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SRR T, EREEOYURREEE
R OFEHRIZAE L 5 R LEERIZ b 72 5 B /R
B, 177 MEREDOTAF A T b
R FEAEFEDE (GBR), EHOZHOHEAH
TRW BB EOEE/NRBE THEADKE
X, BEOBRBIEAT ZEEVE . 20
&9 LHEREMOMEME L LT, BELRE
ODEREBHE Y e Fax 785 4 bRV
VEBEZSANTY T AR EDANTETY BHw LR
TWwh. L2LEREOBHIZBWTIE, K
BFMERELINZL 2 &8, g, Wk
WRABENOREEND ), BIEEORNEIZ
LBEAENH BT TLATEOBMEIZIE, £
YRS R WRIEE ORI L 0 FEO BRI E 6F
5P MEEMEA D S R LETREM
HEH5b.

ZF 2 THAE, BRIBICN L CHAERZNT 7
O—FARDENT WD, ZOMBEAICIE,
HMBEES L & L BBy, MR % E5E S
5K T, FIUCHERNZ EEME L o
CEBEEOHENLETH LY . FER TR
SR LKEERT & LT, Bone Morphogenetic
Proteinll, ¥ (LLF, BMP) % basic Fibroblast
Growth Factor®™ (LLF, bFGF), Transfor-
ming Growth Factor-p® (LT, TGF-B),
Inslin-like Growth Factor'™*® (LAF, IGF) % &
BHILENTWS. ThHD9 B bFGF i, fEfk
LRV TIRBERRSCMEFEFEIIHG L
MEWNEMRRII T 2 8EEES R H D, M
BHETIHET LY, &5, B -KBICB
WTHIEHK - FETAHEHEZEL, invivo 128
WCEFMME, ®EME, BEME R
B cxt L, 205 b 3FE = i L Tvw 52
FLEEBEDHL, EBMEICEETF R
poly L-lactide (BLF, PLLA), 25— AR
YIORETE QISHABED LN TS, HT
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REMTONTVEEELMET, £HENTH
RIRINE NS, FEIZHRMEY 55 i, bFGF &
BE/ESLTYSF v O5HEENZ bFGF 2%
MENEBEBEZRETAIZEVPHONTS
DEe L FOBRKRICHBHFE LTV 5,
bFGF & BBHEYSF o574 A7 DIGAIZ &
D, BEHEMEBEINLZENPHLNER-T
WY N, ZOEREFERICER I NSHE
M X HUMERIZ, BOTBRRERE, RIE
BB R LI L AREFHOEIIBWTERELE
FLeEZOND.

AWFZeix, 427027+ —HACT 2HVT
bFGF & BBHEY¥ S F 571 A 72X 5 BHEE
ETNVIZBIT L E—EEOEHAE LY ERH
WCER L0, BEEAFEROERHEBES
R 2T, BEEELMEFREOMKRE
BHOMIT A LR BE L.
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1. EERENY

10 JA#s (CEHAE 2924g) @ Wistar 2T v
M (BEARZV7) OBEI0RE 18 E LCTEF20
ILx w7z, B, aFEMRFHMER
Y& — (BiR23 £ 1T, BEF60 £ 10%) I2T1
BEOFREE LTV, EFKRBIIRFOLZWV
T & RMERR L7z, EBREIMY, K& MF B
# (F) L2y VB TEM) IZHBICERS
HHE L2, 2BEREE, AEFEMNKRERY
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EERIRSE] o N [BWoR#ES L UEHEIC
B3 23] 2o CTEM L (EBRFTEEK
2235 20-010).
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Tabata 5% OFFAHE, 10w B L DEE
T T F IKERIZ, 025% 7 Vg — LT ILF
t F2Z 8%, 50 X 50mm O H T A 75548
WWEE 2mm 2% A X )T LAR, HT A
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L7z, RIZEEMEY 7 5 % E4E Tmm O HIEIC
BER S RI L 721%, REIEO VS — VT LT
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KREW T 37TC, 457 DiRE 2 3MET2 2
ETHE R T2, E 512, ZEEAKT30% F"i
2 WP L 720512, -80T T 12 MR B 7
4T, 12EMTHE Tu&’llﬁz‘}%i’ﬁ‘\/‘ﬁg 45 ‘3:
74 A7 (Acidity Gelatin Disc, LLF AGD)
7 (K1),

AGD O &EKEIL, ZMEE = L, 4T T 24
M, ZRRKPITRES S BOEEOELHK
D7z EUKEIE 3HOE L TEEETEL .
KIFFEIZB TR L 72 AGD (&, ZEERE% 0.
25%129 52 LT, 4 LF?L)L&R%«E’JEEHFHEJ

WZO7ZZDIRITREE 2D L) ICHRE L. 20
fER, 5o AGD @?iﬁﬁi‘%iiﬂi 5.00 +
210mg, F¥HEKER 1L 34.80 = 884mg & 7
D, AGD 1170 OFHE KT E L 29,
80 = 9.00mg T - 7.
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A O 7 21

NTWwb74 772N (FHFfsER A4
N DA
BIEIZBIT 5 bFGF O R @, #hfElc

bLDD, 1~400 p g% LIREFIZKATE

0 BHRETIZ 2. EHY X bFGF 10 wg/AGD

AHRIBICHEALZEZ S, HAKAHEE 88

THHEZRDZEHELTWDS, Kﬁﬁ%f‘

&, [ TIVIZBIT B 25 A D%

HBHAEICES T 2 IMEH OB EH S A ?

L7202, BRI AR4AETTLE L.

T2 EBRBEICBULAGD 1 HHY D

bFGF ®# 2 10pug & L, AGD OF#& kT

REE & (29.80 = 9.00mg) #°5 10 ug/20pul @

KEWE LTAGD IZEFTE/2. b, AHRE

I AR 20 pl A Sk S 27

4. bFGF &4 AGD O A
7 v bANO bFGF M U AEMEE R SAE AGD

DIEANZ LT O FNETHIAT L 72,

O EHENZ, 7 2AF v 7 EONEEO~
A2 %FZ v MCEEL, MEIFER S50
I/min, 1V 7NV5> (74—L %) 27%\2
THERE L 72, WEFCH ZHHTHE OHITE & 155
ATo 721%, 1/100,000 7 KL+ ‘/é‘?ﬁ 1%
W) P4y 1%F>ashA4 %) 05ml
(2 & B RPTRREE A PR L 72,

2 Nolb X A THTELRIZ U FR1o0 K2 BB
Mz, B Nolb A A TREBICYIE L

K1 EMEYrsFr54 22 (AGD)
ZHUZ, bFGF AR &R 387,

A B XD B

B B XD B



22 KAG  Hhd, R B
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BRI 270 ZRICEGHEN Y 7 b
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W, |RICTHEER, 7707 - ) 7 0Bl
TR L, 7V 3 — v EF RN Tk
FULIITERBML, X740 yaML K
WT, I7ub—a (FEXIZob-—24, K
AR LM A4 12T, Film-transfer 3%
(Cryofilm TYPE 1-B® |, Leica Microsystems)
(2 & % EA AR I A 2R S 4 pm 12 TE
ML, AR PMFI) XV Y (HE 3
) 177,

8. HFAIME, A OB

Gefs L 72U 3ot E M EE (E-1000 ®
Nikon) TH#I% L, M#kI%EEZEHEI3CCD 71 A 5
(DS5Mc ® /FX-35A ® |, Nikon) T 2 &g &
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15 S

1. ¥4 2709 7+—HACTHHA

38000.000



24

K& thi, A B

1) MA®R2H

*HHEEE (X B5A),
BER O LR RE L HA T

o7z,
Hotz.

. B ORI

2) MAfR1H

xFHERE (X 5B),
ﬂm%ﬁwL%W“iR&Mmﬂf%of
72, XEREEOFOIL
HECIIRETIEH L 0VEFEIFR

3) AR 2H

#HEEE (1 50),

7z,

4) HMAR4H

AIEFEIC BT
BRI AR 2 H

E (X 5F) 128V T

P80 B ITR VAT,

FEEREE (X BE) & bITERXR
D 7
AN Ol ﬁ"ﬁ‘fli”ﬂ‘Uﬁ%Els IHET

E<
FR
O LNz,

FEErAE (5G) 128\ T
B RIBIR D WAFIRED I A & 117 T T 7z,
FHETIXBOERZ DT, FRIERE

FIZFAFRTH o 72,
BAZ1BEELTF

SR
BT AE %
TR LT ERER

WAFOFAENHEA T

. BRAREB O AR RE R B K
LB L TR AL TH

D, BORAELBROON 272 (U5D). 2
V2R LT, EBRRECITE AL 2 M & LT

FOFENRD L,
2 . 5"55 UT{EI
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SEX AR (X FEERTE T 53.94
1.33mm*Tad b,
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(2) AL 1A

I AR L SEBREE T 55.23
307Tmm*TH 1,

REHE T 4999 +
BHEIEO 2o 7.
(3) AR 2.8

BRIEFE DI AR 28 X
" %%@‘/J\ LTw/: (HM5H).

502mm®, XJ

mEZEOMICH

5.16mm?®, *f
W& OMIZA

P AR (L FEERTE T 58.04 £ 517mm’®, Xt
HEAET 4944 = 273mm* T V) EFREEII A EIZ

EETH -7z (P <005).

(4) HATE 4
SRR

FERHET 68.35 +
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5 HRKIEED
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e NE— KT,
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&1 AGDEABROBHEBEOLIL
BA%4AAIZ, ERBOGARIISEHELILEL CHFREIIRETH 72 (1P <005).
EERREIL, MARAEIIBEAR AL EEL TARIISEETH 72 (P <005).

Bone volume (mm®)

Experimental group

2 days 1 week 2 weeks 4 weeks
Control 50.76+1.33 49.99+3.07 49.44+2.73 51.50+2.35
bFGF 10pg 53.94+5.02 55.23+5.16 58.04+5.17* 68.35+5 47*

(n=5, *:P<0.05)

REEEC 5150 + 2.35mm’Tdh ) EEREEIZ A Z I 1.09mm®, AEEEET-0.77 = 264mm*TdH ) W H
BETH-72 (P <005). OMIZEEEIIBO R,
2) BEEoOEME (46) (2) HAH%2H
HMAZ2HOBHELXREEL L-2NED FEHEERBEMEIIERRE T 402 =
BWINEIZLToE) THo 7. 292mm°, AHEEFET-126 = 261lmm°Ta» Y HH
(1) #EA%K1HA DOMICEEEZETR D Lo 7.
FHEMABEHEMEIIERE T 12 £ (3) HMA®4A
25 -
E 20 - L
E
‘ o 10 -+
2 =@=bFGF10pg
5 » 4+ Control
*: P<0.05
QEI i --u&ﬂ"l e
0 ‘.n...,..,..4‘,...'0000“""' 1
-5 -
0 1 2 3 4 (weeks)

6 AGDH A2 HOBHEzREAEL L ENE
BAH4EIE, ERBOBHREEBEINEELLEL TAREIIRHETH >z (P <005).
EERMIE, HMAR2EE 4HIIEAR I AL TERICSHETH /4 (P <005).
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PR KRR BN & X FEBREE T 14.41 =
4.69mm’, XfHREET 0.74 + 258mm’TdH ) FEER
HIIAREICEHETH -7z (P <005).

3. MRkR9RT R
1) A 1HA
AGD 1%, EBRBEICBWT—HEWSH L

TWALEGTLRBOLNLD, L ITEWmE
AGD 134500 pm BENLTH Y, BWiW & AGD
OMIZIZAFOEREBD 72 (KT7A, C).

DOPFEROILEEL, EEREE, ITHARE L & (288K
REEL T, WHEEIZEZIOum LTO
FrAEME ZEET A EHNTE, MEEICHEX

7 AGD ¥ A 18L& 4 AR HME
A HEFEIEHEAH AGD AR 18
C :bFGF 10pg &% AGD ¥ A% 14

B AHAEREA AGD HATL 4 8
D : bFGF 10 ng &# AGD # Atk 4 A

X|8 AGD iﬂ‘é)\?’ﬁ 138 & 4 B e RS

FENIFAME. HAKZ, WAOHIZERO 5N MEDOILKREZRT.

A ABAREES AGD A% 1A
C :bFGF 10pg&HA AGD AT 14

B ABEIR#H S AGD HAL 458
D : bFGF 10pg &H AGD # Atk 4 8
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Fz2 AGDHAZ 1AL 4 HOBMEFL: ) DIMERK

BAKIBEE 48I1E, ERBIIIRELREL THRIIEETSH o7 (P <0001).
FEERAFIZ, BAR2ZBAIEAR4BLERLTHERIIHEETH>/2 (P <0001).

Vascular numbers (pieces/mm?)

Experimental group

1 week 4 weeks
Control 2943+11.29 24.38+9.63
bFGF 10ug 102.56+19.75* 70.96+18.78*

ERBEONEMTIILZEZO LN (X 8A,
C).

2) MAKR 48

AGD I3 ICHE AR 18 & R R HE
LTBYH, EWHEE2 S Imm D BN TS
MEL T2 (A7B, D). XBEIIBITLE
DPFERILREL, AAEZHFITEN T — &%
I EIHNITHEEVHEER STV, 72, #iE
MEFZEAZIBAEERTCEZOpm UED
MENLEEEINS (K8B). ZHizstlL
EBRFFICBIT B FUHEBOLELR, EHRIZED
Rz T TEY, B0l E AGD ORI
a7 =7 VMO LR T H I ENTE
7. i, Zoag—r USRI ET AN
HEXHFEOHERETEY, 2OAMIIHANE %
W ODMHERTHT ENTE, FAEMEDE
FIZOWTIE, MEBLRARIC1I0pm LRI
EBRLTWwL2b003E% BEIN (K
8D).

4. FrAEMEHOFM (& 2)

1) BA%1HE

FEERBE O P A ME BT 10256 = 19.75 K
/mm* T Y, FEEEED 2043 = 11.29 A /mm’°
TN OEEIIEETH-7 (P <0001).

2) EA% 48

EBRBEOFAEME T 7096 £ 1878 &
/mm*Td» 0, XHHREED 2438 = 963 A /mm’ &
DLEEBEICEMETH -7 (P <0001).

3) BAKR1IBEL 4D
XTHRICBITAFAENERL, BAKRIAL

(n=5, *:P<0.001)

4ETIHEBEZRO P02, ZHIHLT
EREIC B 2 AEME R, AR BT
ABABLIVOAEIRBETH -7 (P <
0.05).

e 24

AHfFEIX, 7 v POBEEBICEREBEYEKL
T, MRE¥IERF L LT CICB ERHEE TA)
BiRRARER & L CERRIDHE SN TWwE3®
bFGF %, R bFGF OIEREIREDH %
BHYsF 74 A0 2 Hv, BEEABL UM
BEHHEOBEERELIZDOTH S, EBRIZH
2o T, F—REEORRNLZEHFEOREL <
427074 —AACTIZXDFF L, FISHE
FHFMHEZIT) S THEHELMEFE L OH
fREEREE L 72
1. BEEEFTVIZONWT

CUESVRHEIR T, FHE O KIS BR R 2140
B EICE VAL RELRERENLS, B
H, NEBYIRE, HL5ZOFRCIVED
OBBOFXRELRE, ErOKRKE SO
DRIBIZ X HHEEER, FEWLEEICERT S
ZENEV. RFFETIE, HEBR CHETS
HEOBWEE/NRBIIH T2 BERENT 7
U —F DB T 7.

BOBEIIZESGME, BRBEERT, M
FAR D BRI R TH 50 . BFMEHZIEE S
F v, PLLA, 29— VARV IR END
550®  HmTCTHEEEETF T4 AT,
bFGF & BEMEE LESN TORPUI LRI
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ENAHZEPHEINTVLY | Z ORI
M7 FyoaKkRIZI)HE I T
5 REHFE LRFREOERASITh N,
BEAEIMTONL T HFT, ROMCHZERME
RO RERF TH S bFGF, BMP'# |
TGFB 19, IGF" ™ 7 &E g3 MlicfEH L,
BERERET L EMENTVWE, 2D
L bFGF (&, M MO 7528 L 185 % 3L
LHAEME 2 RA ST LERR S 5102
FGF &, 1974 4£|Z Gospodarowicz 5% 12 &
D TEAETHREBEFE L THERINTL
R, HAETE23BEOT 75 4 7% g &
nTWwW3, bFGF i3~8) VIcEARORT T
HY, EALOMBTHEEAL, MisOEmE, 1L,
BIOIMEHEICEH b TS, —F, BFK
¥/ T 21k BMP, bFGF, TGF-p, IGF®
REBBET LN LA, Myoken 5% 1% bFGF @
BERZEWERIC, MREOERELE B CHEERIC
G LTwaAHRELTHEL TS HE
bFGF 1, FZERMEBEIC BT 2 BB ERIRES
ELTHREWVELINERIDHIN TV S,
bFGF (X I8 N R AR L2 63 % B s e B 2t
By, MEFELREET LY. I LITEFE
RAEVERDH S Z L dHESNTEBY, 0%
ELZD LN TN BRYY
NSRBI 2 5FAEIE, B
FESLEBHBHROMBES P OMGEINE Z L
BERE X CRBRINGY . Lad, BEAD
TOICHCOBME L RIS 5 2 &, #rioi
B2 il %, lEDZ LG, KBS
TIEBMECBEY S F v 71 A7, B
B O E B A E 712 bFGF 2z A S bE 8
BAEEFVEHW.

2. A7 74 = ACTIZDWT

bFGF # W/ BBEEETVIZDOWT, =4
207+ —7ACT Z B2 BHAOFHEEIC
DWTOIHRED 13H 525, F—EEZ H TR
BERGIZRRAN L 723 1 ST, K5 T
BwiwAg4 7075 —0ACT X, FEREW%
BT TICRARMBEETICTRETE 22 L%
KOFETHL, 2Ly, BREFTICEK

ENDLBFAEFOFR—EERIZBIT HERT=R
TCH 7% BRI ASHT RE & 72 o 72,

ARCTOXRZ VYA XL, 27Tum, 45pm,
90 pm 25 BINWRETH 525, TN-ENEh
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Abstract : In devising regenerative medical approaches to bone defects, the blood supply to, and
perfusion of, regenerated bone tissue by angiogenesis is considered important to ensure stable bone
formation and the prevention of infection. This study was conducted to clarify the relationship between
bone regeneration and the angiogenesis bFGF sustained release system by serially observing the process
of bone regeneration in the same rats, employing microfocus X-ray CT and preparing serial tissue
sections.

A bone defect of 7 mm in diameter was prepared in the parietal region of 10-week-old Wistar rats,
and an acidity gelatin disc (AGD) containing 10 p g of bFGF was embedded in the study group. In the
control group, the same disc saturated with physiologic saline was embedded. The rats were scanned by
microfocus X-ray CT 2 days, 1 week, 2 weeks, and 4 weeks after disc embedding, and the process of bone
regeneration was three-dimensionally observed using 3D visualization software. Also, 1 and 4 weeks
after disc embedding, serial tissue sections were prepared using the film-transfer method, H-E staining
was performed, their 2-dimensional images were input into a computer via an optical microscope with a
color-chilled 3CCD camera, and regenerated bone and newly-formed vessels were identified.

By microfocus X-ray CT, bone regeneration could not be confirmed 2 days after disc embedding in
the study group, but slight bone regeneration was noted 1 and 2 weeks after disc embedding, and bone
regeneration continued until after 4 weeks. As a result of measurement of the bone volume, no
significant difference was noted between the study and control groups 2 days, 1 week, or 2 weeks after
disc embedding, but the bone volume had increased in the study group compared with the control group
after 4 weeks (p < 0.05). This suggests that bFGF began to induce bone regeneration 1 or 2 weeks after
disc embedding and continued to promote bone regeneration until after 4 weeks.

Histological evaluation showed that the number of newly-formed vessels was significantly higher in
the study group than in the control group 1 week (p < 0.001) and 4 weeks (p < 0.001) after disc embedding.
This suggests that the regenerated bone was sufficiently and continuously supplied blood by many newly
formed vessels in the study group.

These results suggest that bFGF is slowly released from the AGD containing bFGF embedded at the
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site of the bone defect, that blood and nutrients are supplied by angiogenesis, and that the treatment is

effective for inducing bone regeneration.

Key Words : basic fibroblast growth factor, bone regeneration, angiogenesis, microfocus X-ray CT,

acidity gelatin disc



