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Abstract

Calcium hydroxide is commonly used as a traditional pulp—conservative agent, but it is known that the reparative
dentin formed by calcium hydroxide has poor quality and that its high pH causes severe dental pulp inflammation.
Therefore, the development of a dentin—regenerative technique using biocompatible, bioactive compounds would be
attractive. Bone morphogenetic protein (BMP) is thought to be an excellent candidate that induces dentin formation.
The objective of this study was to examine whether E.coli—derived recombinant human BMP-2 variant (thBMPv) —
FRIOS®Algipore™ composite (BMP-HA) induces reparative dentin formation in rat maxillary first molars. FRIOS®
Algipore® (Friadent) (HA), calcified algae—derived porous hydroxyapatite was used as a carrier of BMP in this
study, and Multi—Cal™ (Pulpdent) (Ca) was used as a conventional compound. The BMP-HA, HA, and Ca were
placed on the exposed pulp of maxillary first molars of 8 week—old Wistar rats. Rats were sacrificed at 7, 14, and
21 days after the direct pulp capping. After removal, the teeth were fixed in 10% neutral buffered formaldehyde,
demineralized in EDTA, and embedded in paraffin. Sections (4um thick) were stained with hematoxylin—eosin. In
histological observations, the areas and density ratios newly formed dentin were measured, and the degree of pulp
inflammation was evaluated. It was established that BMP—HA induced reparative dentin formation intensively. The
amount of dentin formed by BMP-HA was significantly larger than that formed by Ca at 7 and 14 days. The den-
sity ratio of the reparative dentin formed by BMP-HA was 91% and 98% at 14 and 21 days, that by Ca was 83% at
21 days. In the Ca group, reparative dentin with tunnel—shaped defects was formed as has been reported previously.
Slight pulp hyperemia was observed throughout the experimental period in the BMP—HA group. There was a strong
inflammatory reaction in the pulp tissue at 7 and 14 days in the Ca group. These findings suggest that rhBMPv—

FRIOS® Algipore™ composite is a promising dentin regeneration compound in future vital pulp therapy.
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&L (Cvek et al,, 1982). F 7z, HBEOBE KL & L
THEHMETE ) L) IR SN L BESTEIZ, 2R
K GOANTERBERFTEATHL I ENL V. Lo
T, Wz RETRSBEZTEZ O L OHHEF & 28H
T HEYARIE L ), PREED JE & Mk, B XA
WendZl byt snTwd (Cox et al., 1985). Ll
EoZEns, KERILA VYT LZBEHNC X HEEERO
BHFEBGEIILTLOMETE DD TIE RV,

WY R B EE L T 2 L THRA TE B 721K ALC
Hh, ISR Z T2 L IFHEELRETH L. L
7eSo T, ARBAMEE A L, 2R CREmNICE
M G BEST E & T B8 L Wi & OO B
BEIRDLENT VWS,

HILHK 5 >~ 7327 % (Bone morphogenetic protein, BMP)
(&2 D) 7 BRI B EE M > & & 55 B~ OIS A
i IFFE LTV 525 (Boyne et al.,1997 ; Kenley et al.,
1994 ; Fleet et al., 1996 : Seto et al., 2001 ; F&EJ5 & |
2003), BMP% W CRFTIZIGH T 5 ICIZERARATH
0, MBSO 720D R % AR IEEPLETDH
% (Wang et al., 1990).

INFETHEAIZ, invitrolf7RICB TR FMBBO
~ — J — T & % Dentin sialophosphoprotein ( DSPP )
mMRNAZH ZEETAZ L1250, BMPIZX A b bkl
Mla 2> & G F FMBAN DR 2 AL EZ B S 22 L T
&7z OIS, 2002 ; Saito et al., 2004). F72, 7 v b
%\ 7zin vivolFFEI2 BT, BMPIZ & 2 BiEB L O
[Fl T PR AL AR BB 2 AT\, FIKEEHR DO ZILE N A
Fo ¥ 7,%% 4 (Kasperk et al., 1988 ; Schopper et
al., 1999, 2003) T & % FRIOS"Algipore® (Friadent) 7%
BMPOHAR L L CRYFEM MM 2 FES 52 & %W
LML TE (UMERS, 20025 AES, 2003). 2
TAMZ2Tld, rhBMPv—FRIOS®Algipore #4255 »
b E W EREERICB W TRIRNICRE 2 BHS
FEH 8 B & ia L7,

MRELUOHE

1. ##

1) BMPIZDOW T

BMP 3 Wiirzburg K W. Sebald%t#% & V) it 5- S I 7-E.
coli — derived recombinant human BMP — 2 variant
(thBMPv) % W27z, Z®rhBMPvidt FBMP— 2 D~
N UAREEMAMTH ANKW 12T I BRI
MAKHKQRKRLKS % & b4 > ¥ —1 4 ¥ ¥ — 2 (hu-
man interleukin — 2 ) O NKum D137 I / 5% 3%

MAPTSSSTKKTQL & &t L72d D TH Y, BMPEL LT

OEFIGERMIZRE SN T A ZEFMEN TV S

(Ruppert et al., 1996 ; Kubler et al., 1998).

2) K

thBMPvOJHfE L U CTHIKERRDO L ILE N Fa ¥
T 8F A KL Cd A FRIOS"Algipore® (Friadent) %
72, FRIOS®Algipore® 13 5 L#£10 — 30um, % IL=FE
65% L)L, Fi££0.3—0.5mmDJEF TH 5.

3) rthBMPv & RO A

FRIOS" Algipore™ % 10mg#¥ & L TrhBMPv (5 pg, /10
W) ZiEF&ERET A2 L2 X Y rhBMPy—FRIOS Al-
gipore "4k (BMP-HA) %1372 (/IMES, 2002 5 /)
e, 2004). F7:, FRIOS®Algipore™ |2 A4 B £k 101
FERSEHBLAE L2 (HA). s oikH3%E
B E T —80CIZ THUREERAE L 72,

4) KERALA Vv vy 2

KERAL AV 285Kl L LT, Multi-Cal™ (Pulpdent,
Ca) ZfEH L7, ARBEANIL2%KEALA VT L, ]
W) Al kgt ) v Y AD X—A MRO B
TH), pHIZI2TH 5.

2. 7v MNEHER

8 WA HEVEWistars2 7 v F45PC (n=5) 24 L T,
VLI RFIV (R MNVEY —)LF b, dh57
PUIE) EREPURERC X 2 BT CRICIREE 2 /5 L
7o WWIAYEY FRA VM (408S-S, HE), WA
Ty RN— (04, TV 7TI4=4) 12T LEE—H
BT LR X D EIEI L, AN TEBamE 2 o L7, S@BaE
B DRI L B OER * IS, 10%KEERZEE S b
A& 3 %BMALKEKIC X AR H GG, WHEMRER
FHWTHEROGEEIT>72. €D, BMP-HA,
HA, CaZNEFNEHWTHEEEMZ L, BMP-HA
¥, HAWE, CalfD3ML L7z, FI9ATAF /¥ —%
A » b (HY-BOND GLAS IONOMER CX, &), 71
T7I7A4NVMNIAZARY N (F T VAT AN), TV
EYv LYYy (=74 0vE—70—, GC) ZHW
TEMRBEZTV, WEEKZ. b, REBRGEIX
JeiERRERFHY EREZRE R TOREDR, FEOK
AREE T - 72,

Mite, 7, 14, 2lHHICY = F )V —F )b (FIHE
) ITT v PERENICERL, LiEkE LFHE L
L7,

T % 10% V<) VRS IC CEER, LA
T a— VRN X A BBE, 0.1M EDTA, pH7.4,
4 CIZTRIKE T o 72, @BEEHIIHES TRT 7 10 2 TE
L, ES4umDY R EREZER L 72, BRI EEIC
Ho TAT MF V) v —2F VUV MmEiTv, BN
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# (ECLIPSE E400, =2 ) [ZTCHZ%iT- 7.
3. RRi:

HEARZ, LT 4 HE IS TRl 2 17 - 72.
1) BELFEOERHEE (%)

559K (X40) 12 CERHEED & aEHB sk A8l S 5
B (%) L, ImageJ (NIH) 12
DE/ TEEBHEBEOWEAE) X 1002 S B1H L FE O 1
R, SFHME L EEREY RO 2. TukeyD £ HE L
BMEICL ), BMP-HARE, HARE, CalfoMCHEE
WE & A HRKUE S % DZMT T - 72,

2) BEELFEOBEE (%)

R S N BEEF e THE S N AERTH Y I
DA, TmageJ (NIH) |ZTHBAR b ¥ AIVIRKIEE %
ZLGE, BESFTEOMBEEL KD, TukeyDS HE
WEMEIC L ), BMP-HARE, HAME, CalfoMTHE
FERRE T B EAKEES B DEMET Tiro 72,

3) BESAH OGN

T PR L B HRENBISE >, BELTHIC L
HEMEOEHBEOREZA~DD 4 BB CHMEL 2.
AlTEEICHBELTYS (HBEaL), BIIZITHHELT
W5 (BHHEE) QRS ), CIEMO/MICHEL
TWw3 (BEMEZE-> T\, D BESLTELK
PR EN W
4 ) BREED SHEDFEEE

TCFBAMER S & B MRS IBIEE N S, RO SE O
EEA~DD 4 BRECHHE L7 AL RIER L, B BJE
D PAE (T HETHE T O # P RS 9 % 9808 MM i iR
H), C:HhEEORE GEHRBEOWRE 1/ 2 HEIC
Wl ¥ 2 SAEEMAZRE), D@ MEORE (GEHh ki
SRIZP T B SAETERR IR )

] £

1. BMP-HAH:

FHE S NBEGFE OISR ML TH
D, HABEL DM T3 2FEBRME 48 L CHEEZ R
¥, CallEL ORI TRMiHET, UHBICBWIEEE%
RBd7z. T, BELFEOBEE S REFICHINL T
BY, MiE21HHTIERH8% &<, EFEBRPHICB W
TCalif L DMICHEAE RO (£1).

Witk 7 HEH > SBELFEREA RO S5 (1),
Mri214H H CIZEFASRS Y & L - iEHEs A3 2
BESFEAFRBO SNz (2a). M1%21H H TIIEHE
SAEDHEHA 22 CHEHLTBY, TOETIZIZH
BECHHN 2 G S s b7z (M 3a). &
7z, HWREDSIEDREEIIM R 7, MHHICIEETH -
72%%, 21HH CIEERHD KAEIZFRO SN h o 7z,

2. HAHE

BEZFE DM, BRI RN 2 B2 0
SN7zhS, ERERIT SR ICBMP-HARE, CalElZibL
TAZVENICH Y, #E=RDMH%21H H TIEZBMP-
HABEIW L THEIRWEE e o7z (F1).

BESFTERBIMEZTHETIREALRONT (K
1b), iiRl4H B TRO S (2b) A%, #itk21HHIZ
o THHME 2T 2IEES o7 (M3b).
F 72, WIS EEIC P ERE O SEDRRO S, k21
HHTHEETIED 2 0 RIEDIRAFDTRD bz,

3. Calf

BEZFEOMRE, BRI RER 2 B2 0
SNz, FRICERERIIM %21 H H 1235 v TBMP-HA
B, HABBICH L TABICERWETH - 72 ().

ARG T BB IHARE & FERICHR 7T HECTIE L A
RN (K1), MRl HICIIFERR* 12ITED
L2572, ZONEHIIEESR b ¥ RVIRKIEE &
CLILE G CTH o7z (K 2c). Mitk21HHE THEHE
SFAEDBEIIRE IR O 51T, LA FHMNaE O
Fey) b R CH -7z (K 3c). Tz, BEHWMA,SHE

®1  H-BREMEZ BT A BERTEOWME, SRS L OO JIERE

e FERIE (H) R (%) mEE (%) I FIEDFERL
7 12.7%0.9° - D B
BMP-HA 14 39.741.1¢ 91.6+1.9=" B A
21 44.4%2.4° 98.0+1.8 A A
7 6.3%0.6° - D C
HA 14 29.8+2.54¢ 79.3+3.2 C C
21 37.4%2.5 80.341.8 C B
7 4.6+1.2° - D D
Ca 14 35.8+1.7¢¢ 75.9+2. 2! C C
21 41.9+2.4 83.143.6 B B

BT S R 22 2 R T,
a~kiZFFEEFHTOEES (P<0.05) %/R7.
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1 EEEERS 7 0SB D RkG
a . BMP-HA#E, b HARE, ¢ Calif
R:WBHELFE, D LM, P thidh, N:H5EkE, Bar: 200pum

2 EBEMRINEICB MG
a . BMP-HA#E, b HARE, c: Calff
R:WBHELFE, D: ST, Pk, N:HLE, € b FOVIRKIE, Bar: 200um

R 3 EPEERE2HEICBT 5 HkG
a . BMP-HA#®E, b HARE, ¢ Calif
R:BHSTE, D LAY, P, N:HJEE, € >3 IVIRKHE, Bar : 200um

FERE DFHE & RIE D JIENEBEL S I, RO SAE 2472 (Reddi, 1998 ; Bessho et al., 2002 ; Katagiri et al., 1990) .
2IHEIZBWTH IR L T, I FE Tin vitroBF7512 B8\ T, BMPII B REATIE DL
FHEANO AL MRET 5 Z L HEE N TS (NI

= = 5, 2002 ; Nakashima, 1994 ; Iohara et al., 2004 ; 1 &,
BMPIE K LB ZEM AL 2 5 M 1c - LFFE L, 5 2005). ARFEBRTIE, thBMPvAZ W27 v MEEEREIC
Bz FET2RESERFELTHOR TS BWTHRU»OERZBESZFERR ROz, Zh
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(&, thBMPvOIERIC & o THREMIL AT G5 e 2 &
DRI B ER IS S N, BERF A
N7 EZLND.

BMPOHAR L LT, FHlEkDOHR T2 € DL
S oS A OEIRO T — 4 (Kuboki et al.,
1995 ; Takaoka et al., 1991), V) Y= )L > 7 4 (TCP)
(Urist et al., 1984), &) FLfE (Polylactic acid : PLA) <
ARV 7 a— ViR (polyglycolic acid . PGA) (Athanasiou
et al., 1998 ; Saito et al., 2001 ; Wang and Wu, 1997 ; Mi-
yamoto et al., 1993) 7 ESKEF S, ZOHEMEHNS S
MIZENTE . T2, BB FEHEEEZ SO, N
0¥ 785 4 M xR L72EBRTIE, GRS
BMP&L &b IZHWEZILENA Fad s 788 4 b7
Ty 7 O 72 fLEIE300~400um T H 5 & ik ST
W% (Tsurugaetal., 1997). LA L, AKFEETIET v b

D ZMHEHLTHY, FREEDFI500um LT &A% T/
S, LbMONZZZBTIEHESEL Z L2 b,

BMP% {5 LIRS 2 DICAER L HET S N B TERE (&
FLEE10—30um, &ALE65%LL L, FEMES0m'g) & A
AL LT, AIRERRZLENA Fafo 788
A} Td %FRIOS"Algipore” & ffi [l L 72. AHFZEIZ B\
T, FRIOS"Algipore"HHAADSILNIC TR A B L O
BER TG % 20 %\ b DD, thBMPv-FRIOS “Al-
gipore B G RIE T IIEH 2 BHEEL T ERH & R L,
B JE DD TRETH - 72, 2, MhofEiclt
NCHLEHEPREIICRES N D EEZEZ LN,
FRIOS" Algipore™ $H & (& ZE AR BLAME I B AL, Rh MY 1S
thBMPvZ fR¥E L, 2> RINZJE D rhBMPY 2 15T 24
W TH B EAURE E NIz, F 72, thBMPvODIR
BASE S Hr A CnG, BEOBESRF BRI
LB WBEOPAMES TR EN L7280, FEikoa v ba
— VRS BOBEBELRRELEZOND.

KEBAL A V¥ 28RN & B EEEMIEE 2 S
ENTHBY, BHA 1 — 5 HCAITEICHEIE, ek
TS & CRAEIEOREA R S5, 5 —14H TH
FEREE T ISR kg OBCE & 2 o F I BB TR )
Aoh, MBEUBETHESLTEORED R SN 5 & ik
ENTwa (W, 1976). KEEIL AV ¥ A BH]IC X
> THESN D HAMMMMIIRE L L5 18 (B0
NOGIKEAE I L B ARAL L 72466/, F2k (B
GHE), H3E MEMELRONAERTH) L 98
S, BRI ECIIANBLH 2 S TR IS M < 22 kR 05
CHAET 225, M ClIMERE 2 A L2220 Bk
HrRoobnsbEtsEbTwb (Noguchi, 1954 ;
Schroder and Granath, 1972). %0k OFEL, KER(L A

Vo LEFIDPHI2E R &V ) BT V) OPEE I X
55D TH Y, BBURE IS 2 LB &0 Mg RE Y
DIEHBIER % BE T 2468, IELRFEONIILIL
MZZ b SN TWwW5b (Schroder and Granath, 1972).
F 7o, KEALA IV LEFDERT VA VWD,
BEIZ 12V JSRE R PN A2 2 1) (Cvek et al., 1982),
T SN2 B VB R ERFEII ATV T —BFED
783 L (Goldberg et al., 1984), FAELTE DHI89I% 12
b AVIRDRIEDFED H L7z (Cox et al., 1985) & ¥k
HBENTWE, INEDT &S, KERILA IV 7 28
AN & o TRHFBESNIBERF B IIH S L thifie 2 8 ¢
JRYAEE E UTHRIET B BB IHEN S N B, ARE
BRIZBWTHRERIL A )V 7 ZBHNC X - THE SN2
BESZFEIEHETEHO b A VIRRIBE & A, £
DFLEE & REHNEIIME D > 72, TG R0 1A TR
X BWBERE R S EIoh DB EEZLND.
KEEAL AV 3 BRI & o TEEE & N5 PR
TEHMEFETH L. B MERE IR S 2K, 9
AEEMNT DI ETHEELIET 2 LD TE, b0
RO B UG AYE) S ERF B2 FHET 5 LTS
B EHEM S NDH S, TRAE ICHA S N5 BTHER ISR
GHFELY L, MEBELZRD, TN o THIREE
ML ABESZTEAPFEINDIZINLTE L EER
b, fEoT, MIEHE O bRELBEEF LR FHEL
72thBMPv—FRIOS" Algipore“ # & R (L B #i %] & L THR D
THMTH 5.

i

AIKERKEDONA FOF 785 £ MK TH 5
FRIOS®Algipore” # thBMPvO K & L CTF v + & H w7z
EAEERERRIICH L, BESF IR 2 KIRIL 7 v
VLA OB TR LZEZS, LT O/Hm%E
7-.

1. BMP-HA®EIZ, HAHE, CalffIClb~CHEIH 5 IR
LBELRF BRI e R0, MERE 2 AT 2 85% ik
Tho7.

2. BMP-HAKETIXRHH» 6 REVRETH Y, £F
BRI % 38 L Tt o0 FEBREE 12 e T HBE O S AE O FEFE 13X
BEETH o7,
3. KERALA V> LEAND K o THFE S NIABHEEST
BITERMIZLILE T, P ANVIROKRIEAGFLEL, &
TOBILHIM % 8 L TR IC SR AT 5 L7z,
bR Iy, B ER & L TDrhBMPv-
FRIOS“Algipore “# &Kk DGR DR S 7z,

12
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