPE A &
FNCIZBERA R e v . BT DET VL [EERIIR
PZZ LBV 2R Z] 28k ) ER A &
Z72E ) TH LY, A HTIRIEEMILIC B 5
bENRCFHAETT IV E LTE L DR IZZ T AN
LNTWA., FIIOEALZO BRI, el b lkE
T % 5 N7 AL B R % O WO 52 A A & Putney
DIfFFEE XM L2225 (X8). X4HF, Putney
i [EEMC Al ETVERRLLZEN) 04D
WRHETH 7205, FDOHRIOEF VMR %
49, Putney H H25Ca* ¥ 7 F VRO 5B T4H4H D &
VCKEGREENEFEOL RS ) LITETHLPHT
Xhhol.

ﬁ;%,‘,{.’;:_._,

8 19884F|ZPutney DHFZEE % 3 L 725, 5% %> © Putney 8
&, AR RFOWINRAR L, £5, DEEAFOHRIMEE.

FE [HFEMEC A E TV OFEA 1T AT
Tffio72Ca™ T VT IVORIEN S R HIkE LT,
CDETFNDEALDBTH 5 Putneyld, TC4 MR DK
AT VFUAEREDOIISEE TH o 7205, T OMWE &S
L7-EIiZ, BHTRAMRICBIT 2 [Ca®' @R~ / ¥ b
=) VIRERH R IRICHIZE L T s, [FEkCca™
AL BT VITE TRRAIE & 4 o 727 O —#E OB FE R
IZHEDWTIRBENZZODTH Y, MERIROFFZEA A
B 2 MRS O I ISR o W 7B LBl L S 2 5.
726 d L, 7y FETRAROCS RADY B
B EHR RN~ IRILBE R E SR IC X > TR L 720
L7 $5Z 8% L7 (Tojyo et al., 1995a ;
1995b). FL7-H OFEEER L, [HEWC WAL 254
PNTBED) YEALRELY VBRI & o TR S AT W
B EERIRBLTWED, BRakhPoEnL LICHist %
HREIEDLZEIITE LD o7, 19904E1L;, transient re-
ceptor potential (TRP) & #AffIFSN7zA F ¥ F % %
BIZTFAEES N, I [FaEMc Al ITB5F
AT F X ANVDIEARTIEZVRE VDT WSS

(Zhu et al., 1996), FK7Z10 %ML % V. [FEMECa™
WAL DI FHMEDZFAEY] SN 5121 T 72K M 23
N EH)THAS.
6. "ERIRMROCa I X =TT

e kB 1 % f o 72 Ca” M F2 50 C L3I SR F 0 11
M7 [Ca®' b2 MAb LT TE 2, —~HOMA
D, FLTRMBAOREREOCT DFj &2 L 525
ZEIEIARRETH A, TFITFARIE R BIE RN A A%
FLHESL, ~HoMEomMss e Eifge LT
LT B 2 ENTREIC L 72, AFOMELIZRETLE
WH DT, A7 BN IRE TS X B FEER7Z T T
TEY, O~ OEERIRMIEOC B fE % /LT A7z

| —
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Calt freclB &
%5l

Ll

EXy b (E¥oE)

AN

ML vX

AR

ARGUS HiSCA

AW O AL A—D 0 TER

K9 HINVTAALR=TV U TDOERYAT A,

L LI o7z, FEICH 19965 IR A M =7 A
Hocat 4 A=Y 7 A5 4 (ARGUS HiSCA) % FA
LD RBICERBETLIENTE, 1 A=V v FE
AR BRG L 72,

fura2 % B A F 727 v ME FIROMBERE R H
Z1emBEOREH T ¥ N =12 FEAL, LIES R
T 500 L THIlLE T v Y N—KERD A N— T F

ICHEESEL, FXoN—DHIN=FTFA%HH > T
Cell-Tak T — b LTBL EMBEEE LR T V. F¥
YON—=FBINLEGBEMEEO A T — VICHE L, Mg
340nm & 380nm D JFHFE G & F AT L, Mifas 5 %9 586
ZEEEHICCD S X 7 TR sAA, ZO1EHE 3 ¥

y—WEIZ X ) EgtT s (K9).

W 7 it 0 P T AU | S T8 09 | A 12k % D SR 199 72 Al
Thrb. Tbb, BRIEMIIEZEHO SR AEE L
TWV2DIZH L, BR/MNEFIZEEMIFH->Twa,. £
ez [Ca LR, §4bb A MTh5DC K
AL EOFIRTIHFE ), LD X)L B IEKR
LB H BB CTH o 7z NIRIE T ISR 546 L
TWwa 2 ehbhy [Ca' ] LA RIRRME T E %
72AHH EEZLNTWN, EBICREMEE 7 v/ a
— VTR T 5 &, ZORILIEIRERO LR TIHE
D, 1~ 2B THRERIILLSD I EDbhroiz (K10
A) (Tojyo et al., 1997). ZHiECat 7 T— T LN 5
B, ERREMBLERME T ROoNS. zb
1%, Ca*"v7 T— 7 DIEHEIIIPSZ AR DML P 53 Af | Ak
BbizHTERwhreEZ, MAANA T 2P, THE
FA L CCa' 7 = TR END &) T,
P KRBEMEYE 2O CTHIREZ @S v, £2T, #

v (MY & 5 FHEA) CHilaEIc/~ S
/\i’ BT, HEAE S MECa d i3 calcium green Cis THfl
FANA b T D% T~V L7zt 77— FIP (Rifitk

FEREE L72IP) ONTREIC X o TIP % By 125 B X
H7z. FORER, IPAH VNI — VEILOR: & [FRED

PR 2S5 ACat Y T — 75| SR ITZ EAbH
572 (10B) (Tanimura et al., 1998). Z OFEF1, IP;
WA BB AN O L s TRELZ L,
P FR I D\ Ca®t A b T DSIRIERNCAFAE S 5 2

ERML TV A, IRMRFERINITE T D IR FR D5
HABIEMNI AR > TWBE T AR ENTEBY, Ca™" 1 A
— VYT OEBEREBRIGET S
2002).

IRIERNZRAE S B &2 ECa™ A b 7 DIERIX T 7>,

T UAERL IR 2B 20 L, WA L R EE O
Ca" WEENTWE I Lhs, LIaD, WML 5
WIRLSCa™ A 7 & LTCa™ & 7 F IV DFEAIZEET
HDETHHPIRE S (Gerasimenko et al., 1996), 72
ZEES N, L L, Bid o THOMWER 2 o S &
TBWH VIMRE & R 2 &0 Fisfiig cldca
I—TDNE = IZEER RN E, YIRS Y - T
Oy b CTIEGWER ISP F RS R S w2 &
mEDL, R HIIFWERACS AT TH D L)
I IT SR TH B (Nezu et al., 2002). FH T HEE
AR DBEHERNZ L /NER D & SL L 72/ & 72 vesiclehS )
L, TNV EEZMECE AT E L THELTVS L
T 535D %A% (Yamamoto—Hino et al., 1998), 74
GREREIZ v, NS I EE M S A L T B
2O b5, Ca B RIIREEIE THRI L Ev)

(Nezu et al.,

—
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10 xM CCh

o

0.76s

R0 7v NETREEMICBTE VT LY T—T,

A fura— 2 ZPY A F R E 10 pMA VNI — )b (CCh) THIBLL, 1 A—T v /%@ (ARGUS-HISCA) TCa*" Kb %
E=y— L7z (a), E#f% b)) — (), C& RLDELY T —1%.
B . AR LB L 72 % calcium green CisTT NIV L, 77— FIPsO GG IR & o ThBRICIP 2 58 X 272, (a), &8

%; (), #tE, (o — h),

gL, 4Tb—o0Ths. LoL, EE, S5
B /NEEIE N A LD E ) IT—DIC N> TH
D, ZOSNPMRIERE IS L TwbHET S [/ME
B ANE] PEE S (11) (Petersen et al.,
2001). CORFLTIE, IPZERDOE 553/ Matko
Jem (BRIEMD) (AR L, EEMIFE O /NIARD S HLY
A FE NTCa /MR O NE % 3 > CTHRFEMNC B L,
PZHETFT v AV OMEICREENS. T4bb
INEARIZCE DS PRI - Ay N T =7 2R LT
WBREWIDTHD., TOFZIEC 7 T — T HHHAT
BLETNE LTOREBNINZGHTH Y, BELLRY
HEHTH5.

7. KA ERICE T BCa Y TFILDERE

WEE IR AL 2 3B & 7 A &~ F X R VR A F vk
PAFEL (M12), Ca" o 7 FNIZL>TINL DA F
YEERONEVAL L, RGWAFIERI S ND (I,
A, 1996). FEIC, BREEREICAFTET HCL F v 4+ )b & &
JEBIECAFAET 2K F ¥ ROV IEC R EA A+~ F %

Ca* U RGO B A 7 — 1.

High Sensitive

Lumen

Acinar Cell

B MMagEty T -2 3C NS P ANV TH L. Cattid
R AL T/NRMARICHCY A T, ANBARPREEZ 8@ > TS
B BREEAL R 12040 2 /ANIARIXIP 12 L TR AR I
<, TP ko THIE KT S5 Ca? IR ST SR HE M FE 38 Chh &
5.

ANTHY, [Ca' D EADPTIEEICH > THIOT .
Cl F v+ EK F ¥ A UVDFITT 5 & CUIEHE N »
SRERFENA, KEHBEP A 5 BN ol S .
[Ca®* ], b F-DIRFUNT & > T TH B Z &£ IZBAPTA

—
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(Ca”" ¥ L — M) ZMIFEAIZANTE LK R
FoTLZEH (Tojyoetal, 1993) T & 0560 HLENT
Hb. FrEERMBEIAFET HNa" -K -2C1 ik fk
HEEEE AR L Cn b R R RN IO &
HRLNZI Y SA A, FEEM 2 5 BRERA~OCL Dt %
fEoTwnbeEEZLNTWA, ZONa'-K'-2C1 Hkiffi%
ROWEEDIEE > TL T ) LHIBBANDCT OftFEDS )
F AR, KRGWIFEIET S, 29 LT AREA
BB % &, BOBEMICE] 2 TNa 25K [ R 4 8
S TIRENICBEIT L Z 2122 b, BRIEN~NDNaClD)
T TR & PRIER & O TIRBEABZ 2 YT
D TRAHLII R D 2 LML % 5 > THRFE A~
o INDHEEZ SN TV LK WHEREOBERS T 5
5.

R12 MEERREHICAE T 2 E 0 A 4 vk

AR, WEEIRICHEAET AT 7 7R V5 n)KF v
IV D —FEDSMERL W OIS EE 2 E 2 Rz LT
LHZEDPHLENIIR->TE7 Maetal, 1999). 777

R V5 OBRIEBE~OBED L AN ) W ZREKT TR
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MIXoTRES NS & T HHED B (Ishikawa and
Ishida, 2000), KF ¥ IV OREREACa ¥ 7 F IV IZ L o
THIB SN TV L 2EP RIS HROEELRERETH
5.

WA O A A+ > B R OIS 2 Ca™ 7 T —
THRLELZDOPIZONWTIITETICIE b o Ty, L
ML, IRENNDOCT OBEHKIEE %k 2 35— 05K
FHTHHDT, Ca' 7 T—T7I2& o> TCa ELFECT
F ¥ FIVDRANCEAT A 2 &3 A & ¥ Bk % Y
WAL 5 ECTHICh o MRS TH 5 D0 b
midev, JEAEEMERFE T [Cd'] 2 LR SEAC A
F)THTRYTYH =V IFHMTIET T2 A Ml
WZUEET AK I B 2 29 2 L 1ETE W (Tojyo
etal, 1993). ZHUICa® ¥ 7 F IV DYFRAY 2R 22 /8 &
= (C"y = —7) HMEEHRIC BT HKGUICEHET
HHIERREL TS, MRS BITACa Yy T —
T DEEN OV TG DRI (B4, 2001) T
BLTWADT, ZNESIIZLTIZLW.

8. SHNEE

N F TOWE CTHERIRMIZIZ BT 5 Ca™ ¥ 7 F v D
BBIZOMMADPHL I > TE . SHBOBEIR
Ca' v 7 F NV EMD Y 7 F VoL & FEREICTTHALL,
TPV T EOMEEECHEER EHLNMIT L L
ThHb. 4/ =N VIRERHOTHEIZ L VI L
TTUNT)ka—uERKL, CaTEIR &Rz T a T
4 vFF—¥C (PKC) 2NEHALT %, L, IP°PKC
DOREZEMBREL [Ca™ o2 L L KIS HL T 5 2 &
AT ENIC ¥ 7 F VIR OF - 28 Y B 2
EDTRETH A ). W, 7T 755 737 EGreen
Fluorescent Protein (GFP) & ¥ 27 F VT L OFE S
N7 B EREESTMRICERSY, 7P vaT-ofiai
TOBEEZTHT L EIRALNTVWE, A2 HD

MLCCMRRTKQVEKNDEDQKI
LEAVRSGSADDDDKAGSVDAVGSKDPPVAT
SGKLE
ECFP rat [P3R3 (1-604) EYFP
1 I T
TS L1 L2

Luminous Inositol Trisphosphate-Binding Domain for Ratiometric Analys

LIBRA

H13 P05 T~ —LIBRAOHEE. TS, MlaBEE S
DI AT 3P EARD ) 2 FiEE&FRAL ; ECFP, enhanced cyan

RA

7+ ;L1 and L2, U ¥ —&BfL ; rat IPR (1 —604), 7 b
fluorescent protein ; EYFP, enhanced yellow fluorescent protein.

(9)

—
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722 T b PKCRIPSZ RO GFPRL G ¥ » /X 7 B % K%
M FBL S, TS DOTEHRIT T OREREMAT BB
%47 > T &7 (Tanimura et al., 2002 ; Morita et al.,
2002 ; Morita et al., 2004). & 52, i, S Bh#EEE»
HZ % o C, #OLRIB = 4 V¥ — 88 (FRET) %7l
M L7zIP,0 #5057t v —LIBRAZ B L, MlgX
IP:EhRE D AT % Fillh L 72 (Tanimura et al., 2004). LIBRA
&, BB T2 PG R AL YOGl 2 20
#4578 (CFPLYFP) @A L7-3 L ik~
O—7Tdhs (HM13). BfE, LIBRA%AE X 7-5 240
WCHBL S, 512 UMIEICCa™ #OBIRREE & 8 A
L, P& Ca” OMBNBIRE D[RR ENT % 7> T 5. I
1, LIBRAZMEEIRAINEICHIL S &, P, Ca®', PKC
OHEEA AT VTV AT D% flio TRAENIHITS
HIENTENZEZEZTVS., WODHDZOHRID
fit & & LT, GFP%fli o 7= T LAFENT OB TR % #E A
L7zvy,

AR 2 HF R 2T TINLREZRE
DR ZEIZ IO HEHP L LT EY. 72, Th
T TRE —#E ICME IR D Ca™ ¥ 7 F Vi FE 2 H - T
SN IIZE BB, HREEMERT, AREHAB T2
I AAVAS DI

X (73
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A questionnaire study regarding local anesthesia in dentistry and
safety measures in dental clinics among dental students

Hanako OHKE, Masaru KUDO and Noboru SHINYA

Department of Dental Anesthesiology, School of Dentistry,
Health Sciences University of Hokkaido

Abstract

This reports the results of a questionnaire study of dental students on the awareness of “local anesthesia” and “use of pa-
tient monitoring systems” in dental clinics. Subjects participated in the present study included 96 sixth year dental students (D
6) and 93 first year dental students (D1).

The results indicate that the majority of respondents including both D6 and D1 support the notion that a “dentist” is the
most suitable person to perform local anesthesia in dental treatment. With respect to education in local anesthesia, 49.0% of
D6 respondents consider that education of local anesthesia is essential in post—graduate internships and 92.5% of the D1
group answered that it is essential in undergraduate education. About a third of respondents D6 : 30.2% and D1 : 34.4%
were aware of the danger that patients may pass away during dental treatment, prior to enrollment in dental school. Effective
measures when attempting to promote safety in dental local anesthesia reported by D6 indicated 50% or higher for painless lo-
cal anesthesia using an electric—type syringe, allergy tests, topical anesthesia prior to local anesthesia, use of a patient monitor-
ing system, nitrous oxide/oxygen inhalation sedation, intravenous sedation, and quantitative assessments of pain and anxiety.
Regarding education in the use of a patient monitoring system and data assessment, 54.2% of D6 responded that it is “essen-
tial” for post—graduate internship, and 86.0% of D1 responded that it is “essential” in undergraduate education. Overall the

study suggests that there is a need for more education in this area at an early stage to promote safety in dental clinical fields.

Key words ; Dental anesthesiology, Local anesthetic injection, Awareness questionnaire, Dental students

Introduction

The number of systemic accidents among dental patients’ ranges from 4 to 7 cases per 100,000 patients, and of these 5 or
more cases per year result in death. Eighteen cases of dental anesthesia—related accidents were reported during the period from
1981 through 2000, and of these 15 cases were deaths (Kaku et al., 2004). Most of these dental anesthesia—related accidents
occurred due to local anesthetic injections with outpatients. To promote safety measures in dental clinics and improving the
quality of dental education, a questionnaire study of dental student awareness of “local anesthesia” and the “use of a patient

monitoring system” in dental clinics was conducted.

Methods

1. Places and Dates

The questionnaire was administered at the University Dental Hospital and at lectures in the Faculty of Dentistry in May and
June of 2002.
2. Subjects and Education

ZAF L SERLTAE 3 H28H
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1) Subjects

Subjects participating in the present study included 96 sixth year dental students (66 males and 30 females, mean 25.8+2.7
years old, referred to as D6 in the following) who were enrolled in lectures and clinical training courses in dental anesthesiol-
ogy and 93 first year dental students (64 males and 29 females, mean of 20.0+2.8 years old, referred to as D1 below) who
were introduced dental anesthesiology clinics. The responses of the two groups, D6 and D1, were compared.

2) Undergraduate education

The courses offered are visiting the dental anesthesiology clinic in the first semester of the first year, dental anesthesiology
lectures (80 min x 30) and basic practice with measurement of blood pressure (120 min x 1) in the fourth year, lectures on
dentistry for the handicapped (80 min x 2) , a geriatric dentistry lecture (80 min x 1), and dental anesthesiology clinical train-
ing (5 days/ a week, twice : total 10 days) in the fifth year. The clinical training covers the following areas : infiltration/con-
duction of anesthetic injections using a dental local of anesthetic injection training model (Kudo et al., 2002), anesthetic infil-
tration injections among students, nitrous oxide/oxygen (N.O/O,) inhalation sedation (Kudo 2003), use of a patient monitoring
system and interpretation of data, cardiopulmonary resuscitation using a simulator, and performance of the procedural practices
that are needed for BLS (basic life support) and ACLS (advanced cardiac life support) in emergency cardiovascular treatment,
and student visits to a pain clinic and observation of dental care under general anesthesia. In addition, a total of 14.1 hours
of lectures concerning cardiopulmonary resuscitation and systemic accidents (fourth grade, 80 min x 2, fifth grade ; practice
lectures 90 min.) and clinical training (5 hours x 2) are offered at the Faculty of Dentistry. It is thought that the courses of-
fered are typical of dental education.

3. Questionnaire (Items questioned)

The questionnaire used a standard self-recording type questionnaire sheet. Questions included 40 items concerning dental
anesthesiology clinics and dental anesthesiology education. Five questions concerning dental clinical accidents, local anesthe-
sia, and the use of a patient monitoring system were tabulated and the percentages were calculated relative to the number of
the students that responded. The questionnaire response sheets were collected from the cooperating students who understood
the main objective of the study at the facilities where the questionnaire was administered.

1) Local anesthesia
(1) Optimal administration of local anesthesia in dental clinics

The question was “Select one person who should optimally perform the local anesthesia in dental clinics”, and the sug-
gested responses were “dentist”, “medical doctor”’, “both dentist and medical doctor”, “do not know” and “other, specify the
choice”.

(2) Education in local anesthesia

The D6 group was asked whether the following education is necessary, “internship in local anesthetics after graduation ; ”
and D1 were asked about “education in local anesthetics at the Faculty of Dentistry”. The answer choices offered were “es-
sential”, “only if wanted”, “not necessary”, and “other, specify the choice”.

2) Risks in dental clinics and preventive measures
(1) Knowledge about the risks of patient death during dental treatment

The question was “were you aware of the fact that patients may accidentally die during dental treatment before you enrolled
in dental school?” and the answer choices offered were “yes” or “no”.
(2) Measures to promote safety in local anesthesia

The D6 group was asked “to select measures that would be effective when promoting safety in dental local anesthesia”, and
answers could be selected from the following : topical anesthesia, painless local anesthesia using an electric—type syringe, use
of a patient monitoring system, N,O/O. inhalation sedation, intravenous sedation, quantitative assessment of pain and anxiety,
allergy tests, and other, specify the choice.

(3) Education in the use of a patient monitoring system and data assessment
The question for the D6 group was “is a post—graduate internship in the use of a patient monitoring system and data assess-

ment necessary?”, and the question for the D1 group was “is education at the Faculty of Dentistry in the use of a patient

(14)
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monitoring system and data assessment necessary?” The answer choices were “essential”, “only if wanted”, “not necessary”,

and “other, specify the choice”.

D6 93.8 5.2 D6
n=96 =9 49.0 49.0
Medical Do not For postgraduate .
Dentist Do Both Know internship essential only él(ci nec (s);ary
D1 634 30.1 D1 s -
n=93 n=93 ) ]
For undergraduate|
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Fig.2 Education in local anesthesia

Fig.1 Optimal performers for local anesthesia in dental clinics
The answer “essential” was 49.0% from D6 and 92.5% from D1.

“Dentist” was chosen by D6 : 93.8%/D1 : 63.4%, “medical doc-
tor” was D6 : 1.0/D1 : 5.4%, “both dentist and medical doctor”

was D6 : 5.2/D1 : 30.1%

Results

1) Questionnaire return rates
The questionnaire return rate was 100%.

2 ) Local anesthetics

(1) Optimal administration of local anesthesia in dental clinics
“Dentist” was chosen by 93.8% of D6 and 63.4% of D1 (the following results for the D6 and D1 groups are shown as D6/

D1), “medical doctor” 1.0/5.4%, “both dentist and medical doctor” 5.2/30.1% (Fig.1).

(2) Education in local anesthesia
The answers from the D6 group about a post—graduate internship was “essential” 49.0%, “only if wanted” 49.0%, and “not

necessary”2.1%. The answers of the D1 group about undergraduate education was “essential” 92.5%, “only if wanted” 6.5%

and “not necessary” 1.1% (Fig.2).
3) Risks in dental clinics and preventive measures

(1) Knowledge about the risk of patient deaths during dental treatment (prior to enrollment in dental school)

Those aware of this fact were 30.2/34.4% (Fig.3).

D6 D1
n=96 n=93

Others
1.0%

Fig.3 Knowledge about the risks of patients’ death among dental patients before enrollment
“Those who were aware of the fact” were D6 : 30.2/D1 : 34.4%.

(2) Measures to promote safety in local anesthesia
The responses from the D6 group higher than 50% were : 75.0% for both painless local anesthesia using an electric—type

syringe and allergy tests ; 73.8% for topical anesthesia prior to local anesthesia ; 71.4% for use of a patient monitoring sys-

tem ; 64.3% for N,O/O, inhalation sedation ; 54.8% for intravenous sedation ; and 57.1% for pain and anxiety quantitative as-

sessments (Fig.4).
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Fig.4 Effective measures for promoting safety of dental local anesthesia

The most popular response from D6 was painless local anesthesia using an electric—type syringe and allergy tests.

(3) Education in the use of a patient monitoring system and data assessment
The answers from the D6 group about post—graduate internship were : 54.2% “essential” ; 42.7% “only if wanted” ; and
2.1% “not necessary”. The answers from the D1 group about undergraduate education were : 86.0% “essential” ; 14.0% “

only if wanted” ; and 0% “not necessary” (Fig.5).

D6
n=96

42.7

For postgraduate
internship

essential

only if
rg’/ted ne

10t
eSsary

D1

86.0

14.0

n=93
For undergraduate
education T T T T 1
0 20 40 60 80 100(%)
Fig.5 Education concerning the use of a patient monitoring system and data assessment

The most popular answer from D6 was 54.2% supporting as “essential”.
The most popular answer from D1 was 86.0% supporting as “essential”.

Discussion

Media coverage of clinical accidents has increased. At the time when the questionnaire was administered, a fatal dental
outpatient accident due to a local anesthetic injection was widely reported (Asahi news paper, 2002). The 70% of students
who, prior to the enrollment in dental school, were not aware that deaths of dental patients may occur would have very little
awareness of the necessity for safety measures in dental clinics. According to Sakuki et al., visits to dental anesthetic clinics
during the time immediately after enrollment in the first year of dental school results in a higher motivation to promote safety
in medical care of dental patients (Sakuki et al., 2004). In addition, Miyamoto et al. reported that very small numbers of
fourth and fifth year dental students demonstrated an interest in oral surgery and dental anesthesiology (Miyamoto et al.,
2004). Therefore, opportunities to promote awareness and technical education must be given early to promote safety in den-
tal clinics.

Over 90% of the D6 respondents suggested that the optimal person to perform dental local anesthesia is the dentist, leading
to the conclusion that interest in local anesthesiology is very high. According to Shimada, accident cases are presently re-
ported in the clinical training of dental students at many universities (Shimada et al., 2005). The School of Dentistry at
Health Sciences University of Hokkaido has offered an introduction to technical education in how to conduct anesthesia by in-
jection since 1984 using a dental local anesthetic injection training model (DLAITM) (Kudo et al., 2002) for pre—clinical
training. Last year, a DLAITM was developed which introduced the possibility of training in low pressure injection of a so-
lution for infiltration injection. With the introduction of technical education using the DLAITM at an early stage in dental

school, we can expect better clinical education in local anesthetic injection beyond the requirements for OSCE (Basic Skills :

(16)
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infiltration anesthetics).

Regarding education in the use of a patient monitoring system, 54.2% of the D6 group considered it essential in post—
graduate internship and 86% of the D1 group in undergraduate education. This education must be introduced with a strong
emphasis on case reports. In the field of clinical oral surgery, Sekine et al. have reported clinical examples of treatments with
drainage and antibiotics after abnormalities such as pneumothorax and subcutaneous emphysema extensively spreading from
the neck to the chest caused by third molar surgery were diagnosed early using a patient monitoring system (Sekine et al.,
2000). The authors have previously reported a case where the induction of angina was avoided in an elderly outpatient with
hypertension and diabetes during prosthetic treatment by using patient monitoring (Kawai et al., 1996). For the future, edu-
cation in the use of a patient monitoring system for elderly dental outpatients, will become increasingly important to promote
safety in dental clinics.

In the current report, we compared the results of the questionnaire between the two groups : D1 (pre—undergraduate edu-
cated) and D6 (post—undergraduate educated) to check the effects of our education and improve the curriculums for the under-
graduate educated and the post-graduate internship.

The present study found that it is desirable to provide education in painless local anesthetic injection, N,O/O. inhalation se-
dation, and clinical procedures to undergraduates as well as during graduate internship for an effective use of a patient moni-
toring system in the education to promote safety in dental clinics. There is a clear need to strengthen motives to promote
safety in dental clinics at an early stage, ensure technical education in local anesthetic injection using various electric—type
syringes, conduct early pre—graduation clinical training including N,O/O. inhalation sedation and the effective use of a patient
monitoring system, and the need to establish a flexible post—graduate internship curriculum. Yamamura has suggested differ-
ences in the directions of development of medical anesthesiology and dental anesthesiology (Yamamura, 2002). Therefore, to
promote safety, the dental clinics at the Faculty of Dentistry provide local anesthetics (Kudo et al., 2004; Ohke et al., 2002),
psychosedation (Kudo, 2003; Ohke et al., 2000), behavioral adjustment, and patient management methods in dental anesthesi-
ology clinics for patients and elderly dental patients with existing complications (Kato et al., 2000; Kudo et al., 1994) as well
as mentally handicapped patients (Kato et al., 2000), also oral implant treatments (Ohke et al., 2004), and promotion of safety
by providing feedback through reports, publications, and clinical applications without screening out medical accidents (Kudo
et al., 2002). Previously the authors have reported on local anesthesia (Kudo et al., 2001), general anesthesia (Kudo et al.,
1999; Kudo et al., 1996), psychosedation (Kudo et al., 1997; Kawai et al., 2002), and a method to improve prevention as well
as measures for preventing systemic accidents (Sano et al., 1994) to provide painless, safe, and comfortable dental treatment.

For the future, we will apply this knowledge to clinical education.
Conclusion

A questionnaire study on the awareness of “local anesthetics” and “patient monitoring systems” in dental clinics among
dental students was conducted. The results indicate that the majority of both the D6 and D1 groups (sixth and first year den-
tal students) agree that a “dentist” is the most suitable person to perform local anesthesia in dental treatment. With respect to
education in local anesthetics, 49.0% of the D6 group answered that it is essential in post—graduate internships and 92.5% of
the D1 group answered that it is essential in undergraduate education. Those who, prior to the enrollment in dental school,
were aware of the risk of patient death during dental treatment were D6 30.2% and D1 34.4%. Regarding education in the use
of a patient monitoring system and data assessment, 54.2% of the D6 group considered it “essential” in post—graduate intern-

ship, and 86.0% “essential” in undergraduate education.
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Evaluation of a practical skills education method
involving the determination of vital signs:
consciousness, pulse, respiration,
body temperature, and blood pressure
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Abstract

In 2003, practical skills education in vital signs (VS) was introduced to fourth—year dental students. The practical skills
education consisted of an assessment of consciousness, pulse, respiration, and the determination of body temperature and
blood pressure (vital signs check, VSC). The effect of the practical skills VSC education among fourth—year dental students
were evaluated and the findings are discussed in this report. The subjects were two groups of fourth—year dental students ; the
2003 practical skills education group (n=94) and the 2002 group not receiving the practical skills training (n=104).

The practical skills training with respect to VSC [involving a 60—minute lecture and a 20—minute video learning session,
description examination, written examination (50 questions to confirm accurate base knowledge of operations), a reading
(4200 characters, four figures, and five tables equivalent), demonstrations and commentary : Following the presentation of
slides describing the subject matter, a qualified instructor demonstrated VSC and provided commentary to resolve student mis-
understanding (10—minute session), mutual training in VSC performed with pairs of student, with 1 instructor for 2 pairs of
students, second written examination : the same as the first immediately after the practical skill training, general comment and
a third written examination], involved evaluation of consciousness, pulse, respiration, and the measurement of body tempera-

ture and blood pressure, offered sufficient content and appropriate educational outcomes.

Key words ; Vital signs, Dental education, Practical skill education

Introduction

In 2003, practical skills education with respect to vital signs (VS) was introduced to fourth—year dental students. The
practical skills education consisted of assessment of consciousness, pulse, respiration and the determination of body tempera-
ture and blood pressure (vital signs check, VSC). The effects of the practical skills VSC education among the fourth—year

dental students were evaluated, and the findings are discussed in this report.

Methods

1. Subjects

There were two groups of fourth—year dental students ; the 2003 group receiving practical skills education (n=94) and the
2002 group not receiving practical skills education (n=104).
2. Assessment

The following items were assessed to determine the educational effect of the practical skills education after completion of
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Fig. 1 A point to note with BP measurement
A Riva—Rocci—type sphygmomanometer was applied to the brachial artery in order to measure
blood pressure. The reason why you put the Stethoscope under the manchette on the brachial

the practical skills regimen.

1) Comparison of written test scores prior to and immediately after the training.

2) Practical skills evaluation immediately prior to the practical skills training.

3) Comparison of the results of VSC in the Trial Objective Structured Clinical Examination (T-OSCE). The results of the
VSC in T-OSCE were compared with the 2002 group.

3. Vital Signs (VS)

1) Consciousness

The degree of the state of consciousness was evaluated objectively employing the Japan Coma Scale (JCS, 3-3-9 degree
method) and the Glasgow Coma Scale (GCS).
2) Pulse

Pulse was examined by palpation using the forefinger, middle finger, and digitus anularis with the radial artery in the bilat-
eral head of the radius of centrifugation rank extremitas. In the presence of a normal pulse, the pulse was determined for a pe-
riod exceeding 15 seconds (measurements were conducted for 15, 20, 30 and 60 seconds and repeated 4, 3, 2, and 1 time).

In the event of arrhythmia, the pulse was determined over a period of more than 30 seconds ; a precise determination for up
to one minute was also made. In adults, the pulse was defined as tachycardic, normal or bradycardic ; additionally, the pres-
ence of a regular or irregular rhythm was established. All data were recorded.

3) Respiration

Respiration observations were conducted on the basis of thoracic movement to establish respiratory rate, depth, and rhythm ;
as well as the presence of constrained respiration was examined. Bradypnea, normal, or tachypnea conditions were deter-
mined relative to the rest respiratory rate. In addition, the rate of respiration was measured in conjunction with the pulse
number.

4) Body temperature

The body temperature was measured with an electronic thermometer (axilla temperature ; length of measurement one min-
ute) or with a far infrared electronic thermometer (drum temperature ; length of measurement a few seconds).
5) Blood pressure

A Riva—Rocci—type sphygmomanometer was applied to the brachial artery to measure blood pressure. The systolic and
diastolic pressures were measured via auscultation following the preliminary systolic blood pressure determination by touch-
ing.

4. Education in VSC

The practical skills education group participated in a 60—minute lecture and a 20—minute video learning session conducted
in a lecture hall in the presence of a practical skills coach as well as a written examination was administered (50 questions
aimed to confirm the base knowledge of the maneuvers ; first test) before the practical skills training. In addition, a reading
(4200 characters, four figures, and five tables equivalent) which described the determination of consciousness, pulse, respira-

tion, body temperature and blood pressure, was assigned prior to the lecture.

(20)
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The practical skills training was conducted in a practice room in the following order.
1) Practical skills evaluation immediately prior to practical skills training

Students checked the pulse, respiration, body temperature, and blood pressure over a five—minute period, which permitted
assessment of the ability to perform this prior to the instruction and utilized as a basis for the evaluation.
2) Demonstrations and commentary

Following the presentation of the slides describing the subject matter, a qualified instructor demonstrated VSC and provided
commentary to resolve student misunderstandings (10—minute session) (Fig. 1).
3) Instruction

Training was conducted by an instructor coach. Mutual training for VSC was performed with pairs of students, and with 1
instructor for 2 pairs of students. Each student checked consciousness, pulse, respiration, body temperature, and blood pressure
over a five—minute period.
4) Written examination (second)

The same written examination was administered immediately after the practical skills training.
5) General comment

A third written examination for all fourth—year dental students was administered in a lecture hall ; commentary was reserved

for a later date.

Results

1. Written examinations (three times)

The first written examination score of the practical skills education group was 32.5+14.3 (mean+SD), the second was 74.3+
15.2, and the third 62.2+15.8. The second and the third scores were statistically significantly higher than the first score (p<
0.001, One—factor ANOVA and Post-hoc test)(Fig. 2).

2. Practical skills examination immediately prior to the practical skills training

The average score of the practical skills examination immediately prior to practical skill training was 50.6+13.7% (mean=+
SD) (Fig. 3).

3. Comparison of average T-OSCE score rates

The average T-OSCE score rate of the practical skills education group was 80.7+15.8% (21.4-100, n=94), while the aver-
age T-OSCE score of the group not receiving practical skills instruction was 55.8+15.1% (18.5-81.5, n=104). Statistically,
the practical skills education group had a significantly higher average score of T-OSCE than the group not receiving the prac-

tical skills training (p<0.001, Mann—Whitney’s U test) (Fig. 3). The distributions of the scores are shown in Fig. 4 (Fig. 4).
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Discussion

At the Faculty of Dentistry in Health Sciences University of Hokkaido, the Department of Dental Anesthesiology conducts
practical skills education for VSC to provide fourth—year dental students with basic clinical training. In addition, instruction
in determining pulse and blood pressure is included in oral physiology training (sphygmomanometry) by the second—year
training faculty. Further, in 2004, the department of oral surgery implemented an 80—minute practical skills training program
to measure the pulse and also in sphygmomanometry for all fourth—year dental students. The educational effects were ade-
quate as seem in the difference with the results of the practical skills examination which was performed immediately prior to
the practical skills training. From 2004, three written examinations were conducted together with the practical skills training
with feedback. As a result of this program, the average T-OSCE scores of the practical skills education group were above
80%. These data show that the instruction involving practical skills relating to VSC was of sufficient effectiveness. It was
further demonstrated that this instruction was adequate for evaluation by T-OSCE. The success of this education method
was due to the results of a measured practical skills instruction that systematized the AHA (American Heart Association) Ba-
sic Life Support for healthcare providers with a model, high quality feed—back, sufficient motivation, and promotion of reten-
tion of the learned skills. However, there is still a need for efforts to enhance student desire to learn (Suzuki et al., 2001).
The education method may be incompatible with the T-OSCE, which may result in increases in teaching load due to under-
staffing. Resolution of these problems may involve tutorials in practical skills enhancement among marginally qualified stu-
dents as well as periodic practical skills examinations. Consequently, the program implemented here assures efficiency and
retention of the knowledge of VSC.

It is not possible to verify whether students have acquired adequate VSC determination skills with respect to pulse and
sphygmomanometry. Practical skills education must be further extended to an evaluation of the state of consciousness, pulse,
respiration, body temperature, and blood pressure via VSC like performed here. Further, it is suggested,like also Furutani re-
ported (Furutani et al., 2002), that an accurate evaluation of student measurements of VS and development of capable instruc-

tors are needed to improve the education methods for VSC (Karnath et al., 2002).
Conclusion

The practical skills training with respect to VSC reported here, with the corresponding evaluation of consciousness, pulse,
respiration, and measurements of body temperature and blood pressure, involved sufficient content and appropriate outcomes

suggesting adequate educational retention.
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Development of a novel training model
for dental infiltration anesthetic injections

Masaru KUDO and Noboru SHINYA

Department of Dental Anesthesiology, School of Dentistry,
Health Sciences University of Hokkaido

Abstract

A new dental training model (M2004IA) for infiltration local anesthetic injection was developed. In this new training
model silicon gingival mucosa was designed to expand upon insertion of a needle, this to be followed by introduction of a lo-
cal anesthetic solution into the silicon gum and silicon gingival mucosa (SGM). This study measured the injection pressure
during injection under the SGM.

The model M2004IA—HP was designed for hard palate infiltration anesthetic injection training involving the anterior and
middle superior alveolar (AMSA) branch of the maxillary nerve. The SGM surrounding the glass filter and the urethane
resin jaw (URJ) are held together with glue to maintain space that will permit expansion. The injection pressure for the M
2004IA was 241.3+32.1(mean+SD) mmHg at the end of a 0.5 ml injection.

The lower jaw of the M2004IA (M2004IA-LMBG) was designed for infiltration anesthetic injection training involving the
first molar buccal gingiva. The injection pressure for delivery of 0.5ml of solution over approximately 90 seconds was 357.2
+15.0 mmHg at the end of the injection. The pressure following the start of injection with the M2004IA-LMBG was 5.3+
2.3 mmHg one second after the start of injection, and 109.2+12.0 mmHg at 10 seconds. These values approximated the ac-
tual injection pressures from previously reported (Kudo et al., 2004). Infiltration anesthetic injections ; therefore, this novel
device, the M2004IA, is effective to generate injection pressures similar to those actually experienced by human volunteers.
The model is also suitable for low—pressure injection training. Training in pain—free local anesthetic injection, e. g., low—
pressure injection, is essential to promote safe dental treatment under local anesthesia. The newly developed M2004IA en-
ables the simulation of authentic infiltration anesthetic injection conditions. An intensive effort to provide safe training, and
also with respect to continuing pre—clinical training in infiltration anesthetic injection with the introduction of the M2004IA

can be anticipated.

Key words : Pre—clinical training model, Infiltration anesthetic injections, Local anesthetic injection, Dental students educa-

tion, Promotion of dental safety

Introduction

The infiltration anesthetic injection model was developed for dental training in local anesthetic injection of solution (M2004
IA ; Fig.1). The silicon gingival mucosa in this model was designed to expand upon insertion of the needle and the introduc-
tion of local anesthetic solution into the silicon gum and silicon gingival mucosa (SGM). In addition, the injection pressure
was measured during injection under the SGM. The primary characteristics and details of the performance of this novel

model are presented in this report.

ZAF L SERLT4E 3 H31A
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Fig.2 Local anesthetic injection training for 5th year dental students
with electrical injection syringe and oral mucosa model (Model—
20031A)
Fig.1 Complete view of Model-20041A A : Complete view of M2003IA (left ; Top view, right ; Bottom view)
B : Bulge formation at 0.5ml injection
C : Use the M2003IA for pre—clinical local anesthetic injection
training in 5th year dental students with electric injection syr-
inge

Methods

1. Development of bulge formation model for injection

The experimental model, which was designed to permit SGM expansion upon injection of 0.5ml of solution (M2003IA ; in-
filtration anesthesia model), was developed in 2002 and the model was employed in pre—clinical training in 2004. The sili-
con mucosa in M2003IA has a urethane resin jaw (URJ) equipped with an embedded glass filter (#100-120um ; diameter, 18
mm ; thickness, 3mm) for solution penetration. A plastic tube is connected to the glass filter to facilitate solution drainage,
and tube endings outside of the apparatus are clamped (Fig.2—A). The device was manufactured by Nissin Dental Products,
Inc.. The bulge formation at 0.5ml solution injection is presented in Figure 2—B. Injection pressures for delivery of a 0.5ml
solution over approximately 90 seconds (Hochman et al., 1997) was 157.3+4.1 mmHg at the end of the injection. In this
study, an infiltration anesthetic injection model (M2004IA) of the hard palate and the lower molar buccal gingival were devel-
oped for the bulge formation model (M2003IA) improving the silicon mucosa.

2. Measurement of injection pressure with M20041A

The local anesthetic, 2% lidocaine hydrochloride with 0.0000125% epinephrine (supplied in a dental local anesthetic car-
tridge) was used. The syringe was an electric—type syringe, The Wand™, and the needle was a special disposable needle for
this electric device (30G x 1/2”, outer diameter 0.30 mm, and length 12 mm). The injection speed of the device can be ad-
justed to two levels : fast (30 sec/ml) or slow (160 sec/ml) (Hochman et al., 1997). The injection pressures with the slow in-
jection speed were measured in this study.

For the connections between the pressure transducer and the injection apparatus, the methods of Rood (Rood, 1978) and
Pashley (Pashley et al., 1981) were modified as follows. A pressure transducer (TP300T ; NIHON KOHDEN Co., Ltd.) was
connected between the hub of the needle and the syringe, and injection pressure was measured continuously in real time from
immediately before puncture till removal of the needle, using an invasive sphygmomanometer (AP—641G ; NJHON KOHDEN,
Co., Ltd.) and analytical software (gmview I -CORE ; GMS Co., Ltd.). The sphygmomanometer could measure a maximum

2,000 mmHg.
Results

1. Novel infiltration anesthesia injection model of the hard palate
1) Development of the infiltration anesthesia injection model of the hard palate (M2004IA-HP)
The novel infiltration anesthesia injection model (M2004IA—HP) in 2004 was developed by the authors, and the M2004IA—
HP was designed for palatum durum infiltration anesthetic injection training involving the anterior and middle superior alveo-
lar (AMSA) branch of the maxillary nerve. The teeth from left upper premolar to the central incisors were considered to be

absent, and a glass filter (diameter 7mm) was positioned in the middle of the free gingival border and epistome midline com-

(26)
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pound suture at the bisector of the premolar. The SGM thickness was 2mm, and the SGM surrounding the glass filter and
the URJ were held together with glue to maintain a space to permit expansion. The bulge formation at the time of the 0.5ml

solution injection is presented in Figure 3.

Fig.3 Bulge formation after 0.5ml solution injection with hard palate model (Model-2004IA—HP)
A : At the start of injection
B : At the end of the 0.5ml injection

2) Injection pressures of M2004IA—-HP

The injection pressures for delivery of 0.5ml of solution over approximately 90 seconds were 5.3+2.3 (mean+SD, n=3)
mmHg one second after the start of injection, 21.3+12.2 mmHg at 3 seconds, 61.3+18.5 mmHg at 10 seconds, 145.3+32.6
mmHg at 30 seconds, 252.0+4.0 mmHg at 60 seconds, and 241.3+32.1 mmHg at the end of the 0.5ml injection(Fig.5).
2. Novel infiltration anesthesia injection model for the lower molar buccal gingival
1) Development of infiltration anesthesia injection model of the lower molar buccal gingival (M2004IA-LMBG)

The lower jaw of the M2004IA-LMBG was designed for infiltration anesthetic injection training involving the first molar
buccal gingiva. The lower first molar was considered to be absent, and a glass filter (diameter 7mm) was positioned in the
gingivobuccal fold. The SGM thickness was 2mm. The SGM and URJ were not glued within a 15mm radius of the glass

filter. The bulge formation after 0.5ml solution injection is presented in Figure 4.

Fig.4 Bulge formation after 0.5ml solution injection with lower molar buccal gingival
model (Model-2004IA-LMBG)
A : At the start of injection
B : At the end of the 0.5ml injection

2) Injection pressures of the M2004IA-LMBG

Injection pressures for delivery of 0.5ml of solution over approximately 90 seconds were 5.3+2.3 mmHg (mean+SD, n=3)
one second after the start of injection, 29.3+4.6 mmHg at 3 seconds, 109.2+12.0 mmHg at 10 seconds, 223.9+18.2 mmHg at
30 seconds, 295.9+20.7 mmHg at 60 seconds, and 357.2+15.0 mmHg at the end of the 0.5ml injection (Fig. 5).
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Fig.5 Results of injection pressures with the injection speed 0.5ml/90seconds for
Model-2004IA-HP (n=3) and Model-2004IA-LMBG (n=3)

Discussion

The M20041IA, the newly developed infiltration anesthetic injection training apparatus, enabled the injection of solution into

SGM. The M2004IA allows practice in low—pressure injection (approximately 250-350 mmHg) of 0.5ml of solution over 90

seconds. Injection conditions for conventional dental local anesthetics in pharmaceutical references state only that it is neces-

sary to “inject very slowly with low pressure”, and there are no specific guidelines for the proper speed and pressure of an in-

jection. A previous investigation (Kudo et al., 2004), which employed 0.5ml of local anesthetic (0.0000125% epinephrine)

delivered via a 30G needle under the mucosa, produced pressures of 250 mmHg three seconds after the start of the injection

reaching 550 mmHg at the end of injection. At the point of the initial injection, a pressure < 300 mmHg appears to be effec-

tive in terms of the absence of pain generation ; moreover, pressures < 345 mmHg do not create anxiety in human volunteers,

and pressures < 325 mmHg do not cause discomfort (Kudo et al., 2004).

The pressures recorded following the start of injection with M2004IA—HP were 5.3 mmHg at one second, 21.3 mmHg at
three seconds, and 241.3mmHg at 0.5ml, and with M2004IA-LMBG they were 5.3 mmHg at one second, 29.3 mmHg at

three seconds, and 357.2mmHg at 0.5ml. These values approximate the actual injection pressures in previously reported

(Kudo et al., 2004) infiltration anesthetic injections suggesting that this novel device, M2004IA, is effective in generating in-

jection pressures similar to those actually experienced by patients. This model is further suitable for low—pressure injection

training although leakage was observed from a hole in the SGM due to a puncture and from the joint between the glass filter

and URJ during injection.

From 1981 to 1986, a 5—year dental school pre—clinical training program in dental anesthesiology was performed involving

localized anesthetic injections in the clinical training with respect to infiltration and periodontal anesthesia by trainees mutually

performing injections in the lower front teeth and conducting anesthesia for the foramen mandibulae as well as in the infraor-

bital foramen by mutual training. However, Shimada et al documented incidental symptoms such as neurogenic shock and

vasovagal syncope during such training (Shimada et al., 2005). Conducting anesthesic injections in the infraorbital foramen

was discontinued in 1987 because of such incidents during injection training (Kudo et al., 2002).

The previous conduction anesthesia / needle injection model (M1993CA (Kudo et al., 2002) : developed in 1993, manufac-

tured by Nissin Dental Products, Inc.) was introduced into clinical training in 1994, and the M1993CA was incorporated into

a Pre—clinical training system (PCTS) for clinical injection training. Upon injection, the needle tip contacts electrodes in the

device causing a lamp to light up and a buzzer to beep. The electrodes were arranged in the URJ and coated with SMG.

the upper jaw, the electrodes were positioned in the infraorbital foramen, incisive foramen and greater palatine foramen in the

maxilla. In the lower jaw, the electrodes were positioned 5 mm above the foramen mandibulae and in the foramen mentale.

In pre—clinical training, the model was primarily utilized for needle insertion training for inferior alveolar nerve conduction

(28)
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anesthetic injection in the foramen mandibulae. The most significant issue regarding the M1993CA corresponded to rupture
of the SGM in the anterior ramus mandibulae following approximately 30 needle injections. In 1998, an improved model, M
1998CA, was developed, it was characterized by the utility of a removable silicon mucosa in the anterior ramus mandibulae.
Further, the silicon mucosa simulated the anatomical structure in conjunction with adjusted electrode placement. Electrodes
were placed in the neck of the mandible of the URJ to enable Gow—Gate method training. The M1998CA posed several chal-
lenges : rusting of electrodes due to water— mediated electric currents, SGM rupture at the site of the needle insertion and un-
desirable lifting of SGM at the anterior ramus of the mandible. Presently, we are in the process of developing a further im-
proved model. This new model, M2005CA, will offer improved durability of SGM ; and additionally, SGM lifting will be
eliminated.

Since 2001, clinical training in infiltration anesthesia and periodontal anesthesia of the lower anterior teeth and inferior al-
veolar nerve conduction anesthesia has been conducted exclusively with an injection training model. With full implementa-
tion of Objective Structured Clinical Examination (OSCE) scheduled for 2006, practical training in infiltration anesthetic injec-
tion is a necessity for 4th—year dental students. It is impossible to simulate actual patient sensation in reaction to injection
with the models. However, dentists must recognize patient emotions, these involve a fear of injection needles, fear of pain,
and fear of post—injection discomfort. Further, the medical staff involved, including dental hygienists, must exercise caution
when handling syringes and needles in the presence of needle and injection phobic patients (Kudo et al., 2001). Shiny metal
syringes, glass—type syringes, pistol-shaped syringes, and large syringes should be kept concealed from dental phobic patients
(Kudo et al., 2001), children, and mentally disabled persons (Kudo et al., 2002). We have previously documented cases
where patient anxiety intensified pain (Kudo et al., 2002 ; Ohke et al., 2002).

Most fatal medical accidents in the dental field occur during treatment following local anesthetic injection (Kaku et al.,
2001). Uncertain ties in the administration of local anesthesia increases this kind of risk during dental treatment, and the ad-
dition of a vasoconstrictor to local anesthetics is necessary. The Japanese Society of Hypertension notes that reliable local
anesthetic injections are more desirable for dental patients with hypertension than prohibiting the use of localized anesthetic
injections consisting of epinephrine. The warnings and cautions sections of pharmaceutical reference materials for local anes-
thetic agent manuals state that “in rare cases patients may develop shock syndrome or poisoning. Before applying anesthetic
agents, patient health conditions need to be fully assessed and it is necessary to always be prepared for emergency care and
treatments.” To prepare for such situations, the application of an AED in the resuscitation procedure during the first 10 min-
utes of in—office sudden cardiac arrest as well as participation in medication injection workshops is highly desirable.

Pain—free local anesthetic injections, low—pressure injections, and educational training is essential to promote safe dental
treatment under local anesthesia. The newly developed M2004IA enables the simulation of authentic infiltration anesthetic
injection. Intensive efforts in to ensure safety and with respect to the contents of continuing pre—clinical training in infiltra-
tion anesthetic injection may be anticipated with the introduction of the M2004IA. The current goal is to improve the M
2004IA further for low—pressure injections with real-time measurements of the injection pressure. Presently, an improved in-
filtration anesthetic injection model is in the process of development. The M2004IA will offer improved durability of SGM

to prevent leakage of anesthetic solution.
Conclusion

A new dental training model (M2004IA) for infiltration local anesthetic injection of solution was developed. The injection
pressure of the M2004IA—HP was 241.3+32.1 mmHg at the end of a 0.5ml injection over approximately 90 seconds. Pres-
sures involved in M2004IA-LMBG injections were 5.3+2.3 mmHg at one second from the start of injection, 29.3+4.6 mmHg
at 3 seconds, and 357.2+15.0 mmHg at the end of the 0.5ml injection. The newly developed M2004IA enables the simula-

tion of authentic infiltration anesthetic injections.
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Abstract

Versican is a large chondroitin sulphate proteoglycan distributed in a variety of interstitial connective tissue. Versican is
thought to be involved in extracellular matrix assembly and various biological cellular interactions. This study examined
mRNA expression of versican isoforms in the temporomandibular joint (TMJ) disc of growing rats using a real-time quantita-
tive PCR (QPCR). Male Wistar rats of 2, 4, 8, 16 and 24 weeks of age were used. Total RNA was isolated from the TMJ
discs, and cDNA was generated by reverse transcriptase (RT) reaction. The quantitative analysis of mRNA expression of the
target genes, QPCR, was performed using sequence specific TagMan probes. The copy number of versican was calculated by
an external standard (plasmid including target cDNA diluted serially in log steps from 10° to 10 copies) and was normalized
to a reference cDNA, GAPDH. The QPCR showed that expression for versican mRNA was highest at 2 weeks and decreased
thereafter. With respect to mRNA expressions for each versican isoform, the mRNA expression of VO, V1, and V3 gradually
decreased with the growth, while the expression of V2 increased up to 8 weeks and decreased after that. The mRNA expres-

sion of each versican isoform showed age-related changes in the TMJ discs of growing rats.
Key words . Versican * Real-time quantitative PCR + Temporomandibular joint disc

versican isoform ® mRNAZS 3] % real-time quantitative PCR
(QPCR) % F\CHRT L7z, EBB & LT, Ak 2
Versicanld, KT 3 > Fo A F ¥ #i B proteoglycan JE, 458, 83, 1638, 24:M#5 D HEMEDOWistarsk 7 v b
T, B4 BEMEAHRICO AT 5. Versicanld, #i v, ZHRAETAR & D total RNAZ I L, reverse
JasVZEE DOREEE KR 4 75 LR 2 0 R AE BLAE TS B AR transcriptase (RT) 2 & V) cDNAZ % L7, HWEMET
4. KBTI, REMT v POBEBESIRICES  OmRNAKHOQPCRIX, Z OB T-FLH O FF R 2
St FEO74E 3 A31A

£ g
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TagMan probe & Ji\»T4T 5 7. Versican® I ¥ — i,

HEEZEFORY % & A Zplasmid % 100> 5102 ¥ — &
T AR L CIES L 7o AR MER R & GAPDHIZ & - TRE
# L 7. QPCRIZ & ) versican mRNADFEH I, Ak 2
HEIZBWTRb &L, TOREAICED L2, £z,

ZNZF N Dversican isoformDmRNAZFEHIE, VO, V1B
L VITIRERE LR 4 1T L, —75, V2T
BREBE T THIML, ToREA L. T v MM
MIZ BT % versican isoform®DmRNAFEIRIE, HEIZHEW
AT HZEDPHL N E Lo T,

o4

il

FAREIE, WG L THEZEETAMETHY, £
OB OHRTH IR O EMLTZEB L UHKEL AT 5.
fE) 0\ BHBA I, MISEE TREE - BIEIASES, TRHE
NEHBH, BIETFIAR, PIACERERMLER, VR, BRSO
BE D (Bell, 1990). BERERYIC A S &, FHBAHT I ML
EE RN EER 2L 2 L5, ginglymo-
arthrodial jointIZ 3 FH S N 5.

FEAMOMREZ DV & O TH L FHMES MR, M5
G & THHEO BINTES 5 M o B ST
5. FREIMNAE, A S CHE L, MEEY L
T TWA, Lzhs>T, BB, MEHE & PR
o FRAET, B L O E THHEE O TR 2?5 % 58
BRI THAHEALRTIENTE, FHEITTICHEEE
%, TRIEMEER)Z B & (Bell, 1990). BIETFIAK
(&, TR OWE, MEER)IC X o THE U 5 B2 bk
W - 538 L, BETOMEZ BB 2 TiEs LTwb
(Osborn, 1985; Tanaka et al., 1994). & L, ZABIFIHMK

HE R 2 (egsit, 2B X OEhL) 294 U7z
G, FHBE O M &R0 HE S, FHBETE O O
EOTHHFHMAINE (internal derangement; 1.D.) % &
% (Scapino, 1983; De Bont et al., 1986; Stegenga et al.,
1991).

B IR DO FZ Mgt < ) v 7 X idcollagen &
proteoglycanTd % (Kopp, 1976; Mills et al., 1988; Fujita
and Hoshino, 1989; Nakano and Scott, 1989; Scott et al.,
1989; Gage et al, 1990; Milam et al., 1991; Nakano et al.,
1993; Scott et al., 1995; Landesberg et al., 1996; Nakano and
Scott, 1996; Mao et al., 1998; Mizoguchi et al., 1998; Sinde-
lar, 2000; Kuwabara et al., 2002). Proteoglycanid, core
protein & & AL IZff 75 3 % #% 4 ( glycosaminoglycan;
GAG) 75 7% 1), core proteinDfFH M5 KEL 2200
% 4 7, 9 7% Hmodular proteoglycan & small leucine—
rich proteoglycan & |Z431F 541 % (lozzo and Murdoch,
1996). Modular proteoglycan |2 J& 3 % versican | ##f 2E Al
fa 2 5 EEA & U (Zimmermann and Ruoslahti, 1989),
core protein® 7311133502 5 550kD 123 L, i K T20
ZHI % @ chondroitin sulphatefll$i % 79 % (Yamagata et
al., 1993; Shinomura et al., 1993; Zimmermann et al., 1994;
Ito et al., 1995). Versican!d, ¥, #%&&, K#EIK, K&
B, M, HOREL RHMEEICH A L (Yamagata et al.,
1993; Zimmermann et al., 1994), HHkOTCREMER:, Ma
B4 (Yamagata et al., 1993; Zimmermann et al., 1994),
M EERE (Yamagata et al., 1989; 1993; 1994; Ang, 1999),
FfasEEE  (LeBaron, 1992; Landolt et al., 1995) 7% & D%
BEICBG LTWwad Z L6 e R o7 (Wight,
2002) (K4 1).

vo [ Bz | RSN
HABR GAG-a GAG-B C-terminal
vi Bz TRy |
HABR GAG-B C-terminal
v2 [ Bz FLESSs |
HABR GAG-a C-terminal

v3 [z TRl |

HABR C-terminal

Hyaluronic acid binding region (HABR)
[ Glycosaminoglycan attachment region (GAG)

[ EGF-like domain
Lectin-like domain

EX] Complement regulatory protein-like domain

1 Versican® 4 2 Disoform DX

Versicanld N-AKuifl 26 & 7 v 0 ¥ BREEAERAL (HABR), 77V 343 7 7 V054 & T 5 GAG-adomain & GAG-Bdomain, % L T
EGF-llke domain, complement regulatory protein-like domein, lectin-like domein?® & % & 15 C-terminal 2> S/ 0, 7)) ¥ 3 7 7) 71 V84
FEA SIS DsplicinglZ & 5 4 D Disoform® V0, V1, V2, V3HFHET 5.

(32)
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%1 Primer® & U'TagMan probe D %5t

versican GenBank accesion #AF(072892

sequence Length (bp) Tm (T)
forward primer ~ VC-F cctgcaagaagggaacagttg 21 58.5
F-0 aaaacaacttccaaacctcaagagtt 26 55.8
F-1 gggtgagaaccctgtatcgt 20 55.4
reverse primer VC-R ttccaaaggcttggcattttc 22 54.8
R-0 cctcactgtgatatatgtctatttcg 26 573
R-2 gtaggatagcaggtgcctccat 22 60.4
TaqMan probe Tag-VC tgcggccaaccecctgttgt 20 62.5
TaqR-116 tgtcagggtggaatttggteectgec 26 65.2
TaqR-141 cagtaggcatcaaatctatcagggagagg 32 65.7
Taq-183 tgatctctgcaaaacaaacccatgect 27 60.5

rat GAPDH GenBank accesion #AB017801

sequence Length (bp) Tm (C)
forward primer ~ GAPDH-F tgcaccaccaactgcttage 20 58.4
reverse primer GAPDH-R ggcatggactgtggtcatgag 21 60.4
TaqMan probe Taq-GAPDH cctggecaaggtcatccatgacaactt 27 63.5
% 2  Primer & TagMan probe & DHL A&
primer combination TaqMan probe  amplicon size (bp)
VC VC-F and VC-R Tag-VC 66
VO F-0 and R-0 TaqR-116 268
Vi F-1 and R-0 TaqR-141 240
V2 F-0 and R-2 Taq-183 161
V3 F-1 and R-2 Taq-183 133
GAPDH GAPDH-F and GAPDH-R Taq-GAPDH 87
F-0
Vo } £ : —t - } i
TaqR-116 R-0
F-1
VI p——g = = == = — = — 4 {
TaqR-141 o R-0 Tag-183
— R
V2 ; - ——_————- e
R-2
F-1 Taq-183
V3 r—f - - - - - - —_———— - - T—
R-2
VC-F Tag-VC
vC | t i $ —
VC-R
HABR GAG-0. GAG- C-terminal
— Forward primer 4— Reverse primer <4— TagMan probe

2 Primer & TagMan probe D i 8 X UL &+&
2 F4H D Forward primer (F-0, F-1) & 2 #E3f Dreverse primer (R-0, R-2) DFf 4 D primer DL AHIZ L 1), versican isoform? 4 FiH % i
THIENTEA.

(33)
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34 Naoko TORIYA et al. ,/mRNA expression for versican isoforms in temporomandibular joint discs of growing rats.

Versican (& B #i FI A2 B v T BICHFET AL

(Mao et al., 1998; Mizoguchi et at al., 1998), ¥ X UK

12 fE VW iversican ®mRNA & ¥ 28 7 GBI A § 5

Z kfj‘ﬂﬂ%ﬁ’ I8N TWw5b (Toriya et al., 2005). L%

L, BEIZHE versican® FKrisoform D 1B =+ D24
WL TIEIAHTH 5.

ABFFETIE, FEEE MR OM N~ M) v 7 2 DFEE
W5 » hT% Zt%x#HMEL LT, hydrolysis probe
(TagMan probe) % F\>7-real-time quantitative polymerase
chain reaction (real-time QPCR) 2:12 & ), versican iso-
form mRNADFEIHDZAL & #eat L 72,

%8B, KW TIE, versican mRNAD E &= FER 12567
%5, real-time QPCRD 2 DD FEDEw M, EIZE L
THEHE b 1T - 72,

[SEEREN B & O]

FEREIW I, ER 2, 438, 8, 16HPB L U24
BT OHEYE Wistar R 7 v b2 Wz, B, AEK (0
BEEE) OF v NEEESMHRICOWTIE, mRNADERIZ
VEZRBEZRNT 52 E0PRECHL L, BLUZ
DR TR & TRk g g 2 a L TB Y, 1
WO WETH > 722 05, EBRISSD 5B
7.

1. Total RNADTHiH & reverse transcription (RT) St
HEf 28I 524 E oI v M X ERILL 7-56R
HiFAR B & A% 8 s D 7 v b HL#E 2> © RNeasy

Mini Kit (Qiagen, Hilden, Germany) % JJ\> Ctotal RNA

b7z,

%3 PCROGEM

denaturation annealing extension
LightCycler 95T, 2min 60T,15sec  72C,30sec
GeneAmp 95C,10min  60C,1min 957C,15sec

%3, genomic DNAOKENDRA XL $ 5720
total RNAD Jili 13 FE TRNase-free DNAse (Qiagen) AL¥E
470 72, JHH S 1L7ztotal RNAIZX) L Omniscript reverse
transcriptase protocol (Qiagen) % Fl\» CRTIC % 1T >
7z,
2. Primer$ & U’TagMan probe D i% 5T

RIZ, rat versicanZ) - @ C-terminal (VC),
isoform (V0, V1, V2, V3) 3 X Urat GAPDH % f## I}
C & % primer & TagMan probe% #%Ft L7z (¥ 1). Versi-
can isoformD ik D 72 121%, 4 FEEH D primer & 3 FEFH
?DTagMan probe & DA ZMHA L7z (X2, F£2).

rat versican

Amplicon sizeld, V0 T286bp, V1T240bp, V2T 161
bp, V3TI133bpTdH 5. #primerz IV TPCREZ AT\,
% L 72cDNA % % 1L Z Mplasmid pDrive (Qiagen) |2
subcloning L, mRNAZE & D 720 O MR 7 /EH L
7z,
% B, primer® & FHIC

(version 1.0, Applied Biosystems, Foster, CA, USA) % fi

(AVAN

&, Primer Expression software

3. Real-time QPCREDIBEE DFRES

Real-time QPCRYEIZ X ZmRNAD E &AL DB L O
Gt E LT % 7289, VC&rat GAPDH O fEHE R
5, 10 510°0 ¥ — oA R 2 ERL L 72,
Z O LR A R B 2 H W T LightCycler |2 & 4 TagMan
probeik: B & 'GeneAmp 5700 Sequence Detection System
(Applied Biosystems) | & % TagMan probei: % i# ] L,
Tl 72 OB B £ 02 D0l o g stk & EE *
L7,

QPCRIEDZMIIFK 3 IT/RT. /2, DNAKRY 27—
£ & LT, LightCycleriZ & % TagMan probe % C I3 Plati-
num 7ag DNA Polymelase (Invitorogen, Carlsbad, CA, U.
S.A.), GeneAmp 5700 Sequence Detection System|Z & %
TagMan probe i T (X AmpliTag Gold (Applied Biosys-
tems) % V7.

FHRAHET AR IC BT % versican mRNAD FE &

EET& 208, 438, 88, 1688 X U240 7 v b &
D A L 72 BT IAR 2> S total RNAZ il L, RTG S
& UfTagMan probe % f \» 7= real-time QPCR % 17 - 7.
VC, versican isoform3 X ("GAPDHIZ X} 3 % cDNA O 5
T A HUR10'7% 510° 3 ¥ — F o A FUR BB W T &
5 DmRNA % € b #%, GAPDH® I ¥ —#IZx ¥ %
versican cDNAD T ¥ — iz 8 L 72,

] £

1. Real-time QPCRE:D & 14 & L

LightCycler | TagMan probe & fi\2 725 Tlx, 10°=
Y=l 1T DNAIRIL & cycle U2 R 2 B4R HTRED
L7z, FOMBIRENL0.997, slopefiX3.62TH - 72
(data not shown). BEIKEIOFE R TIX, 10'8 & U nega-
tive controllZ 35V TIEFREY L PCREW 2SE K S LT v
7203, HOLPURIERO bk o7z,

GeneAmp 5700 Sequence Detection System (2 TagMan
probe & IV 72 5 Tld, 10'2 ¥ —%LL L CDNAEEE &
cycle B I EHMEE 2 BB RE O 5, £ OMBREI

—
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0.999, slopefiiid 3.37 (data not shown). B&XKE)DHKE
KT, 10" ¥ — DO R TR Y 2 PCREEY) 7 12
WENLTWESZ &R SN,
FEFERM L PCRIEW S HER S N T WA, #ERIG LR
OOoNLho72.

Negative control T,

2. FHBIETFIAIC B1F % versican mRNADFEIH

GAPDH 10'7 €= 1) OFFH OVC cDNARE % &
wm LR, 7 v MEEBIEIMARIC BT 5 versican mRNA
DFFEBEL, 2 HEBER 4 12D L Tw &, 168
L DT L R AEIAFRO LNz (KM3).

copy number of versican /
10* copies of GAPDH

400
350
300
250 +—
200
150 |—
100
50
0

3 Versican mRNAD#EIEH = DAL

Z v NI B S versican mRNADKTSH =X, 2 Hih
VB2 12 L TnE, 16 L D I12IZ—% & % 2 BB
b7z,

Versican isoform (VO, V1, V2, V3) ZhFhD
mRNAZEBLE, VO, VI, V3 IZBWTAEK2E L )R
PRV L7 (B04). V2OmRNASSBUE A% 8 8
TEINL, fo%Ed L.

copy number of versican /
104 copies of GAPDH

12

10 '\ B
V]

8 \ —— V2

4 _ S V3

i\\\
2 —
0 s - P——
0 H 16 24 weeks

4 Versican isoform®mRNADFEIH &= DZEAL
VO, V1, V3 OmRNASBUE A% 2 8 & ) RSB L7,
V2 OmRNAZEHIT AR S A F THINL, 2ok L.
Versican® 4 2 Disoform® H1C, V1DOmRNAZSEH A
%2 75248 DM % 18 L T versicanZ K O mRNA TS
HIZEDDEENRKE o7 (K5).

——

2401174 35
copy number of versican /
10* copies of GAPDH
20
16
8v3
12 nvz
ovi
8 Vo
4
0
weeks
5  Versican isoform®mRNAZEIH DO E] &
Versican® 4 D Disoform® T, V1 OmRNAZSEH A4 2 )
532 D W] % 38 L Tversican R OmRNAF B 7 2 E &K

X)o7z,

Z =

1. Real-time QPCR% > 72mRNA D %€ &=

fitk, mRNADE®m{L#Z HAHJ L LT, Northern blot
%, RNase protectioni}: 8 & Ucompetitive PCR{E 25— % 1Y
ICHW SN TE A (Yin et al,, 2001). S5 DFEHT,
HARVKE), RIEE, probelEHlZe & D[ D 20 H % JHAME
LMFELzH D L, B X UHERNE & DDNARE % 4
WLT BV REDVH L. TE, —IHIELT (SNP)
O, RMOBEBIFEKBZTFORESFELZHWE LT
real-time QPCR & 9 I L W% & BIPCRE A Bl 7€ S 1
72, ZOHER, (DEWERREEZ S O T8 L ER
9 7 I B 3 D i\ ~Kinetic 22 i BE AR K B SIS R ] 0 4
fE, )8y AT 512 & Breal-time TOEHR, (3) K
Dend point Tl 7 <, KISH ORI 2 5HHIIC & 5 1EFE
sl VWO S A A L, Bl TIERE % 2 ®{LPCR %
ABEIZ LT\ 5 (Wittwer et al., 2001).

Real-time QPCRIZ (L, LLFIZRY 32D HEDN D 5
(Meuer et al., 2001). (1)dsDNA, ¥ %4 5 PCREY) 12
BT AHTLIZL o THEINEEEL HSYBR Green 1& 1)
A\ 575 (Yin et al,, 2001), (2)forwardB & OF
reverse primer [l ICFF SR Y 22 Bl D probe & X EF L, £ O
¥ 128Gt 3 & % Dquenchertty 3 % f1F 72 probe % [
&4, Tag polymeraseD5’-exonuclease 14 |2 & - Tprobe
ARG SN, WD EEIEEND 2 &I2 X - THEN
*ETAHIERFIHT A, B LU(3)primer ] 12 4F
HY R EH % b D 2 D Ohybridization probe & It &
FRET L% FIFH 9 % /i Td 5. TaqMan porbe T
(&, dimerd & UFEFER L PCREW IS H I S 1L
TH, HIET HcDNAIFREN Zporbes £ 5 12134k
G Llzawv/zd, HEMICIIERE 2 SEDFAITEL %
W (Kreuzer et al., 2000; Yin et al., 2001). - T, {Kig
JEDCDNA%R ¥ —7 v M T HYE121E, L) EREOR




/K]l Server SRR/ 24%1%5/031 - 040 BE 2005.08.22 08.35.02 Page 36

36 BH BRT M/ REM T v b OFEBIET K 31 % versican isoform mRNAD 583

\TagMan probei: & W 3 2 BN H 5 Z L MRS
T\ 5% (Yin et al., 2001). AAFZFEIZH T b GeneAmp
5700% F\>"TTagMan probei®: & i [ L 7235561218, A 7%
CEBIVTE—HETODNADERDWRETHL L
PO PR o7z, £ TARBZETIE, KIREEDcDNA
¥ T b IEE 7 % = YT RE 72 GeneAmp 5700 & H \» 72
TagMan probei?: % 5 ] L 7.

2. Versican isoform® mRNAFEIH O IS

Modular proteoglycan T & % versicanid, & 7 )V 1B » B
#54A9E18 (Hyaluronate Binding Region ; HABR), GAG#$H
PEEHEET D021 ¥ (GAG-0), BF A1 ¥ (GAG-
B), BV LEBER# F 21 >~ (EGF-like domain),
L7 F U KX A4~ (lectin-like domain), FiARFHE ¥ >~
N7 B Kk K 2 A~ (Complement regulatory protein-like
domain) % & ¥rC-terminal 2> 5 & 11 4 (Zimmermann
and Ruoslahti, 1989). 23T EWERIENT 2 &, versican |l
i&, RNA splicinglZ £ % 4 D DisoformMHFFET 5 Z &M
oM EN, aBLUBF XA % ET versican VO, o
FAAL YORML VL, BRAAL YBRINL7 V2, B
LU N XA BRI L7z V3 2£1E$ % (Shinomura et
al., 1993; Zimmermann et al., 1994; Ito et al., 1995; Zako et
al., 1995; Sztrolovics et al., 2002). Z @Dversican isoform®
B, ML o TRELEATHETS. 2L
X, MMM SMARTIE vo 2%, M T v2
(Schmalfeldt et al., 1998) 7°% {fFAET 5. ABFZED#ER
25, FEBETFIA O F % 72 versican isoformid, FEERIIH
AWMU T VI Thorzds, 2O &, FHEHHKLE
ICARMESFHIB 2 SRR S B 2 & (Mills et al., 1988) |2
IrbntE2oN5,

3. Versican® FHEAFI I BT % BIETHBOZAL

AIFZETHOQPCROFE R A 5, versican mRNAZEH A
Btk 2 8l E €= 27 & LT IS fEVIRA L Twrz, 2
DFEFRIE, MO EHNRTH 2 K-S, B, K
5, HEBIAR, BI2B1F 5T X T Disoform & & 7 total
versican® mRNAZE I 2B 9 5 il (Melching et al., 1997;
Hart et al., 1998; Carrino et al., 2000; Melrose et al. 2001;
Grzesik et al. 2002) & —FH L T\»7z.

—, IO X B &, versicanD B RE D TS
HZversicanDisoform|Z & > TEAL L Z & PH|E SN T
W5 (Milev et al., 1998). VersicanDo F X 1 ¥ EBF A A
YR B 2 DOHiUE % IV 72 LIRSS (Milev et
al., 1998) 12 & % &, versican®P N X A > % & {risoform
THhAHVOBLUVIE, HAEKEY—2 L, 28T

TIZEHIZED, 2ORBPIPLESCILLERY, F8
BC—Etholtb L TWA, T/, ab Ay 2&T
VOB X U'V2TIE, HADKHSHETZE—2 & L 2 HiE
FTHhINITWD, ZOHRM1I6HEEE THRA L,
FO®RIZIE—EE R0,

AIFZE T D KisoformDIEFDOE G2 AR THhL L, 2
B TIIVOA24.5%, VIA552%, V270° 7.4%, V3IH
129%Ta& 5 D23 L, 24BHETIEVODS 9.8%, VI
50.3%, V2753.5%, V37%59.4%CTH Y, V2O ILE N
R EEIME I 2 7R L, Bk L 7z Milev & O $il & 8L
L 7@ % R L7z,

4. FHPAHETRE & versican

BILALEEOHEBIC B W T E M BE  (Internal De-
rangement; ILD.) &, [BAFIEBEIZAET 2RI L -
TR OME B2 HE S NIRE] EERSILTW
5. FHEFNEORRK & LTiE, Mo, #E, B
TS 5 VI IEMIRE R ED3H 57, OBEEDOEHW
JR RN FIAR DA Td A (Scapino, 1983). T4, FHEHHS
MIE % & T 5 B TE O 8 O & 2 O F AU 25 8
FFRETORELMEL - TETEY, ZOREKED
AP RKDO SN T WD, FIEFRFOFEIRIIBVWTY, H
BEED—D2Tdh 5 FHHEDBITHEIIC L - T, HE
DEERB O TEHKZIBIE, &5 WVIESEdHhas &z 42
LSS LTV % A5 (Schellhas et al., 1993), FHRIEGH
BEDFEAE AT 5 IEfER A = AL IEAHTH 5.

FAE, FHBEIANED X 2BMERE TR, BEREET
V) 20T BITAHAENT ¥ ADRHEIC L -
THRTHEV)ZERPRBENTETBY, BREER
ELT, T Ty vay, BENIME, KERES
e F & L THEB SN T 5D (Osborn, 1985;
Stegenga et al., 1991). —F4, fEFEER & LT, #HKAE
& B\ IZIHERERE DML T 12 & 2 FRBAE R O Mg, +
O BLAHMRD A=AV A N L AT 2 PO T
AR S LT % A% (Osborn, 1985), D TIZRIT % 2
BREMHIRLIIARD TZ L,

A O 22 E O EYF L, collagen X2 pro-
teoglycan & > o 7oA BB OMMIZ L o TR E-TH
) (Jurvelin, 1988; Danielson et al., 1997; Tanaka et al,
2003), MM FE R ZAL & 1 ) FHEE ET P O i RE 12
i, HRAEEOMEOBIEARKRECHEE LTSI L
WEZLND,

Versican D FEREIC I L T, Hfg#EE%E 12 B V> CTamino-
terminal (G1) N2 A ¥ & OBLEIC L 5 IEEEM (Ang et
al., 1999; Yang et al., 1999) B L UG3 N A f V2L B

—
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BV (Wu et al. 2002), 72, MFAHEHIEHE (Zhang
et al., 1998, 1999), HifZ# &) (Henderson et al., 1997;
Camenisch et al., 2000), G1 F X A > & hyaluronan D 5 &

12X BHISE< R ) v 7 A DRESE (Wight et al., 1991) 7
EOEWFIIERES R SN TS, S 51T, Bk

MEA~OBE M & L Cfibulin-1, fibulin-2 & A HAEH
(Aspberg et al., 1999; Olin et al., 2001), fburilin & A F.AE
2002), WEHGIZHEE S 5 ECM Dre-
modeling (Westergren-Thorsson et al., 1998), 7 & D%
HHTAHIEBIME SN TS (Wight, 2002).

Versican DFEFED &2 & LT, fofifagst~ Y v
JALREET A EICL D, MRIEEOMESL X U
FEN DA DA 558 5 . Versicanld tenascin B &
e 7ia yEgLiiad 52 L (LeBaron et al., 1992) A%
HONTWED, FRFSNEORERO—> L LT, b7
O >k & BEIRE S & 2 BIENEE & A 7 L OkEhHEH S
T\ 5% (Nitzan and Etsion, 2002). Z ORFHIZ XL
FAEN 1B 2 BS540 T Tl e 7Tov o g & Bk
REE A s, BAETE TR in L, MR
PHALIR D FR 2 I DA E I ZENL, & 7% b FHEIEI I BE
rplERITELTWVS

L7 Y ERLAN S AR 2 S 2 4 kv 8
T URAME, Ty = R, B X UM & ORI
BIEAED S, versican & DAY FERYBEMEAEH ST
W5, aEpEREHE R I, elastin & microfibril 2 S ERL E 1,
A Delastin I IS R fili 22 KO D 3R L OMEZ & &AL
ICBWTE L, MRS 25555 287
BETH5DH. F 72, microfibril {2 |E microfibril-associated
glycoprotein (MAGP) (Kumaratilake et al., 1994), B k&
Ufibrillin-1 (Sakai et al., 1986) 23& i1, 256 (354
HWHERIC BT DversicanDligandfEfli & LT EZ 5N T
\» % (Zimmermann et al., 1994). GHEFREHER I € N ZHB
HIFBHARIC O BFET A2 2 LMo N TV 525, KR
FOAR e B AR 35\ Tie & B AV waénfw

(K%, 1989). FHEAEOFI TS, & %\ IZBEES O
i, PIBUSESRIC RN L TR IR L, MR A
I3 Y R Lo - FEnEH»mb 5. L, B
DUEPEFFEAMET UL, FIBUIAEALE, & 5 \WITIEHE
MPEDEEN 2R S 2 L2, FEBEIARZ 5] S 2§
TREMEASE 2 H 5. Versican & FLE DM AYTRE & O
BALRICEE L T, BUIR TIEVO isoform D 84 2314 BE D kY
G PR KT S8, BIROLTE 2 ERT 5508
& &N T D (Theocharis et al., 2001). 72, V3 iso-
form % | FE I X & B & elastin-binding protein D 7 B
L UMD B SRE S NG Z P HRE SN TN D

H (Isogai et al.,
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Characterization of an autolysin mutant of Porphyoromonas gingivalis

Arihide Kamaguchi, Hiroshi Miyakawa and Futoshi Nakazawa

Department of Oral Microbiology, School of Dentistry, Health Sciences University of Hokkaido

Abstract

The results of a BLAST search for autolysin indicated that one ORF was indentified as an autolysin which had 39% homol-

ogy (58/147 amino acids) with the N—acetylmuramoyl-L—alanine amidase like protein of Clostridium tetani.

mutant of Porphyromonas gingivalis was constructed by alleic exchange.

same as that of parent strain.

phase.

This autolysin

The growth curve of the autolysin mutant was the

However, the morphology of the autolysin mutant altered into chain forms at the early log-

These results indicate that this autolysin may play an important role in cell division in P. gingivalis.

Key words . Porphyromonas gingivalis, autolysin, autotolysis, growth
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Porphyromonas gingivalis {3 58 N8 &) 9¢ 0> 3 J5 KA B
D12THY, WE, WHEHR, TLVF= VBRIV AT
4 r7a5r7—¥ (Rgp), VIV VRN ATA VT
077 —¥ (Kgp) % &% OFHERT-25HE ST
% (Slots and Genco, 1984. Slots, 1982). P. gingivalis i
BEOHDIANF =i LTHEEZFAATES, bh
2% ¥ 87 B % FIM$ % (Takahashi et al., 2000).
Regp, KegpldWERT-& LTEL Z LTz, sEkn s
YRVBERTART YT, Taky T ERRTIY
NI BREE DR, HADORTFF—EIZL) GRS NE
EIZEYZFhn, TALVF—FHELTHHEEND
(Kadowaki et al., 1998. Nakayama et al., 1996. Nelson et
al., 1999). MEOMILEE X< T F N7 ) A ¥ & B
ETBEVETH ), WHERIZIZZOXRTFFI7Y) Iy
D—HFELIWTL, £ ZIZHLWARTF R I ROk
GEREESEL. ZOHWRTF K7 R %

%3 2Smurein (glycan) hydrolase TH 5. L22L, 2O
FERITEEICEHC E AL E S (Shungu and
Shockman, 1979). Kamaguchi (X552 P. gingivalis i in
vitrol\ZB W, Wik, FELVWHCOCMBELREZ T2 L,

7, HORBCHECEMBINCS QiR s b 5 23y
B OHIZP. gingivalis D EE L RIE KT T 5 RgpEMAF
ETAIEEMEL. ThOLOKEER2L, P. gin-
givalis (3 H O RUHTL b Z DRgpll & » THR A E KO

HEATICERLEEL RIZLTWDE I EARBEENT

(Kamaguchi et al., 2004). P. gingivalis ® H C.Rlf# O 1%
THLPICTE I L RIARFHOEBEHOHHDO A% S
T, WEMOBHIZL SR EELGHETH L. Ly
L, P. gingivalis® BCEBRORGY 7> & 7 5 WT
BLU, G BRIIOVTEHLMIENR TV A
W, T T, P. gingivalis® X8 7% B CELFEE SR & fFH
35 HBT, P. gingivalis EMOME O H CRUEREESR &
DEEEY —DFHVEETZREL, DWTP. gin-
givalis D HCRIREE R DL BRI L, TOMERZ B

ZAF L SERLT4E 3 H31A
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LA PR & B2 0k
P. gingivalis ATCC 33277#% (American Type Culture
Collection & )l A), Batk (H CBUFRERAL R | 40l

fE#1), KDP112 (rgpA, rgpBZ5%#k), KDP129%k (kgp
ZEERR), KDPI36Kk (rgpA, rgpB, kgp ZRHEFE) (Z

b 3R ERRSY:, PUNEXREEL Y 5E) 24 —A b
IFZAMTT M, NIV, AFTF VT Myptic soy
broth (TYHM¥E;:Hi) THERMIZEEEE L 72, Escherichia
coli IM109 (% 71 734 TR X VEEA), DHSa
(5 51 T34 AR L DEEA), pKD355 (FFILIER
JerE X 0 455.) (ZLuria-Bertani (LB) ks F 721358
FRAPHRES M2 CTRFRICRE 38 L 72, LBES I3 0 SRR 12
7YYy (100pg/ml) Fzidzyro~ AT
(300 ug/ml) =ML 72,

A S N i AR ES

pGEM (T easy vector, Promega Corporation), pGEM-K
HO®BMRER &8, 4hE
), pGEM-K2 (H CLAlf#REE(R T \CBam H1Y ¥ 7
—1f A, AMEMEH), pGEM-KS (Bam HIY) ¥ 71 — &4
B OBl 7 B 35 58 (5T [ ermF—ermAm cassette & §f A, 4
mI/EHL) &7 7
AI P2 ZNENOMEERIC TR 1%, Alkaline Lysis
Method (Sambrook and Russell, 2001) 2Tl L7z,

1 (P. gingivalis

pKD355 (ermF—ermAm cassette & A ) .

P. gingivalis D B CRVFRE R EIZ T OME

P. gingivalis D OME O B CRlER Z B LT & Ok
E U Y —#ZIINCBIDEntrez & TIGR (The Institute for
Genomic Research) ODP. gingivais W83D 7 J L + T°— %
—N—= A L7,

yetafk DNADHIE
P. gingivalis 7 & ® 3¢ 4 fK DNA |3 Simth & @ J5
(Smith et al., 1989) 2V 4T - 7.

P. gingivalis O H CLRRfFRE R AR ROERTT

P. gingivalis ® A C.RVEREZRBR T LR S B AL
% pGEM T-easy’\7 ¥ —IZF7 47— 3 L, pGEM K
1%4%7-. ZHIZBam H1") ¥ 51— %1 A LpGEM K2 &
L 72. pGEM K2I|ZpKD355 & ) 15 7z ermF —ermAM cas-
sette & §ifi A LpGEM K5% 1%7-. pGEM K5 % P. gingivalis
ATCC 3327712 L 7 ta KL — 3 VIZTHAL, =

—

—— I

./ Porphyromonas gingivalis ® B C.RLFRE R

ZEFRR DOV

AT A Y U EAGAMERE &K, ¥ER, 5
bh-au=—%HOMMREEELRKkE L2 (Fig 1).

Sma 1 Amp

e

autolysin gene
1.1 Kb

PGEM lacZ
T-easy vector
3.0kb

JacZ
autolysin gene
Sma 1
Amp /
Smal + BamHI linker BamHI
pKD 355
/ BamHl linker 48kb

ermF-ermAM
Bglll
BamHI BamHI + Bgll]
lacZ Not1
® ermF-ermAM
Nott

Linearized plasmid with Norl introduced into P. gingivalis ATCC 33277 via electroporation

P. gingivalis B4 (autolysin mutant)

Fig. 1 Construction of a site specific mutant by alleic exhange. The
pGEM-K35 containing autolysin gene interrupted by an ermF—
ermAM cassette. The plasmid was linearized with Notl and in-
troduced into P. gingivalis ATCC 33277 by electroporation. P.
gingivalis was incubated on GAM agar containing erythromycin
(10 pg/ ml) for 7 days at 37°C.

ZH M OBIEH
REE (12mm X100mm) (I TYHMEAARRS # F 72 1%
TYHMIEREE R DN I V F 723 A FVF v 2 RE L7

P. gingivalis D

FRH10mIC —EE L 72 S B & 0. 5mIFEfE L, BERE:
EE; %fﬁ, FEIERY 12 536t BERE (U-1800 Spectropho-
tometer, H 3 HAERT) 12T ODsoonn D & %l %E L 72.

] £

H Rl I R Bk O1E R

£ L OMoOMEOH CRERESZE O T I/ BRECY) & P.
TIBEYEDOFRED Y —REDRE,
Clostridium tetani ) N—acetylmuramoyl-L—alanine amidase—
like¥ > /%27 £39% (58147 7 I /Ek) OFET Y —
Wb EDbh otz P. gingivalis® Z O B TR #
FBETIHT 5T I 4 ~—<7 (Auto F: CGCTCCG
AATCTCCCTGACGG, Auto R : TTCGAGGCCGACACTC
CGCGC) #MEML, ZDO7 74 < —T &P, gingivalis
PBAADNAZ 7> 7L — b & LT, 1,094bpDPCREEY
%1872, T OPCREY % H\ alleic exchangell & 1) 15 5
N7 REBREBAGKE L7, BARA» SHIH L 72 gk
DNA% 7~ 7L — I & L CTAuto F& Auto R% ] \» TPCR
AT o728 ZTA3.2Kbpll 1 KON Y FAEBH Sz 2
LX), HORRBEREMRTIES 7TV 7 0 A G —N—%
B X DRI AE LT B 2 L RER L7 (Fig. 2).

ginigivalis %=
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Fig.2 Agarose gel electrophoresis pattern of PCR product from P.
gingivalis ATCC 33277 and B4. P. gingivalis ATCC 33277 and
B4 were analyzed by PCR using the autolysin gene primer pairs
(Auto F and Auto R). Lanel, Mw marker ; lane 2, P. gingivalis
ATCC 33277 ; Lane 3, P. gingivalis B4.

P. gingivalis ATCC33277Fk & B4tk ZEH IHL O Ml
Bk & RO S E M % TYHME b % v TRk L
2E A, BARO Bk FARICHCMEE L, Z Mz
FTOERTIIEHCAMRIHIE SN 2w &b o /2
(Fig. 3). Lo L, WEIEEHOmEE 77 2@ L2
DIEREZ BT 5 L HRIT 7 T 2B EBRER A LN
DIxF LT, BARRIZHESE L - AE < AH 17z (Fig.
4).
IVERAFIF VHIRT TORE
WIENTTH BN

P. gingivalis D5 E ERXAFTF

O.D. at 600 nm
20

@ : P. gingivalis ATCC 33277
O : P. gingivalis B4

05

0123 7 14 21 (days)
Incubation days

Fig. 3 Growth curve of P. gingivalis ATCC 33277 and B4. Over-
night cultured cell suspensions of P.gingivalis (0.5ml) were in-
oculated into 10 ml of 3 % tryptic soy broth supplemented with
0.5 % yeast extract, 5 ug / ml hemin and 1 pg / ml menadione,
and incubated anaerobically at 37°C for the appropriate number
of days. The OD at 600 nm is shown along the y—axis.

0. D. at 600 nm
20

O':5pg/ml heminand 1 pg / ml menadione.
+5 ug/ml hemin and 0.13 ug / ml menadione.

-5 g/ ml hemin and 0.03 g / ml menadione,
0.32 pg/ ml hemin and 0.03 g / ml menadione
+0.16 pg / ml hemin and 0.03 g / ml menadione.
0.04 pg /1 hemin and 0.03 g / ml menadione

0 g/ ml hemin and 0 g menadione.

[ ]
[m]
A
[ ]
A
+

Lo s 678 om0 15y
Incubation days

Fig. 5 Effect of hemin and menadione limitation of growth of P. gin-
givalis ATCC 33277. P. gingivalis ATCC 33277 was grown an-
aerobically at 37°C 24 hr in 3 % tryptic soy broth supplemented
with 0.5 % yeast exgtract, 5 ug / ml hemin, and 1 pg / ml me-
nadione. After incubation, cells were harvested by centrifugation
at 5,000 g for 20 min and washed with the same volume of 3 %
tryptic soy broth supplemented with 0.5 % yeast extract. The
cell suspension (0.5 ml) was inoculated into each media, which
consisted of 3 % tryptic soy broth, 0.5 % yeast extract, and
various amounts of hemin and menadione. Concentration of
hemin and menadione were indicated in the Figure. The OD at
600 nm is shown along the y—axis.

Fig. 4 Microscopic examination of Gram stained P. gmgtvalzs ATCC 33277 and the
autolysin mutant (B4). P. gingivalis ATCC 33277 (A) and B4 (B) were cultured
in TYHM broth at 37°C for 10 hr. Each culture was washed with PBS twice
and subjected to Gram staining.

—
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YERBETAHILIZLY, REFTREICEIT L B CRE
IZOWTHIE L7, ~3 ¥4 5ugml50.32, 0.16,
0.04, Oug/mlEHE L, AF V% % 1ug/mlnb
0.13, 0.03, Opg/mi& & L7z lAEbE Z/ERL,
FHEMBE A2 A, WEEHENOEEDL.80 5
1.45, 1.05, 0.9, 0.85&fKT L, F72, EHEMIET
B H24REREN . L L, WTNOFE#IZHEWT
bHOEB IR s (Fig. 5).

Z =

T @ B C Al f# 13 peptidoglycan hydorase |2 & 1) 2 Z
5.
tylmuramoyl—L—alanine amidase (amidase) & endopepti-
dase’’& 14 (Smith et al., 2000). Peptidoglcan hydo-
rase (3l O WELLINC, BN E A w i, MR
DER, MIEEOEE, ~7F 7)ok, il
OG5, YT v NREE, § oy B, RS
PICbE5T 2L &N T2 (Smith et al., 2000). iT
B, MEOHCRFEEEMITO 7 A b — ¥ X &bk
ICHIE O 71 7 LML T B MTREMEATREE S LT
% (Lewis, 2000). HCREIFIC X 5 RIEMNE OB I3
HOMBANOREOMRIG O REIEIINA, ¥ A= %)
IJ72DNA%® R E T2 2 L ICL 2 HEETOLERERE TS
HIEIZHHFGLTWAZEAREEN TV (Lewis,
2000). P. gingivalis\Xin vitro CIZBHEPICIE WL &
C, BFLWEHEOKT2BIZ 85 (Kamaguchi et al.,
2004). COHCMBEED L) BMRICL-oTELS
PEHLPICTHENT, MOMKEOH CREREE & ok
FU Y —MEEIT o T2HEE, Clostridium tetani D N—ace-
tylmuramoyl—L—alanine amidase—like ¥ > 737 & & 39% O
AE WY =% % Open reading frame (ORF) 2%FiH &
7z, TOORFD T I/ ERECHIIEZ DM Bacillus sub-
tilis D H CRlfEBEEH D 1 D DyubB & 32%, Entercoccus
faecalis D N-acetylmuramoyl—L—anaine amindase & 31%,
Enterococcus faecalis® HORUFHEEZ & H26% D HAET Y
— 2% o 72, T DP. gingivalis D ORF % gene —directed
mutagenesis |2 & D /ES L 72284k (B4kk) ORH AR
R & R E LB % o 7288, WSO
WARIEBRICHE L CEEET 5 Z e B8 I N, P
gingivalis |2\ { DFFET 5 LRIE S5 H CRlREE R
DH L, ZoOHCRREER IGHIEEINC BT 5 Milso
FENCES T A Z EAURIE S LT,
acmB  (peptidoglycan hydrolase) & A= (3 B3 5ifi ) C 38
MEELHPIIERT T 5. ZHUd 2 OBEOEE IS
FlIyEshTwa I itk emEENTNS

Z O %3 12 1 d muramidase, glucosaminidase, N-—ace-

Lactococcus lactis

(44)

——

Arihide Kamaguchi et al. Characterization of an autolysin mutant of Porphyoromonas gingivalis

(Huard et al., 2003). P. gingivalis?® Z O HC.RlfFEEE D
BB BWT, BEERICEREFHLTREEDEZEZLD
M7z L lactis DacmB O A % il L T 2 BAR % b
DIFHEL2LIZEN TV R WYY, Fyu by - EF—7 - 7
+ — A L TV A REMESSTRR S T % (Huard
et al., 2003).

T, P. ginigivalis |2 B\ T H CEUFEE O BELTHS
B &b IOHFEET HWEEUAT —F — X=X L TR
Iz S 7z (Nelson et al., 2003). 15 DFREHHTHL
BOBERT-& L THREIIRE SN TWED, £O#E(E
TEYWOMEIRIAHE TS 5. 4HEA B L-EC
AfFEERODNAB L O T I VY — 7 Y T AR ZND
EHBL7-/ER, L BOMRER L L ToOREMER
R SN2, RS KRAO HORBRREOFD 1 DL
—F L7: (datanot shown). ZDZ :H» 5 b, 4HODE
BRIZP. gingivalis DT L\ B CEUREE R O IR0 —in %
BEMEHCTHL 2 IITE b0 LD, 20H
O HCREFEE S O 1 DX Hayashi & (Hayashi et al.,
2002) 12 & O #s & 47z N-acetylmuramol-L—alanine ami-
dase & =3 L TBY, ZOEMETF Zanit SN TW5E,
4o B CRlfFE R BIZFIIDNAB L U7 3 /B ¥
— X AIBVTCami ERERY -3 o/l L X
D, BL2HCRAMEEETHDL T L bh -7 (data
not shown). Hayashi® b amiZEER 2 EH L, ZOMEIR
IZDOWVTHE L TWAA, REEKOEFHMBIZOVIED
RHEN TRV, amiZE Rk Tvesicle & Bk & 0 £ ik
BTaZLICMARVEHEREICEVERICESL L L
T\ % (Hayashi et al., 2002). 4[]l B Rl fFRE R4 5
PRIZESHT 5 20%, BFEICRWVERIALNT, F7zves-
icle fE AE = 12D EfLIT A SN 7% 2 o7 (data not
HOBBEREE LTT— % —X— A LT
PSR S N7z 3 O DHCRERERICOWTIIWE L
L COFMAMERIZ O W TIRIBE ST v, Bacil-
Ius subtilis 13 35 @ peptidoglycan hydorase & {2 ¥ 2 17 7£
L, 1o 7730 =205 Tw5 (Smith et al.,
2000). TDOZ END, P. gingivalis b O H C Rl FEE
FOFENEZ LN, ZOHD 1 DEBREILTHMD
HORUAR ZAME) & B ORI IIEIL L %o 72 2 L3
Zahi,

P. gingivalis |23\ T A H Tl R R O 56 B % il
LTWDPAHTH 55, SHEROREIREED B C Rl
FOFEB &GS 2 TREME 2 HiE ST b (Centry et
al,, 1993). E. colilZBWT, 7 I/ BIMET S L, 5
E Y& < 7 V) Guanosin—5’ —diphospahte—3° —dihosphte

(ppGpp) AHANEMEAL S, F 7% B CRlFE R OGN

shown) .

—
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MFHE SN A (Betgner et al., 1990). Z UL, JEF IR
W EHUEY BB RO H ORISR 2 588 & ST
\»% (Rodionove and Ishiguro, 1995). P. gingivalis \Z 5
WTAI VBLUORXF U F e 2t S AT IRE
THHUOURMMEIEZE SN, T2 L&), P gin
givalis | ZFEHEIRBICEDLOTHCRMB L2 EL L2 L2%D
Potz. TOBRIIE colil2BITAHT I JHEAAEICLD
HOM@SIHE SN L I/ 2 oL Ebhr..
Staphylococcus aureus |23\ T H CRLfFIZLytS-R, TrgA-
B, LytS—LytR, ArlR-ArlS& Sar¥ Y /3277 IV —D
2 BRI & )l S LT\ %  (Brunskill and Bayles,
1996. Fournier and Hooper, 2000. Fujimoto and Bayles,
1998. Groicher et al., 2000). & 512, LytS-R, IrgA-B &
AfR-SIEINSD Y YN B 3~ FT5BETOT
HE—% —|ZHATAHRATICE o THI E N2 (In-
gavale et al., 2003). P. gingivalis |23\ T i 5 Dt
BET-% 2 B2 &AL, HORBEORIEIZES LT
WhbZ e L SN D, Pseudomonas aeruginosa |2 B\
TR I A =Ty Y IG5 T4 — MM vV a—
Y—— 1P HCRRICEG 22875, FT ARV Y
FALBRIZEYRENT (D Argenio et al., 2002). P.
gingivalis | 2BV Tt — A4 TV a—%——2 (Al-
) WLV 2 F =T Ly Yy TRITH) SEDHRE SN
TWwWhbZ EH 5 (Burgess et al., 2002. Chung et al., 2001.
P, 2004), AI-2BEA\ZRBES-¥ 5 luxS 28 544k & bk
& O HURR % WBIRET L7228, ZREED LN h o
7z (data not shown).

Kamaguchi & (X P. gingivalis D A3 5 Rgp & Kgpld IE
WIZHETH Y, P. gingivalis® H CRLER b BRI Z
EMEERo7oF $lERE S, AR R E DOEZELE
HE % $54H L 72 (Kamaguchi et al., 2004). BRA) 1235
HE 2 7zRgp, Kegp& HOEBEDORMR % A 5 7290 Rgp,
KepDBEILT-Td BrgpA, rgpB, kgp DEERDFEE M
MEME L7z, T ORER, BRIZE L WEHEZOKT AR
LNBEDK LT, rgpA, rgpB, kgp D% EI 1L ODgon T
D FED0. 9T Tk L 72 (data not shown). T D
L&D, P gingivalis® HCRRIZ X 2BEORT D9
5, BY-OEHEDOK T IIRep, Kgpll & % HTCHALAE
S LTWAUREEARIEBEE N, LHL, S aureusiZPH
5 MU b UX-100E =) VEFEECRFICB VT
FEHORRERORMAER Ta s v 7% )15 2 &8
VETHDHEEN TS (Groicher et al., 1993) Z & X
0, P. gingivalis |28\ T HRgpRPKgpll &L W 7t~
T\ BB H RV T AR D B ETE
Z\,

P. gingivalis ® H CRUFEDNA & 7 4 VW AHIZBWT
Dinvitro THBEINE L) ICEL L2 L) »IFAHT
HAHN, NIV, AFTVFUHIETFT, BEVELTH
HORRIIBIE SN2 L L), REREIEW EHE
ENBNAFTTANLPIZBVTHELL O DEER S
iz, F72, "M A T4 VAFIZBIT A HCMBOES
e LT, P.aeruginosalZB\TIE/NA F 7 4 Vv LK
M H KR ODNAYP L ETH S L ENTWD
(Whichurch et al., 2002). Z Dk, P. gingivalis D H
ARIEIENTONA + 7 4 VAEK, HORBEB L
FRIEHSELHAICE S L TV TTREMAE R 5N 5.

] T

P. gingivalis D H CRIAREZE Z WS I2T 5 5412, it
OMEOH TR L AET Y —BEEZITV, C. te-
tani D N-acetylmuramoyl-L—-alanine amidase-like ¥ > /X7
HEBwhtuy—2bolfiye RwiZLz, Zoi
R OLRERZERL, Btk 0T MM &M L7
A, MEREICERZIAS NP 7.

I, BEHFET S LEZONL HCRRHRD )
b, 1 2OHCMBEBROLROATIE, HOMBHRS
WIEHH S %22 FITFRO SN WITEEE b R S 7z,
Lo L, MEKEOEEFROIEL B L 7of R, 2R
BRI BUETE A O IR AAT L > 2D A S
o2l Ay, ZOBEBTEDII KN RHA
CRfFRZEOMIRD 1 2 TH 5, WOHHIZEET 5%
RERFFL TS RMEAVRIR S 7z,

X 73
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Evaluation of the spatial resolution in helical CT (ProSpeed F1I)
Likinobu TANAKA, Yoichiro HOSOKAWA, Takashi OHNISHI, Tomoaki SANO and Masayuki KANEKO

Department of Dental Radiorogy, School of Dentisty, Health Sciences University of Hokkaido

Abstract

The image precision of a computed tomograph (CT) installed at our university was evaluated from a dental—clinical view-
point. The effective slice width and spatial resolution were measured by photographing 0.3mm diameter microspheres. The
results, with a set slice width of 0.6mm, resnlted in an effective slice width in a helical pitch of 0.75 of 1.3mm and the spatial
resolution was 0.64mm. With a slice width of 1.0mm, the effective slice width in a helical pitch of 0.75 was 0.92mm and
the spatial resolution was 1.06mm. The following conclusions were obtained :

1. Even when the set slice width is smaller than 1 mm, the effective slice width is not rednced but it is possibile that the
smaller width will resnlt in lower precision.

2. With decreasing helical pitch, the difference between the set slice width and the effective slice width decreases.

3. Smaller slice widths, result in better resolution.

4. It was inferred that there is an error of 0.6 — Imm in the dimensional precision of the images, which are used clinically in

the z axis direction.
Key words : Computed tomography, Setting slice width, Effective slice width, Spatial resolution

AR TE LI, NI ANVAF Y A TIELLT
— 7135k D C TH#RIE 73 & e TR 7 0012 & 1k Re 7
HRHERRIC BT S C THRZ Wk - IR ZRgMHREZ Fro720, Wkl 3 DG 2 ERT 5 2
R EFHIZE CER LT D, FRISTERHINEE e R o7z, RECTTHEANY VA F v YK
FNIAET HHEORE S 2 EBUMMICHIETE 2FH Lo THRELBBZEEZHCTHEHAZRITEHL TV

o4

il

R, ATT Y MEARIZHEDEAZ THITE 55 5.
ARptdE . HESCT in?”‘W)l_mlE@xHﬁE#Hﬁ L Lo, FEER EAOHE L 7 5 {EHEERD A 7
BOEGEA T A FOMAEHLET, KEHHICH>TH ZALIHEA =N IR LIZIREETH Y,

FARICHTRE T — 2 &3 mﬂ%?%«uwwxikzﬁ TROOLNDBEIIFFE SN TV B L IEEVEEWw, O F
KADPERTHY, RO IMEHREILICEGEEZTHL 0, BFEERLTVwECTOL L IXERBEDEHATH
T%K%K%@?éﬁﬁ:RNZﬁI%%L:f—ﬁﬂ D, HETELEL SNAWHMMOBIT I L L7223
ETHIEDWEICE->TEL, ZRICLYEZOAI L3z d, /o, A V77V METERSNLEK
ZAF L FRLT4E 3 A31H
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mm~ 1 mmPA T OERE 2 Gl L TG IE A S
Nz,

ZZTHA I, WA S CTIRKO 5N S
WEAMGRET A2 2B E LT, AEE T 72,

MHRELUHE

1. FEERME & R Se

AREAFE R BE C T 22 1& ProSpeed FII (GERE T £ 7 4
AN Y AT LA 12TO. 3SmmdMUINERR (S — X7 7
Y ML) EHEELIRE L.

P S 1 E — MBI Vv T 5 130kV
ELTITo 7.
AFGAAEEAN)HVE Yy T, 254 AH0.68 &
PM'lmm, “NYANVEYFO.7BBLUL0E L, KEA
BRI BNTA > 77 v FHBEEIEROBEICH S5
55 e R L7,

2. 5 %

1) BUNERIREEC &0 sSSPz llsE

EAE0. 3mmDf/NERR & #if% L, Slice Sensitivity Pro-
file z—position (SSPz) % K7z, ¥ — AlE 5 mm#% xF 4
&L, BoNE G ETEHREZ OIS EEE 5 mmOROI
AREL, TONOFHMEERAKDOC TEL L7z, ¥—
LUED 1 ,/2000.25mmD 7 — ¥ B TL0HDT— ¥ %
Bz, M EAME, #EEICC THOMSEEZ 71y
MLTT I 7B L, #HBEOC TEZ K5 C
T, BEPETIIR L L) ITIEBL L TSSPE 172,

2) SSPz% H\: T BEIE DRI

SSPz & V) *f-fEIE (Full Width at Half maximum :
FWHM) %R, TNhEeFEHAT A RIE L L CEFii L
7-.

3) z-MTEDlE

SSPz % il J5 A @ Line Spread Function & & 7% L T 7 —
) LA AT, Z 1% 2l 5 [5] @ Modulation Transfer
Function (MTF) & L, fKiili5 M55 fRe % 3FAfi L 7=,
SSPZIZ TR L N/ZA0M DT — ¥ 645512 § 5 720,
Kl2m T oA a2 e, 7)) TEHRLT,
IMABS A CHEXTiE 2 7572, IZ LD DIECTEEK% B
L, EBLLAEKEYESMTIF=1L L7z, 2oL &
R 1 /(0.25X64) =0.0625& % 0, (X LA
W% 0 cycles/mm, 2 % H 120.0625cycles/mm, K%
0.125cycles/mm & 72 % . X - T0.0625X32=2cycles/mm
FCEIELNL. L EDJET, MIFI % (FK
L, &Hili%AT - 72,

150mAs— %

——

He DIE Al AR~ J)VCT (ProSpeed FII) (2317 % 22 [ 55 E O FR-A

] £

1. SSPz

MLIIRTHEICANYAVE Y FL5EDHE v F0.75
DGEIIBT 577 7 ORIKRO T HEEF OIEA ) 1T K E
<Y, T, BEATA R0 6mmD ;DT A5 % E
AFGAAE 1 mm®D 7T 7 ORIRE Y S OLA Y A

REL o7,

1
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mm& %), REAT A AR L TEMA T A AR
T DEMA T A RO L2, $72, HEA
F A4 AED0.6mmDKE, N ALY v F0.75Tix1.30
mm, ¥vF1.5CIZ1.4dmmE %), FEAT A AL
*LTHEIPA T A REDKRIBIIES o7z, T,
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3. z-MTF

MTFRHAR % X 2 12, B2 15 6 Wizzil o e & ]
212RT. HEAT A AE0.6mm, N ANE Y F
0.75 COMWHEM RS s E kol T4b
L, A7 A AEFENTEGHEEFPEN-BE LSS
M, FRRICAN) AVE Y FE/RSWIZEGHRED & &
LRERE o7z,

1.0
m— (.6mm Pitch0.75
:0.6mm Pitchl.5
:1mm Pitch0.75
:1mm Pitchl.5
0 2.5
Cy/mm

X2 A&RZCTIZB5ZMTF
BEATA REELEANY HIVE Y F VN EWIT &2/ 5
bl ot

HOFENE = X% FIVTERZECT DO AT A AERZER/]
S REE % RFAM L 7.

AT A AEDREITT v 7 AR & B2z o
DAYy e BBETLHICE) Y A=Y ar&2fi>T
W5, ZHUCED 1mmPl TOMERX T 4 AR L 7%
STZDED, REEINTZA) Y FOIE (=REATA A
JZ) 12 L CEBICHE SN EROME (=FEHA T A
AJE) 3HH EAE RS AEINE DD (K3). 4
R, NG 2D AT A ARIIEN L VI LB
THRAERMEERD Z 812 % 5.

] #a
Eé éj o) A—4—

N A—5— h

Zh

BHS

5096MTF 755 R ke

0.6mm

. 0.78 cycle/mm 0.64 mm
Pitch 0.75

0.6mm

. 0.65 cycle/mm 0.77 mm
Pitch 1.50

1.0mm

. 0.55 cycle/mm 0.91 mm
Pitch 0.75

1.0mm

. 0.47 cycle/mm 1.06 mm
Pitch 1.50

£2 AFCTOZEMEHRE
ATGARBENHEL, NYANVE Y FAVRNEWIT BN
frRED D LT,

Z =

1. NYHANVCTIZBITAE AT A AEDFHE

C THRIZOW, AT A AFIEHIFUTH T EFEY IS
WHTL2BBEICENL EEZLNTE) (KES,
2004), RFECTICBWTOWFHA — 5 —13 [WHEZ
BRY ] & DIKIEAZ V. TAETIEANY AV RO
FIZL - T, SRARICEHEREHREZ C TR EDL
CERL, AFETLBBEOEHEDP P VR 2 W%
FRELHR D £ ) 1% o7z, 2RISRV, EHETERIZE§
2RI b S STz (A, dH, 1990)
(Polacin et al., 1992 ; Polacin et al., 1994 ; Kalender et al.,
1994 ; 7L, 1996 ; B 5, 1997). ARFEBRTIIEHS
(1997) 12 & o THASN & N7 — Mk Rt R% | 3315 2 LA

K3 254 AEDEH
HESNIATAAE LY S EBICIEVER CIEEO W%
WENnD, EEOCTHETITROREREHEED 1/
2DBENES N BIRIZBIT AIEHEWZICHEEL TV
5.

AEBRIIBNWT, RELZAT A AED I mmlLl T2
B LBAEDIKRT AIERE o7 (FR1)., 2FVE
RLZZATA ANIE ST — 8 &G ATWAUE,
TR T 552810k 5. RECTICBWTIE [WHE
IR HE L] T2HE, RESNDEROBELILT S
BLEWEICE B RSN,

F72, REATAAE IlmmlilBWTAY B VE v F
RELCTBE, ENAT A RAEDH L % bHEDFE
L7z, 2hid, OF — 7IVOBEIHREN D L AL H (T
IR L7 MAWHET 25 4 3 v 7 IEv v, @
TANE) TR L B R EAHE IS
A, EHAO 1 mmBALOMCTIEAIERAE L E2 51390
HRTEZwh L Bbhiz, FRICEREATAARLD b
WNFENA T A AR L 7o THEHZ RS 2 FHIT R
AT H L Z LD, SROMFREICR DR E
L7,

2. AR5 I~ 72 [ 53R BE O SEAT

42772 N FHREOHE T & fiie & 5 5 B
2, WBIEEWICB W TC THR L2 =%kt (3
D) A X =YL WiH AR (multi-planner reconstruc-
tion : MPR) 43RS 2 BN 2 2 &
WEEE Y, EFWICHEREI S ERERETE S,

—
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VIR SRR E Y O BLE ISR IR R, BB 2 A2

T L7 ETHEICHG C SRR BB 5 2

5. LTI, CThoRftsnzERrFt770r T

L E Vo TRERAT LT & G TEHRIC & 5 FHI & i

LTHEF LM Z2HEONLHREZRH2IILICES L
JIDEE 5, 2000 ; =R 5, 2001).

Z2 853 f#AE 120, BMTFIZ B 1 2 M O (=HiAs b2z
W) % 2/ L o#Hr ok b b DT,
IR LTGRIED LA B I EFm Wi 3 s 2 &
KD Z LI D, RIFFETIE, REA T 1 AEHH
<, NYANVE Y FHP/NS T EEBTRREDE < %
D, TOREITMREDOV CHERE R T2,

LA, ZEATAAERLAN)AIVE Y T2 F
JH 2RI LEBEZOFIRICHERT S LIRS %
v,

NYHNVE Y FRUTOX»PLROLNS.

ANYANEyF=2y 7 AHE 1 EEEORIZT — 7V
DRENT L REA T A AR

WoT, T—TIVOBEIA Y — FAEWNIT & 22155
BEZ DD Z EDTTREIC 2 B D2, HE DR
HBHREOEINT 5 2 L2 ERTLLENH L. £2T
Aoll, B2 HEEL 2em T EAEFI A =7 (RADCHECK
model 106-525, VICTOREEN) (2 TH B & il L 72
LA, A7 4 ARE0.6mm (AT A A2080) #WEDOY;
A O E120.39mGy, AT A4 AJE1.0mm (A F A
21280 ¥E D4 T0.38mGy & %2 o 72, FD7130.01
mGy T, A7 A AME0.6mm& 1.0mmDH{HE TR E 7
WhbLIFIEZONLR o7 E-T, BREATA X
T8O, mmDIRIFIZKE ) A7 3% b LIF SV,

ARIOFZETIE 1mmPL FIZ/hE L LThH, EHRAT
A AT LS, AT A REDHE T & 228 557
BEDSEN-BIEEE OIS L W) KRS S 7z, Rl
TANOFEREEENL, BHEA T A AEITE VI ERET
5 eMb, RECTIF0.6~1.0mmiEEDREL & A
TWALIERTH D L OEZLND, ERERIZBWT
V7 NETHIEZ IR TWATEENED & 1) 41 b ey
REpEDPLVWER Db,

zo
Al

=

RECTIZBWT, WRHERIIE & kb o a7
B OFEEE % SEMEE & L CWEE L 7255258, koG
57z,

ATAAEZ ImmBL IS LTY, FEH)
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Likinobu TANAKA et al. Evaluation of the spatial resolution in helical CT (ProSpeed F1II)

ATAABIITA S 2\, W OMT 248 < TREE
VH5b.

2. NJANVEy FII/NSOTTIRE
AT A AR EDFRAIIEL 2 5.

3. AT A REDHE AT &R RREAEN -G %
SNa. AR, N HIVE Y FHINSWIT LR
5.

AT A4 AE & FER)

i
b

X 73

Kalender WA, Polacin A and Suss C : A comparison of conventional
and spiral CT : an experimental study on the detection of spherical
lesions. J Comput Assist Tomogr 18 : 167-176, 1994.

JNESEH, THEW, MMk 2, Ml A1 TV X#HCTIZX
53 DA A=Y OB EREEZICHET A%, BOKEA >~ 7
7 v MRE 131 321-327, 2000.

B, IR, WABAE il XBCTICBIF2 AT 4 ARK
EaAORE -7 —F v v TR AW g Bl
53 1437-442, 1997.

eI, AHEIL, JFHER, it 71> CT oY%
GFEEORFAG & BT A . BB AEEE 53 1 1714-
1732, 1997.

Polacin A, Kalender WA and Marchal G . Evaluation of section sensi-
tivity profiles and image noise in spiral CT.Radiology 185 : 29-35,
1992.

Polacin A, Kalender WA and Brink J, et al : Measurement of slice
sensitivity profiles in spiral CT. Med Phys 21 : 133-140, 1994.

FEpgma&, N E®s, APRHM, HARWHE T | MultiDetector-row
CTIZBU B2 OFFIERT .  H A 35 AL E RS 13 1 178
—181, 2004.

AN, #HME : CTICBIT2 AT 14 AEOHIE | pertial
volume effect F\ 72152, HE A4 46 © 29-34, 1990.
BRI, —EARN, WEINEE—  EEIES RO XM C T 3 k7T
WH{RFZWIC BT 5 FEEERH I OF M IE. B2 101 0 1195-
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RS - AN ANV CT ¥ AT L OF R R E A~ PEREETfili &
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Actinobacillus actinomycetemcomitans &G X 5
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Al 18 R R K S A o B PR AT S o — R R

Actinobacillus actinomycetemcomitans induces
apoptosis in human monocytic cells

Norihiko SUGIMURA, Satsuki KATO, Keisuke NAKASHIMA and Yasushi FURUICHI

Department of Periodontology and Endodontology, School of Dentistry, Health Sciences University of Hokkaido

Abstract

We have reported that Actinobacillus actinomycetemcomitans infection induced apoptosis in a murine macrophage cell line,
J774.1 cells. It is known that the human and murine immune cell response is different because of cell surface structure dif-
ferences. In addition, mitogen—activated protein kinase (MAPK) activity is directly involved in apoptosis of infectd THP—-1
cells. Previous studies have implicated protein kinase C (PKC) as an upstream regulator of MAPK. The aim of this study
was to clarify whether human immune cells undergo apoptosis following A. actinomycetemcomitans infection.

A. actinomycetemcomitans and human monocytic THP—1 cells (1000 : 1) were suspended in microtubes. The tubes were
centrifuged at 1000 x g for 10 min and incubated at 37°C for 30 min. Non—adherent bacterium were washed out by a series
of centrifugations. Infected cells were transferred to a 24—well culture plate, and incubated for 24 h. Culture supernatant
and nuclei were prepared from the infected cells to measure for LDH activity, DNA fragmentation, MAPK activity, and tu-
mour necrosis factor oo (TNF-a) levels.

A. actinomycetemcomitans—infected THP—1 cells were shown by an increase in the proportion of LDH release, fragmented
DNA, p38 MAPK activity and TNF-a levels. The LDH release and DNA fragmentation were inhibited by the addition of
p38 MAPK inhibitor (SB203580) or anti-TNF-o. antibody or PKC inhibitor (H-7). The TNF—a levels in the infected cells
decreased on addition of SB203580 or anti-TNF-o antibody. However, exogenous TNF—o did not induce apoptosis in un-
infected THP-1 cells. Further, H-7 suppressed the p38 MAPK activity of the infected cells in a dose—dependent manner,
while PKC activator (PMA) enhanced LDH release, DNA fragmentation, and p38 MAPK activity.

These results suggested that the p38 MAPK activity was the most important signal for apoptosis. The p38 MAPK activity

was regulated by PKC and TNF-ao in A. actinomycetemcomitans— infected THP—-1 cells.

Key words . human monocytic cells, Actinobacillus actinomycetemcomitans, apoptosis
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52 TATIE S/ A, actinomycetemcomitans JEHZ X 5 & NEERHIFLO 7 R b — 2 ZAFEHIZDOWT

ELT, HMEMBRICKENELD EEZONS (Van-
desteen et al., 1984) (Sandholm, 1985). /& J5 4 A B&
D O & D12 Actinobacillus actinomycetemcomitans (A.
actinomycetemcomitans) M@ V), Kk 4 7 KO JEIH D FE
iE & HEATIZEI G- 9% (Slots et al., 1980) (Haraszthy et al.,
2000) (Muller et al., 2001) (Haubek et al., 2002). A. actin-
omycetemcomitans 3, DA EE~NDRA, 2)T0 A2}
F U EOMNERIC K MR, 3) MR E S
TomEd, 4)1) REHE (lipopolysaccharide, LPS) 12 & %
MR, ZEDRIERELTWDL I EPHL NS
N T\w5 (Henderson et al., 2002). TN F THAL X, ~
v A< nu7 7 — kTS 517741118 1ZA. actino-
mycetemcomitans % [& G & & 4 in vitro D FEERR & FESL L
72L& 2 A, A. actinomycetemcomitans[&4c~ 7 a7 7 —
M ICHIIBE A ER &N DL Z E #5202 L7z (Kato et
al., 1995). Z OAfISEIE, DNAWKTF Lo, TUNEL
WP DM B & OV h 28— ¥ 3HE LD FH2» 5 7
F—=2RI2L55DTHAHZ L %HE L7 (Nonaka et
al., 2001). F7z, & MR TS 5 KB 12
BT O A. actinomycetemcomitans DJEGZ L 1) T A b —
VANFEINSEZ L EHL I LA (Kato et al.,
2000). TS DFERNS, bILDINIIA. actinomycetem-
comitans DS JE MR RS A SRS B &, £
uﬂﬁﬁ®%@®rmﬁ%ﬁﬁhﬁﬂ%#7$b—yx
CXLHIBICEL Z EIZK Y, KA IZA. actin-
omycetemcomztansﬁ‘ﬁ‘]\ LRTWEREZES. S 5ITH
BB IZA. actinomycetemcomitans DMEA L, HIBR/~
ya 7y — USSR L, EORBEMEST R —

WX MBI ES 2 LT, BEINE IS DR
"ii.ﬁ’i’& L TR OIS & #EATIZBS LT AT RElE

ZHEHIL 72, LA L, —fRiS~y AdsRuEME ¢ b
m%%ﬁw%tf ,ﬂ%%ﬁ@hﬁmﬁvh77 D
I2&Y, PURRERRIC BT A RBIEENRL D T LN
*ﬁ%é ncwsb (Ferrero etal, 1990). TDO7-Hb Mo
PRI B 1T B et DM N TG BZEREDS, <7 A
a7y — VR E IR RLURENIEZONS.
AR, ) YBRILIC X o TS s ) v AL A
= v %+ — ¥ T&H % mitogen —activated protein kinase
(MAPK) %7 K b — 2 AFEBUT BT 2 Ml P %
BRICES 3 5 L) T a7/ (Xiaet al., 1995).
MAPKIZ, HS#, MR, REEZ EOWHBA b L
A L ESHEFEN T —o (TNF-a), f ¥ —uA ¥ 1
(IL-1) 7 EDHAET A b A A B E L Vo 7:
LA A b L A7 ERfA 7 A B L AR X D iEHEAL S
n, AT R =Y A%2FETLLEEZLNTWD

(Kyriakis and Avruch, 2001).

TR ZA%ZI LD & LM OBIREZALA A b
HA VLS THIIEN TV AL Z ERFHESNL TS

(Nagata, 1997). Z®OH T TNF-old, BWINZ &k T
BRI BT AHEMGEERFO O EOTH Y, HE
MBBIEICB W TEELREZH % £7-7 (Kamaguchi et
al., 1989) (MacEwan, 2002) (Stashenko et al., 1991). &5

\Z, A. actinomycetemcomitans/&GxY 7 A< 707 7 —3

MAIZBWT, AT TICHMAZNICIETNF-o
mRNADSAFTE L, BEEICLL2HBIC LD T AL

mRNA7Z 5 FHERDSFME S UCHIas~EE S D (i
5,2004). F72, A. actinomycetemcomitans Y4PEH F D
LPSHIEIC & 0 P L S 7= KRS P oo b HERHIE
LTNF-aSEEA SN D 2 EDMEEN T A (Linde-
mann et al., 1988).

Nonaka b X, ¥W A~x27 07 7 =MD 7 R b —
3 A |Zprotein kinase D FF Cprotein kinase C (PKC)
WAL TWwWAZ 25 A2 L7 (Nonaka et al.,
1998). #xi, HMUEHIIEIR T U937l & 71 L
LAF v AN Ty J— T Btetrandrine CHLEE T 5 &
TRV ADPFEHL, £OMBAHERIEERICBVWT
PKCASp38iE T 2 filfl 3 % & v ) G ATE 7 (Jang et
al., 2004).

F ZCARIZETIE, 1)A. actinomycetemcomitans % & b
HLERRHMING T & 5 THP- 1M 12 e & 2 2 FEBRR % AL
L, BT R b= ZABBIIOWTHRET 5, 2)
A. actinomycetemcomitans|&gt . b ﬁfﬂ?%ﬂ] a7 K=
BB M PERIERICO W TR 2 A
5, TkrzHBE L.

Zﬂﬁ‘ﬂ‘

MHEHLVFE
1. SEBME
1) R FR
ARHFZETIT e B BB S ML AR T & % THP-1

Mg (JCRB 0112.1) % w7z, THP-1#M21310% JE(E)
b4 BE 4713 (FBS ; Sigma) & <=3 1) >~ (10000
ANV T b ATy (10 mg/ml,
Sigma) % & € RPMI1640%% s (Sigma) % fliH L C
37C, 5 %COMFAE N THFE L /2.
2)  HEEUHRR

B E R E A & L TA. actinomycetemcomitans Y 4Kk
M L7z, A. actinomycetemcomitans Y 4% 1% Todd -
Hewitt (Difco) 12 1 % Yeast Extract (Difco) % il Z 7255
HT37C, 5 %COAFME T THEFE L 7.
2. FEERHE

Units/ml, Sigma) R

—
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1) JRGFEER
PLAAIAERPMIN64055 1y
comitans Y4 %, ME . MM L= AH500 1, 1000 :
1,2500: 1 & %Bb k) iIZENENTA 7 0F 2 —THD
THP-THIRZIZZIN L, 1000 X g TL043 w0 L 72, s
#%,37C, 5 %COAFAE FC0mMREE L7z, Kk,
MRLICHY SAFE N o 2HZ T B {72012, Halbi
EEHwTR=Y ) v, ANVLT ATy, Ui
4 > (200 pg/ml, Sigma) % 7ML 72 RPMI1640%5; 1
T3 MmedE L7z, vEE# T, Mz FE CHiARz & A
725 %FBS-RPMI164055 12 L, 6 /XiE#E~7 L — b
(Becton Dickinson) (Z3#EfE L CHsaE L 7.

i L 72A. actinomycetem-

2) MRS DRI 5

(1) LDHiE D #lE
MRS D 8 L L T, Cytotoxicity Detection Kit
(Roche) % FH\»THhiZ Lk o FLIHE K £ ¥ %

(LDH) (EMAMIE L7z, T ORgedffitk, 24pppkszE
L72BICHE LB 2L, ZoREEsy 7 ve L
THV, F v MO ROSETR % 3N L iR T 1055 RS
SH. TORINERZRMLCZEIES S0
5, 490 nm|Z BT 2 WO % % L LDHIGE D FEEE &
L7.

(2) DNAW LD E
THRM=VAZBILMETIE, MBNICEA N
/DNAWTHALEEARS BT 5. 2o X+~ /DNA
W F{b 48 & 1K % Cell Death Detection ELISA™ (Roche)
ZHWTHII L, EASH LN ODNART 1L O 8 & 2 1T
o7z,

(3) 7 U — AT IVELIKENE

G A S L 7-DNAZ W T 2% 7 HH— 2
FVERKIIERIT, TRV 2AOREE 4 LA
{fEDNA (7% —8% — ) %M L7z, Bk T,
HONLH4TIZER L TH V210 mM Tris—HCl (pH
7.4), 5 mM EDTA - 2Na, 1 % TritonX—1007> & 7 % #
oL IR0V L 72, 10, 000 X g T20455 W O RE % 47
W, FiE120.5 mg/ml®ORNase (Roche) %20 uplhiz,
7CT1IHMMHE L7z, 251210 mg/mlD Proteinase K
(Invitrogen Corp) %z, 50CICT 1 REHMLEEL 72, &
L7z /=) 7auaR)VL AT INTNVI—)
(25:24: 1, v/v) (Gibco) ZH\VTDNAZHHILL, €D
By )= VikBEIT o7, TN % DNARE R (10
mM Tris—Hcl pH8.0, 1 mM EDTA pH8.0) TiAf# L,
DNA®E #2.0 ug/WIZFHE L7z, T ODNAY » 7L %
2%7 HE—AF )V EIZHEIML, Mupid-2 (T AE - N
A 4) ZHWTI00VOEEIZ TELKKE 217 - 72,

——
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KENE, TF YA Ta~AF (1 pg/ml; ADGHZE)
THREZITV, DNAZMIML72. DNAY—7—& LT
(%, 100bp DNA Ladder (% 71 5354 F) % Hw7z,
3) MAPKiFED R E

A. actinomycetemcomitans Y41k % [&4s & & 72 THP- 14l
M0, 1, 2, 3, 4, 5, 6 BLU2URMEEL
7o, ¥EEH, 10 mM Tris—HCl (pH7.4), 100 mM
NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM NaF, 20 mM
Na,P.O7;, 2 mM NasVO,, 1% Triton X-100, 10% glyc-
erol, 1% SDS, 0.5% deoxycholate, 1 mM PMSF, pro-
tease inhibitor cocktail (Sigma) 75 7 5 VAR &
WL, ZOBEMRET DY Y ERAL L 7zextracellular signal
—regulated kinase (ERK), p38, c—jun N-terminal kinase

(JNK) D %MAPK % %ELISA kit (ERK 1/2 ELISA kit,
p38 MAPK ELISA kit, INK 1/2 ELISA kit ; BioSource) %
il L7z,
4) A. actinomycetemcomitans G 2> & O TNF—o D JE
25

A. actinomycetemcomitans &G HINE 2> & e E S 115 TNF
—UZDWTIRETT 5 72012, ERE12WE M 1212852 R
HZ R & L72 TNF — oo % Human TNF-o ELISA Kit

(BioSource) # HIV:CTllE L7z, F 72 REYFEBRIE I2HT
TNF-o#/if& (anti-human tumor necrosis factor—alpha anti-
body, 20 pg/ml ; Sigma) %I L T, LDH{f: & DNAWT
Fribz e L7z,
5) A. actinomycetemcomitansEAFAILD 7 R b — ¥ A3
2B HPKCOREIZDOWNT

PKCIHEERTH 2H-7 (HFfLF 1) LIEHEALH
T& %phorbol 12—-myristate 13—acetate (PMA ; Sigma) %
MW THEt 2z 72, THP-1MICH-7 (20 uM) & 5%
WIIPMA (10 nM) Z 7RI L T30 MIsEE L 72, H53Etk
A. actinomycetemcomitans Y 4%k % G & 9 24 I [ By 22
L, LDHiFMS L UDNARTH L& e L 7-.
3. #EtE

KA EME O L, unpaired -1 %E & 5 1 Tukey—
Kramer OHSDFR 7 12 & 1) #i5g 24T\, p<0.05% F E 2
HY LHELT.

] £

1.
W
A. actinomycetemcomitans Y4FE |2 &G L 72 THP- 1l fd
DOLDHIE A1, FEEGANET0.06£0.01TH o 72D
LT, ME MBS AT500 ¢ 1 o & E120.18+
0.05, 1000 : 1 ® & %120.29£0.05,2500 : 1 D & Z1(Z

A. actinomycetemcomitansEGAINE O AMLILFE B
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0.68+£0.04& % 1, RGN I AR TG RO
IZfE>C, LDHIEWD LA 28D 72, F72, By
DODNAWTF AL Z RN/ & 2 A, FEEYHINET0.43 +
0.05CdH > 72Dk LT, MW, Ml#2500 0 10
& %120.66+0.11,1000 : 1 ® & %120.89+0.08, 2500 :
1DEEI21.34£0.078 22 1), G OBENN W
DNAKTAALO ERA* Bz (K1), E5IC7 71— A
FVESKEIZICBWT, 7R N— T AR 2

0.8 1.6

0.7 1.4
~ g
2 06 2 12
=t [fe]
o (=)
% 0.5 = 1.0

. Q .
[a)
o e
= 04 2 08
v sy
03 = 06
= <

Z

= 02 A 04

0.1 0.2

0 0

0 500:1  1000:1  2500:1 0 500:1 1000:1  2500:1
Y P (AT < ) Y P (I < )

1 A B OLDHEM S L UDNAK L

THP- RIS CA.a YAk % e Hb s Gl < fiE) 250 ([]), 500 :
1(1),1000: 1 (B),2500: 1 () &7 5 &5 12w C24
B fIESRE L 726, RS LiET OLDHIG B X O PN O DNAKT
bzl L7z, %p<0.06CHEADHY & L7

0 500: 1
IR (IR i)

== 10002 1 2500 : 1

2 A aEGSHRLOWTFLDNAFTR (2% 7 0 — A7 VESR
TKED)

THP- 1ML ICA. o Y4KRZ BEGILEE (HE © M) £50,500 :
1,1000 51,2500 0 1 & 7% 5 & 9 10k S & TI6MREs 2 L 72, B
=%, WA SDNAZHIE L, 2% 7 H 00— 27 VESKE)IZ
X D WFF{LDNAZ M L 7z,

(54)
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Norihiko SUGIMURA et al/ A. actinomycetemcomitans induces apoptosis in human monocytic cells

WP ALDNAPT B, (7 47 —/8% — ) 2%, EAHIIC o
AR BN, £ O RALEG RO I & ) S L
7z (X2).
2. A. actinomycetemcomitans % FMIfZ 12 B 1T 5 MAPK D
HEIZOWT

A. actinomycetemcomitans RGN 2 B 1T 5 MAPKIG T4
IZOWTHRES L2 & 2 A, Y1 REMIZB VT, FRRkg
MBI BT 5 p38ifthid, 110 units/mlTdH 5 DIZxF L
T, BYeHNE TIE607 units/ml & A E A EEO A %R
700
600
500
400
300
200

100
0

ERK

units / ml

4h 5h  6h 24h
700
600
500
400
300
200

100

p38

units / ml

Oh  1h 2h 3h 4h 5h 24h

6h

700
600
500
400
300
200
100
0

units / ml

JNK

Oh 1h 2h
3 A aJEGSIFE OMAPK O 15
THP-1#IFZICA. a YatkZ YL (e @ fifg) 451000 @ 1 &
hXHCEgL, BpEHEE OB E LT 6EME TR
[Z24RFR FTH > IV ERIN L 72, BUXL 724 > 7V oA H
S5DNAZ JiE L, ELISATEIC X ) MAPK{GPE 2 e L 7. Ry
A (], Bt (W Mife=1000: 1) % (I °=7.
MR L 728 > TS BT, TR YeRE & Byl % Mol
L, p<0.05% HHEEHH L L7
O, FOHRYW BRI L. —HERKE L INKE
T, FERRGLHIAE, BRI E b ICHEREEO LA
B sNLZ,ro7 (M3).
3. p38IHMERHER DY S- 2 5 IZ2WnTC
INETORRDPE, BREMNLIZHEVTp38D ALNE
Mo ERAER L. 22 CTp38IcEH L, p38int: % fri
BY 12 FHE 3 % SB203580 (Calbiochem—Novabiochem) %
T, A. actinomycetemcomitans &<l 12 B 1T 4 p38
HEAHE L2, Migis 2 X100/ mUZ % L 72
THP-1MIAZICA. actinomycetemcomitans Y41k % & Ge &
% HTIZSB203580 % AN L, 304 MI¥EE L7z, HERA.
actinomycetemcomitans Y4PE % fE | MAZ 3 A51000
1&7435 XIS/, 4R RR ISR HEIE %

3h 4h  5h 6h 24h

B,
=2

—
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1T o 72, SB203580 % Ml L 72A. actinomycetemcomitans
&ML T, SB203580E AR ANAIAE (2 He~, LDHiE 4
DT ARED b7z, 72, SB203580 % i L 72A.
actinomycetemcomitans BEGHNE TE, SB203580IFAMNA.
actinomycetemcomitans EFSNE I X, DNAW LDk
AhRoOLNI (F4). 57 A0 — A7 VESK

W] T

07 . 1 — S | —

06 | .
_ £
E 05 L:
g B 08
g <+
S A L a
= o4 S
e S o
H i
mo oy s
<
= Z 04
= 02 | a

0.2
0.1 |

0 50 0 50

SB203580 (1 M) SB203580 (12 M)

4 A alEGIL O SB2035807 MNC & A LDHIE 4 3B L USDNAKT
b~ E

THP-1fHZICA. a Y4Rk % G & ¥ % 304511 12 SB203580 (50
uM) Mz 7z, ZOHBTHP-1MIILICA. a Y4bk% B4t (I .
MHE=1000: 1) &% 2 X ) IIEG & C2AMERRE L2, &
2 LEF OLDHIEE B & UL AN ODNAWT H- b % ELISAZEIZ £ D
o U7z, Jemededed (), gl G @ Mifa=1000: 1) %
(W) <RT. %p<0.06CHEAEDVH & L7

JE - - + +
SB203580
0 50 0 50
(uM)

5 p3SIHHERHEIC X B A, alRGLHIIL Ol A {LDNAFT R
THP-1#IHEICA. a Y4%k % B Ys & ¥ % 3043 B 12 SB203580 (50
UM) EINR 7z, % OHTHP-1MIMLICA. o Yark% g (M
WM =1000: 1) &% 5 L) I s ¢ C2AREREL
#%, MEEANODNAZRILL, 2% 7 #u— A5 )VESIKEIE 21T

> 7.

BEr S, A actinomycetemcomitans@%}%ﬁ'ﬁﬂ]ﬂ@ IR 6N
7DNATFALATRAE, SB203580D R MINC & 1) %k L7

(E15).
4 . A. actinomycetemcomitans&FSHE > & O TNF-oupE A
[ZDWT

A. actinomycetemcomitansZFSHAIL > & O TNF-ou i A= 12
DWTIRE 247 o 72, &G 1215 M #2125 1) 5 TNF-aiE
AErflE Lce 2 A, FERRGAMIETIZ95 pg/mITH %
DIZxF L, A. actinomycetemcomitans 13 4l i T 121220
pg/ml& TNF-oEEDHF B LM AR /2. 722 D%
HeAfLIC 31T 5 TNF-apf 41X, SB203580D AN & )
AEICHA L (6). 512, PITNF-obifk% Hw»
TA. actinomycetemcomitans B4R 5- 2 5 B % WG
L72& 2 A, PUINF-ofLRBMIZ &V, A. actinomy-
cetemcomitans %G AL 12 B 1T B TNF-o i £ O J8 A 2558
Do (7). MAT, FIINF-of LRI & 0,
A. actinomycetemcomitans & 4« Mg O LDHIE B £ O
DNAWT R LA L7z (K 8). PLTNF-odifkDp38if

. [ XI
1 Ml
1400 r
1200
E 1000
~
an
S 800
i
S 600 T
[T,
Z.
= 400
200
O 1
0 50
SB203580 ( 1 M)

6 p3SIEMERHE 1T & A TNF- afE Il 52 58

THP-1HIBICA. a Y4k % Y &9 230451 12 SB203580 (50
uM) ZNNZ7z. ZOHTHP-1HILICA. a Y4RRE R LE (Gl
BoA=1000: 1) &% 5 L) IS¢ CI2M MR L /2
%, B3 FiEHh OTNF-af # ELISAVEIC & ) illlE L7z, JEmgett
(), el Gim - Mie=1000: 1) # (I <m=7.
¥p<0.05CTHEAEDY L L7,
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1200 t
= 1000
~
@ 800
iz
5 600 T
|
£ 400 |
=

200 |

0 1
0 20

PLTNF-a HiiR (g / ml)

7  HUTNE- ofifADTNE- oE 125 2 5 28

THP— 1 fl2ICA. a Y4Pk % EYs & & 5 3053 1 I PUTNF-odfL ik
(20uM) EhZ 7z, ZOHTHP-1MILICA. o YARRE L% (M0
CHIRE=1000: 1) &% 5 X910 S CI20F S 2E L 72
%, B3 FiETh OTNF-of #ELISAVE IS & ) illlE L7z, JEmgedt

(), mgd G mke=1000: 1) % (I TxR7.
¥p<0.06CHEZEZDH & L7
I ! o i
1.6 IAI |2<_I 1.2 % B4
1 1
1.4
1
1.2
I E 0.8
= [fe)
g g
~ 08 g 06
= 0.6
= g 0.4
Z 04 <
B S 02
0.2
0 0
0 20 0 20

BT TNF- o Hifk (i g / ml) B TNF- a ik (u g / ml)
8 PITNF-offiiRDAMIIEIZ 5 2 % 528

THP-1HIIICA. a Yakk % B & 8 5 307 Bl [ TNF-odfifk (20
uM) ZhNZ7z. ZOHTHP-1HILICA. a Y4RR%E EG L (Gl
W OMIIE=1000: 1) &4 2 X ) 1TSS CURMREL -
#%, B2 BB OLDHIGME B X O'DNAWT 1t # ELISATE I X 1 il

L7 FREgEA ([]), el (MW : Mif=1000: 1) %
(W) <%y,

¥p<0.06CTHEEDH & L7,

B

WICH 22 B2MFTLI2E 25, A actinomycetem-
comitans YT IZ BT % p38iE 1 IL, PUTNF-apfifhi
M X IEEOFERRT 2RO (K9).
5. A. actinomycetemcomitans/&GHNL D 7 R N — ¥ X 5H
M2 BT HPKCOFEIZOWT

% 9°A. actinomycetemcomitans [EGHIAZ I BT % MK IE
DB AP D 72912, LDHIEM DS L 'DNAMRT 1L %
W L7z, Bl C 515 2LDHIGE X, H-7O@MIC

——

FATIE S/ A. actinomycetemcomitans JEHIZ X 5 & NEERHIFLO 7 R b — 2 ZAFEHIZTDOWT

1
1200t
= 1000 ¢
~
£ 800
=
3
#H 600 |
i
0
S 400 ¢
200t
O 1
0 20

PU INF-a HUA (g / ml)

9  HITNF-od ik Dp38Ic5-2 5 %

THP-1MIA1ZA. a YARk% e X4 2 305 B (2 BUTNF-adfifh (20
uM) ENZ 7z, FOHTHP-1MILICA. o Y4bkE Btz (Ml
B MR =1000: 1) &b L)@y 3 T 1R E L /2
%, MUBPNOp38TEM: A BLISAE:IC & 0l L7z, FERyedtx

(D), e G : Mia=1000: 1) % (I <xR7¥.
¥p<0.05CHEED D & L7
& 1 e 1
1.6 1.8
1.6
1.4
214
= 1.2 5
E § 1.2
s 10 g 10
O 08 |
= hs 0.8
0.6 £
- = 0.6
5 04 804
0.2 0.2
0 0
JERI H-T  PMA JERM H-7T  PMA
R10 PKCIEHTEE B & ONEMEALIC & 2 AL al&geHiig o Mg 5~
DR

THP- 1A, a Y4tk % %4 ¢ 5305 /i 1ICH-7 (20 uM) &
5WIEPMA (10 uM) %Nz 7z, £ DHBTHP-TMNLICA. a Y4tk %
YL (HIE C MIIE=1000: 1) &% 2 X9 T & & TR0
MR R L 72 %%, #5%E LiETP OLDHEES L UDNAM 1t % ELISA
P D WE L, el ([]), Rededt GHIE W=
1000: 1) %= () <xR7.
¥p<0.06CHEEDY L L7,

LoTIKTL, PMADRIMIZ L > TEA L7, F720%
i 12 3517 % DNAKTF L & LDH{GPERIER 1S, &G
JIZ BV TH-TORIMNC & > THA L, PMADRMIZ X
S THEINL7: (K10). RIZPKCOp38IHTE~D F 2
WCHE L7282 A, H-TOHRMIZ & o TGO
p38IH I IE R MM ISR THEICIK T L2, 72
PMADIRNNC & o THEEASHIL Op38idthix, SR
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FEIRIN H-7 PMA

PKCIFMERHE 3 & OUPKCIHHALIC & 2 p38ifitk m2Al (g
1R

THP-1#1l1CA.a YRR % &Y &4 5305 R11CH-7 (20 uM) & %
WIEPMA (10 pM) ZINZ 72, 2 DHTHP-1MIIICA.a Y4tk % &
Jelbs (M ML=1000 : 1) & 745 & 91 ge ST 1 B
REgg L 72k, WP Op38isth Z ELISAT:IC & il L7z, e
Bea (L), B4l (MW Mifke=1000: 1) % (I <x7¥.
¥p<0.05CTHEEDD & L7

1200

1000

800

p38 JEME (units / ml)

X1

ICHARTEHEZICES L (F11).
% =

BEIROFEHE A /1 = XA LZDOWTHE, TIE T4 22
WFFED SN T EL2ARIEAW 2 LA v, bivbiudth
JEHIRIEEATEE D O & DT B A. actinomycetemcomitans ¥
g L7z LM~y A~ a7 7 — UHifeAs, TR
=Y AKX DHIMICEDL 2 & EHE L7 (Muro et
al., 1997). ZOFERD2 S, HEMBRIIEICA. actinomy-
cetemcomitans ZFSHIZ D 7 R b — ¥ AFEWAEI L L Tw
LI ENERLNI. Bk /~r 077 —Uililald, ®
FINE I L CEEL&E 2 ) M T 5. Mangan
513, b MEERMIZICBET S TR b — 2 ARBAEIER
EEBWTEELEHZRLTWD EHELL

(Mangan et al., 1993). % Z CTARFZETIE, b MHIRRA
H IR AT IE R T & % THP-1MIZ IZA. actinomycetemcomi-
tans % JEG S B in vitro DEBRR EMEV. L, BAAILE)
Bx TR =Y AOBE bR L7z,

F 9 THP-1FZICA. actinomycetemcomitans @ < A 7 1
F 2 —THNTEIEEE Lin viro DFEB R T ML L7 L
Zh, KWOEGIZ X)) ML D T H 5 LDHIF 1%

——
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AL, & 5IZELISAMEC & 5 DNAKT LA L 72
(1), 2%7#Hu—AT VESIKEEICBWV TG
MfEIC BT R ELDNADSIRIE S 7z 2 & s, TR
F=Y AL BRI REILL TV B 2 EPHS 2R
o7 (M2)., TNHDIERLIY VAR IO T 77—
ML & [FIARIZ, AL actinomycetemcomitans DJEGIZ L 1) &
FEERHIE I BWTH 7R P2 AT D MBS E S
ZEPHS DI B o7z, B, TR = ARIUTEBT
AN TERCERED 1 DL L TMAPK 7 7 3 ) — %
HEHEINTWA., MAPKIZZ N ENEEE DR AS) & R
b3 22 LICXIEHALL, Sk EmBR L HIES 2
(Yamagishi et al., 2003). MAPK® 9 HLERKAFHK L, i
fa DYEHE R AL DR BT 5. —T7T, INKXp38
MAPK#EFG X A b L A 0% ¥ F — Uitk & S IFIEn 2
(Salh et al., 1999) (Place et al., 2003). i (x4 #MY -
LFRIA P LA L CTHEFZMERL L) £ 3555, ik
EI G T A= D RZITREIZET R =Y A2 5 Sk
2. FIZTARWZEIZB T b A. actinomycetemcomitans
JEHALD 7 R b — ¥ ZAFEANDOMAPKO 5122\ T
Bt L7z, EMAPKISH L CTHRERIIZY) » BRALEBAL IS4
B B PR % W 7ZELISAE L &) B MAPKIG P4 % §i~
728 A, A. actinomycetemcomitans &4 1% 1 5 fE] Tp38
D 1527907225, ERK & INKIGHIEE P 221t %
BOhho7z (KM3). TOI LD BA. actinomycetem-
comitans EEEHIL D 7 R b — 2 AFHFEITp3s T G- L T
WA REEAEZ Z SNz, F2Tp38IcER L TG %
D7, p38TE L ERTdH 5 SB203580% /ML, LDH
G EDNART L&l L7z & 25, YA OLDH
Gk L DNAWT 25 L7z (K4). E5122% 7 4
O — 27 )V ESIKEN 2 BV Tid, SB2035807R NI & )
BRI =Xy =5k L. (M5). Th
b DFERD B A. actinomycetemcomitans FEAHIIL O 7 Kk
— YV ASEBUIPISAG L TWBH 2 EER b,
TNF-old, HEK /v 8077 =V hEnbEASR
BRFEES A M A > THY, tEMiaomEibe eh
R BRI RE G LT A EHE I N TV S
(MacEwan, 2002). ¥ 72, p38I3TNF-all & 1) AL &
N5 (Park et al., 2002). % Z TA. actinomycetemcomitans
BB DO T E N — 2 AKBICBIT A TNF-aD & |2
DVTHE ZMA 7z, T AR 12K 7 O TNF-a
XELISAFEICCHIE L7z & 24, R I e~y
MR BV CRIL3ME DTNF-oiEE 2 78072 (M 6). ¥
72SB2035807 N L CIAMK D ERERR 7o 72 L 25,
FEA AT TN T TNF-o A = O H E 7%
DrRols (K6). BEaifanr s L S b TNF-o%
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AT % 720 IZHUTNF-odiifh 2 v ThES 2 N2 72 &
25, BYHI A S OTNF-olE AT L7z (1M7).
Eissnerbld, & 2707 7 — 1220 ug/mlOHTNF-o
PRZRMT AL 7R = AR Sz L8 LT
% (Eiaaner et al., 2000). AFFEIZ BT D PLTNF-a
PR Q@I & Y LDHE 1% & DNAKT L2534 L 72

(08). Tz &b, K LiEICHELE SN/ TNF-
o’A. actinomycetemcomitans GO 7 R b — ¥ A1
5L CW B EEMAYE 2 51172, Rivadeneirab id, ~
AR~ 7 107 7 — PI210 ng/mlDTNF-o % 30 L 72
EZA, MIBIZT RN =V ADFEINEHE L
(Rivadeneira et al., 2001). &4 1%, REMIEH, S EES
M 7ZTNF-aim & [A R D 2 O TNF-o & FR &Gl g 12
WL THEFE L CTh, A. actinomycetemcomitans &G HIE
WCRONZZE D) MRS EH L 2w & 2R L7
(Kato et al., 2005). 2D &H 5, TNF-oSHE IR IZ K
G5 lc 7R b= A &G ERIFTOTIEZR C, B
Ko 2> & A & L7 TNF-a 23 & 2 O MR P TE 15 E R
RIEMALT A2 ET, TRMN -V AR BB S LN
WEZ LN, 22T, PUINF-oditROp38iathic 5
BEBIZOWTHRI L2EZ A, WINF-alfifko ik
12 &0 ERGSHI Op38IE IR A FICE T L (M9). &
D p38TETEIT Y 2~ & FEA: & L5 TNF—o & 58
LTW A REA /R ENT. Park S, p38ASTNF-all
FoTHEENLTHEFN— Y AIBWTEE&EE 5
2L TWAZErHE L TwWa (Park et al., 2002).
Grethe 5  p38STNF—a il & » TIHEMAL & 71, Bel-X
(L) OFEMHEIHT A LI THEN -2 2% 5B
S5 LW L7z (Grethe et al., 2004). Z L5 DOl
&, AR ELH T2 DEEZLNS.

AR, R RIES AR 3B v TR AL & L2 PRC S
pI8EIEMAL S TT R b — ¥ A ZLHET B &) iy
AENTWA (Tanaka et al., 2003). F7-bihbiLid,
A. actinomycetemcomitans/&F\Z LAY T AT /0T 7 —
JOT R M= ARBICPKCH G- L TWw5 2 L 2 Wi
L7z (Nonaka et al., 1998). & Z Tt MHERHIED 7 R
=Y AFBUI BT HPKCOFEIZO W THA % Nz
72. FFA. actinomycetemcomitansE ML BT 5 g
WEDOEE LR 5D 72012, LDHIGM B X U'DNAW A 1L
ZPIE L7z, BRGHINEIC BT 2LDHIEMEE, H-7O@M
WCEoTIRTF L, PMAOTRINC & 0 B L7 (K¥10).
F 72 G O DNART b1 8 2 T b LDHF M [A] £
12, HTDWHMZ & o TREA L, PMADRNNC & o TH
L7 (K10). Zhuang® b F 7z, PKCIGM:% B9 %
EH AN— X 8IEW AT L 7R b— 2 R EWHIT 5 &

& LT\ b (Zhuang et al,, 2001). & 5 IZPKCOp38id
PANORBIZOWTHE L2 E 25, H-TOHEM & -
TG DOp38IHTEIT A BT L, PMADRINIC &
STHBICEALZ (K1), IhH0fRE2S, A
actinomycetemcomitans % 3« Hi fg D p38 D 1E 1AL I PKC 23
FELTOLIRENE R SN,

ARFZEIZ LY, & N HIRHMIE T & 5 THP- 1M 1A,
actinomycetemcomitans * &G ¢ 5 L, ¥ A~ 17
7 — VMR L RERICT R N — 2 R & A HIRESE AT
A ENMERPIZRoT2. TZOT R =V AFEHIC
X, MRANOpISIHEEFTEE L ZEH R LTBY, &
DIEPEALIZ G 2> 5 A S LA TNF-a £ PKCIZ & D)
WEIN TV AR E 2 bz, thEMERA DR
HIRZICA. actinomycetemcomitans DSEG S 5 Z L2 XD T
RE—V AZFEL, #RE LTRHERRRSEDL LS
ZHND. EHIZTIUT & BEVEJRAE D AT (3 vk E HLK
A LR D <. A, actinomycetemcomitans D3E G L 72
HIR~rn 77 —=VHIROT R b= AFLGHT & W]
S B 2 EIZX Y, HEROIIE A 1 = X L DR
b ARG ICT G TH L ERLONS.

] T

AL TIE, A. actinomycetemcomitans % &~ BLERHH T
(2GS Bin vitro DEBRR Z ML L, EESHRO T7
R =V AFBUTOWTHE L, UTORRPHL
7.

1. & MHERHIILICA. actinomycetemcomitans % [ 3e & &
HETHR M=V AL DM FHEI S 5 2 LS H
Wz o7z.

2. A. actinomycetemcomitansEFSHIL D 7 R b — ¥ A5
HIZBWT, MAPKOD 7 2> Tp38iitE D E R 2580 72
7%, ERKB L WINKIEWED EABRO b orz, &
512, BAsiilaop3sifth 2 HE L7z L 25, AT
DT K k=¥ AFEBIE L 72,

3. A. actinomycetemcomitansE I IC BT, TNF-o
AR IERGANLI IR THEEICHE ML 72, p38ihtk
wHELAL S, AT Y 5 OTNF-apE L & 34
FICHA L7z, F2PUINF-ad iR OBz £ b, &gk
RO T R b — 2 AZBLE p38IE T A BT L.
4. A. actinomycetemcomitans %G HIAZI1C BT, PKC{f
HEHHIF OB LD 7R b — Y AFEHPSHEIH L
72038, PKCIEMALA OBEINC & ) 7R b — 2 AFBH
BIZHMLZ, 512, PRKCIEHEIIHIFI ORMIZ LD
p38IHPEIZ A EIZ A L 727, PKCIEPEALAI D d@ImC &
D p3STEME A E I EI L 72,

—
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LB R R

U ED#ER LY, A actinomycetemcomitans & FHifg O
7 AR b= AT BT S M TERIZE R ICMAPK D
A Tp38Ht i b EE L E % 72 L T B R AR

WSz, Zop3siEtElE, MlN S A S S TNF-
adh % VIFPKCIZ L ) HE SN TV ARSI E Z 5
7z.

e 23
A2 BI2d72Y), KFROEEE G TS

0, BEREG HMIRE, B E MY £ LoARERT
HRHMRAFESE —REIE i ANVE fRlBdR, il RE

Bz, AFRAIERE TR RY IAMREdR IR
ErrBEHomeRLET. 72, @EULEIRE,
P2 ) T L7 LM 25—l RIS

BEHIZ, AEREMONREERE Bk FHIRIC
EOEHHLET. 510, RRETHICHZY, H
BE, Wi 2THE T L oARFiw AR AR iz

JEDFEFANL L) BILe L BT E9.
X 73
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Evaluation of blood flows in the parotid gland by Power Doppler imaging
Takashi OHNISHI, Likinobu TANAKA, Tomoaki SANO, Youichiro HOSOKAWA and Masayuki KANEKO.

Department of Dental Radiology, School of Dentistry, Health Sciences University of Hokkaido

Abstract

The purpose of this study is to evaluate whether Power Doppler imaging can demonstrate the characteristics of arterial
blood flows around the parotid gland and to calculate the means of blood flow velocities.

Among the external carotid arteries the characteristics of arterial blood flows in the facial artery, superficial temporal artery,
and middle temporal artery, both in the lengthwise and transverse sections could be depicted. There were differences in the
means of the velocities, the pulsatility index (P. I.), and the resistance index (R. I.) between these various arteries.

Power Doppler imaging appears to be valuable in the diagnosis of blood flows around the parotid gland.

Key words : Ultrasonography, Power Doppler imaging, Parotid gland, Blood flow
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BEW N7 I RALRBAE T NT — F 77 FREDs BIEIMEIRE B O PR O 2 W B T R156] (B
PSS MERRIBH ENCT&E T 5 (Rubin et al., 1994 ; 121’5J 3B, 22—29%%, FI24.45%) EAREL
IS, 1995). /87 — N7 RREZ N T T RBEE K . B BRSO LT =BG 3 2 03/ SEHENIR, B
BOVHEORDL Y IC R T I EFMEDORKEL 7 —& E@W,%H iR, RMBHSIR, HHRUSEHEINR, EHTEAE
AT BL5DTHLN, ZOFERILUF»LOROZAET BIK, ZLTHHEMITHL (LES, 1978). Th e
RSN, BIRECHROBIIHEHA SN TYE (1 NoOBIRICH LGS ERELE/ L7z, JRE L
BIES,1985). T VTV eRITIEDNLL BIRB & ORI 3 2 AR & OALE BIR % IR T
ﬁmﬁﬁ%’ﬂbf;b%ﬁﬁfbéﬁ,@%&E@% (I1>

FBIZ BV TEBEEIRFEIC L % 228 212 & o THligES Bk EEEIXSSD-1700 (ALOKAfL#Y) T, 7.5MHz
%ﬁ?ékﬁ%%%éhiwx (HE 5, 1995). B ST EEREMTEHEH LT, XY - NIk

BHSEIVEIR O M 2 X3 RGP 7 omEitrbn FE L. MBEEofEEIcE LT, BkOMKES
TWVBEY (Z85, 1996 ; i, 2001), HTFHRFIEIC EHEME G OM G 2N TE LD ORI (+) L5
Mg % BAE T ABIRICIRE LTS8 — R 7S BERRAE ML/, oK%k E o#EEICBE L <, Rk &

EEAT 1258 OHRERIIR O e wv, 22 THRIZ DI IR AN D B B R % RT 2 kﬁ‘h‘fﬂ%f_ bD%
NOHEIRIZ ST — B 7 7 BEPRAEE 2 Lckom gt () il (M2). 2ok, mEICL -
PO & MFEEE & 72, TR LN N7 FWIEH 5 e RILTTHE, T/J‘m(}lh , F

ZAF L SERLT4E 3 H31A
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Wiz ko, o 0Bl > T, KMMERD Wi, SIS L TCHRBEABIR T 86 (53%), FiH
ML % #£9 2 & AT & 5 Pulsatility Index (P. 1) & MEECiE 8B (53%), BHMAMBIIRCTIZ 76 (47%) »°
Resistance Index (R.1.) OZEIRICBIFHEHI LA (K - BEREGEOW S 28T & 2 0 #P0Ic8 F->Tw
3). 72, AREEBIR & O IEIER ORI L TH[H
FEOMEN 72 o TWT, SISEBIIR, PETEIIR, EM5ES)
Ik, FEISEBIIR Clftk 2 Rm$ 2 EATHRZ D 0N L
<, BEABIR, ATEHAE, HEEMEEIRTO 257z,
FRICEHTREEIIRIE 4 6] (27%) TH o7z (K1),

%]

@ SHEIIR (BB PIBIIR) P.L OB BT 2 FHEERD L &, HLSEBIR,
@ MR GHEER—IEBIR) S A 5 S A FRTH AN < >
AT - EMBEEIR, SEAM TR, BEAMBHRTRZ-T
@ RMFEBIR CGRITABIIR— B W72, R. I OFHEIZHZEAEIIR T0.54+0.23& %
®  AREEENR (BN IR—R M SR ) . .
® WEHAE GIEAE—SERR 0, MEDIR & S TIERWERNC S o 7. ARSEEIIR, &H
@ UG (AT GEENIR, BIEARCCES <, PRI M EER, b
HCC ) PIIARRBIIR & O % RS HISEEIR CEEIIR & R TEm o Tz (B2).
KEROEFIIREE~A B WAL, 8
FHRIRE TRV, 1 HFBRICOAT 2EBIRD/NT — F 77 A BIT A0 &t
1 BIgSSROH FIRIHHT 5 L8R i (+) M (+)
HLSABINR 15 (100%) 15 (100%)
PHTE Bk 15 (100%) 15 (100%)
HHE A BIR 8 (53%) 8 (53%)
AN TE AR 11 (73%) 15 (100%)
PR RISEBIIR 11 (73%) 13 (83%)
FipERixsa 8 (53%) 8 (53%)
IR B R 7 (47%) 4 (27%)

n=15

K2 HTRCOMT BEERD/ ST — 7 I A B 5 MK
P (P. LR L) & ¥l

®2 ABIROMIE, FEFED Sl A P.L RL PG (m/s)

X RO A 85 ER(iES0S - —

e - RO () LB (b) OFh i IHEIIR 2.15+£0.77  0.94+0.23 0.13%0.01
FbDERME (+) & L M HBIR 1.1540.53  0.7420.22 0.16+0.03
WEEYE | REEIR & O IEE AR O H 518 (b) 2R L7 HHAMR  0.58+0.41  0.54+0.23 0.1140.04
bOE Mk (+) & L7 BEEEER  2.2041.02  0.93+£0.39 0.18+0. 04

BETEBIR  1.53+0.75  0.8440.33 0.17+0.05
e = R A 3.0040.69  0.96+0.15 0.0640.02
! MEEREIR  1.9440.67  0.9140.25 0.080.03
BRI A 3 5 &8RS B1T 5 MK ORI L PR n=15
T, HE - B GO IR > 72 b ol, 445 2 .

IR TIZ1560 (100%), HEEBIIRTIZ156] (100%), &
M BE B AR T 1160 (73% ), T AIBEB AR CIX114) LR B IR CEED R D) 7 O CHESHER D
(73%) FoOo5N, ZNSDBRTIHEMEDIE L o T  BAREEEZ TOICELCHHINTE Y (Isaza et al.,

3 HTFRRICHA S 5 SEIIRO MBSO FHlEE

M2 5% 5 NZFFTIHRIE & ) —RKE— 27 L ZRE— 27 &2 RkD, RO
D S RGO e 2 5HI L 72,

P (Pulsatility Index) = | PK 1-PK 2 /AV |

P.I. (Resistance Index) = | PK1-PK2/PK1 |

AV P IMLTEHE

PK 1 : —KY— 7 M (kI E)

PK2 | RV — 7 IMitk (/i)
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1989 ; Sato et al., 1998 ; Shimizu et al., 1999 ; Shimizu et
al., 1999 ; Ishii et al., 1999 ; Jager et al., 2000), MR D
BB VT, WEEREEE, Ty 7 AMHCT, MRILE 3k
ICHER THREDEIRCIRERE ) TV £ A THRHIITE
% (Bartlett and Pon, 1984 ; Seibert and Seibert, 1986 ;
Sugahara et al, 1989 ; AT 5, 1995; FHH, 1997). &L
TZOIMERIIB B IMEOBEMRADE L LT, R
RIS HBE N7 7 AL FIH ST b (Yoshida et
al, 1995 ; Ariji et al, 1998).
BEWRAICBIT AT - N7 IFREE, FTIRE
FIRED AT P LVOFEIZESNTWT, T —Df

FELMEE N7 IEFOMEEEL, FT7IRBEAEL
LHARMIOBEBEBRL TS (IEHS, 1985). ZL

TN — K7 I FIRFEIIBWT, WEHRAET 50T
M|, BRONZEDOKRE SRIMmHEE, WESMICE-T
A2 T2 2 LBz on, B FREEICOMT 5
Bk 2B E I N 7T AT 5 5 O WG O FEERR ML H
ExMbLEND D, I THRTRAE, B FRICHH
FTOLERICBI AMADETEFRIZLT, /ST —F7
T B PR A L 72 o0 LT 0 3 P & I T
SRR L.

H BRSO 2 KEIIRIC B 5 M OH 2R L
T, M- BB GO 2 MR o 72 b o, AL
@m,%%ﬁ%,&mgﬂm,$@%@Wf%<&m

WA LT, BEAEIR, ArE R, PATHREE)IR T
ﬁ-mm%@wﬁﬁ%hmT%tot%@uQW®%¥
BICEEIoCTwz (£1). ZoO#KRIZIE, BROM
B, REIPLOHES, NEORKE SR EDPEBRLTVLS
&%K%ﬂéﬁ FRICHEIE T 25 SR oOEE L

BTN D &, BRI 8T O HN %
@@ %f§&<&éﬁ BYAR DAL E 1 2 TR AR &
W ok lbhsz,

REEER & O IEFEE OO ICE LT, FHE
IR, PHEHENIR, RMTEEIIR, SPAISEHEIIR CHEARIE R
T ENHRDONEL L, HRENEINR, wiE B, B
ERBIR T 225 7205, AU o F5 5 & [k
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& DOGIEFEROMEEDO R I EAE L2 b o L b

7z,
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Basic study on the reproduc from articular surfaces of mandibular
condyles on transcranial and panoramic projections

Yoichiro HOSOKAWA, Takashi OHNISHI, Tomoaki SANO, Likinobu TANAKA,
Masayuki KANEKO, Kazuhiko OKUMURA and Takanori SHIBATA.

Department of Dental Radiology, School of Dentistry, Health Sciences University of Hokkaido
First Department of Oral Surgery, School of Dentistry, Health Sciences University of Hokkaido

Abstract

Experiments were made on the reproducibility of images of the articular surface of the mandibular condyle by transcranial
and panoramic projections were attempted. A sprue fixed in a cross—shape was fixed with an adhesive on the skin above the
condyle of each of three volunteer adult men. Pictures were then taken by transcranial projection and by panoramic projec-
tion. Further, orthodontic wire was pasted in line with the anterior limit and the inferior limits of the articular area by the use
of three dry mandibles, and pictures were taken by transcranial and panoramic projections. The results showed that the de-
formation in the transcranial projection was slight in the vertical and horizontal directions, and that the articular surface was
only observed the part connecting the mandibular condyle and the incident X ray. In the panoramic projection, there was a
slight extension in the vertical direction and a slight contraction in the horizontal direction. Images of the temporomandibular
joint taken by panoramic projection were observed as images like fluoroscopy from the front of the opposite side (the part di-
agonal to the front of the opposite side), and the anterior limit of the articular area was different from the inferior limit of the
articular area. The above results allow the condition that it is appropriate to regard images of the temporomandibular joint
taken by transcranial and panoramic projections as objects for screening examinations of gross osseous changes as it now

done for observations of mild osseous changes of the articlar surface.

Key words : articular surface, temporomandibular joint, transcranial projection, panoramic projection
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NS OMEENPSHELNDIERITEZELTHY, T
FHOMEB L OB ENOBIENFLI RS, Eo
T, HEMHOT Y 7 AMBEICHEL, BOBO O
XD FERE S E D L) ICERL SN E AT LTS
BN S L. AWFFRISEHEBFMR I v 7 ARk
B S ICHEE S ) 9 < Ty 7 AR X 5 S
R O FEFERET 2 BRI ATh 7,

MEELVTE
A, A L 72 BrssReE AL el RS B S )

BB IR E SN T WAL/ Ty 7 A
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WA EEE (Super-Max70, €V %) TH 5. FoHEM
FAMT Y 7 AGREZHEO AFHEEEE F A 5308 CHEl

TBENTEY, 70kVp, SmADEM T L7, [k
N7 523 75kVp, 10mADSEMTIHRE L. B, &

BTG RV FEBR2 TIEAY v MERIZHIR % 1)
mL, FEESREESNL LS ICL.

FEE1 ATV LABOF 2 —7 ATV — (1.25mm
X20mm) (AT H I 7087 Y) 2KEZEMICTTOM
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2=TATN—% KT T4 TRANBM 3 %0 FHE
AR O R ICHERIE CHEE L2, 2ok E2RKDF
2= T ATV —=3KFebCICEEICR S L) FEEL
7. BILAREET, BEEFMRTIAT Y 7 Aok, B
R/ N ) T~ Ty 7 Ak, AR E — FajEns 3
I IRIy AL R T o7, BN BEEDOT 2
—TATNV—DES%E, /XA (3w b3a) CTlRE
L7

EBR2 1T VT NGRS E O T EHE 3 M &
L, TFREUERIENE ORIBE L O %REICE b TB IR
AN L2 (M1 —a). 2RS0T HEEOREEEMN
FAM Ty 7 AR, BN S 7Ty 7 A
Pk, BT — FRER/ S I v Ty 7 ARREEY
fTo7z. WA ICHE U 720E e L, BEEE
YLUAMIEYE, £V =10y FIZFHENL S L9 ICH
EL7. /Bohlory 7 AMEE L TEEMOTEL B
295 L &b, EEMOIKHOMEE A LIAKFEHEO
Eg%, /¥FAT1IEMIELZ (1 —b).
FEBR1BLO2 LB, WEIZH 72> TUIBFHGH
FHEE 3 AANHIE L, 65HBAER O P 2 5ked, HBMET L
72, PHEOREIZIE, YA a s AL ONEHIBE %
vy, fE#E 5% CHRELXITo72. Mt Y 7 Mg

SPSS ver. 6. 1 (SPSS) #HW, ¥wvF by aar
Va—%—I2TTo 7.

FEIEH RSO R & e 75
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EER ] OWERERZI2 —a, b, clIRT. FIEHEEM
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(CLINICAL report)

A study on nasotracheal intubation to prevent injury to
the nasopharyngeal mucous membrane
— Comparison of the bougie method and the gastric tube guide method —

Masaru KUDO and Noboru SHINYA

Department of Dental Anesthesiology, School of Dentistry, Health sciences University of Hokkaido

Abstract

Nasotracheal intubation with general anesthesia is performed for dental treatment and oral surgery. However, nasotracheal
intubation causes nasal bleeding and injury to the mucous membrane of the nasopharynx. This report describes the introduc-
tion of Nasogastric tubes with the guide intubation (NTGI) method and discusses its usefulness, and further reports a compari-
son of the clinical usefulness of the NTGI method (our novel method) and the bougie inferior nasal meatus (BINI) method.

The NTGI was performed clinically and the results of 30cases were confirmed by fiberscopy, showing no cases of injury.
The proportion of cases with bleeding from the inferior nasal meatus was similar in the NTGI and bougie inferior nasal mea-
tus as nasotracheal intubation (BINI) methods. The NTGI method prevented injury to the pharyngeal mucous membrane at
the time of nasotracheal intubation. Therefore, the results indicated that the NTGI method is safe for nasotracheal intubation.

In the present study, the intubation tube was changed to prevent pharyngeal injury. The tube tip was made of a soft mate-
rial (soft PVC ; polyvinyl chloride) and with an obtuse angle, and the tube shape was changed. Although the intubation pro-
cedures were safe because the intubation tube material was soft, there is the possibility of obstruction of the nasal cavity dur-
ing general anesthesia. Further studies are required to develop tubes for safer tracheal intubation during general anesthesia

and when regaining consciousness as well as during intubation.

Key words . Nasotracheal intubation, Safe propulsion, Nasogastric tubes as guide intubation (NTGI), Bougie inferior nasal

meatus as nasotracheal intubation (BINI)

Introduction

Nasotracheal intubation with general anesthesia was performed for dental treatment and oral surgery. However, nasotra-
cheal intubation causes nasal bleeding and injury to the mucous membrane of the nasopharynx (Domino et al., 1999), and we
have used the bougie inferior nasal meatus as the nasotracheal intubation (BINI) method to expand the inferior nasal meatus
before nasotracheal intubation. In July 2003, we experienced a case where a tracheal tube punctured the pharyngeal mucous
membrane during nasotracheal intubation, causing injury to the rhinopharyngeal and mesopharyngeal mucous membranes.
For promotion of safety during nasotracheal intubation, the nasogastric tube as guide intubation (NTGI) method has been used
since September 2003 (Nakanishi et al., 1995). This paper reports a comparison of the clinical usefulness of the NTGI
method (our novel method) and the BINI method.

Methods

1) Nasotracheal intubation

A gastric tube is passed through a tracheal intubation tube [soft PVC ; polyvinyl chloride, Satin Soft Hi—Lo™ Tracheal
St FEO74E 3 A31A
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Tube, Mallinckrodt, St. Louis, MOJ, the inside of which is wetted with lidocaine or physiological saline solution.

After induction of anesthesia, a vasoconstrictor solution containing 0.01% tramazoline hydrochloride is administered to the
nasal cavity. The inferior nasal meatus is wiped with a unilateral swab with a wooden axis soaked in benzalkonium chloride,
and 1 ml of lidocaine jelly (20 mg/ml) is applied for wetting and for surface anesthesia of the inferior nasal meatus.

Laryngoscopy is performed using a laryngoscope, and 4% lidocaine is sprayed into the trachea and larynx. The tip of the
intubation tube through which the gastric tube was passed is inserted through the nasal cavity (Fig. 1).

Nasogastric tube point
Nasogastric tube insertion was pulled out to extraoral

ic tube 2 2 "

Fig. 1 Nasogastric tubes as guide intubation (NTGI) — 1

The location of the gastric tube tip in the pharynx is confirmed from the oral side in the open view and the gastric tube tip
is pulled out of the oral cavity using Magill’s forceps. Then, the intubation tube is inserted into the inferior nasal meatus and

turned to the right near the curve of the pharyngeal mucous membrane (Fig. 2).

Intubation tube
insertion in nostril Intubation tube rotation

Fig. 2 Nasogastric tubes as guide intubation (NTGI) — 2

Fuether, the gastric tube is lifted up, as shown Fig. 3—B. Lifting the tube enables the introduction of the intubation tube tip
from the rhinopharynx to the mesopharynx without making a forced contact with the pharyngeal mucous membrane. This
prevents injury to the pharyngeal mucous membrane. Next, nasal discharge and blood attached to the intubation tube tip can

be aspirated by removal of the nasogastric tube (Fig. 3).

(72)
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Nasogastric tube point pull up Nasotracheal intubation

Intubation tube fff )

i

‘ ~ pharyngeal mucosa Not strong contacl area

Fig.3 Nasogastric tubes as guide intubation (NTGI) — 3

The anesthesiologist conducts laryngoscopy and tracheal intubation in the open view of the vocal cord. Tracheal intuba-
tion was confirmed at five points and six auscultations were performed to check for tarnishing of the inside of the tube. Sec-
ondary confirmation is conducted using a capnometer and determination of the end tidal CO, level.

An anesthesiologist and an anesthesiology instructor confirm the distance from the intubation tube tip to the tracheal bifur-
cation site using a fiberscope and photograph. The presence or absence of injury in the larynx and pharynx is then con-
firmed by fiberscopy and the condition is photographed. In addition, the instructor confirms the position of the intubation

tube and presence or absence of injuries by monitoring (Fig. 4).

Trachea check & photograph Pharynx check & photograph

A

\ Picture of fiberscope/

Fig.4 Nasogastric tubes as guide intubation (NTGI) — 4

2) NTGI comparison with BINI

A reactive comparison between the NTGI and BINI methods in terms of amount of bleeding and intubation time was con-
ducted with 30 cases by the same dental anesthesiologist. =~ Blood loss was measured with respect to four different suctioned
levels : no, little (0.1-1.0ml), medium (1.1-5.0ml), and heavy bleeding (>5.1ml). The intubation time was set from the start
of the general anesthetic inhalation to the nasotracheal intubation (mean = SD).

The two groups were compared, and for the statistical analysis, Fisher’s exact test was utilized for nasal blood loss volume,

(73)
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(min)
25 -
n:30 NTGI n=30
o i -
£ 20
i~ T
c 15 1
.0
) |
210
3
e} -
£ 5
little (cases)
BINI NTGI
Fig.5 Breakdown of the nasal bleeding level(BINI vs NTGI) Fig.6 Intubation Time(BINI vs. NTGI)
Blood loss was measured with respect to four different suc- Intubation time was set from the start of the general anes-
tioned levels : no, little (0.1-1.0 ml), medium (1.1-5.0 ml), thetic inhalation to the nasotracheal intubation (mean + SD).
and heavy bleeding (>5.1 ml). No significant difference with Mann—Whitney U test (n=30).

BINI : bougie inferior nasal meatus as nasotracheal intubation
NTGI : nasogastric tubes as guide intubation.
No significant difference with Fisher’s test (n=30).

and the Mann—Whitney U—test (with Y—stat) was used to compare the intubation time.
Results

Nasal bleeding due to nasotracheal intubation demonstrated no statistically significant differences between the two groups
(Fig. 5).

One case involving a tear of the oropharynx occurred in the BINI group, no oropharynx tear was determined in the NTGI
group.

There were no meaningful differences in the intubation time from the start of the general anesthetic inhalation to nasotra-

cheal intubation between the BINI (12.7+£7.6min) and NTGI (13.2+3.2min) methods (Fig. 6).

Discussion

The NTGI method using a gastric tube (Nakanishi et al., 1995 ; Sugiura et al., 1996), or aspiration tube (Sloan, and Van
Rooyen, 1994), can prevent large pharyngeal mucosa injuries. As the gastric tube is long, its contact with the pharyngeal
mucous membranes, especially the pharyngeal posterior wall, can be reduced by pulling it outside the oral cavity, thus pre-
venting pharyngeal injuries. However, as there have been reports of pharyngeal injury by gastric tubes (Domino et al.,
1999), precaution should be exercised. Other nasotracheal intubation methods using fiberscope (Kawamura et al., 2003) or
Lightwand (Manabe et al., 2004) have been reported. These will be further examined in future studies.

The results of the present study indicate that pharyngeal mucosa injuries also occur with the NTGI method. There was no
significant difference in the amount of bleeding when compared with the BINI method. However, the NTGI method tended
to cause micro—bleeding more frequently. This finding was confirmed by a fiberscopy, and nasal bleeding which could not
be confirmed macroscopically was recorded as micro—bleeding. As a result, the proportion of micro—bleeding may be higher.
However, the NTGI performed in the present study did not cause large injuries and was considered to have provided the pro-
motion of safety during nasotracheal intubation.

There were no differences in the time taken till intubation, as compared with the BINI method. The trachea, larynx, and
pharynx were confirmed by fiberscopy.

In the present study, the intubation tube was changed to prevent pharyngeal injury. The tube tip was made of soft material
and with an obtuse angle, and the tube shape was changed. Although the intubation procedures were safe because the intuba-

tion tube material was soft, there is the possibility of obstruction of the nasal cavity during general anesthesia. Nasotracheal
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tubes fabricated from soft materials reduce the extent of tear in the nasal mucous and pharynx mucous membranes. In this
study, no complications from tube (PVC : polyvinyl chloride) occlusion or applanation were observed. However, we have
previously encountered several cases in which non—PVC type silicon tubes led to applanation in the inferior nasal meatus (a
transtracheal aspiration tube, 4 mm in diameter, was unable to pass through the trachea). Further study is required to develop

tubes for safer tracheal intubation during surgery and on regaining consciousness as well as during intubation.
Conclusions

The NTGI protocol was substituted for the BINI method due to the occurrence of tears in the epipharynx and the orophar-
ynx. The NTGI was performed clinically, and 30 cases were verified fiberscopically. A reactive comparison was performed
between NTGI and BINI.

No instances of oropharynx tearing were observed in the subjects undergoing NTGI. Blood loss from the inferior meatus
in NTGI patients was comparable to that in BINI patients.

The NTGI prevented pharynx mucous membrane tearing as well as blood losses exceeding 5 ml, and these findings confirm

the safety and efficacy of the NTGI approach for nasotracheal intubation.

Dent Soc Anesthesiol 32 : 13-17, 2004.
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Application of low-frequency electricity and stellate ganglion block therapy
to inferior alveolar neuroparalysis following tooth extraction
—Evaluation of facial skin temperature elevations via thermography—

Takuro KAWAI”, Masaru KUDO", Tomochika YANAGI?®"* and Noboru SHINYA"

"Department of Dental Anesthesiology, School of Dentistry,
Health Sciences University of Hokkaido

*Department of Dental Materials Science

¥Second Department of Oral Maxillofacial Surgery

YTakikawa Dental Clinic

Abstract

Mentolabial paralysis occurs as a result of inferior alveolar nerve injury consequent to tooth extraction. Stellate ganglion
block (SGB) therapy, acupuncture and magnetic electrotherapy (AME) are utilized for the treatment of neuroparalysis follow-
ing tooth extraction. The SGB therapy includes 30injections (2—3times/week) as a single set, and subsequently, the therapeu-
tic effects are re—evaluated. To determine the efficacy of the treatment, patient symptoms and skin temperature increase at
the site of the hypoesthesia serves as indices.

Subtle temperature changes, which were detected via thermography, were converted into numeric values in this study.
Treatment was conducted in collaboration with the family dentist over a 20—month period from the 5" to the 25" month from
the onset of the hypoesthesia. The mean temperatures at the site of the hypoesthesia was compared, for an SGB—only (n=5)
and an SGB/AME combination (n=5) treatment.

The results found that the level of hypoesthesia, which was measured with a Semmes—Weinstein monofilament (SW) sen-
sory tester, improved from ¢3.84 to ¢$2.44-3.22. The temperature at the site of the hypoesthesia increased by 0.8°C follow-
ing the SGB injection ; in contrast, the temperature at the site of hypoesthesia increased by 2.5°C following application of the
SGB/AME combination. In inferior alveolar neuroparalysis arising as a consequence of tooth extraction, the surface thermo
graphic temperature measurement at the site of the hypoesthesia was effective to observe the temperature increase due to SGB

injection and to the SGB/AME combination ; additionally, it offers a substantiation for the treatment efficacy for the patients.

Key words : Stellate ganglion block, Acupuncture and magnetic electrotherapy, Thermography, Inferior alveolar neuroparaly-

sisc, Medical lawsuit

Introduction

Stellate ganglion block (SGB) therapy, acupuncture, and magnetic electrotherapy (AME) are utilized in the treatment of
neuroparalysis following tooth extraction. The SGB therapy comprises of a set of 30 injections (2—3times/week) ; subse-
quently, the therapeutic effects are re—evaluated.

To assess the suitability of injections, subjective symptoms of each patient as well as the skin temperature elevation at the
site of the paralysis were evaluated. The skin temperature elevation was examined via thermography (THG) following imple-
mentation of AME and SGB in a case characterized by paralysis. Originally, the individual had been subjected to continuous

dental laser irradiation.
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Methods

1. Terapeutic Methods
1) SGB (Stellate Ganglion Block)

The SGB, which offers temporary pain relief in terms of sympathetic tone, is achieved via the injection of local anesthetic
in the cervical sympathetic ganglion area. Consequently, the blood flow (Kakuyama et al., 2000) and metabolism at the site
are stimulated as a result of vascular dilation ; thus, the body temperature is elevated on the side of the cervical sympathetic
ganglion injection (Matsumoto et al., 1992). The SGB is applied to various disorders, including allergic rhinitis, sudden
deafness, autonomic nerve imbalance, angina and lower limb pain. In the dental field, SGB is employed in instances of post—
extraction pain and paralysis, tongue pain and peripheral facial paralysis. The treatment at the hospital here uses lidocaine
hydrochloride (6ml, 2% solution) or a mixture of lidocaine hydrochloride (4ml, 2%) and bupivacaine hydrochloride (2ml,
0.25%, total 6ml, solution) as local anesthetics for the SGB injections.

Injection is conducted from the front side with the patient in the dorsal position. The cervical transverse process serves as
an indicator point (Fig. 1).

Body temperature elevation at the block side, blepharoptosis, pupil constriction and palpebral conjunctiva hyperemia are
evaluated to assess the sympathetic tone relief. Most patients experience a “warm sensation” and sleep for 30—60minutes fol-
lowing the injection. The injection diagram depicted in Figurel, which offers an explanation for the SGB procedure, is

shown to the patient.

SGB Injection R —

S

Thermography

= Transverse process of

-/ the sixth cervical vertebra

Anesthetic solution

Ganglion Stellatum Electrical Stimulator

Fig. 1 Front penetration image SGB injection Fig. 2 The method of electrical stimulation
An expanse of anesthetic solution Injection of Stellate gangllion Magnet or acupuncture was used for the treatment of electrical
block(SGB). stimulation.

Stimulation conduction : 2Hz, bipolar pulse wave. Intensity of
stimulation : either muscle contraction(+)and pain(-).

The effect of electrical stimulation was assessed by the increase
of surface temperature.

Surface temperatures of patient’s face were measured by ther-
mography.

2) AME

In AME, magnetic electrode attachment or acupuncture needle insertion is completed at various pressure points(3points on
the face, between the bases of the thumbs and index fingers, the inner side of the elbow and underneath the chin) ; subse-
quently, a 2—-Hz electric current is applied (Fig. 2). The AME is reported to promote blood flow and to elevate skin tempera-
ture via a stimulation of polymodal receptors with low—frequency electricity and magnetic force (Takeshige and Sato, 1996).
The objective of this particular treatment is restoration of patient sensory function. Reduction of the nerve paralysis level and
minimization of the paralysis area were examined. In addition, appropriate sympathetic tone relief was estimated by monitor-
ing the skin surface temperature and temperature increases in the mucous membranes and the tongue of the mouse employing

the THG apparatus (TH5104R, NEC) or an infrared eardrum thermometer (Genius™, Tyco Healthcare).
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Patient Days after 14 days 15 - 89 days 90 - days
Visiting > Go home Examination « Sensory test « Sensory test « Sensory test
hospital y ‘ - « Facial skin * Facial skin * Facial skin
« Examination AME+Rest cure 32;60 n.1|nu.tes temperature temperature temperature
« Informed after Injection * Dental pulp * Dental pulp * Dental pulp
consent SGB Injection blood flow blood flow blood flow
Swelling? Treatment * SGB injection * SGB injection + SGB injection
AME 2 -5/ week 2 / week 1 -3/ week
— 2h After Injection 30 times 30 times « AME
Check via phone Drug * Vit B12: 1.5g Vit Bi2: 1.5g * Vit Bi2: 1.5g
BP, ECG, RR, %SpO, « Swelling of neck? * ATP :180mg * ATP :180mg
BT(thermograph) « Dyspnea? . 3x/14days 3x/14days 3x/14days
Prognosis * good * moderate * severe
Fig. 3 Therapeutic flow of SGB injection in dental anesthesia Table1 The guideline for trigeminal nerve injury in dental anesthe-
SGB injection was administered 30 minutes following the initia- siology at HSUH dental hospital
tion of AME. The patient rested for 30—60 minutes following ap- If patients start to receive our treatment as soon as they can, their
plication of SGB. The patient was monitored continuously during prognoses will get better.
the resting phase for early detection of any incidental symptoms.. HSUH : Health sciences university of Hokkaido SGB : stellate
SGB : stellate ganglion block AME : Acupuncture magnetism of ganglion block AME : Acupuncture magnetism of electrical ther-
electrical therapy apy.

3) Therapeutic process

Monitoring was initiated with the patient lying down in a face—up position, and SGB injection was administered 30minutes
after the initiation of AME. The sites for needle insertion were compressed for Sminutes to establish the absence of dizzi-
ness, light—headedness, swelling or bleeding. The patient rested for 30—60minutes application of SGB therapy. The patient
was monitored continuously during the resting phase to ensure a speedy detection of incidental symptoms. The patient was re-
leased after confirming the absence of abnormal vital signs, hematoma, respiratory difficulties, dizziness, or light— headedness
(Fig. 3). Tablel shows a therapeutic plan of SGB and AME from the initial screening till the goal of the treatment, which
adhereds to the Japan Society of Pain Clinicians treatment guidelines (Tablel). A Semmes—Weinstein monofilament (SW)
sensory tester, was utilized for the initial diagnosis and re—evaluation. The SW sensory tester quantitatively evaluated patient

sensory functions with silicon filaments of various thicknesses. The thinner filament indicated stronger paralysis.
Case Report

1. Patient condition and medical history

Following an explanation of the risks involved, the individual underwent lower left wisdom tooth extraction at the age of
38years. The patient received a local anesthetic (2% lidocaine hydrochloride with1 : 80,000epinephrine)injection with seda-
tive, and the vital signs were monitored. The patient repeatedly complained of pain despite the delivery of 12.2ml of anes-
thetic during the 145—minute procedure. Antibiotics and a sedative were prescribed after the operation. The day immedi-
ately after the tooth extraction, the individual complained of occlusion discomfort as well as numbness in the chin. Partial
neuromesis of the inferior alveolar nerve was suspected. Vitamin B12, multivitamins and ATP medication were adminis-
tered. Low-level laser irradiation (1-2 times/week) was also administered for five months ; however, this was ineffective.

2. Diagnosis and treatment in the dental anesthetic department.

At 5 months after the tooth removal, the patient was admitted to dental anesthetic department at HSUH dental hospital.
Sensory tester diagnosis indicated a paralysis of 48mm x 40mm, > ¢3.84 in the right mental nerve area. The individual also
complained of other discomfort such as abnormal heat sensitivity (hot drinks felt excessively hot). A diagnosis of the paraly-
sis by drug—induced temporary conduction disturbance was administered. The individual was advised about and asked to
choose SGB and/or AME treatment (needle electricity : insertion of Japanese acupuncture needles in facial and frontal arm
pressure points for conduction of an electric current).

The patient chose AME, and evening treatments were planned (once per week). Additionally, CO, laser irradiation was
used to improve the effectiveness of the therapy. No improvement was seen after five months of AME treatment (total 10
treatments, now 10 months after the tooth extraction). Consequently, SGB therapy was initiated. Further, after a 9—month
AME regime (20 treatments, till 14 months after the tooth extraction), a combination of the SGB injections and AME therapy

was performed .

(79)
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To evaluate the efficacy of the SGB injections as well as the combination SGB injection/AME therapy, the skin surface
temperature was non—invasively and continuously monitored via thermography. The SGB injection efficacy is illustrated in

Figures 4 and 5. Average skin temperature of the paralysis site and the lower eye socket served as indicators.

SGB i.

Fig. 4 Effect of increase BT by SGB injection and AME
The changing of patient’ facial skin temperature by thermography in a case of Disturbance of inferior al-
veolar nerves. Room temperature was26-28C. SGB i : stellate ganglion block injection
3) Therapeutic medical effects
In Fig. 4, the upper left corner indicates the conditions prior to the block, while the upper right corner indicates the condi-
tions 10 minutes after the SGB injection. The temperature increase was 0.9°C (34.4-35.3°C) on the injection side and 0.7°C
on the normal side (Fig. 4). The combined therapy involving SGB and AME demonstrated higher temperature elevations in

the head and neck area than with the application of SGB alone. The area of hypoesthesia had a 0.8°C increase with SGB,
and using AME the increase was 2.5C (Fig. 5).

o Hypoesthesia area °c Infraorbital area
- <0.0 -
35 £ e (i—test) 35
25 7 2.5 A
15 1 L 19 I?'
— —
n=9 n=5
0.5 - 05
SGBi. AME-+SGB.i. SGBi. AME-+SGB.i.

Fig. 5 Difference of hypoesthesia area and infraorbital area BT
Increase of temperature on surface of facial skin, after 10 minutes from the end of SGB injection Dates of SGB injec-
tion are shown as the average of five times increases of temperature on surface of facial skin for one patient. Facial
temperatures were increased 0.8°C at hypoesthesia area by SGB injection, and 2.5°C at hypoesthesia area by AME+
SGB. The increase of AME+SGB was significantly higher than that of SGB. SGB i : stellate ganglion block injection

The individual did not complete the treatment (Final treatment 32 courses of SGB injection, at 20 months from initiation of
therapy, 26 months from the tooth extraction). At the last treatment the area of hypoesthesia was unchanged (38mm X40
mm), the paralysis level had improved to ¢$2.44-3.22, occlusion discomfort had improved (from + to +), and the abnormal
heat sensitivity had decreased. The patient was informed of the low probability of a complete cure with continued therapy

and the treatment was discontinued. The patient continued the laser irradiation treatment at a family practice clinic.
Discussion

The pain clinic at the hospital treats patients with inferior alveolar paralysis, facial paralysis, glossalgia, masticatory muscle
myofascial syndrome, and temporomandibular disorders, conditions that are not caused by brain nerve or blood vessel dys-
function. In the current case, the numbness and paralysis in the lower lip resulted from a partial rupture of the inferior alveolar

nerve due to extraction of a lower jaw wisdom tooth. Paralysis in this instance is iatrogenic in nature. Consequent to the ap-

(80)
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pearance of this disorder, many patients refuse SGB or needle—type treatments, and patient refusal results in a delayed start of
SGB treatment. The initiation of SGB treatment as rapidly as possible is essential in cases involving neural paralysis (Ima-
mura et al., 2000), but an early implementation of the SGB treatment, and thus prevention of further induction of incidental
symptoms, requires resolution of patient fears regarding needle—type regimes involving the neck and head regions. At the hos-
pital dental anesthetic department (pain clinic), patients are carefully monitored to facilitate delivery of immediate medical at-
tention in the event of complications arising from anterior neck region needle insertion. The patient reported here had 32
needle insertions with no serious side effects. Currently, magnetic electricity is employed for induction of SGB, and the in-
troduction of SGB under nitrogen monoxide and oxygen inhalation / sedation with careful vital sign monitoring and near—in-
frared exposure is presently under review with respect to patient anxiety (Kudo, 2003).

Many patients are referred by other in—hospital departments or by dental professionals in nearby cities, for patient conven-
ience, the pain clinic is open in the evenings twice a week. Close communication with the patients’ family dentists and doc-
tors is essential. In general, office hours of general hospitals and university medical centers are more limited, and to assess
patient needs there are plans to expand pain clinic hours to two nights per week.

Following the combination of SGB and AME therapy and SGB application alone, facial skin temperature was elevated at
the site of the paralysis. The combined therapy allowed the detection of the elevation in facial skin temperature at the site of
the paralysis with improvement in paralysis levels (temporary conduction disturbance) ; however, paralysis was not completely
cured.

The main factor influencing this outcome was the delayed SGB and AME application following the development of the pa-
ralysis ; further, patient age (38 years) and a busy work schedule contributed to the therapeutic delay. Treatment was ulti-
mately discontinued, but a medical malpractice suit was avoided due to patient understanding.

Many instances of inferior alveolar neuroparalysis can be attributed to nerve damage in the mandible as a result of tooth re-
moval. Therefore, an assessment of treatment efficacy requires careful observation of blood flow increases in the mandible
and the mandibular canal in addition to thermography. Our department is also capable of blood flow measurements in the
peripheral dental pulp, and future combinations of such methodologies with conventional therapies is desirable in order to ac-
commodate long—term inferior alveolar neuroparalysis. There are several reports of successful steroid therapy in similar cases
(Seo et al., 2004). To improve sensory function, immediate hospital admission at the time of symptom development, admini-
stration of short—term concentrated therapy, application of laser irradiation and near—infrared exposure, all in combination with

steroid therapy appear desirable. Many dentists will require instruction in there novel therapeutic strategies.
Conclusion

Measurement of the skin surface temperature via thermography were effective in the diagnosis and prognosis predictions in
cases of inferior alveolar neuroparalysis following tooth removal. Five months after the development of paralysis, SGB and/
or AME therapy was conducted for 20 months with the cooperation of the family dentist ; subsequently, paralysis symptoms

improved. An early start of SGB therapy is desirable to promote iatrogenic peripheral nerve damage treatment and to avoid

intractability.
Pain Med 25 : 389-392, 2000.
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Systematic review of polymorphisms related to osteoarthritis
Kaoru KANAZAWA and Takanori SHIBATA

First Department of Oral and Maxillofacial Surgery, School of Dentistry, Health Sciences University of Hokkaido

Abstract

Osteoarthritis (OA) is the complex multifactorial disease of which the etiology is not yet well defined, and recently increas-
ing attention has focused on the genetic risk factors of OA. The purpose of this study was to analyze the published literature
on the association between genetic polymorphisms and OA by a systematic review method.

Papers published from 1995 to March 2005 with the keywords cytokines, polymorphisms and OA, as well as papers among
the references in these papers were obtained from Plumbed. The inclusion criteria were papers on the relationship between ge-
netic polymorphisms of the Interleukin (IL)-1, IL—1 receptor antagonist (RA), or the Tumor Necrosis Factor (TNF)—alpha and
OA, and the paper includes retrospective studies that compare the prevalence of genetic polymorphisms of OA and healthy
controls. Studies with fewer than ten subjects were excluded. Only three papers met the selection criteria, and these were re-
viewed. Evidence—based medicine data tables were drawn for each of the three papers respectively. There were significant dif-
ferences (P=0.0007) in the frequencies of the T allele of IL—1§ C3954T in the genetic polymorphism between OA patients
with total hip or knee replacement and healthy controls.

The evidence from the articles reviewed indicated a statistically significant correlation between OA and some specific poly-
morphisms of IL-1, but some of the reports showed bidirectional results. Further rigorous studies based on well-defined dis-

ease and control criteria will be required to contribute to the prevention and management of OA.
Keywords : Cytokine, Polymorphism, Osteoarthritis, Interleukin—1 (IL-1) , Interleukin—1 receptor antagonist (IL-1RA)

Fri2, SHBAENIC BT B 2T BIEIE 1L IS %
BWZENHPHEBEHTHL I en b, MRBEE IS S
5B A O R EFRRD TS EITRDEEZEZONT

o4

il

FHEBENC BT 5 L REBIESE  (Osteoarthritis, OA)

&, BEERERE, BEETHIMZ &R TRV & B E ik
ORIE L FREE - B0 ) T 7% &7, B

WA A, i A DIEFIDFEEDS L OHEE 2 I L Th A
FIZOVWTIEIAHTH 5.

SREDZAL S BT, BATHRE A (DID | degen- Wi, FAFSEVEEE O FHBIEEE & W oA b
erative joint disease) & bIFIEILA. W s, FEEIHET T O G oS & FERIC, A

—fRACASTE B EE (X, BAERERE S IND 2 B (B
IZEIWE)) LB R AR ET) Y 72Kk B4R
B & DOPERRA TN LOPFREEZEZ SN TS,

N A YIL-1B, TNF-oBIERfEIEIC E B A & /e
LTWbZEDRRENTWS (Kubota et al., 1997 ;
Yamamori et al., 2000) .
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NS YT FMEESY V87 12BWTSEEF SR
%<, NS DL BEHEDFSRED 5\ ITHEICR 5
LT3 L DOHMEHDH A (Smith et al., 2004 ; Stern et al.
2003).

Z ZTARMFE T, ZIRMFHBEIE DFERE D 5\ 13
BICHG LW EE TR RET LB T
5720, FIEMEMEEDRIED 5 W ITHEICE S L
TWLEGETERIAHET L7720, A TFIA4 VA%
f1o72 (FH%, 2002).
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TION FRAGMENT LENGTH % 7z i3 exp * POLYMOR-
PHISM, SINGLE-STRANDED CONFORMATIONAL ¥ 7=
lZexp *POLYMORPHISM, GENETIC ¥ 7z lxexp *POLY-
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2) IL-1, IL-1RA, & 5%\ IZTNF-0DEET-% R D
TS SN TnWhHZ &
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3. HHER L OFFM & fEAT

HIR S AL 72 3CHK % evidence—based medicine data table
(LLFEDT & W) & IV CaHli L7z (FRE, 2004).
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&, BB IV 723 AEROAE S & H &M
ZBWT, T7T VLVERICHEAZI =D -7z (P=0.83)
AT A (Loughlin et al., 2002) A& 5. %
ZC, MEIIEMEEEROAREICREL, 7LV
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ET7 VD REEBH I VAREICE L5720 (P=
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0.76, B L UP=0.43).

F72, Mooshb IZME T 7 IR 2B IROAREHEL &
SIZHRE ML O TNF-oE A BEDO HIKIC L ) 2 B2y

(100)

—




T R

JIK:] Server /t¥ME/#24%1%5/7099-104 &%

2005.08.12 09.33.57 Page 101

——

Society of Health Sciences University of Hokkaido 24(1) 2005 101
F1 EDT Stern et al., 2003.
Fr #1
yEb T BEMRIET-RIET  JEEEMVE TR 8
BB OB ML American college of rheumatology Clinical Criteria
BRI EPN
PR AL OA, IL~1B polymorphism, % FHD LAY, WEEEKI0%L
FhhHkite %L
HRE B 68 (BEMIME26 N, FEEEMIMEA2N)
BV 14,754 (BERMES 21, FREERIME 9 33)
AR T P, (BEmIYE 3373+£6.6 &71+7.1 JEBEMITE 5369+6.4 %&65+10.8) F¥+SD
x BREHIE G 51
B/ 6.,/45
AR L gL, P % (72+6.7) & (69+10.0)
< F v (BEEADHHEA) | IL— 1 B5810AAMFT A2 BEM Yhand OAD 7V — 7 L BRAH - 72, MxIfakiES. 8p=0.007. Ziid ¥ 72 BEMW
1 & FEEERTEOA D 7 v — 7T b A H - 72 (A f&kkE4. 01p=0. 008)
(P IL-1A-889, IL-1B5887, IL-1B1903, IL-1B5810, IL—1B1423, IL-1RN8006, IL-1RN VNTR, IL-I1RN11100% #
F L7z, hand OAD 7 )V — T L BRI S o 720 HIAHERHEES. 8P=0.007 Z4uid F 72 BEMIMELI-1B5810: (= T- Bl Tl
N=F 4 =T 7 A OV T R h o 72, IL-1B5810AATEAE T HUI RT3 10 2 BETE & SEBERTEOA D 27 )L —
TTHREND o 72 (M &4, 01p=0. 008)
e AT i chi—square tests
e BEfTEhand OA L 7 2 1) 1 H ADIL-1B5810SNP % & & 77/ A GHIBIC B\ CREOMEEMWEER 2 /R 3. T,

hand OAD EHERBIR ORI B LIL-1DWENRE 2 YK — 32, BEMETFHEEGOALEE T, IL-1B
5810 L 1X[HHE DD % .

%2 EDT Loughlin et al., 2002.

ik #2
B il W B, R B
B IRRE OB WP 70 54, ACEA 2 R IRIZ 02 £, BE LRI BRI D 1
R Caucasian
PRI OA, TL-1B polymorphism, #EHEHEDOHNZA Y, WHFEEKI0AL L
FrAtFEiE L
FAE B $R 557 OA CASE THR total hip replacement (390), TKR total knee replacement (136), THR&TKR (31)
Bk Lotk (342,7215) THR (146,/244), TKR (58,/78), THR&TKR (11,720)
AR L AL, AR %74 (61—88) #72 (56—90) V¥4 (range)
xif HEBESE 1151 557 (215W, 342M)
Bk (342,7215)
il ULl P %74 (61—89) #71 (59—88) V¥4 (range)
<y F v (HFEAEDHLHIEH) | 4SNPs (IL-1RN9589, IL-1A-889, IL-1B3954, IL-1B5810)
ERES IL-1A-889, IL-1B3954, IL-1B5810, IL-1B-31, IL-1B-511, IL-IRN VNTR, IL-1RN9589, IL-1RN11100% 3%
L7z, IL-1B-31&£-511, IL-1RNA9589 & VNTRIZFE4A-HEH L Tz, HEBIES (136) &, HERERE (58) 122w
THEEZRO.
e AT chi—square tests
i IL-1Y) 7~ Fix, BYHOBEEEHOADRBERHEICMEIH 5.

%3 EDT Moos et al., 2000.

T #3
Y JRBaE, B
BB REOBEIE FRRI 2 34, (B 2 BRI 02 <. B BB R D 1
R HA
PR At OA, IL-1RA, IL-1P polymorphism, 8% & Dxf%dH ), *WREZHHKI0% L
i Sk %L
HE B EL P8 B 1 AT A2 BR A3 % hip or knee®end stage OAE 61N
Wk ik FL e L
Al L oLl PR [iLigy
it BT AE B4 254
B ik FUEE L
R L N Ros L
vy F T (HEADHSHEH) | 1L-183954, IL-1RA VNTR
S IL-1B3954 T, 7L 1HRElE, I FE—)LT61%, OAT42%. 7LV 2AKEE, I~ ba—)L5%, OAT

20%. P=0.00062 v X[£5.687 95%X[H (2.12—15.26) IL-1B3954 L, Mg Ml O TNF-ou i A B 77V —
TIZBWT, CTLVEFEOELTT LV EZ 323D L1CP=0.0006THHEADH ). IL-1RA VNTRTIZ, BEHHL
DETNF-afEAEFE 7V — 7128V, 2 HEY & LES % b OH &2 (p=0.0058)

G KeaiD) L IRES

chi—square tests

IL-1B%# (3954) & TNF-o high (—308) ®Dphenotype, IL— 1 RAZ %! (VNTR) & TNF-o low® phenotype® [ 12
IZ0AIZB VTN D B
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VF, REARREBEHETIIEEERELVTTS LUTCOR
BHESEEICE» o7z (P=0.0096) &#Hi& L Tw
5.

G5810A T, FHMICTE—Y 3 v 2B L0AEE
HICBWTNTOI AL TD) HEREY A TAAD BRI,
EHEERELVEBE IS WEZ/R L (P=0.007) (Stern
etal, 2003) &\ EDH LT, Bho Fod
S EIROABREZREDAT LIV I35 F 8 & 25013
Lol T 5HEDLH -7 (P=0.80) (Loughlin et al.,
2002). Z2°TC, TUVNVHEOWHEHEEZT-722 25,
Stern 5 DBHMEIZB VW TOABRETRDO N LD o 72
(P=0.0784).

3) IL-1IRA%Z X!

T8006C, T11100CHZMIZDOWVTHE SR TV

R4 EATRER

P, WENSFEEEIRO LN Lo 7.

IL-1RA VNTR (variable—number of tandem repeats) |2
DWW T, Loughlin®, Moos5, B X USten b 1%, %
EERLRFEN EOMTHEEIROON 2oz L
HBRTND,

%3, Moos b 13 HkEHMINE D & TNF-a A fE 7 )V — 7
DIFEF 723 B B IROA B FERE TIE, 2[#: 1 3K LAD
Pl fgOBEPREERH LI THFEICS Y (P=
0.0058) &fiFLTwa.

4) TNF-o% %!

TNF-o G-308A1%, M F 7213 B B fii 42 i L OA B TE
CfEEBEHOMICAEB ZHEE RO SN R p o 72

(Moos et al., 2000). (F4)

i g B X iR
T .
BETEE X SR%EL /Y SR%L /B
#2-1 %it@ggjiﬁﬁﬁﬁ% 841,267 P=0.83
~ B 72 R B AR S : o
IL— 1 C3954T #2-2 795,245 8417267 P=0.76
Vs & 7 1 B e e
#3 hitﬁkﬁ?ﬁm% 368,104 P=0.0007
(#2-2)+(#3) 850,280 1209,/371 P=0.43
Iu—Yaribb
#1-1 T-BIHETIE B O A 66,736 P=0.078
26,26
IL— 1B G5810A #1-2 qg'l’gf”/i?% 66,736 P=0.42
S - N 15 fere s i
#2 Bt ORI 708,398 P=0.80
(#1-2)+(#2) 772,/ 454 774,434 P=0.57
15 e i
#1 iﬁfﬂgﬁg\% 67,733 P=0.86
IL— 1 RA VNTR #2 %it%%%gﬁﬁﬁ 795,/315 P=0.15
4 [ELE) /= Dl
A ———————
#3 %itﬁggﬁﬁm% 358,780 P=0.44
s 925,329 12207428 P=0.86

# 1 Sternetal,2003. # 2 Loughlinetal, 2002. # 3 Moos et al., 2000

Z =

1. BEFERIZONWT

b MER T OMEERHIIMA Z L IZEH M TEENS
D, —#klZ, ZoRVERMEFZMENS, & A0
1 %L F OB CHET IRV OERE, B T%
MEERLTVAD., INHBEMRFEZIIZEDTOL) %
MDD 5 .

1) Lo (C, T, A, G) PMlLDIEHICE X
boTWh LD (single nucleotide polymorphism, SNP)
T, —RICEED S — TR 1 2 OEE THE
L, &7/ A TiZ30075 ~ 100077 OSNPA S 5 & S h

TWw5,

2) 1EEP B HEZORBRIFEALD LD

3) 2HEEDPSETEEOBY A — 2 D HAL % K
L, ZN5H2%E0 R LT B EMICBNT, 20D
W LUEEAEA CTELRLS D, 1 BAPBIEE» 5T
WHODHDEVNTR, 1B 216 4EEODDIT~
4704774 PEREIFEN TS,

INGEMETERE, EEORELXIET HHT Tl
%, REOSBEMELEDZY, ROk ESTIC
MG 2Nt E LTERT 200055 2 EAHIS
NTW5D, RIS, BERE, SIE, AW, 7% CoEEE
IR O & IO ERE T OEHIC &) S AN
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BB, BRHBEEZEFEERO -2 LEZLND
s, BIETEROEEYZ T HREEIELRL
ERTHSING.

2. FEIZOWT

—XMFETIE, F—F ==L L TPub Med%* ]
v, 19954E 7 520054E 3 A £ TOMMH, 3F—7—F
(Cytokines, Polymorphism, OA) DA IZ X 0 1414425
WEh7z, 2B, FhROF—7— FIZTMIZEINL 728
AEIIE, FAwmI Lo,

% 72, 19854E 7> 5 19944F T T O CTRKE DM & 4T
o7l A, BUmLIIFETH 7.

AR O T, Bogardus® (1999) (Z#:D 10611k
FERRME LD, ROl OFEMEEE T 2 8ZF2 R0
FEAT CIIAER I & UK R 2 2 U AR2000E B B |, &
400FEBI DL E s B e SN2 I H 5 (&
5, 2003). A&DOEZFZEINIZETIE, WY > T
FAZXEINVRELODIZT ALV ELLRLTHA
J.

F72, TRTOBPRBEECKL L2DIE 3w ek
{, TRTOMFEPHANE G E L TiIrbhi Tz, 5
HAFEICBIT L0ABREDTF A Mo A Va2 O
Ze B L OFHIFIOAICEA T A M OWIEIX, bbb’
WL 72D Tl shTtwnizwn,

3. OABIEEIZTZAIZOWT

IL-1B C3954T, G5810A, 3 & UFIL-1RA VNTRI|ZD
WCTRAYTF T4V ARFTo 7R, IL-1B C3954TD
HDOAFIE L FREICHENH L EEZ LN, L
L, COBETEM%E L DOARER LW EHOMIC
OARIEIZ DV THEAX RO DMEN D 5 — )7 THIX
TAIHELDHY, CRODEGIZEE LB L S
7, BEBHLEFELEHICBV COARIEICAE 221378
HHENLPo 72, THIUIIL-1B C3954THTOATSE |2 8 5-
LTWwWaERELTY, ZDOERPOARIED falk K+
ELTOHFGHEMEN 2D LEEZ LT

F 72, IL-1B G5810AIZ DWW Tld, OAZIEIZRE T 5
EVIHHE L LV ET AT 2HENH ), ZOEHR
HMTIXOAREDGHRE T & L TOFGEIME N &
ERELTCWEERDNS.

IL-1RA VNTRIZW§ I b K BEHE & s 0 & O
T, OARIEIZEIIA SN 72,

%8B, IL-1B C3954T, IL-1RA VNTRIZDOWT, ki
ML O TNF-o D A RED FAKIC & ) BETEZE 51 723
G, BEETELOBICOAFRIEICABAEDV AL NIz LW
9 L, OAZIEICE T A falH & L THEOEZR
TLRIDEIG LTV 2L ERIET AHEEClER VL

Zzo5Nh.

DEXY, OAFREIZES % fabiHF & L CTIL-1B C
3954T% hhe0 & § 2 BB OB T LR EG LT b
DLEZ LN,

] S

HAEHOADTIESD 5 WV IZEEIZME. L T B HET
LM AERERT D720, OABIED 5 \VITHEICH G LT
WLELRTEROMELZHNE L TAYTFIA VA%
fTo7z. F—#~N—APub Med & V) M45H 2 BIRL, —
JOGRPILME LY FhIL S 7z 3FRSCISD W, BRAM L AT
AT o7z,

ZORER, BILEICBIT BB T£M%E 7 LIVEEELC
BHL-E A, OARIEDEMRIEF- & L TIL-1B C3954
TS »DOME % £ LTWA I EAHP L. T
72, OASSFEDEMINT-& L THE O EIET-Z T )3
L TWAH I RElA R S /e,

PlEX Y, FHMEEBOADRIEICBWTYH, fERKT &
L CTIL-1B C3954T % & LB O BIZ LR OB 5 o]
BEMEATE Z b7,

X 73

Bogardus ST Jr, Concato J and Feinstein AR. Clinical epidemiological
quality in molecular genetic research—the need for methodological
standards—. JAMA26 : 1919-1926,1999.

Kubota E, Imamura H, Kubota T, Shibata T and Murakami K. Inter-
leukin 1P and Stromelysin (MMP3) activity of synovial fluid as
possible markers of osteoarthritis in the temporomandibular joint. J
Oral Maxillofac Surg 55 : 20-27, 1997.

Loughlin J, Dowling B, Mustafa Z and Chapman K. Association of
the interleukin—1 gene cluster on chromosome 2q13 with knee os-
teoarthritis. Arthritis Rheum 46 : 1519-1527, 2002.

Moos V, Rudwaleit M, Herzog V, Hohlig K, Sieper J and Muller B.
Association of genotypes affecting the expression of interleukin—1
beta or interleukin—1 receptor antagonist with osteoarthritis. Arthri-
tis Rheum 43 : 2417-2422, 2000.

HEWI - EBMT— & 7 — 7 (EDT) OfEp. EBMEED /-
WOBEFLEHEE Y =27V, T4 7% 41 MR
2004, 32-33.

Smith AJ, Keen LJ, Billingham MJ, Perry MJ, Elson CJ, Kirwan JR,
Sims JE, Doherty M, Spector TD and Bidwell JL. Extended haplo-
types and linkage disequilibrium in the ILIR1-IL1A-IL1B-ILIRN
gene cluster : association with knee osteoarthritis. Genes Immun 5 :
451-460, 2004.

Stern AG, de Carvalho MR, Buck GA, Adler RA, Rao TP, Disler D,
Moxley G and I-NODAL Network. Association of erosive hand os-
teoarthritis with a single nucleotide polymorphism on the gene en-
coding interleukin—1 beta. Osteoarthritis Cartilage 11 : 394-402,
2003.

FHRBES. x5 - 7)Y AAM. GIEHEE 12002, 1-5.
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Yamamori I, Shibata T, Murakami K, Kubota E and Yoshizawa N.
Detection of tumor necrosis factor—o in TMJ synovial fluid. J Dent
Res 79 : 1235, 2000.

BRI, EREZ, PR, BEEER. R L EEF LRI
BT 2mIcEkoI Y ATvT7 4 v 7 LbEa—. HHEERE
45 1 150-162, 2003.
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[FoFeR 1]
BUBERBEAELIFNAS EFFEES
[ i 257 I 55 R & e g

BRI ARSI & o TSR ICEEL 72 L, Sk
EDWMTEELELLIENHY T, HBEHERCHT
BEEDY N F—3 3 2BV TIIEREm O 28

AR THHEEZET. SHEERLONEPSZ00
BEIZOWTHRREE TV ET7.
HEEEICOWT

ROAEDRET L EBPLENFONTLEY [2EL
2l 2 Td—, v, &=, N, Sp—] Lol
o TLEVET. Zoxfnike LT, RO 13
& (palatal lift prosthesis) #fHH L 9. IhxHET
5 Z LIk o THROFERR 2 AU, BUGLL, faEE
DOYF/EZEND . AHT LDIETE B 72T R WD
HEIVEEZTWEY., SHERELMKEZEEL v
L5ZE0HoT, BLER> TWIEZTAEEN PN
EELUTWVWET.

T EE 12DV T

FERRE D RN F ORI G- 5B O VTR

WahooHHBE, HEHEMIZHER - BTHEEDY

(105)

EEEN HOSHE V) 77— a3 U

RIEE AME & Gk
NEY T =2 a VL EF> T nweEz F
T, B TOEBOE TEEFOBZW, FFMIC2wvTh
L TWiZ&znwk BngEg,

S, FEMOA T 2 H e L THEERE (Videoen-
doscopy : VE) 2% 1) ¥, BIEIZH RIMIERES Y
)T —=2a YRHEDSEIAT > T I, HET 70
RELERLET L, HFHERMIC D B
RELVWEEZET.

NHGERAEE, DTOREsH Y £9. woTh, &
ZTH, BUEBELITZ A, XEHROLEL 2V, LE
I U CRIEHOBIZEATTRECTH 5 (M T PR ASERIE L
TWCHETAHEZ b2 5 R VIEFI T, 200 L TRig:
EfilSHZENTE D). HEHOES) - MELS DY
R, AN ES LES V.

Art, FEEREECHET RE O L CHRAHER & &
FEIEE LR IR ZENTwIFRITEEZEZ T
7.

> 4=

o Tz
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—figEAE D8R

b4

L—H—<4 9081473 EICE B%ENeuroDDEE

Ok ", R IE¥*, #O

)

* I R RS B A M ) TG, A i R R 2 S A B R e

[B8] L —HF—<A4 208t a @& (54 57ASLMD)
R, RE X ) RNAOHE 2 3t 7.

(] = AEEBALHEOFREIR 2R L, BELL —F—T
FREVYY I o7z, UL 7o fE S 2 VA 5 AGPCE I TRNA
%l LRT-PCR{%:IZ & V) NeuroDD 583 & Fi~ 7.

[(BREBLVUEE] fHHEENY) v 7 2 - V=T -~ v 7 AFEE
TR o b e & AR <. % D —D T d % NeuroD
(MR- Rz C IR GRS o i BRI & AR ZAmHf IC S BL L, BRiRgeie &
ROME %2 X%, Mashl, Neurogeninl {3 FiBRAIALIZFEI L
SLRERFE LTl E, ZhSDOKOY Y A TldNeuroD I3 J8H 4
T, BHIEANOGLAA by 795, —JF, WBECIREEME 5
I, I, Mo#MaRsZzEZnMMET 2 EHEB STV, §

ERHIIE A 3 % ZEEEMIIE I SIS OGRS B L2 v, i
RO+ T AL AT 5 NI IEMash 1 235 B T 5
ZEHHEEN TV, TR Y F 7 A R H kWA, WES
BERDPFHS 5 2 e bh o TEZ. bivbiud IR
I2& D) DRI IS NeuroDS BT 5 2 & 2" L, LERHERTH S
REIIN T Za—0rOME R0, MEHRTH M EE L
A4, NeuroDA LIl < &3 2 727%n situ hybridizationi: T 13 %
H T &% 7% -7 (Suzuki et al., Cell Tissue Res., 307 : 423-428,
2002). EHRUVL —H =125, H#OEE % {NRsE2 Y ik
LIEWTELRA 70542 r 2 a yCHREEZTVIRE, WRED
10f8 53 DA SRNAZ fliiE L, PCR (50 cycle) (2 X V) NeuroD®
FHEAMRT LI L TE .

OFPAB LIV AREICE T Bp15, p16DCpGisland XA FL— 3 222V T

OMMREER T, %iE #4*, WH 27, L
fed, MR
LB

Koy AEETE, SR

HE", AR
FETT, KH

Fr, PHRFETL, BE O R
$***, :F‘% i@f\lﬂ****, E;’% %j*

AR IR BRI, AL PR AR S o S L A b R,

AL BRI SE R BB AR SE AT, T A R AR S o S T LM A S R

[BW] FACALRDLIZEY 22T 4 v 7 BE{LD—DIZCpG
island® X F VAL S % . FEPIHIERT T % pl5, pl6DCpG island
ICEAT LD H B 2 LT, TS OIS IIH S, S0 AICH
552 0WENH L. OWEFA, BE UK ARETODIS, pl6
CpG island D X F WVALIZ DO W TUIEREAR P %2 HAE . KIFZE T
1%, Sri LankaT Dbetel-quid chewerlZ & b M7z OEN A, B L UO
WETTAS AJRZE T Dpl5, pl6 CpG islandD X F VAL D FHEIZ DOV THE
Rl
[FiE] LR EIEE Cmild dyplasia (MD), severe dysplasia (SD) &
B ENTZ b O L LERF LR (0SCC) DIEBI % v 72, @ik

G AR S B SR LA R R

IZHEVST 7 4 IR 2R L, JRAE SDNAZ NI L7z, P15,
pl6D X F VAL DR IZMSPiJ: (Herman et al. Proc. Natl. Acad. Sci.
USA, 1996) XD f7o7z.

[HRBLVEE] MD, SD, B L U0SCCH—EBIplS5, pl6 CpG
island D * FIVALDFRO HN725, EFHBETIIED LN L2 -
7o, F7z, pl6D XA FNALITIRZA B OB \ZF BAILFRO b h
S 72H%, pIsTIE, SDTHEIIEHED X F VLA LN Pk
DT L5, betel-quid chewer® [EDS A DFEAIIpIS, pl6 CpG is-
land® A F WVALDRIG-$ 5 Z L SR S 7z,

(106)
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Porphyromonas gingivalis®/\ 4 % 7 1 JL LT BEDRES

[B#9] Porphyromonas gingivalis (8 A\ 14 8 5 4 O £ AN O 1
DEEN, ZOETIHECEAR TR THEIMT 5 2 L HE S
NTW5, TF, REFEONA 7 4 )V AL EEDSE L 2 i K T
D1IDELTEAHSINTVE, ZOFFEMIIAHTH L. 40,
black—pigmented P. gingivalis ATCC 33277 (ELBR) 72 5 #kfCRE (12
X 9 155 N 7-non-pigmented P. gingivalis np—4 (ZZEKE) % W
T, ZO/NSAF 7 4V LTRBHEIC D W THARD 2 & BHRET L 72
DT, TOWRMEWMET 5.

[753E] Bkt GAMRBY AR EE I 12 CHEAL L, MLAOSEREE 1 IS
AR, RrER, WHT ARG o= —25HEL, RRkE L.
BbEB X O Rk T yeast extract, hemin, menadioneifJlitryptic soy
broth (TYHM) (2 THESIEE L2, /N4 4 7 4 )V AR IE96
well 77 ZAF v 7 7L — MK HEE L, BERSEER, 27U A
FNINA G Ly Ptk TR L.

[(BRBLUER] Htke 20022 L0k y, EEMman

Okl A%, BNl HSE, dfE K
b PR B 0 T A B 7 2

Z=HHBLZ. Zoho 1 Do%np-4& L7z, FL— bOREHEIC
I ZLOERIBOSNDLD, np-4lZBICHEL, WIRMIC
SHLPIZIFNA T T 4 VAREREER R L7, £72, np—4DH
hRERBO TVF VRN ATA Y - 7077 —¥ (Rep) &M
TS, 5538 B ORgpiGE MEIE Bk D Z I HIR L THERmW C
EDSHIA L7z, AR OBBALICES T 5HTFL LT, RgpDACEIZ
HDLT KANT Y XA Y OHeplSOBGHRE I N TS, np-4id
BIRER IZRgpL 7 KAV Y KA AL Y OBEERERFFT MM 10
WA DG TICERIRE, ZORKENLF T 4V AEHREEDPRT
L7zb s iz, £72, np4DERRMEFBRE N CTIIAHT
H BN, REOAMALEEDNA & 7 4V LI BIMD 2 1
EEBEPLVI L XD, np-4DNA T T 4 VAR EEDIET &
AMABREDO MR Vb D EE R SN,

DEnZ & dh, KEDONAF T 4 VA IERgpE 7 FAY
YRAL YBAEREECHA OYENEGT S AR ST,

ZAFUICKBRT ATV RBEEBOE(LE, 12 EE S —IC&K B E DpathwayDRER

Ot #%EY", KiZ

B R

[BEY] 7+ 7= > ¥~ (hBD) &, FICHEMMICHEBL Tw
LPMIBEMEATH A, hBD-11E, EHEMNISHEH L, hBD2E 31,
JHEVERIBC & 0 RBAFE SN, WER D LR O KGR
RIS LTWa, ZaF vidy/3a 24 LTIk I
BrpXizl, HEARPOESADERICEHG L TWD Z L5
NTW5E, =35 OhBDEBIZHT BHEEIZOVTIFHS 22 s
T, KfFETid, 77 F /%4 +ThLHaCaTHINLIZ, =
IF U EHEIMLBD-1, -2, 3ORBENEHEL, ZOREOM
KN Dpathway 12 DWW TR L 7z,

[5i&] HaCaTHIME % 10%FBSEADMEMIC CHi L, =35 v %
2.5, 5, 10, 25ug/ miiMN L 7z, 4, 8, 12, 24, 48K:f#%IZRNA
i L, hBD-1, -2, -30%3l& %41k % RT-PCR{% & TagMan

Ao AR E b it S B R B R BN

EMT, AR
PrUBIRRLCT-, Fell

S )
Rk, HIRR

A, g ST,
BET, Bk =

FIRIIE BRI, LB BRI R B S 5 L A b R

probe & i\ 7zreal-time PCR{E CTAT - 72, Z DR DOMIfE P D pathway
FWPHLPIIT L7201, FNETNORKEDO A ey —THhLHSB
203580, MG132, PDTC&{RML, [F%IChBDmRNAD 5 BIZL %
MR L7z,

[(EREBLVOEE] HaCaTHILIc = I F L 2RI L 25, 48
B X O BKAFER IChBD-1, 20OFBO EH$ 22 LA 1 Ick
o7z, ZOWT, FIChBD-1DFEHPFHTH 72, THHDOFEH
DpathwayZ13p3835 L UNF-kBORI G- L TV Z &N HL 0L 4o
7. Dbz &hs, OERMELEE TR, BPlAM= 12—y —L
LH=aF VIZLDVBDs ERATHI LICEY), THE-Y — L
%0 9 ARG B LT, HASAIH T AR 2 H o Tw
LbDEFEZ BNz,

E A%

OME EIE*, B8 B0, B R, W sE
WA BRI REEHR, SRR 25 1 R, B DR B 2

AR B R BE I IR 5 DER B R B, P24
AN TSR EER ) 3% L, 2RISR 2 ARS8 O BRHE il
& KR - BE OB DHIRN B 72 B AR A AR L7

A, FRl6E 1 AN SI12AKRE To [HIIRERR] & L
TOEBCOVTHRET 5.

1. FhRIRRRS R O Tk

SRS G L - BERIX114% CRRISERBIR © 135%) T
&Y, EFHHBE R IE 11440 R IS4ERIEAR @ 1085[H]) Td
o7z, BRI OWTIE, B#HE EEA530m (46%) TRd %
<, mED414E (46%), AR OERHEREA200E (17%) TH
o7z, FHESE O IR 5 T, LBIETA267M] (23%), LB AS
24918 (22%), EHASA524[0] (46%), HIEM 43271 (2 %), #L
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WEidbX 256 [ (0.5%), FHLRW2%63E (5.5%), Z2fIfILs v
80 (0.7%) THh o7z, HiFkDEhHEIZIZDWTIE, HHIIT A%
AL, JEHEA SIS L7z, BHIT O ERE, SELEH
W REFIEB R AT D o2 2 LTSNS, [EHN OB H
TAEL 2 MR L 7R EE WA R 72720 CTh B, FloE T
v, BERHEERT 2 AOREIE L7-.

2. WSROI EE)

WIERIH LT, BEFREE GUMZeEREE b L clE - 51 -
PHIEFEIS O BERE 2 MR L, SHITTVERIERE O & & O HEHERR IR 72
HEOEBEELIERT 2720OEBH & LT, HESNORMMIRE T
2\THo7z.

——

3. O T 7 OB

MAENIZ L > TERENT [RALRTOL S )L H)~xD| &
W) fEHEEERTIT O HEME LT LT, AL, [HBIRT 5 Aol
BruY s M &b R, SEEHMES O SR SR SR E N
2T, A OWRERIAREREY — 7 VCORHS R &2 £ L
W o ONEDMEREDOMERS - B ICRI T 2 4 ORKSETEE) 217> T W
5. ZO—HELT, ] RYJIBEOIEHAN— 2 &) 21T,
[ OfEHEe 75| % BRE L 72,

Ltk d, THBECEERR] & LT, [TAE] oflsr S o
R L, [FH] OBE» S OBIEEIH LT, 5% 5H
IR AP LETH D EERD.

BEOHERLE,PSREZBEZ - EZDOMIE

OFH 4S&F*, wEF  H

“ALiEE R ERE R oy — R, AR R S BT M o e M I R R

AR, BEHRLOBEMRERIRD LN TEY, ZOX5RITHE
Bohzod, BHEBALEZOHAICEINTLTORTVS, A
&, MRS BV CEEMG T 27 H00 S, BE EEEED
BIFBIRE MR T 2 R > T A, 4l, 2 o053 % h
WCHE 24T o 2D THET 5.

SEIGI44E 6 H LIRS, BEEERELS, FERAAS v 750K
B L7361 (FBEEL7, MHEHEKL9) OO W THT
L7z M#HOWRIE, [BMWREREMOZR] 81, [HHERPA
WO 110, (28], MHREow, B8, k28
ik, MERESEIE, —190:, EWBLRI0M:, Mk 4 fF, fEHkFsE
Bt 2 fF, ATE L AT, MEEE QRIS L BIET 9 fF, AT, A
SRS 3, YLRITE, RABET, HEETA 2 74T, REESZE I
A LR WEAITTH o 72 iz, AL S b 8hdH o 7. A
ST 7RI L, PR SHRENICETR L, 1S 72 ) OFTEREIIE, —
H7-015.75TH - 7.

HEN1 L REENELE D S B AT A OB F S

PR & 2 AL N OFH D= — XD &2 ), [TBROA
A EUHIBERTORMPERL, THICE-7.

2 AP CHIMER 2RI L W2 BEDOREDN S O

G DR R o A R R R AR A 1

NENOARE

WATT BIRZEIC L B IRMZEALH S, GG & 3 LA
U7, BRERNEZEZICLIELISEZ 25T, X0 EERRE
BRI ROON, EJKFTAY v 7L OBENEETH S L HH
Lk oz,

EHFEEMIE, SBIRAMEE, MBICDY A7 205, Ly
L, 20U A7 Dl Shiza, BEIC, ORME - BEE - ikt
—EAH5 DRBOZ OH O TR OBfE & o 7B % KT
TENADDHE. LD oT, BHEOADOFIZHEMEITL Z &I2%
O, Mz ) 27 LE2 5] L) EREE 0L R MY 7 I
HMADPLEERD, 2O, BEIED 0 DEREE O SHR
WCOENLID, EFEED) A7 aX MK IfFsNSE., Lo T
BHICHETICERIZSMLTL 59 201213, FA—0EKETh, &
HE—NOEYOWRZHE L 27 70— F HETOL MMM & »
TSRO NS,

A RIOFHHER DS, AIEE TS O MER AT 222 ATH
BRDLZEFHLMPIIRY, 5 FTURICEEDHII. 57233
2= avilioT, BAICRLLEZZOBEERMTE2
LIRS NI,

REMBEHRBEBETFSRICRTS S ATYTrv I LEa—

[BEY] ZHRIEIIC BT 2 R BIEIAE (OA) 1, BIETFIMCRT /7
RLACHESE T 5 ZRMOADIFL AL TH Y, FNIIBITT AT
DWCIEAHTH 5. REOFABMIEIC BT 5 EFREOKE,
BT O R 5 [FERIET IS BT 2 OADFEEREF X, bR
HIDOADZNLFARTH 2R HVEE R ONDL ] £ TK
fgecix, RHEMBEEHEED D BOADFERFICHES L TWwi il
BEFLERUICOVT AT TFH I 4L A%\, HEMEOOADHEFIZ
MET28EF LM HET AL 2HNE L.

[F35] 19954F 7> £ 20044F £ TDMedline 7 — ¥ — X — X % v,
Cyotokines, Polymorphism, OA% ¥ —7 — F& L Tt & 72145

O®EF &, %W Tl
AL BRI o 2 5 L A VR 2

TR L7z, ERHMERICIZOWVT, OABMEEDIIR,
Iterleukin—1 (IL—1), Interleukin—1 receptor antagonist (IL-1RA),
Tumor necrosis factor—o (TNF-o) 122 W T DEETF LR OME,
R B ORE, NREBED10B LD 4 &bz b LI22X
FIRZATV, TNHIZOWTHRY, SMZSTEORE & 1T - 7214,
AT 2 4T o 7.

[(BRHEICEBE] KB LY 3T SN, INHIZon
TEBM7 =% 7 =7 VEMHWTEHE LI 2 7o 728 25, HE
FEGITIE, COBETFETIOWTOEELEERDO o7, £
BRSBTS BIETFER AT VUVHAMICHRE L2245, IL-1 BC
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3954T & OASIE D IR A p=0.0007 CHE AR L7z, F72, OARIE
WZIIEE DB R T2 BIARE L T 2 W REMEATRIE S /e,
Lt%, FAMHIOABREB L URFEHEICBIT S, OARMELERT LR

——
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IL-1BC3954TD S B & Igthiiad 35 L L b 12, BEOERLRT LR
ORF#ITIFETH S, %P, DNAIFHEKESWABEE % f v T
T2 FETHD.

i EEEA S EZREREEIC S 2 BEMEEAREE OBREREHERE

OFR #y, %H Zd, AR

Hr, Rk SEFET, kS BT, oF
2 37
5]

T, NE BT, BN

HAHEE SRR B IR LIRS R 2258 1 G, LR PR R OR SA o A AR A B2 56 2 R

(B8 S KCFHE] L EE RS ok MR R bemi2s, 19804F
6 7 2 HIZ24FR T BIMG & LT H 5 20044F12 4 K £ TO244ERIC
ABE U 72 Bk s R 8T & xS S, SRS, fAArOAEE, 4R
M7z ) OEGI, AOFEE, FEIEEAL, MR, TNMSHE, b
B, FRICOWTHRE - s L7

(#2] 1. MWHNIBMSTHI, LP306). 2. ERbI328HD 5895
TFHIE64.5F TH o7z, 3. BAOFEE, B [H ] 7861
(89.7%) (2xfL T2 L] 941 (10.3%) T, [ 78G1DOHR
W&, SARNSEETA260, MRS, BEEFSHERT 6 B, REN
461, RNHBGITH 7=, 4. FMLE-) OEFEKIZ 1 ~ 6T

RAHMEIX 3B CTH o7z, 5. AUFEBEIEEHI (66.7%) THLI

ERERe 2400, fCHHPER BISH (BEIRIB1261, WIRILAE 6 1),
B 760, WP 2R 6 5, WX 560, THAbasmE & Ml
RS 3B TH o7z, 6. FEERAE [H] 3260, [HhA] 32641,
(] 9fle, BN, DESIM%E] %460, THTEINZ oMM
&2, [ EZRRINOERE] & 16 CTHho72. 7. HARTII87HI

e RRRETOR, MR 5B, M) LoSiE 4 6], EVEERGAE 2
B, REEEFE 26, AHABITH 57z, 8. WHIHRIITABNIZER L,
HVEHEED64B) (9 HALZEBEEGE I A54651) , fbaEed Wil 8 5, ik
SRR B & R S AL RO A& 1Bl Th o7z, 9.
TNMSH ¢ R L7068, —KEFNZ645IT, 209 HETMN
SR L ERN3466] (71.9%) Tho7z. FOHNFIE [T
2 2361, [T4]) 1140, T3] 740, [T1] 561, w§id [Nomo]
Pikb %L, FhEN22H, 661, 46, 5HITHo72. BB

TMNZ % HIE L 72 5o 72188 17601,  19924F LLAT D fE B T &
o7z, 10, V5 R RS — IHREF TTNMSHH S LT v 54681
W, IR AT o 724300 T, 20044E12 H AR T CAAF2361, FETC14
B (EIRAE 7 B, fhIRsE 4 B, AHH 3 B1), ASHH 6 B CiBHFEE86%
THotz, %P, 199445 519994 F TIHEHEH % 1T - 722061 T
1, itk 5 AERREE S CAEFLSE, BT 7B (FURIE 3 B, MRt
460) T, BIREIZ100% 20 LTz,

ERARRB IS BT 5 KRECTREDERAKR

Offctr K™, MINFE—R*, Kb

RE*, MW JJHE, SE AT, M

B, BN R, T

SR

AL B R S R B R e, BT B RHEERE, M L & S ERRHERE

[B89] FHCISEIOH, RZFICCTHENIBEA SN T2 S 1 £ -
DHFEE L7, CTEADOHM & L CIXMRMIEHZSETH 5205, #
DCHFZERYEH L BEWEH SN Tid i 2w, 512, #HEN
T & LTS IS B oM, AT, £ LT, Wm0k
HERBEL TS ) JLREREE LERTHLLEZONDL. 4
[l F 42 1F, FROI64F o P ERR SR A WO TCTHRE FEE 28 A
L7z2DTEDFHIRTIZOWTRAT A LB E L7z,

(&) WRIEFRIGEEHREE ORFI 5 EAETH D, CTE
BUEARBRHOFRIHICAT o 72, WIZIEETEIE 2 mm, % 84140
kVp, EEI130mA, WEHRIEFT Y b= 0ED AL T )L & E
KLU, W bE7—F7 727 badl b2 BN TEEOHEICH
YR —REMEE LN Y a3 F VR BEMCT LT 7. i
FHIELTCUTOMICOWTERE L2, 1) g sBIokHE

R L7z, 2) RGEPRIZ L EHVNER & L7z,
B3E 4 OPENZ T TR L2,
L&xAiTo 7.

WAEHE T, LETH D5 OFMEmEGEEERL, 5HE T~
P77 L7, CTEEIMBOMI{EEE & iR Lot L.
[BR] FEM PRGN 3 EE S ME0% (5169
%/ T214) h, 23% (BW214% 24) Thorz. 1PEY
720 OFII2. 7%, 1P TG 4%, K14 TH o7, AR
T3 RERE12ME, RERRE 2 fF, TERAMRI2ME, FEME 14 THo
7-.

[ZE] BRETICBI HCTER L, HEOMELHRATIEOH
fig, =L Ciomgkhd (HiEs <, 77 IVEE) L HigT
BT ETHEOKE AT A ) A TULETHL L -bh:.

3) WELIE
4) BRRILETH LB LM

REZE U EEEHPIEXROR ) B A

ORI 8L, AHEBTA, JOTE, M AR, BHE OFESEY, ntEsEas
* A A AR R b S SRR B R A 2 T A, M AL E R RS A N R R B R

[B9] PHISFEIZACEEF@E LY [EEFHREERFIOS
WEET E— V] PER SN TERZEIEREROREEHED

D EDIMEDUT SNz, F 2 TARETIE, AT IR
LEBETHOLIEEAME LTREOFTTEYY - Ny b (f ¥
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PFVN) ORERT 7T MY ) - oy NEBIBE
LTwW5h,

(3] WS 3P RISERE 4 2 24454 & PR 164594 TdH
B, FERFEOHGHEL K- PR vY - Ny FLFE— R
HLUEEI L2, FOIMFOREISHE S HICFEML, 5 H13EE
128 o MBI 2 FFH A Y FIFHRET LA, 8 HidIF T
DR LT 77 MY ) -y bOFEGI 2B L, A
CHEAT IR TR E 7 5 —HB BRI O S ETER L7z, 165
FEZCDHEICIR, IMEEDT 7Y F ey - Ny b
R R A IR L, TR EE RSSO0 LT b RS
SEZIMARICTEREHEL, YY) - Ny bRT27 Y7V O
FREERAIE & AR L 7.
[BRBLVEE] v - Ny b ET 7 V7Y MIGEE, 164F
BEE DI R L ) FREANEA L7z, 16 L D I6FEE D

R EERMENE GRS

OKH BT, Sk HE™, BH A, Hk
KA PR AR KEETTT, B FEE

——

HBex) -y b, T TFY MRICEA L. X)) -y MR
BT S EREBIZEEIDRVEDIF TR RV, L LPEAE
DRV R—TMZL DL, BERIT-2 L2 ERFERRILIC
MLAFHOR EORIBERL, HEMEHOBMEI IR ->T0D
ZEATRBE N,

=k, TV TFY N, eX ) -y FOMRISEHARES—FS
{, ENDAHOREITOWTIIISEE, 1645 & b IR 2 2 HT
Hotz. TNERHEEORKREZIGEEOFEIIIR LI EI2LY
FEAME L2 L RRERMOTEI REW LT LN
EHIERMTREER VAT LARBEL TV e PEELEE
Z, RO | A5 [HEBIET ] OLBA~EEREL, ey
Ny PREMIIEAEEEETELAREOC VAL E L EbN
5.

—HEH—

V)ti**, *J# mﬁj**, kj)_—{ %:***, ,ﬁ}g@% H{:lyjt****,
A BLZTT, FAHRIETTT, e

AR A B H TR B R A MPIRE 14, " B 5 48, BRHIAE 48 2 A,
ISV L AR, IR A, N R A,
RO B B TR L Y 8 —, T MR B - (IR

[BE] WEEDORETIE, F—Me L THka BHEREMBEES
() OREDPSHEICEL T TORHIZOVTHRE L. #
ZCAENE, HBEEASWE TR B B CHE N Z A i B % Plaque
Control Record (PCR) ZFIH L7727 T v v v FEBORKRE LD,
SHBO NG OERRPMIER O L I, 77 TL LTS
BB OB 1 R L7z,

[BBIRE] St icd 2 MIEE AT H 3% B i FALIC AFT S &
USliT LT\ B 74% (BH4AT4h, wiers), FHEk @ 32.61%%
WRICOAMENZEGMB E 75 v v v TR #4772,
[(BRBLOEE] Y% ICIIE2 MOERMES TH 505, et
LT 577 v v 7EME, ERARBM AN LUHELNS &
LI ETHoT. HEHE LTI, MWEIVEIZDOWTOHA
B VIREET, BB Tho7. EBROFHFTEY %
L72OTEMHFICRELL VI ELRHY), SETVIHE>TDH
HELTOOLR W EDRH o7, LLEHS, SHEINEL 2T
NEFERZT, SEIMILFSa3I2=r—varvkeble
T, PLTOGHbLEEAL I LR [HEEBVTWL EZ A

, Wonzomd vl 8f2C, LEDICELRY, %
Reho 77y 7328z E LA VI ML H o7,
CORFLRMMATERICT I vy v v FEMET o728 &1,
FTAPELLAFRLZOODTHY, 24hbd, BFLIEL
722, ADELTWEEWn) T e bhotz, T3 22—
YaryT—HFRYWE I LT, BSPHFICEKEFo THTLIL
TRVl EoTwa, 21U, ARIOEBZITTEL, WA
ARBETERHIETHL. AN THOTIERL, WHEOA
WK LTEARANGZOPRIREZFOZ LT, ZOSFLMILHO
THEIEZEDY, BROEBNTINEZEDBHLPLTHA.
FLC, BANGEO NS EF, HFMEZZELATH L) LH 10D
7.

LI OEL TIIZBED) £ L BWEEHBGRIET 2. BREn
21, BEZAES ST, L) EVEEMANE IS L b HET
H5.

LSHB I ORBEIEZ T, BAVEEOHELZI THEWHDORKY)
THZE L CHWBHERICHERELZWVEEZI TV,

R 752 NEFSE R4 Y 7 DBLS EACLSHHE
—ERIZEEICH T EARADMELEICHT 3RUDI0PBEOEELE —

OLjk

BEr, KA L, depr aMTT, R
HItH

HEE, IR,

%?****y f'k—: 7_[—::&****, Eﬂiﬁm;ﬁd/\****’ ﬂz"%} /—TJ'—:EE****

LB 7 R RHRRR7 E, ** CIRESVRRZA5 2 0, WRRMEUR R AL, * BRI R A6 2 e

(B8] JuiEE s iR s bt (RBY) OfhAf >~ 77~
Mokt (HEFIIRR) OB IR < & <2l - Pl G5 % iR <R
W TWA. RETAHE TR BRIBFHE DR FRE = & — B,
WERALEHE (5E5) WA - BIRPISEIHE OBIG & JRFTREET S 2 5
ML, DHUESRIE & fBBHEDG TR 2 T ABREHE S Efi L T

5. MEPILCRISE 2 £ H A RIS, WEHEEOZEHEEY HIL L
T, BELEMOF — LERE LTOXIGE, T4bb Rkmil
# (ACLS) OWHEZMBICHBL72DT, ZOMELRET 5.

[(HiE] BHEMsRA S v 7 (WEHEER) OACLSHHME 2 — R 14,
AHA CPR&ECC G2000(ZHI o TAFL TR & 41T \v> 5 ACLS £
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(ICLS) I — A& WREMAICT VY L. HESZ 8o ik
e, MR - EBRZ: L COMMEIIONWT, Y Iab—F—%Hn
TWHER 2 VE L7z, B—HHOI—ATEBFE2EINT L0
D105 O BEENLE 2 T H R & LT, 20044E 3 H20H (H) (28
ML, 6&Z#HLIZ. A VAT 7y — I 3HERMAE (RN
g R R L RER, MABEFAACLSHER T — A%#HE) 2%
O, HEMES BB R (AED) % v 7o —REaiLiE (BLS),
SOBTERE - AT, AREWME =Y — O, BIRRER, HEEE
FHEDAX IV E ML —= v 7 L7, W& F I TOF—24

B £k L7z, WHMEORBZITIE Y F ) 410 & 2 FEEHBRZ )2
FEiL7z. B, EHTFAMIBWT, E#zLoER,rLA (B

BR) Lab BEr— b, LERE=S, HEERIEERHES
AED) OFFEICI6HL L, LD~ v ¥ — VG E COIRLLE, &
225 AEDBI#E F CISILL Lo 1%, CP (Critical Problem)
&EHM L C AR & S L 7.

[(BEBLVEE] LB CPIML, BRBZLEL L
72 (FB). SBRIEHNIII-AFREET S 2 L THHBRNEOfEE

——
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LLBEEZRY, TAT 4 AV EOEBEIC L B REALW KAWL
FrB. F72, FRIVIZIREHLE 28 2 72 2 — AREASLET
H5.

&5 7 W 5 o B
27.0+10. 8% 22.6+5. 9%
(12.6~41.9%) (17.1~29.9%)

109.6+17. 2F» 104.4+15. 2%
(91.0~130.8%) | (87.0~123.5f»)

299.6+5. 0% 270.0+42. 1%
(295.0~306.4%) | (238.0~330.8%))

NEEMEED D
HEE 158 LA
BRPO O~ v —VRGEET
HAZ : 60F LA
SR 5 AEDRIG E T
EEE : 180F0 LAY

mean+S.D. (F/h~¥K)

[#58] PRGNS, Z#E 6%, (VAT VI —=2%, F AV
14T, MHAEICBLS L ACLSHME % BlsA L7z, 4 1 MIAF s 05 7%
kR ClI2#E 2B HCP (Critical Problem) (Zfikfil L 7-. %
ERDHEOMEEE HL L, BEHPIIRTDOBLS & ACLSHHMED &
Bl s 7.

YAVATLAERAVET Y5 v t LRBRNEGETEROEA

ORE £, %% W', Wi EA, TN 27, WK
PR,

BT, PTIBRELT,

e/l e, HIRR RET, AbEGEET, Hk

AR AR AR A R B A, G DRI K E R A NS SR B, b PR R S LR AR AL R

[BB] RIERICHEAET 2~ T v & TR, MO A
T B E VDN TWEWEEZEL AN MY 1 e ERERESHZE L
72bDTHAH. ~F vt LREEERICS WEAMENT ARG L
WEINTuDIDEEZLNLDS, ZOMBEIEIL T 5 i#Ex
FOWTREMAREITbN TV, KL TIE, kR
~7 vt LEOMRNADREIZ KT 52 &2, ¥F v LED
FBHL TV ARNBIZTORBEY ) L2 HWE L7,

[BFiL] ~9 vt ki (PLE) kLR (GE) %#¥:#¥ 570
2, %6 r R0 7 ¥ /NHM % F Vv 72, Nishimura & O J5 %
(Med. ElectronMicrosc. 1999) |ZHE\VHLEEZ 1Ty, 2N ZNTHE A
5oligoTM-d30 (super) mRNA purification Kit RNIZ & ) mRNA % i
W L7, cDNAZTE D, GEZCy3l1 i # L7z b @ L PLE%* Cy5

IR L 72b D% 2D (testl, 2), SXJIZPLE% Cy3, GE% Cy5IZH%
kL7200 (test3) %MV, DNA microarray I Chybridization % 1T
o7z, TNENOEINRE & HEIL L, Cy3& CySOIEBIMEE D&
WEZOFBIMEDS, FNEIUTFERMICHEBIL TV 2mRNA % [f]
E L7z, [FE SN2 mRNARBOEIEM: 2R T 572012, BE,
WiE OMMEA SRNAZ i L, #&EMRT-PCREZ 1T - 7.
[(BRBLVEE] testl, 2, 3OMEREMF LZE 25, GEIC
HR B 2 385 F-A 5 i, PLECII26MEIE D4R RN % EIET- 7D 5
ZEDHL NPT o7z, PLEFFERMY & HI S N2 BRTFoPIcid,
B OBER T, EERT% &0 D OLAMNGEEFBROAT, %
FEOAHZ D Db EEN TV, AROFM R MSEEMATIC X Y7
R AR AEFER T O RO 5 Rz H 5 b 0 & Bbhiz

7y FETRAZ M4 ZAREX 6 LUGBEERIRZ AW ALY T LISEDOREE

O

[BEY) MERRR I A+ ~ OFFIRINE & U5 & - TE
MO L sE 5. sk, v PETREEMIEOCa2+
TEREEEEZ S PICT A720, ST L —F—BaMEE 2 W
IVYA7Y) ¥ (Epi) BIEUC & 2 MMBLAEEECa2+iEE ([Ca2+]i) D
ZAL ARG L 72,

[H&E) ~1 270274 —%HATT v PETFRD5300um D
REER L. SHEE TR, M LA-HFTRE2a7 75—
CeTAOy—YTMBELTHELZ., Chsody Pl
Ca2+HGHRREETH B fura2/AMZ HL Y A $ 8, wGE (L%
2T L — - BEMER IS TR L 72,
[(HBREBLVEE] HTFRAT A AEAZ10 uM Epi CHIET 5 &

B, N BZ, RREE BEEA, R EME, AU A

AU BRI A o 2 B o B3 P 2

WEMIED[Ca2+]i EF DA SN2, [Ca2+libFDIBT LI A I
i34 DM THTRIZTRAED Y, BEOMEA»SEE -7
Ca2+ UL 7S EAE AR~ LS 2 WA Ca2+ = — THED UG b #1542
Sh7z. FRRO[Ca2+ i LIE /- HEE FRGEEMBIZBVTH AL
w7z, F7o, B X0 RREER 2 & BJEM A A2 o TCa2+ ¥
TFNMPEEL T CHIBNC2+ 7 = — 7B SN, I
DG ERmMIHRIE L 728 25, 1.0uM Epifililt Tk #80%
DR AR D[Ca2+li LA EZR L7z, 209 B# 1/ 2130.1uM
Epi ClR TR ARG & R Epim B MM CTH L Z L b oz,
MFIAME D Ca2+ & Bk L CO MO ABE SN2 &2 b,
INSORIEFISHBAA b7 H 5 0C2+ BRI TH 5 Z &
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PREFR &Nz, D X9 BEpilIxt§ 2 BUGIE D & 12 138 i
OMBEFR DT FLF+ ) v KR Ca2+ A b 7’0)4 v b=
=) VBRZEREORHEESEHE L TwL EEZOND., SRIEIh

——

O ZBRDOFIL L Ca2+ L DBRIZOWVTHRE L TV TFETH
5.

v AKEAICE T B, SRERERFONGF, NTN, $LTZh5DOL 7% —TrkA, GFRo2DFIHE

OJNBFRRR ", B —Z*

[BE] NGF (nerve growth factor) &NTN (neurturin) ¥, =z —
a0, 5k, EAMERFICES T2 MERERT (neu-
rotrophic factor) T& 4. ARWFZE13 “HE gtk % F v CREM
212, NGFENTIN, BLUFZEN6DL T ¥ — DTrkA & GFRo2 2%
BT AP EIDEMEL. T2, INOPERLEE, WE
DHOEDR OB FEBLST 5 h 2 &b THRE L.

[F&E] EF~Y 20K, X, BLOERILEOHBEIF % 1E
L, ThThofifkz Hv AL 1T o 72, RE O MM
N3 & DROEY F T ARG ZFODY, 2 OMIBIINCAMA
BL, FoMAMEE—&0 0IRMIZICPGP.S2Y, 1o I &
IZo—gustducinAAFEH T 5 Z EME I N TS, £ 2 TARIIET
1, WEOMMBIM A Jd 2 -d D~ — 7 — & L TNCAM, PGP
9.5, B X Vo~gustducin®PifF %A L T ER M2 TV, SN
L —F — AP THIEE L7,

, NH WZT, P B3,
*:l[:(ﬁ:@%fﬁ‘ﬁf‘m%*ﬁlilﬂ EYVRRASE 1R,

SeH EMT, SR
REllE S YN

HPte, mEOET
B LRI 4 2 s

[#£8] F% OwkEMINLIE, NGF, NTN, TrkA, 3 & °GFRa2%
L7, THEGERBKTIE, T2 AETRTOHNCAM, T
PGP9.5, B & UPlo—gustducinba i b EMINLIZ, NGFIZ %I%‘l‘i%?
L7z, ZOZ ks, NGFRIEREMIICIZ IR & HI’*'HHEH’J
TBZLI IS EEND Z b, f?“/\’cﬁ)m
PGP9.5 MEAIAE (X, TrkA, NTN, %L’CGFRaZL:F&%‘I‘éE’Eﬁ?Lf:.
ZIUF ML ASTrkA, NTN, GFRo2% 3T 52 L 2R L TWw
H., LA LMoBoMlsd ool 7y —oNINE I L
7-.

[#3R] chooZ ehd, WEMBICHEHT 5NGFENTINIE
Eai)l()‘l_lmt@#ﬂ]ﬂ’ﬂ@b“t’77 DTrkA & GFRo2 | —ﬁ%é\?‘é\_
XA RITL, &5 ICMAKE SREMRA~D Y F
TIMEFIZ O ST A0 TId R whr LR S .

FEHRRORMABEEIC L 2T >/ EEEOHE
— AR5 1E & MR ASHED B —

OfftiE  BH3C,

“eiE R

(B8] FClcfk4id, miREMEE T LR EMSAS-H1 Ikt
#HGE&EE (GFP), AGFPEET- %A L, GFPEZEH % E/LillaT
& HSAS-HI/GFPZ VE#iftk, X — K< ZADOENFFTBAT 5 &,
JFFREDRFTRE & G Y NEHEBSHO O NDE 2L G L
7o. FICAHMNE, JBITAT o Ao AR & B L, MLERA R
T x IV, BIEHOBRE LB REOFIEE 2> CRiETT
LT EEHAME L.

[FHix] SAS-HI/GFPHllE %, X— K~ ZADOFHLRE T2
f8,720u1 © PBS (V) v ER#EMG ) OMIBREREZEAL, 1888
BICTER SN EHS 4 Ml %, &M (0.5X0.5X0.5
mm, 1X1X1lmm, 2X2X2mm) =LA EHo5h/zH/

2 X106

A T, I BT, JIBRAER, N R,
W, AR, S
SFIBUUEIVRESS | E, * INESVER 45 2 A, " CIREAEAL 320,
wer CURREALIE, ** WA R

M 2 TR T ICEA L, RERE RIS ARG 1 & B 5 2 47
o7z, F72, ISR L E LM% 0.2% gluteraldehyde 7 I
2 % formaldehyde C[EIE 1%, MEYIF 2 VEHL L SOUBEMEE Tk
BokWaiziro7:.
[#ER] MfaE ARRLE: & i U CHUBRH BB,
i‘““h[iﬁ‘ <, BIREIZEE T 57:0, RIREOBLIITHS 2
CEAURE NI 7o, MR BALEEC X A ER OBV T
&, U ERNOEMBOMNMERABIE SN S L & B, Ml
AR & B LT, BENCHRL Y » SHE AR Sz .
INHDOZ ERNDL, HBABMEIZBWT, S v Eing 2
BIICBIS T 2 EPHL N o7,

JE 58 B D IE

Zv MIBTBERASHBREMANOEREF HREHICRIFTHE

Ol —&, fal He—, P Sl Bl e, 8y &, Hb Es

AL B PR o 2 B R R S 5 1 e

[BE] 2 P LRAREICHELT, HURTH-TRAE-NERERY SAHE - WPREEO 2 ) AfE#it= 2 —n s ErEd ses 2
BEEREFERIZL TS, £/, ME-—N D(M*%E/ﬁmﬁﬁrﬁ &, RE - FERRRE R TSR ERE L. —H, Ty
HA SN TWD. bitbiud s v MBI 2IRE - IHIBREH OBV BFFNC L 2 FFDHEEA LA ERY, AEHIE
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RIEEREIC B RIZT eI S NG, 22T, KA - B
PitkRE & OBEZ R T 5 HIT, T v MIBU LEFEE S H
KERANOZEFE A H S ER & LM T P =2 (5-HT) BEICK
IFTHE ARG Lz, B, S-HTIEE R ZRER VT~ i &
WEY (CRH) %4 L CRIEREMHALVEY (ACTH) O53ilh%
BERTLZEPWEIN TV,
[Fik] BT, WistasRHEEZ v b2V, 6B 5 0ER
IR & B SRS TR 3 2 BIEZADERE &, 178067 & BEIE AR
& =B O K EVENS TEHE 3 ARG 2 A ikE L7z,
H SR O W 23/ NB BN AT 2 L, KRS IEY
DOBHA 1285 [ & BB M o0& & % e L7z, F72, 5-HTig
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FElE, BITEERZEE L, 3, 5, 7HRBRIIBWT, KEEI00E 5 iff
BERHL, Bk o~ 75710 —TllE L7,
[(BREER] FERMEEEICBIT 2 HISGEBE IS IRV L
7o ByREUEHR IS B B SSE B I AR ZE S AR A TS
L, ISHEEMHICRKRMEEZ R L. FhLE, #ixEdbd25d0
D, 305EEEDRE I BT S EITZFEFEDO ENICIEIES 2o 7.
—, WAREREEICB 25-HTIRE X, BERARFEOZLIZIL
T, 3HE, THRCTHELRMMARLZ, CROOBELS, I
v NANOBE S 2B R ARG AEE) A b L X & 4o T5-HT
IR R BN SR, BARFREEIC B 2 AR RO E T Sk s
T REMEA R S .

ERESFERAg-InE 2N E MR EICEEY 2%

Owig 1=, atig —Z, KEF A%, e Zh, R dl, M B

(B8] Ag-In&d (ISH 2 HRESE) 13, &R XT V7 8454812
VT 2HEICECEESN TV A HBEHEETH L. KE4E
121, ImZn7s EOREGEPSLBICEA SN TS0, ZOME
IO ESBEE L T 5 LEL K. L7725 T, Ag-In
A4, MERIC IS RIS, T, e g
HENTWE, ZZTARIZETIE, Ag-InB&ICMEDALE HINT
HIEIlLoT, EMAMESELZEEHME L.

[FHiE] Ag-20InicAu% 1 ~6%RML7-EE%EHEL, 0.9%
NaCRAWH Tilif £k % 574 L 72, 3B 13, @i L7zA% 5 Tldx
4x 1mmDK & S 128 L. a3, £ii%0.05umD 7 )L 3
FIEE I A TR A 72, AR oAz, BEil
JEAr A A THA L 720.9% NaCHATE A C, BEASmRL% VR
N7, HARREREBICB) 268 o aEkE, AeRmost
WEHIE LA Y E— 5 y ZAMEEITH LI & o THHili L 7.

AU DRI A7 o 2 B o B T

[(BRBLVEE] EBREGEOSBIRE ME LR, Avds
BEOWME & IFEEMIE L2, KEMEK (—150 ~ +
100 mV) B2 ERHKEIET L. ZOHEPD, Ag-InfE
DIRBAFIIC BT 57/ — FRIBE, Auk 1 %@EMT 52 LI
Lo TRIRMICHHI SNE ZEDHE N E R o7z, Ag-20InE 41
BUF 5 AEasb*OfEilE, R 1 HRICSEISHML, ZOBIERH
OFEBELLIZHOFNITHEIMLZ. Aur 1 ~6%EH T 5 3MHE
DEERFHE, ABa*b* DA Ag-20InA & IR 21 /2 &
INEC, THEEDSIELTWS ZENThot:. KA v E—F
AFETHEO NSRBI OMED S, GEOBEEELIL, AvGEE
O¥ME & BT T2 EDTEIO SN,

D EORERDS, AvsMAERMT LI L1285 T, Ag-Inb &
00.9% NaCIERH BT A AL LETE LI erHL 2 L%

-7z,

Properties of an experimental prosthetic resin composite containing finely powdered enamel

(OMasaki Sakamoto, Kanae Toda, Tatsuhiro Hidaka, Sayaka Fujiwara and Kunio Yamamoto

[Purpose] Mechanical strengths and wear resistance of prosthetic
resin composites have recently been improved due to a significant in-
crease in the filler/matrix ratio. However, it may have adverse effects
on antagonistic dentition when composite restoratives contain large
amounts of hard filler particles. In the present study, we used finely
powdered enamel as a filler to develop a prosthetic resin composite that
has good mechanical properties and no potential to abrade opposing
tooth structure.

[Materials and Methods] Crowns of bovine teeth were ground into
powder by a crusher, and then the enamel particles were separated from
the powder by centrifugation in bromoform—ethanol solution at a rota-
tion speed of 3,000 rpm for 10 min. The particle size distribution of
the enamel powder was determined by the laser diffraction particle size
analyzer. The resin matrix consisted of UDMA (60 mole %) and Tri—
EDMA (40 mole %). Camphorquinone (0.5 mass %) was added to the

monomer as a photo—initiator. Fillers were incorporated directly into

Health Sciences University of Hokkaido, School of Dentistry

the resin matrix in amounts of 80 or 85 mass %. The hardness (Hv) of
the specimens was measured on a Vickers Hardness Tester under a 1kg
load. The bending strength was measured using a universal testing ma-
chine operated at a cross—head speed of 1 mm/min.

[Results and Discussion] Scanning electron micrographs showed
that the enamel particles are characterized by their prismatic shape, prob-
ably due to the structure of the enamel rod. The size of the particles
ranged from 0.2 um to 100um. An increase in filler content resulted in
an increase in the HV and the bending strength of the resin composite.
The average hardness value and the average bending strength for speci-
mens having 85 mass % filler that had been subjected to heat treatment
after light—curing were higher than those for most commercially avail-
able resin composites. This finding suggests that the experimental resin
composite having a large amount of finely powdered enamel would be

used clinically for inlays and full-coverage crowns.
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One Step RFBEE Y AT LICH T B RFGHEEM L HHM

OfftiE 1B—, wk KR
AL B PRI R 2 R o R DR A S 58 R

[B®) 54, v F> 5, 7943007, RoFq v 7iiex s 2bh o7z, ANOVAMEIZ LY, 2200 B COFZEZIT W
DEF o 720ne Stepfng ¥ AT AHBFE SN, WEEERICHVWSN 25, I— METIIEEESH LB bro7z. F72, A EIIHT
Twh., L2LADS, BEERSIICBWTHAEBRWIHVSENRT LEMEOMEICB VT, XM EiBondid, I — h4IZdwelling time
W5 Two Step> AT A LT % &, MR EDS R ST EevaporationZ 79 Z L IZ& ), HEMEEZM LS ELHEI DY
W3, F2T, AWFEOBMNE, BENHS L VIEEBI—T 1~ 7.

XY, SFEEAEGEHEEISEEERIZTrEME T 0

Microtensile bond strengths ( X+SD, n=16 in MPa)
T % 5. g

i R . . layer 1 2 3 4 5
[F£] ABZEICBNT, JEERLEVE MREBERV . 8 —
BEBORBEAUL, BONLRERFHREA CiBond Ty 7.246.3a 22.6+9.2b 30.0+9.9c 43.5%7.7de 41.4+8.0d

(Heracus Kulzertl) & %\ IXI (Caulk Denwsplyth) 488 & Sp ™ 15557 50 18.5+6.2 30.647.0c 34.246.0c 51.6=14.8¢
BVIEAL, =7 70— L7tk I0BREIRE L. 0%, T meoplsDes. 105 ) EFEORBOTEL, AEESE0I LERT (p>0.05).
YRYy P YRR L. SR E3TCOKP TR RRE L 72
e, FMFEH0.9mm*I27% 25 X ) IZE % % L 72, Microtensile [#558] One StepiEAE v AT AICBWT, £@a— b %47) FHIC &
bond strength test% 7\, #AEBS A PE L7, 72, FHEOSKM D, BFEIT ARSI L LY VORBEARBRT LI ENT
TIZBWTRF BT HEEME T WE L 7. %%. I— M Ddwelling time & evaporationZ 179 Z & 12k h, L

[RRHLUBE] XN2BVTEAT—FET, BondiBVT VY OREEERAL, RAHOHPEN LSS LTS
53— MECEAMEFENRLZLIZLY, FEEBRSHTHMT L L 5.

NTO—%2YU—7 71V EBVEIREX

Off ®Ey, M B, | 1\, A& BZ, W B
AL B PRI R 7 B 2 B R DR A S 55 R

[BM] Ni-TilZAT Y LAAF— L ERBELCTIEFICLAZS2T &, BRILOKE SO, SRS 2B 2Rl EETomEZEl
HY, FOMPEBEE iiﬂﬁbutfu\é F7, RETET——%2Kk L EOHBEIT-72.

<L, Mz LIS, UHIAZREOAN L) 29 WRE (ER] 1. BliEoNMmE, A7y 7Ny 7 ETULE 25
\Z%E 2 72Ni- T1*”774)l/, é%b:%mﬁfﬁffﬁﬁff‘ﬂ?‘*éhfét. 156.7°~, 7728 L iET5.0° 7 5152.9° L 2L L, Al -

Aenl, A 7 BCTZ WV COEMAREOREERKICE L ONCTIE.  WHRICBWTENEEL, EHLT 2 2 &5 5 h7z. mifri
TIPANCEB I TI VT VEEAT VL AT 7ANICED AT TIEAT v 7Ny 7 ERZOMENITKTH - 7.

v TNy 7 EEOHBHE 21T 0 72O T ZICHET 5. 2. B osMAIE, WA & ERRICAED - AR TR TERILY 5
[EB&GE] © bk RBKE®HISAK, THEAHKISAZ A, & W05k,

Mzaf 4 240EZRIRL, 2FICHT72. TNHEGTE—F ) 3. MEN»SEHWMMETOREMIE, X7y TNy 7B
—7 74, 7077 1)V (Dentsply-Sankin) (2L 527 F7 & <, EE%E?.I§E< b Ehbrol.

Vi K7 740V (Mani) ZHWIZAT v TNy 732X BAREL 4., WIEEE A SRRILE COWEEET, AT v Iy 73
KEDHBETo72, BBA=Y ¥V - TEAL - 77 A VITTHR Wi EE%‘@#%M BAEAMED SN, 7T 5y kTR
HBEEENLE, TEIL - <RAF— - T77ANVEA Ty - DoNzrol.

TEBN - T7A4NVD200%BEME L. T2, REEN»S 1 [#5] NTO—% U =T 7 A VEHWE Sy 0¥y ViElE, A
mmig U7 b DR EERE L. 2LTC, Ihox~ A 27ucTx T TNy 7 FELDVRREORELEZ B L DL WIREERETH S
IR0, 2mm BB CWIE I 2 4T\, AT - iR BT 2 & D ZEbh otz

4 HEERICSE T 2BEREOOMRABAFRMEICONT

OfH 28, Rl %, JUE 7, 0K K, fHRisE
AL B BRI o 2 /N I B 2

[BEY] EEEOFEA ST RIEATTRO SN T WD 2 L I3EFW WL THSH. ZOFERO—imzHEPIZT H72012, Faldh
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PR ORELEZHE T B D DEPNEAAE R IC O W T %E 2472 T
L. AlNE, ETEER - FREE (8) - HMo 8 2B SEAL
7z 4 BHSYROpH L BERE LT L, 0% % st L7z,

[HE] £k S, R~ OBR & 6 & 05 S 75 AR
H15% 13 L, PMTCHAIC 4 HIOME e % 21k &€, 4 H B ddRE
PRI 72, PREGESAZ X LB S (UAB) - &1l (UAL), T
HATHIE (LAB) - &l (LAL) 8 & U LZHHEHE (UPB) - &
il (UPL), TEEFBELHE (LPB) - &l (LPL) ® 8 »HiTH 5.
ERALNC IR L 7o PR o E i % WE R, KClZRRmL, 30 M
HWCHT%, pHEM CpHAMIE L7 (WI#ipH). K\C, HCl%
HWERFTOERY MITHRMLZDS, pH3.0ICES T CTREE L.
WEMAR Ty=ax 3 +bx 2 +cx+d (y:pH, x . M LAZH+=®E) T
FEN, HEREROME, WIFEEY Y OpH6.0~3.01CFE 2 F

——
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TIZEL/2H+ = (FRIEAE . nmolH+/mg) =& L7z, 8EALOM)
HipH, FRFEED HERIZIE, 2way-ANOVAPB K USSheffd % & H i
Ex V.
[REHIVCERE] HIEOMMPHIC IETAESAD LN, falf%
0.01% CLALY i b % {, UABELPBY IR bikAh > 72, #EEfEICD
WCHHEEDFRO SN, pH6.0~5.5, pH5.5~3.00\F b ik
DEWVLALE Ik b KWLPB L OMICHBESRO H N7z (WiHfE
FRER 5 %, 131 %), LALIZMER WA 0% 20 T I e B 1
I L TWA o7 ) 75 v AbE L, HHRBERIETL
7epHDPMU DAL AR THLSWE LGV ERE L w2 5. $£72, pH
BEVE IR T NG EREREISEE L 5 2 D850 % SRR 5
WHELIC S W0, BERDB o7 eEZLNS. DLokE
A S LALIE i b Bl AR RE MRV CTh 5 T LATRE N,

AfERD 5 fFH S T -BEYWDOXRDH LKUEPMAIZ & 5347

ONls o,

JENTT, ORE GAREY, &1

BT, —iZ*, W HET

T

AR BE RSt S ek R B e, I B R K S B S B R e S R

[BR] = F A VERE A Y VEIZREDNA FOF T T35 A b
(HAp) CTHEL SN, BEIZERICLZ2BEORNEZET S, il
B0 CHALER D & SRR 2 A T 2 WML Z 45 C, HApE TE D
BEFORIBOTREMEA R S L, 175 MEDTALED
ML CE S, A0, AN SR LFEYICoWT, X
FRIOT L EPMABIZ 247V, WfseEOHAp BIZE S, 2, 30
MR ZBIOTHRET 5.

[Fix] Oty © 50 BYED FFEAMEE 2 /NSRRI LA 5
i S 72 % & B 1 mmEy O E Y

OEPMAH DFEL - A FHUEHC AuE 7213 7 — R U 2555 =
L7z, X-650, (Hitachi®#) % fHH L, H#EE20kV CHRIZEL 72,
OXMEPTMER OFE | B, SRS L, RINT-
2500 (Rigaku#) ZfHiH L 7.
[(BRHICEE] il LmEY, EEcEb—IIaIKRI
L T 7 WREHERLER S50 A2 L w22, BB W vh o038 @ micro—
XRDIZ & 25 HfERD S, Ko % b 2 & fkk O SIS IEHAp T

by, E—ZIROLE?S, ZOMBEEZFAVELI) O E N
EBWHS o7z, MEYOIEFRIZCadb P ZWAHIRILL Tk
WIRHERLKE & F O PN A IRAL U 72 3Lk 2 - 72, BRI L
7RG LR U 7 B A S B0 & 1) Ca & PO SR MEX AR O BRI A o
7=.

AIRAL U723 ARk 7 0 — B Th o5 2SR EEri T,
AV NE I AR TEDIRWHAP T - 72, AL L T e Wi
fik & AIRALARHER OB U KRR BIT B L 2~ M L RO BE
FEmD THELL Tz, AIKIE L Th\WHHEALEE 25 5 3
B CHPALRMEEISIEE LV EEZ LTwi, RIRIEL Thwvig
HERLIR 20 DR D720 DCa®P, ARYPEOLNTVD EEZ LN
720 FRAL L7 HERLRR AYE < R L 723085 ©, HApHLE O e
HIEHN A — 7 LR E 2> Tz, BES RO 72 ALY
B EDPRERETA Y e ¥y — L4, et fiE o
ZHIBEI L TWA 2 EAURME S N7z, HAp#E s DELEZE  TIE, Ca®P
AT v EELHEEP LW - ) EFAERICEE L Twi

FEAYHILCTIC B U 2 REAEREDAIE

O JysE*, MNE—RR*, K

(B8] BAE, ~U HIVCTHEIE % v 72 B LT 8 O B4R 2o~ i
FHADSIE QSR LTWB. ZOmifg FCoRHIEDETEME: D —HN
HAHIEE EMN AR E H e 2L ZRT OOV FETH 72, L
LAaAs, WEMENOH#EE 2 ZBEHEED A D =X LIEEA—T
— T LIZIRETH Y, B CTRO SN B REIIRIES 1
Twiawnelbhs, 22 THOFK~L I, HRHIRRILS 25K
SN BENIMEORSEE % 5HIEE & L CTRGE L 72,

[(#¥ ETTR] B etk SRR BB T — R IV T 5130
kV 150mAs & L THro72. AT A4 A i20.6mm& 1.0mm, N1V 7
V¥ Y FI30.75E1.5& L, RFECTTHEN 3D BE{EIER OB
WHENLGEHERIB L.

20 SmmDOM/NERIR # 53 L, SSPz% K@ 7:. ROIDEREIL S

Rer, B KR, 808

TN, T b, & BT
AL HEIB PR RR RS R A TR B R TR R, IS LR B

mmé& L, ZOHOFHELZIRKOCTEE L7z, SSPz& V) |-flilR %
R, INEFEMATAAEL LTI L7z, F72, SSPz&z#l )y
A D Line Spread Function &7 LC7 — V) T AT\, Thkz
HFIMOMTFE L, (RSO 53R % 5FA0 L 7-.

[(BRELCEE] 251 AZ0.6mm~Y) H V¥ F0.7512B1F
5 22 RAE120.64mm, AT 4 AJE1.0mm~Y H IV E v F1.5(2
B 5225 HREEIE L. 06mm7Z 5 72,

L OFFERD SRZLCTTRRIISFIH & N2 WE O 28 7 A~
FHHEEIX0.6~ 1 mmEEORELZ GG EEZOND. TOME
PR LEOREDKE % 5.2 5 O IR TIRAT 2 0Tl
WA, FIHOBICIZESHEICBRETHL LEbLN.
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BABHICE T 3 SEATERA

(BEY] B IEBRR O MR Cld SR e & FRERT S & O REIC D
WTIERER D 5% C OFFED R ENTE. Lo LA S ST
BBl DWW TIE, B MY (MMR, RE, BEL L) BLUHNW
(ffZ, FErpndREE, E#)7% L) ZERIC L) RIEacE I vEE D
2 TVBDTIIDH L WE ENTWDE, 72, EAOERED
W DR & T2 IERR, I % 4 D R4 A ZE) (na-
sal cycle) DFAEDHE SN TS, £ TAHN, HPEESER
RYNO 2000 (Menfis biomedica s.r.i. BOLOGNA) % V> C Sl 4
PLOMEHEZBNTHE & HIZ, BABMIZB T 2 SRR
HNZEEZ O W THET 2.

(&) 1. WL & BR G AR S k25 0 I8 9w b 1% o 734 47
W32 4 7 A OB ANBHISZ 2R L L7z, g, 71

OB IKEE, Wk Hok, W0 5
e K A TE RSt

— G EORHER, BILOWRIERER, RPEEMOH 5 EHEHNL
7=.

2. FHUJGEE W ICIERYNO 2000% v 7z, Z oSl E R E
HARO BIFPIRFETRZE T 2 )7k (activelk) T, HHl&IETEIR
SEEE 2 WY, AL EFL A & EIREEITE % 3535 4 5 anterior i T &
5. JIERHIIEIRZ25C E—EIC L, R0 B IR i1
HARGLEBTHESEThOITo 72, WIEMREIL, 09 B 5 HlE
FRIEL, 1HBIEICFR 6T TORIO0ME L7z, AERED
M IEANOVASHT & iV TiT o 72,

(#ER] ABIFEIC B 2 FHIRERI A C RSB IS AT RS
Liprolzl Ehb, BIEBREFHNOA AR S 7.

AEEFHHEREBEERNRICE T ZERBRESSIUS>AFHTOT 5 A

Ofix RES™, 5

W, Al R, ORH i,

Wiy gk, #&o o #F

AL BRI S G S R M I s B R R AT, AL R R R S I R R

[B8Y] AR R R BB IE R B T, 19984 A 5 LI
OEHZ AWM E L CHERRA %2 I L T\ 5.

1. AADOH ) = A1) R 7 OILiE

2. FBIEWFREFET O OEHEREZICB T 27— 3 YOl
3. AN E o2 TR T Y 7T A DR

AENIMERMRA O, B 475 2D W7z T 7 a s
F LBIB X UR0034EE T TOFEITRIZOVTHET 5.

[F&E] N mERFNGRE MG L-BEae8 e L, LToFHE
THERAE AT, HTPi7 077 A& B L7z,

1. PHERICHMAEAR O EEE,Z EICoWTOHBAL T 5. A4
PERZIEL, (KHERAZ 4 HEOAGEEHONE XA L TE
THHW, RAERICIEHLTLS ).

2. 5T OREMER 2 RICL , MER Wi, MERRERE,

NEA

VAR, TV WNF T ARBERANSL.

3. WERER L ZoMOEHEY 3 BMEHIiL, L—4F—Fr—hIC
FEAT A, AREBEZIIF IV 7 MZATIL, PUTAY R
7 &Y 5.

4. VAZIB L TEAD ) TR 7 7T A&l L, $#RT
5.
[(BRBLCER] MERA % B A L7219984 51453, 1%, 20034E
FEI388.4% LR 4 IZETRIZ LA o TV Db, 7277, WEiilRE 2 A%
Lz, R ZIEWEORE % EOHH» 52 BI2F4TT 512
FE->TwhWv, FLIMTH 7O 7T A 2R LIRSS L
T, MPEEHEEIGEICBIT A EFN— 3 VB LNDRITH 2 EHT
&7-.

REBEICETZ7r—MARI

O/ ", & FEHE*, Kl

e, gk R, hE

BT, A BT, T BRET

*ACHEB PR RS R T R PR AF 228 — R, IR SRS R, LB PR o S R DR A 2 R

[BEY] 7RIS B RAERD e Wk L CEYURE IR 2179 &,
SBHERIFIERIINDLZLEDPDHD. COLI I LHhRIL L
BELOEHEREZHEY TS ETREEL 2L, L2L, 2085 %
AWREEORRE, W, BXOFHICE LTI, MsoWEE
FORERICE B DNKREL, TV FAPESN TV RVOH
FRETHL. I TRIIETIE, BEREHRABROZMRED
FHICHT 2 ERYILRT 572010, REHEERICETA7 v — T
A AT VIR L7,

(] AR, deinEEE KA T 2 EHEMLTIG Th

ofz. HEMNAEE, BAREERER, MG L GHRENE, &
JAVE TG HR O B & TG HEMNE, GRS IE R BRI O SRR O A
i, BYAE R RGO YRR, AL, WRhEB LT
SUREORNTH o 72 HEFHER L HE % W CORITL 72,

[BRHLVEE] AFETIZI0L,SOE LB, QEFEOH
RAEERIT 1 ~304E T, PIT7.93+6.60F Th o7z, &NEH 2R
FRTLE, 2~54F, 6~ 9FEBLVIEY Lo 4 BFICHHEL T
FNT %47 o 72, FREBRAEEHS 1 AEOBETIM D 3 BTN, [yl
ERERGRICEAMBERZTISRITIENEICH B ] L%
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B, BEILE D orz. $22MRIEOBER 1 EOTE Tl 3 1
ZHANERIE P - 7. SUFHIEDIE 2 - 2813 ETAA KA
e BRI S Ao 72 BVEIIER DO E NS B AT, B
W, FUREORS, WERBPZ -7z, 2WHIEIHER > 2K
WL TEZLONIDIE, HEDOEIELLHIFOMLE L Lom
BWL ol FEREVEBRERIIED ST, BAMREHROMSA
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BICAURELRITIENDH D LEEZ LD, wEELlD
DENEhotz. BHREOEKE L CTI3EADZE T LYo
WLHLICE B EONED S Do 7. AWEELZ FHT 572010
X, AN GERERLOMH T EERMET AL PEETH L LFH
zZHhz.

EE Ak SRR B AR COT > — MR

O ar, By F*

AL AR R ST AT B RE RS AR T, AL DRI S o 2 o B A AL o 5 — Rl e

(B8] G TSR 2RI (2 AL 8 PR K SR 350 o0 M S 4R T B
D—HEL LTEFENTWE, WEETHBGER L LT3 eT) 2
DI, ZoidR, EROMWER, wEHAEICE T 2 mEe = — X1
OVTHLLENSH L EBbNE, 2 TAOHMAR B CTHERF
BIEEAT) 2ODBEERET 52 2 HIYE L TR SHRE29%
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