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| ON CROSS- LI NKED APATI TE/ COLLACGEN

P Al NI NG SELF- ORGANI ZED
A m N COVPOSI TE AND | TS 5 PRODUCTI ON METHOD
FI THE TNVENTION T {~iAvention rel ates

to a cPY¥-1inked apat i t?(%&ggghﬂ@grous body

contai ning an apatite/collagen conposite for use in

cartifici 0 bone, cell scaffold, etc., and its
pr ﬁégﬁiW@mnmmmmm O BLEGNTEAINING

of e iLbility with human bone, artificial
bone%%’?%@%b&éﬁ@@@mmt@@mmm ITS
directly. Accordingl ificial bone made of
apatite has recent] y%@@tﬁ&@ﬁmgﬁw

ef fectiveness, finding clinical applications in
cosnetic surgery, neurosurgery, plastic surgery, ora

FIEGEH OF eHE INUWRVEIoNartificial ceram c bone such

as apatite is not necessarily conpletely identical

with Hlraprdsentinvertisneelated e R b S H OPEL 1 d
g}%g‘lﬂg ogi cal t2'O.properti es. For ?ﬁgtgﬂ%’g‘,reaafé%‘@z?‘ﬁ&ﬁen
urtaming onapatidgcolthyen eb g ' ) Ss ; F
Earder nd more brittle than theghumalﬁn bonEeéﬁ h@\‘hill%eu% Agificial
nCehdatiodd, efpe ity produetibadmbeh gt abol i sm of .
absor ption and regeneration, the artificial bone made
of apatite is not substantially dissolved but

R RPN ! NS InORn bone at an | nterface
1 s P2 R RNt b oo, sl bone
R A e N T D
Do e Do B BORPRR! el 2kt BB artreclated for
effectiveness, finding clinical applications in cosmetic surgery,
neurosurgery, plastic surgery, oral surgery, etc. However, artificial
ceramic bone such as apatite is not necéssarily completely identical with
human bone in terms of mechanical properties and physiological
properties. For instance, a so-called artificial ceramic bone made only.of
apatite is harder and more brittle than the human bone. While the human
bone is repeatedly subjected to metabolism of absorption and regeneration,
the artificial bone made of apatite is not substantially dissolved but
semi-permanently remains in human body. The remaining artificial bone
breaks human bone at an interface with the human bone, making it likely to
cause bone fracture.

Research has recently become active on artificial bone
decomposable in the human b,ody, which is c.loserin composition to human

bone than the artificial apatite bone, and various proposals have been made.
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*cl JOO2* For instance, JP 11-5 135 90 A discloses a
cross-linked apatite/collagen porous body having a
network structure, in which collagen and, if
plecessary, ot her binders are bonded to hydroxyapatite.

BEEEBCENIES 1 1cp 3890 iAkstlapad ambwﬂhﬂmha%%ﬁt‘éy’(ﬁ)ﬂagen

body |s ., deconposable in human body, 5 human ne is
pPES?‘%%hO?lY] &g AJRRETomkstCise | irevvtoth a@dihoRarais if

e et B n o bapte o) this
oL 8 B AR ot b dormnecy oo bods.
hglrﬁga?f?%e %$P%iﬁ$§é%ﬁﬁé|crcg%r ; r§ d@%ﬂ&%ﬁ?@h}?«mﬁw Hédy, and
O B oA 08 AR B e liscebsssbetiane, uman
P!« AR PR DS GRS il tmporo bocy can
e Shiton SESSIdY AN AORLL LEISGI ARRRLELOE L o

feoneed®opkagid the ?%}_E%}Efﬁ% S %e‘tgl?wl E%E%%nﬁ% n fleweyer, this

Acco!rdi ngly, ~an obj _ .
cqmsmluﬂedaapaﬂt@%olﬂag&?goﬁﬁ?st bo&Y GOk gr%iygr:fie %?%llagen

r:\ﬁgsortged ihr; ﬁdrl)urmn body according to
anmeapatttes wiashidods notigavegarsif r}ﬁﬂp ' j.gh. 20, .
thgo(ge neoglﬂﬁlsi a, which can be uged %?C%(?i?él/?ﬂg?g#gbgﬁg‘fMCh
tle-aX1hpdthe gpafitotuotientedaiohedco D, @&E :
I NVE%I@&)\I As a result of i nten;ggé?es%i#c n \ﬂl}g\/}vmgft’ﬂns
CTOR% apsiitesiollagen parausvisndphas haverfi QA nid @ anical
when a 8I spersi on containing an apatite/collagen
St@&\%@%ﬂl Pagrbens nggolasia gel | ed before its

freeze-drying, the resultant cross-Ilinked
apatite/coll agen porous body has a uniformstructure

O%?%Fg@%mm%ﬂ@&ef Io:]glsﬁgt I nvention has been

Accordingly, an object of the present invention is to provide a
cross-linked apatite/collagen porous body absorbed in a human body
according to thg same mechanism as in living human bone, and having high
bone neoplasia, which can be used for artificial bone, etc., and its

production method.

DISCLOSURE OF THE INVENTION

As aresult of intense research in view of the above object, the
inventors have found that when a dispersion containing an apatite/collagen
composite and collagen is gelled before its freeze-drying, the resultant
cross-linked apatite/collagen porous body has a uniform structure with high

strength. The present invention has been compléted based on this finding.
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Thus, the nethod for producing a cross
gpat?te/collagen porous body according to the present
i nvention conprises the steps of freeze-drying- a

I [ ainin n apatite/collagen conpos{te
g:ﬂ_zpe(r:g: i agsg %H% 611‘?%]9% f?rd?é’ Oslsing dy crasseitian ?E%tlte/ collagen

L in the 5 porous body, _

GiroEon b e AR QllegPF%’%PI?éleé’lengl@lﬁmdeflsés G beps of |
: : ite to the collage
gtfﬁéé%r@é%hg%eéf%@%ﬁ%%& S ﬁ%hapﬂéit@fteh&g?; gbglﬁ’«ﬂsite and

. o ferably 9/1 to y
s n i JoREER ot 3ht Bols?  BhE fsurinss-inkinseollagen in the
T : : - ture
POUDDOGS d | the dispersign tenpera
??b 10mprgf gr gﬁy%g%%at&gng 1?86%%”. }e‘gﬁget gelation.

' ' ' ; 6.8 to 7.6 and ionic
Strengin o 0o 1o 08 Rer Erethlndabss sh thernollagen i

feraiily d17/agreno 4R oS gferably inthe form
o her > as ong . 0-01 \HLICTRC At | ahisparko collagen
afFRq xsqi)jmfrratgyﬁ{ g Qgg’:lgﬁ g%y:ﬁlﬁsgiﬁenf@b%%%e? Cé)é}}ra‘gq{h%om@osite.
iented al on : :
or 055- | inrithedg elasivnt of ¢ di8gersipel oS gggfjﬁffﬁ@rﬁ%np%r@ﬁm is
P EEsB et ao 36 10 430, abthé oo ageB. BaL AL ol |
fRIFLFTaDITieDE 86 36-toi 43R, apa e BB S R PH of 6.8

nt invention is prod any
ggoflgeqﬁ fﬂs’;ﬁgstim%&sf VDbE (E%@b?g\(hy%eggog HE
I NVENT 1].. Production of apatite/coll agen
corrposil-lﬂgIE> ?{;la{‘ collagrr comp asfite £87e8ab1y iABE form of fibers as

[ body of the present |
08 e BT el | vapaia -yt o ios/cbH BRAAIRD
RN o Lo e oo g o

ei?ﬁ%@pgﬂg% 33‘;??"&% Rﬁ’@&fftfgabmgu tle¢ eodlaloyn Hitsera. A%Datite in the
Lo WP o that of l'i ving hunan bone, Tn
\%ﬁ?iﬁﬁﬁﬂlﬁ% rsd?%lg%éf)’l?geﬁ RPTess ﬁ?ﬁﬁéﬁ alycepraferatie Chats!flaogl-a;ds
" [
selehte GRfhg ﬁf?ﬂ%ﬁr The term "sel forganiza

means that ¢ta hosphat e
The cross-linked apatite/ collagen porous body of the present

invention is produced by any of the above methods.

BEST MODE FOR CARRYING OUT THE INVENTION

[1] Production of apatite/collagen composite

In the production of the cross-linked apatite/collagen porous body

of the present invention, an apatite/ collagen composite and collagen as a

binder are used as starting materials. The apatite/collagen composite

preferably has a structure similar to that of a living human bone, in which

hydroxyapatite and collagen are oriented in a self-organized manner. The

term “self-organization” means that calcium hydroxyphosphate

’(hydroxyapatite) having an apatite structure has orientation peculiar to
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(hydroxyapatite) having an apatite structure has
orientation peculiar to O |living human bone al ong
col l agen fibers, nanely that the Caxis of the

i th th ||
1 Do i Sohe N Methoailly Gl Boens of he

donfrosivh at1€eﬁr]ﬁdéii§ﬁn e 5 gosphat es and
cal ci ﬁ%gal ts as st rt%ﬁ%’%ﬁéﬁ?%" I.agﬁl?oﬁ FSmot

gant iStatthid ymdteshls cted, the coll agen may be extracted
fromanimals, etc. The Kkinds, parts ages, etc. of

th
e anﬂi‘haé a @tﬁ&/étﬂla 3 nelgit%@gl{ey i c%%lr%gm coﬂagen

general , I agen ob rom s

qﬁﬂsphagﬁsand ealdons, salﬁsﬂé@&f@{m@r én gt c c}“%“%ﬁ%' s

such as cow, pig, horse, rabbit a

pachcakarheresteattzd, Itf&ycbﬁaﬁéﬁ%a%ﬁl @Qﬁ%c{ fcﬁero?ﬁ %&'xgqngzs etc.

obtal ned from skins, bonés, caftil ages,

S, pRYfansgeztete. of td ammupsha@sno
Iatfls sal non, trout, tuna, mackerel, recj;tdsnagq%strICtlve

B egnseal, colagrn O@ltamedtﬁoah skirg bR, cﬂ‘tﬁagégr@qltdoﬂg
rreth -of collagen i s not part|cularly restrictive

Tg8ns, gu el neaamals suclces @bvgqivlb@héﬁseﬂ:rabblt and rat and
ti ssues, collagen produced

acted from n| mal
géﬁﬁfé %o%sofl Snmaﬁ’e}é% H6P6gi esolagentisice beotiesgd obtamed from

[hereinafter referred to

mpiggég %l'tﬁ or its sal

SITpry "4s> © %%ﬁ?olﬁiné 8ed Sesuatemay Org‘milfuders of %sh such as
S ' odi dr ogenphosphat e, sodi um

B e M e WS ol o ahgisroperpl e sardine,

The cal cium_ salts

i ncl u%gygﬁgﬁg%% @gﬁggﬁat e %Q’%%?r:ﬂoéﬁm%h@d Qfaﬂaiiéltgﬂn is not
t

a?%f‘%?%fﬂgfgb@ a%lgl‘gt ’ﬁln%gfﬁg%f Elognd® f s éggﬁaggn

solraittednfrom éﬂﬁﬂﬁr‘t% s, &8 g n§§5 otdélcggﬁaygfgeﬁg S ecombination

resultant apatite/co agen C

techhobbgied thyy algaaa@@ugggl o of the apatite starting
mat eri al [ phosphoric acid (salt) and cal cium salt]

and cdPhespsioric adid deize rsdltnﬁléfmﬂif?err%ﬁrr%attbosfnply as
“phosphoric acid (salt)”] includes phosphoric acid, disodium

hydrogenphosphate, sodium dihydrogenphosphate, dipotassium

hydrogenphosphate, potassium dihydrogenphosphate, etc. The calcium
salts include calcium carbonate, calcium acetate, calcium hydroxide, etc.
The phosphate and the calcium salt are preferably added in the form of a
uniform aqueous solution or suspension.

The fiber length of the resultant apatite/collagen composite can be
controlled by a mass ratio of the apatite starting material [phosphoric acid
(salt) and calcium salt] and collagen used. Accordmgb the mass ratio of
the apatite starting material and collagen used is properly determined

depending on a targeted composition ratio of the apatite/ collagen
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the apatite starting material and collagen used is
properly determ ned dependi ng on a targeted
conposition ratio of the apatite/collagen 4
conposite. A nmass ratio of apatite to collagen in the

cEppbsite/ c hags rfatif)o@?é#titgatlés@o I%nent gletl”gzle %ﬁ?tg{%folltaggn

present I nvention 1s p

COMPOANE tise8/iX thé e tRoRPEf tgfae% ?{Esgg} ﬁ?\%eg{ﬂ%i&s%r?f%gb 521 to

aqueous phosphoric acid (
6/dalfor instamdd, 8] uti on or suspension are prepared.
Though the concentrations of the aqueous phosphoric

(2aciRrepgmtion sbkohition and the aqueous cal ci um sal t
sol ution or suspension are not particularly

r est rliigst, ap agasous hohie atidspaRY | '
the cal cium salt a;}glcg? a desi rgd 1%@;1?@5&1'{@%;3@%895

caleieme &bl solfen thsuspausioheneepebated!’ OPRLAGHIRET at i On
described Ilater that the concentration of the aqueous

CHIEEHRGONS Qfdhg agmons pwsphicoie acid (351t) SoRARIMA R
TSR0 24 ook o e e % S

t 00 for. instanc about 400 nM q:lié?ljl a en}J ll%g Hve
asa%&%aast tg@tmomhc- @Ig@c&;‘iﬁé@nﬂghﬁql@é@um phhsipg at helesired
ragigia gtoiézﬁjeg%ﬁﬁfe: %c’)lch”I 1i%rr"]f %?e‘rgvge%ﬁl%’lﬂg% %géitdggpgggq;;ﬁjgn described
a3 a8 AnSRRRET oF Bos BO3RUDhGemiars Boid (ads sohusion i
LR 107 hstanb, b P Rp . Gt RaF d e6m otatioof
a2y Sl TUaruR SOMRn 8P Shibeisicn i I Lo, fore
aed o har ey nt 6y e bR A M AE ABLRR dRaped

aHRGUS Iphadphotie. achd (SAIEP SIS RIPSANQL]] iﬁlglag ﬁ)ﬁtﬁl ! ‘arhaqueous

sol ution containing col agen and an aqu

e oo S ot
phospﬁorlc acid may contain collagen at a concentration of 0.1 to 1% by
mass, for instance, about 0.85% by mass, and phosphoric acid at a
concentration of 1 to 40 mM, for instance, about 20 mM.
(3) Production of apatite/collagen composite

Water substantially in the same amount as that of the aqueous
calcium salt solution or suspension to be added is charged into a reactor
and heated to about 40°C in advance. An aqueous phosphoric acid (salt)
solution containing collagen and an aqueous calcium salt solution or
suspension are simultaneously dropped thereinto. The fiber length of the
synthesized apatite/collagen composite can be controlled by controlling
dropping conditions. The dropping speed is preferably 1 to 60 ml/minute,

for instance, about 30 ml/minute. The stirring speed is preferably 1 to 400

5



10

15

20

25

synt hesi zed apatite/coll agen conposite can be
controlled by controlling dropping conditions. The
droppi ng speed is preferably 1 to 60 m/mnute, for

i nstance, about 30 m/mnute. The stirring speed is
preferably 1 to 400 5 rpm for instance, about 200
rpm The reaction solution is preferably kept at pH of

13;513,/};(%} i?ﬁe ckf aBEﬁt 2692@3{1trati ons of the calciumion

phosphoric I'd i on exceeded the above
r angeFhe rbactish SoRutinnizgidfemby Ke ! | _
be hindered. 5 Tﬂe above.ﬁgropgpir,]g ?gﬁg??}l)gﬁg %Edl\oginglfthe
eonrceapeatians/ elotheagal aiuro npo sindéomittenphdspgierid seidtionaxceeded
%"re or less, suitable as a st ing material for the
ARV TAEES: sats I eranivalien Globs ormbesite Trald be hindered.

TRRSHLSE RO ST CSRRISHL Sl T bR st wi

fibenlenigith @fcdohimanniesomisble agackt @i material {ort;che Ccross-
y

freeze-dried. The freeze-drying is carried ou

lrnalsq:é ppaidteyepldagen pateumbody a Tgma;mltsfmlh@n edrifosite is
. Production of cross-1inked

éaeggﬁ%"‘el}%% agen porous body (1) Preparation of

di SpeAFied konippletion HOdR] eihé,eé %Rlﬁggg\%&t fiIRRA | £ glhe

apatite/col |l agen conposi s mX I'qui d”such

‘gmatitatoeilagenScampasite and wies ph frdege atriet. s Thetfréhe-drying is

etc.,, and stirred to, prepare a paste-like dispersion.
careied Ay Bapidhe drying i vamaumils apfreren stite agol 02 ewdower.

B R T RS 00 1 R o
0, R AL LSO 03
rat i olbé¢ aphtiteipallagert compite isanpas] wéth 9 ligned kiieliag water,
in the dispersion as.,represented by the follow ng
31 PAYE ALY HﬁQS@lOJIQﬁGME)IUDQD, €., ané stisied ta preparsemaste-like
GRBeisRar ot ahORnF B Bobld e af BrRRE0E 8008 by
Ml@n@&,&ﬁ@feﬁb%ferably 90 to 97% by volume, based on 100% by volume
of the apatite/collagen composite. The resultant cross-linked
apatite/collagen porous body has porosity P, which depends on a volume
ratio of the apatite/collagen composite td the liquid in the dispersion as
represented by the following formula (1):

P=B/(A+B) ... (1),
wherein A represents the volume of the apatite/collagen composite in the
dispersion, and B represents the volume of a liquid in the dispersion.
Accordingly, it is possible to control the porosity P of the cross-linked
apatite/collagen porous body by adjusting the amount of the liquid to be
added. The fibrous apatite/collagen composite is cut by stirring the

dispersion after adding the liquid, resulting in a larger fiber length
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25 Accordihgly, it is possible to control the porosity
P of the cross-linked apatite/collagen porous body by
adjusting the amount of the liquid to be added. The
fishrous,..apatite/ coll agen conposite is cut by stirring
tﬁgmﬁ}lgﬁgrrﬁéﬁa and élnusaprtbvigﬁﬁ%eghb i8S Han &%g:%g; ﬂ% i n

r fiber length 6 distribution range ,
S?%@thﬁpéfqg?@ PeEvistody wits $miproled s jte/ col | agen
por ous ﬂgd% with.i ng_r oved strength. The conposite
di spersi 1 CPERR St WPErslen |1k ageedsrith Bbggé%n Igg% binder and

f rsti?{é({lreg.h The anmpunt of collagen a

preferably I t f@%lﬁyntgfﬁﬁbbgemchid@gfﬁl’e@l%lﬁ 1R 10% b
Gy ABRSprdRs oY 1&% by mass of the y
apatite conagg% é’gﬂﬁb t’%’y Lidks, based be I0DMA heass of the
aplatiedren]h eﬂrc%fxﬁ b agq(}ed in the formof an ’
agueous soéuti on é ﬁmb%os@ g L}é@iC@mﬁd)Eitﬁgh?Oﬂfa%en 1S preferabl
addednhthk ifgfm &f%nag{l an a g:leous,sol ution of coll agpen Y
in phosphoric acid i's cHot Sg 9% i phosphesicradit VeThough the

thacemngiesh ! efdl f agen. i.s about 0.85% by nass,
and the concent ?gtaﬁoan@%o S%RJCQHHQH %fo%\@ﬂagm IraphospROrit acid is

vt padnoulhdy nekasii¢al ot of view (2) Gelation of
di spersi on I%,ecaggéeﬁfeﬁéh ggf&?}ﬁegﬁf%wrgﬁfgqhggg@ 1sabotit 0085% by

Brassoindten concentres i ' salt).tyrns the
di s?_ersi on acidic, aﬁﬁgﬂé}@s}%r&ﬁ ’SSL&LiPP‘-HSZO m8Vafrom the
RIGSHSA potrtond dizveol ution, etc. is added until the

&Qs rsion has pH of about 7. The pH of the dispersion

' 81? §d&persion7. 6, nore preferably 7.0 to 7.4.

By ade%sting the pH of the dispersionto 6.8 to 7.6,

it i s B e rsdtionan bing

é&o%lgggggom.ﬁg gteiﬁ?i T L hd eang sORAR BF cByBesnth
ater RCtfd salty pamsitbe dispetsies asidib. 8 4 é’ﬁ‘.tsggqtion such as

-ajé-\))'d;ihﬂleﬁ 1ﬁonc;(caigtr téed sol uti on of a physio ogi
SdiLPRy AR on, Pliosphdded welidhandlspdkids 851 of

adipst t i oni trength of the dispersio

ao. 181’EJ$ h e"f‘ﬁe bPI'bE the dispersion is preferably 6.8 to 7.6, more
%:Jr‘eferably 7.0t0 7.4. By adjusting the pH of the dispersion to 6.8 to 7.6
1t 18 possible to prevent collagen added as a binder from becoming gelatin

in the gelation described later.

The dispersion is mixed with an about 10-times concentrated
solution of a physiological buffer saline (PBS) of phosphoric acid and |
stirred to adjust the ionjc strength of the dispersion to 0.2 to 0.8. The
more preferred ionic strength is as large as about 0.8, on the same level ag
that of PBS. Increase in the ionic strength of the dispersion can accelerate
collagen added as a binder 1o form fibers.

The dispersion charged into a molding

| die is kept at a temperature
of 35 to 43°C for gelation. -}

o The heating temperaﬁure 1s more preferably 35
040°C. For sufficient gelation of the dispersion, the heating time is

7
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nore preferred ionic stréngth is as |l arge as about
0.8, on the sane level as that of PBS. Increase in
the ionic strength of the dispersion can accelerate 25

coﬁI] Z%erg agdcid as_a binder to formfibers. The

di¥5EraPhh Uon e gethonrg mOM® e AGaBie 11 KBRL At By

t 2 iur_ of 35 to 43C for gel ation. At | 3}8“ the

t SHRer AUt BePSais o desChrtabl oo MG Foded UL B
gqh@lté'%‘i%h dispersion, the heating 'y c{}r orms fibers,
tines tun &ee@épﬁbﬂlyna.o Sgeh 3Thehealsd étsio
pﬁﬁéﬁbﬁ%%;y/c% %é) 3 hours.. Wth the di s‘fJersi on ep{ ¢an prevent
35 1 0- 43¢, ¢ MESHbPPERAF oM ascaipitatier tHGERS fherety
fpb%@@igotzbﬁﬁﬁg turni ng the dispersion -to a gel.” The

gel [ ed dispersron REPYsr t T dmpetrsion) aohieagliMo the
Birt & ; i pi.tati th in, th by 5
cosheRid & ﬁréﬁ!ﬁl%? e%?%ul ng erein er eby

produci ng a s body. The di spersion

s(i) efterdet gelation is in a jelly-like state.
(3) Freeze-drying After the gelation, the dispersion

i s frozAfter The ' .enper.ature is preferably
;tlseoc to - 16(:, %%%%%’Qgsr%ﬁgr&@@es f6pzer0C. TheQrddeng
Epaatirshiapee fir e%nd he ,por ous body can be ~ .
Iér};er_ol | ed bgﬁg f?g}evzie(?l% Cgpt) e’j.O g@lm‘Plf?sP@iééabla’ 18°@eto -20°C.
f SiZgarsh ¢ eN8srdO; ' sial,l er pore size to :
the egul tg@ﬁgmp%or ogsrbﬁﬁﬁfﬂhg?%ﬁl%ggpgi% g comérplled by a
T8 dpred. t &'drdnBiamcROR The freeze-drying
i T}@j&%ri ed out by evacSafi ﬁgf%%ﬁé%% ?%{Y%ﬁiﬂﬁ@ provide
f ‘ P%S_%Z%t@ﬂa&ré@ﬂig@ﬁéid}% "s'bc?cgr' n the case of
the co gsctﬁﬁgénsfl'hrg_f&;eezge rying ne ]gs only Ibe ; ;
19th&s thespaiesendd; | cient i ed.
ﬁ]gggg_iaé_ynot .é{fart,i cularly restﬁ%?%gd?l f{)*‘{é %PQE%%S %Pﬁb’ng The
;Ei'a e° LY ‘éffllff&ﬁda??UbyMat;gatiﬁé t2pidiPdrying in a frozen
=k heki ng of coll agen -
pssehb & orglower, as mgthe case of the composite. The freeze-dry'mg
iecas only be conducted untj] the dispersion is sufficiently dried. Though

conduct

not particularly restricted, the freeze-drying time is generally about 24 t
72 hours. o

(4) Cross-linking of collagen

The cross-linking of collagen may be carried out by any methods
such as physical cross-linking methods using y-rays, ultraviolet rays,

methods usin -linki
g cross-linking agents, condensation agents, etc. In the case

of the chemica] cross-linking, the freeze-dried porous body is immersed in

& cross-linking agent solution to cross-link collagen in the porous body
The cross-linking agents may be, for instance, aldehydes such as

glutaraldehyde, formaldehyde, etc.; 1socyanates such as -hexamethylene

& _ e
l1S0Cyanate, etc.; carbodiimides such as a hydrochloric acid salt of

8
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i nki be carried out by
ss-1inking of collagen may cart
;25 ﬁ;?hods suc% as physi cal cross-llnklng nmet hods
using v-rays, ultraviolet rays, electron beans,

h.%lﬂqga] ' .etc. . or chem cal cross-linking

tmat h od§3ﬁ~§?%gﬁ§{ﬂé§§mlﬁﬂ§r ‘?@ybﬁ C%]Hmdcl;leepmm isuch as ethylene
i t case f. the chem ca . o

PSS SF i el Eﬁfar@régag&t@gan%@f@@. bogong these

[ edih : -k k ki ng. agent sol ut

chrrg?;I l'in kg] ¢ %?Pgsg g%ﬁ?a;rai ‘%%‘%‘gf?b%ﬁﬂlﬁwar lymrflfzrear?lz ;frsom the

cueh 8 e ueSrap ot BB fling e Reute @i cross-Tmking and the

SN uoeﬂatﬁr ' : . dii ocvanate, etc.;

m%?in?lring%es SECIE%IS%&%?E%GA;%@P%?@PS%??’& i ngi;)%Ifiuzs}:aody

Wiéftlﬂilsdlman bodgi met hyl am noproEy: )Z?Le? [ | de;

such as ethyl ene glycol diethy , ;

t r ans gWihemighateeal dethsdefimone:d he ag:fcés%% Dk K ngntf,,t}é,qsn

o
gl utaral dehyde is particu ape

?ﬁggé%é%@m ofef gkmeraédﬁhydg%o@atigg i ;pﬂef%}agy BOIEE %15% by
-1 nki d the conp
Riast RiRe Rertasebis R apd- 015 nol bagen AHOUD R e

j . W | ut ar al dehyde i's used ast _
S EACKHE R T Podnshouldemntehtenes! Whep aicoiol such o
‘ [ [ referably O. :
Rt et Qqez';f’ﬁé’mglmmh%g%syagﬁ% e
i v [ |1 n porous _
O AP LP BT e apend apahtaieollagtnnmbrout tsoch & be
dtﬁﬁﬁy] ¢ | for _a.glutaral dehyde sol ution,” the
dehydcl?gct1 ?gﬁﬁg}%ﬁ?hgslgr%g? hRERSS i rigﬁgﬂlla%g?h tﬁﬁ .
SR e S S, b
conap td apatit ol | agen _
conp%?it?g ?%ﬁ%%%tt%rd g@igpﬁ%?&‘gh%%%geﬁéfdgfé?ﬁ @mﬁdtbat t het i on
e 31 e y i i
csont Lnking sasaibiellon SHM MeEQUSSo LISE INe
apaHttiaoBagemporeds B! &4 hive improved elasticity.
After the cross-linking, the cross-linked apatite/collagen porous

body is immersed in aqueous solution of about 2% by mass of glycine to
Temove unreacted glutaraldehyde, and then washed with water, The
cross-linked apatite/collagen porous body is further immersed in ethanol
for dehydration, and then dried at room temperature.

[3] Properties and applications of cross-linked apatite/collagen porous
body

The cross-linked apatite/collagen porous body of the present

invention containing a self-organized apatite/collagen composite has higher

water absorption properties and elasticity than those of conventional apatite

cross-linked apatite/collagen porous bodies. It also exhibits elasticity in a
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After the cross-linking, the cross-1linked
apatite/coll agen porous body is inmmersed in aqueous .
sol uti on of about 2% by mass of glycine to 20 renove

unweset-eentH; de, and then washed with water.
The cross.] ilﬂh gﬂé‘gegz%%?%ﬁﬁé{% epoehent bmma'ti%ﬂip with human
hen

| bbb enroRiaRd Rl I3l g Lo dehycrat on.”and

apatite/ coll agen Cpﬁposﬁg§%§9mﬁé%n PaE@es body of the present

e N s

I Ak e

U gt (oo 1100 T e P i
al imdants, etc.

apatite/coll agen porous body of the pres

i nventi on, whit&f Presemtemiviehzi y " ctron o
| Canleﬁle@’yulééb der g%ﬁlgn%c? I more detail with

baaQE ry-heating etc.

bone-erne%e%e‘lgﬁ eﬁ%@k?waﬁithsuaiﬁﬂéhﬁdnt OF fedkQkt; |
DT hatiat S tdﬁ IBe scope of

| thel h@s Hyﬁﬂ{éngone, etc. Specifically, 1t 1SS E4Bf 8cop

as I‘tl?ICIa Bife, artificial joints, materials for

bondi ng tendon to bone, dental inplants, etc. The

present invention will be explained in nore detail

V}Ex;hnpllé)lref erence to Exanpl es bel ow without intention
of restricting the scope of the present invention.

BdanSlyathiedidof I $;.0f apatite/collagen conposite

15 16|E:§mm of a%ﬁ%"?&&% IBRESWROri ¢ acid sol ution

was addéd mi @f2352 _Igf\i[ ueous sol ution of collagen

it g 7ggosp?ori c aci dg co %gblgﬁus p OSP%OHC acid solution was added
922 g ol an aqueous solution of collagen in phosphoric acid
concentration: 0.85%

‘ (collagen

. by mass, phosphoric acid concentration: 20 mM) and
stirred, to prepare a diluted aqueous solution of coll
acid. 200 m]

agen in phosphoric
of a 400-mM calcium hydroxide suspension was also

T
prepared. 200 m] of bure water was charged into a reactor, and heated to

o ction solution
| at 200 rpm to prepare a sharry containing composite
apatite/collagen fibers.

was stirred

N The reaction solution was kept at pH of 8.9 10 9.1
uring d ' I - .
g droppig.  The resultant composite apatite/collagen fibers were as

lon |
g as about I mm or less. The slurry containing the apatite/collagen

composite w ’ i
posite was freeze-dried. A ratio of the apatite to the collagen In the
=

10
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concentration: 0.85% by mass, phosphoric acid

concentration: 20 mM and stirred, to prepare a
di | uted aqueous solution of collage n in phosphoric
acid. 200 m of a 400-mM cal ci um hydr oxi de suspensi on

R LR ARSI e 82 Dabeseha. di 1 ured O
R e A B B e PRt porn sbiedyio! y
o a5 T e R i e S e g‘é‘%"ﬁ‘ésé%’w\@é@dded 3.6
3‘3%855 ?tr@é‘t‘ffz%@gég?ﬁte c‘gﬁ‘? L g P%‘E#%ﬁ?cﬁﬁgﬁ%'égﬁgn This
3?“5? 0 Flﬁmm gfs?gﬁ; Jﬁsaﬂkggn‘gb% j{ 4 ‘a?\%é? F%%IB‘?}I? sayion of collagen
ek S0l fdReen

in the 10 a&at ite/collagen conposite was
CopmRSiaratioplbtgar v 97/Kbd ranst  $LatIRGGAcentrated PBS
or ous bagij(%/@g g of the freeze-dried apatite/colTagen

g%ﬂ%p{ tatiedisperdon umtil tie forie stRindth ¥Fhe dispersion
é‘i rr%ld Eo farma paste-|ike dispersion. This 5

% E:s%h:? 9. ef d lﬁ;@ﬁ%@%t obe Iaqmdﬂ(pmmmvétegé J.oﬁglatb@ggﬁg&&s

it i on-~qf ;,coll agen in phosphoric acid and stirred, _

gﬁléﬂ féﬂ“lgf\lc%agmégmmp i poid weesjuemtd 8da@M sblutheh +PBS)

o of the apatite/collagen

t f. A [
R Y B dliriS.pEi< apasie sobpememmposite

Tenf ol d PBS h ded to th

o sper LSRRI ARRerRn SVEE cbAgeRd ovicr menalispe s and cept at
3 - t. a | Lguidg. t +

a1 oy aaas for BERBHR Y oBlaifi 2 sefbirtie tmmushooty.  This
At bodysous SNARH Sobukcony BE9) 1 added v 9590y

c}/gsdﬂge of the apatite/col [F[dgen

oantd b EBe KEstn ¥R | Lding die

and kea?'t at (_&gsc for 2 ﬁ%ﬁ];ﬂ%grﬁlggﬁ)gﬁ(?%@lt% bg’b‘in@isﬁoi
glatarpldseivedd in etithrddeondBisation: 99.5%), and cross-linked at 25°C

~ for 1 hour to obtain a cross-linked apatite/collagen porous body. After

washed with water, this cross-linked apatite/collagen porous body was

1mmersed in a 2-%.—by—mass aqueous glycine solution to remove unreacted
glutaraldehyde, and then washed with water again. It was further
immersed in ethanol (concentration: 99.5%) for dehydration, and then dried

at room temperature.

A rectangular-prism-shaped test piece of Smm x 5 mm x 10 mm

- was cut out of the re.sulta.nt cross-linked apatite/collagen porous body, to

measure its rupture strength at a stretching speed of 0.1 mm/second. Asa

result, the rupture strength of the cross-linked apatite/collagen porous body
was about 0.8 N. |

11
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15 formed body was frozen at -20C, and then dried by a
freeze dryer. The dried fornmed body was imersed in a
solution of 0.01% by nass of gl utaral dehyde in
et hanol (concentration: 99.5%, and cross-linked at
25C for 1 hour to obtain a cross-Ilinked

ﬁﬁ C Ilagen porous body. After washed with ,
mater thls cross-1linked apatlte/collagen por ous body

mass aqueous gl yci ne

was 20 %

sol uti on fo regrlolé/égi %B%té e?él&agﬁm&?@ PBS @OHyd¥as pradubed in the
waghe . was further, ipnersed in

et hang¥1 (conceﬁfr é(?a:(?pl% ]95&53/53?# r }E?é}%}@gat*hﬁcgﬁ atpn temperature

3 0= Toke (o
rect angufﬁgl(ri-ngérellssrl,ﬁrii8 &sﬂ%{’%}ggg éé&tg) iU seengthe sAsma xesult, the
Ifuptare %eﬂ\?@%& Bt @f t}@e resul tant cross-Iinked
apatite/colTagen porous ody, to neasure its rupture
strength at a.stretching speed of 0.1 mn/second. As a
result, the rupture strength of the cross-Iinked
a@@tnpaéabmblfagmmphm ous body was about 0.8 N. 11
Exanple 2 A cross-linked apatite/collagen por ous body _
was pr oueEess- 1mkEﬂeapa°tﬁBE:dﬂ9&g&f @I%Lis”bg& duced in the
excegt for chanﬁg the gel ati on tenperature 8 0
46€) RIS Asunguxainglie fespeet foo doudietif o8¢ #Midon A
a resul t rupture strength was about

[

2wy E’f@éﬁ%tetomptum strehgtiked A@pﬁtetshﬁt‘. Qﬁbl@@@@r

bod uced in the 10 same nanner as-in
' E%a va @(Q%‘Ht(?f@gr conducting no gel ation, and

nmeasured with respect to rupture strength. As a
result the rupture strength was about 0.4 N.

Y 15 As descri bed above in
det ail, EI“ ww pr esent invention can

" pr OdUCAsadélidﬁﬁo%cﬂ ABESE iR RREA T G L AST PR %%ege(%g invention

cont al ni ng
can produce a cross-linked apatite/ collagen porous body containing a

-self-organized apatite/collagen composite, which has excellent

compatibility with human body and excellent bone conduction, as well as

large mechanical strength such as rupture strength, etc. The cross-linked
apatite/collagen porous body having such properties is suitable as a

biomaterial for artificial bone, artificial joints, etc.

12
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| s‘é,l f- organi zed apatite/coll agen conposite, which has

excel lent conpatibility with human body and excel |l ent
bone conduction, as well as |large nechanical strength

SWEA r r trength, etc. The cross-linked 20
apatl?ycdbile‘l&wggrous body having such properties is

biomaterial for artificial bone,

S itabl(_ﬁ as .a ) , -
Cartifi drdanetbidhiar, pesidnicing aVATs I M@ pER o) &1 doen ﬁorous body
g .

& hodis'f or glr oducing a cross-linked apatite/col lI"age

por OUS *Bbd§ 2t 4Ry Sl eentaniagdins peatitetollagen composite

c&ﬁ %H%gech_arg apat,ite/ col | aglen conposite and :

col I agefe~Prieg -&Symggther@e drd dllﬂ}beg'_smletcslr(?lmta%dl@h@body; and
r _ . a .then cross-linking collagen in ' .

? Fa}lllrég égg-?%ﬁg‘ﬁﬁ%%;?.o%ge%e S8 ReBORDPOPFoduci ng a

cross-linked apatite/collagen porous body according

tgo cl ali@m 1, wherein said apatite/coll agen conposite is

r oducEhe bmiﬁio@-'fd;gﬁﬁﬁgl?- r oppi. n.aqueous » »
E)H %%I %tpo(%ﬁ%gegaﬂnatlé@/@toéﬁagiengoorous

sol ution of phosphoric
of a

- Boty ageording B M S o e B s ommosite is

10~

20

Lo
(W]}

calciumsalt. The nmetho
to,claiml1 or

Binsticesd hoosinmgkan : cordin

%293 d\/\@/g ¢ éﬁ eéarj]t a rati %@%fﬂy?gio%%g%%?h gﬁﬁ%‘l’&%é@lﬁm% Rp@hiasphoric
i1EF 301 tageninins 931130 S | aid -

di spersion. 4 The net hog“?lgra%p@r%%%édr%%ﬁ S&Hk}ﬁgmqrrﬁ&&pensmn

' Bfﬂtcgﬁ‘éloﬂaﬂfagen porous body according to any one of

<l ai 1 to 3, wherein an apatite/collagen ratio is

%9/1 t d BsmedyOddes prodsaing 20264480 A0SR IOTRISL! 1o

t hod for producing a cro

b%dgTa?% n& : = :
apat 119 kyelainod or<2, whéyem@@ﬁﬁbf&f&?ﬁ?é;t&ﬁ%o {aoen

(s, 1 to.4, erein said dispersion is
| Cg’@eﬁ%ﬁaﬁﬂlé C@mw@ 158 W3 of 9B/ 9By ahiag8 in sid g@er o
itelc ge%1 :

o

4met ho r _producing a cross-linked apatite
- poro u?hg g%%@*%ﬁﬁ% BRAfaing @ngrasselinked! BatBe/bolRcRn porous

beheret L dispersion.is gelled after its pH TS
v ad?ust ggﬁﬁédtg_ agg? gnga_cép clalmsgl to 3, wherein an apatite/collagen
ratio 1s 9/1 to 6/4 by mass in said apatite/éollagen composite.
5. f 1 ‘

- The method for producing a cross-linked apatite/collagen porous
b ¥ . . . )

0dy according to any one of claims ] to 4, wherein said dispersion is kept
at a temperature Qf 35°C to 43°C for gelation. | |
6. producing a

The method for producing a cross-linked apatite/collagen porous

'b . r~ . v

ody according to any one of claims 1 to 5, wherein sajd dispersion is
gellg:_d after its pH is adjusted to0 6.8 to 7.6. »
7. ' ' '

The method for producing a cross-linked apatite/collagen porous
body according to any one of claims ] to 6, Wheréin said dispersion is
gelled aﬁer the 1onic strength of said dispersivon 1s adjusted to 0.2 t0.0.8

The method for producing a cross-linked apatite/collagen porous

bod o 1 ' .
0ay according to any one of claims 1 to 7, wherein said apatite/collacen

| composite is in the form of fibers of 1 mm or Jess In length

13
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9.to affheanettadd ¢bepraducihe a%:r_d@@ﬂ'iﬁhﬁ% ﬁgbﬁte/c?

7. The method for producing a cross-linked
“apatite/collagen porous 25 body according to and one

of claims 1 to 6, wherein said dispersionis gelled
after the ionic strength of said dispersion is » -
adiusted to 0.2 to OS. 8. The nethod for producing a
cross-1linked apatite/collagen porous body according

Qigat i te/col lagen ~conpostte is in t OF M 0 Hqgeglep%rous
bagty dcaomdong teeasy iomd ehelams 13198 Fe BBt lﬁ‘ﬁé’nitfe% said
Y ody

produci ng a cross-|inked apatite/collage or ous

 apaéiseledilagen compyositehar a -aixis ofichee® al WhElR OIBRAN fiers.

o

d)n saj. d afat itel/collagen conposite has a Caxis

1Gri edt gty fonpredidingencidsbeisk ed ap8titeTos BNk ous

bc{gg,r roguci ng a cross-1inked apatite/collagen porous
o‘iffcé’é BYdichany erengt elaems of taPaiwteereirt ap&titewherRi n

apal.ite.in sai cross-1linked apatite/collagen porous
CfB%dbﬂfﬁsé aaa%-t%@%fbklaafm aoreds Hogighashe C-eald agentetlidens the

. net hod for producing, a cross-Iinked
CO%%&FJ?@?G&'I | agen porous 10 body according to any one

LG et e Bsthdd S prifire e Pk imtesd apatieteoliagen porous
DR ARl o B B Wheray abathe in saishy
P e B v bR, S cor ding to any one
R ompon T L Red b ol Sl 8 OGRS HolS R eE By the
mefhiodi reefle@)n #yoht yTRMHY 19HOPPLAY &0 aqueous

sol ution of phosphoric acid or its sal't containing
13gg : L;’iglﬁrr;m;tfil?-drf%qj{g@u&rﬁéoi o Qifked YpRANTL SO Porous
body according to any one of claims 1 to 1 1, wherein said apatite/collagen
composite is produced by freeze-drying a mixture obtained by
simultaneously dropping an aqueous solution of phosphoric acid or its salt

containing collagen and an aqueous solution or suspension of a calcium

salt.
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