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AO F10PCT PCT Speci fication SPECI FI CATI ON *@G00002* 5
D APATI TE/ COLLAGEN POROUS BODY CONTAI NI NG
"‘MMWZED APATI TE/ COLLAGEN COVPOSI TE AND | TS _
RODUCI) ON METHOD FI ELD OF THE IAQEIORNTTRE D Smesification
invention relates to a cross-linked apatite/collagen
”lmmummﬁummmm contai ning an apatite/collagen conposite
artifici 3PECIFICAEIONe! | scaffold, etc.,
anaaceotog* producti on nmet hod. BACKGROUND OF THE | NVENTI ON
Because of excellent conpatibility with human bone,
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effectiveness, tfinding clinrc

cosnetic surgery PROPUCTIONEMETHO#St i ¢ surgery, oral
surgery, etc. However, artificial ceram c bone such

as apatite is not necessarily conpletely identical
human bone in terns of nechani cal properties and

FIELﬁ]b% BW}QHCWoperti es. For instance, a so-called
narkdis PianErhon flataian erssrinkad Baatic/onllagen ne

porolly BB AR Re B BRRal oAb FoSipotRellar ARe b stinil

bonegg%ﬁ%%gﬂr?gﬁ’;%ﬁcp’sé I}Cg#gi)kéaﬁhﬁhhry?ﬂg{hg%g;ve'?’hguﬁ emai ni ng

artificial -bone 25 breaks human bone at an interface
with the hunman bone, making it likely to cause bone

BACKGROUND GPSHIEINVENTIONENt | y becone active on _
artificial bone deconposable in the human body, which

i s Belcasise of excetipnt compatibilityiwith human bone, artificial bone

made of apatite can be bonded to the human bone directly. Accordingly,
the artificial bone made of apatite has recently been appreciated for
effectiveness, finding clinical applications in cosmetic surgery,
neurosurgery, plastic surgery, oral surgery, etc. However, artificial
éeramic bone such as apatite is not necessarily 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 body, which is closer in composition to human

bone than the artificial apatite bone, and various proposals have been made.
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bone than the artificial apatite bone, and various
proposal s have been made. 1 AO F10PCT PCT .

Speci fication For instance, JP 11-513590 A discl oses a
cross-linked apatite/collagen pAdOclit0OBCAYPEA iSpgcHication
network structure, in which collagen and, if _
necessary, other binders are bonded to hydroxyapatite.

For iBeeaieee JPhi 5.5 195985A|di§‘¢‘1%§e§B@gg%ﬁ&gehiﬁ%ﬁitg&roﬂ en

body i s deconposabl e 1 n human one s

porofisiomely havingea aetsord stisetirapat Whidls @bllﬁgéﬁ ap@l Pe'S

body, and the cross-Ilinked apatite/collagen porous

necebsaty, pthersindsrsseobdmeded to hyﬁwnyapaﬁiléy- Beaisdithtd V.
this cross-linked apatite/collagen porous body can be
crosgriiadretlapatite/ collegen grorotis \berdyelsr decarhposable iin hiurhah derly,

defects, the repair of fractured bone and, the

humgp honerg fermgdrindherarass-tioked:apatite/ollagenvmoroustbadyl ind
e T A
bods?  ALRRPEIY. ik Pk ARt valjasen pageus body can be
used Bt LB TR SO ORI TE E ot
fract YRRV HFRBNGS U i 08, St Redhg oAl ot Havweyerothis
L
and dpgheWwhitlrdoks nbot Hage é“HVEg ﬁg@gmf BOfle B@ﬁ: egitg B18h

bone neopl asi a, which can or ar I Cl bone,

the Gatikis ofitie égaiteris QeGSR RS %Hag@h %FB&E.UR%&MH is

I NVENTI ON a result of Intense research in view o

crosstlinked apetitd/colibgei Ppordas bodeHay mshffiiche wistHdmtal

when a di spersion containing an apatite/collagen

strengdnand ipoer boheanddplgsia. i s gel | ed before its
freeze-drying, the resultant

OBJECT OF THE INVENTION

Accordingly, an object of the present invention is to provide a
cross-linked apatite/collagen porous body absorbed in a human body
according to the 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 completed based on this finding.
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cross-1linked apatite/collagen porous body has a

uni formstructure with high strength. The present

i nventi on has been conpl eted based on this finding. 2.
AO F10PCT PCT Speci fication ThusAOrEROREThPLT Specification
producing a cross-linked apatite/collagen porous body
according to the present invention conprises the steps

; , . . Va0l
apatt L5 o SO ploa: ?é‘%%&f%%?%%%%ﬂ@%/s%ajez
&mmgrmmﬁx 1 [
poroggr ous body,dnﬁg0 gﬁfggﬁﬁﬁn{éﬁ%ﬂi %gg‘l'z e%ftlﬁgg 'feaé é gt;ﬁ
fr i dsspeasion conthird hrh et IW 88it¢e Gnd°
eezt?ﬁg@f:lgiglrzlger?&iﬂtlmpré%erag?%%‘?:% tt‘éo 93/°7 by mass | nn
collages tei fapar aiparousboayatndehen|dregetinking collagen in the
preferably 9/1 to 6/4 by mass in the apatite col | agen
porogg, ??@éiéﬁ tlee dispersionje¢ing freezd-dried aftemeelation, t he
di sper si or% errper.at/urgl is 10 preferably kept at 35 to
43¢ T3lQ o ﬂée@p@&é@ §p ﬁgpn@pmmm%e gmgquoebldn%eﬁl B to
j onj th,of 0.2 to,O. efore the
prefefaBP07/3 fRE/ Ahxcintss bihegrosinosine apstis/soiingen
f.fi lo as 0.01 to nm .
ratloh\%g%igfeggﬁﬁ %ﬁetoaég‘ﬁ)?éﬁg%ﬁ llna@’%r@h R%ﬁﬁg'éll{a@fe_nﬁ?@b PPSKEy
-~ axl [ I ol l agen fibers.
ro i Fg oL oF E6e Ay eg‘ésmr@pctspz%lawrsdfous
b > ax| arient al o
prefebbhy Beprat €163 éac?2@%ﬁfﬁ%@iorgpaqﬁ%@elw?sa@%ﬁtsg-8
[ . S produc
to 7. Bha bRy cAE O o &R0 bttt @%@@%t CArRn NG
Compoot e T LD AP BSR4 ettty FRhel frfifor ABEEs as

long ap8t01 66 daminage A patiteus th@@patﬁé/cbﬂ%g?{lmosit

i nvention, an apatite/collagen conpo _ coefl agen
preferably has a@eaxiv eriented alongtthetdalingert Bbegy, S -Agﬁﬁte in the
apatite/cal |l agen conposite 25 preferably has _
crossdinked apatits/eollagen pordias bolyalso prefersbiyeiiade Raxid

. whjch
oriented along the collagen fibers.
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 and collagen are oriented in a _
sel f-organi zed manner. The term "self-organization”
nmeans that cal ci um hydroxyphosphate (hydroxyapatite) _
havi ng an apatite structure has AO-EWOBCToRGRSpdcification
to 3 AO F10PCT PCT Specification |iving human bone
al ong col l agen fibers, nanely that the Caxis of the
livinpiraxi daie dlenbscdilgtn ABERN ALY AP 1O C-0RILE the
i bers. (1) Starting material's e”apatite/lcollagen
hydrorympstitecisiia gligdueatwitlotheebllagen fibeps.Phosphat es and
calciumsalts as starting materials. Though not
(1) PStartingimmtesialsestricted, the coll agen may be extracted
fromanimals, etc. The kinds, parts, ages, etc. of
t hd henapatite/collagen compositeliaprgduesd frarhiootlageinn
general, col | agen_obtai ned from skins, bones, _
PhOSEgﬁﬁSI%%lcﬂémoﬁﬂ@S, as starteng anaterigdss, TMLghcxiotgamgal S
.such as cqw, pig, horse, rabbit and rat and 10 birds
Paftlé‘tgl@ﬁlya%esmﬁt,edgtﬂg@ Cﬁﬁﬁg@é meybe edractgd rﬁd)mkmnmais;e?h‘s
t Al f ki ns,, bones, cartilages, fins, scales,
The 2R, REfL AR, T B Shito el gt
Lat{fi I . trout. tuna, mackerel, red spapper,
In ge&xg rhénagéﬁé’ﬁgm&fi .Oﬂje@k‘é]lss Poﬁgsiﬁaéﬁ.lag?ﬁe t@ﬁ‘?‘%ti on
: t f .col | ' rticulardy restri.ctive
inter ¥} YRS, o6 oAbl Mich £600° ek BipbiE ané fat and
irds&fich f | 4SS YESY, hage uged.
b R Sar n%bs%ﬁhotcéél.laeé%@&aﬁrgﬁé%g f}%ﬁfd from
insPhof 1161] A6 [ a r at.t r
S LAt s aleS re el s, & F EE S s
cod, flbaadberflatfad, dalbs Odoue) tuand M&ERS@H%@ REP d%?&‘{ihe,
di hydr ogenphosphat e, " di pot assi um 20 hy rogen_B osphat e,
sharkpetasnaymalst bedisedenplbs eharaetionl metHd® of @otiageh i§ Hots

i ncl ude cal ci um carbonate, cal cium acetate, cal cium

particularlyxestrictivebut sy baasphal omnd Ihplavel of collsedr

are preferably added in the formof a uniform aqueous
extrag@ﬂtﬁpnhanma tipsues, oollagen produced by gene recombination

technologies may also be used.

Phosphoric acid or its salt [hereinafter referred to simply 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. Accordingly, 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 fiber length of the resultant apatite/coll agen
conposite can be 25 controlled by a nass ratio of the
apatite starting material [phosphoric acid (salt) and
cal ciumsalt] and col | agen used AQREWRCHGPECT Specificasion
ratio of the apatite starting material and col |l agen
used is properly determ ned depending on a targeted

comaige, 11 8 el Conash i (L g9 13 U §hae

useddalthaggsetiod 6P etheprisehelBRidtREeH 191@191%1? 3/’1 5 &4 T,

the nmethod of the present invention is p erably
instanoe684,. for instance, 8/ 2. (2) Preparation of

solution 5 First, an aqueous phosphoric acid (salt)
(2) Poeparationsofiselutispueous cal ci um salt sol ution or

suspensi on are prepared. Though the concentrations of
t h&'1Eguen aguenus phospboriciadid gmlt)) sclotiohiawd amdqubeus
.aqueous calciumsalt solution or suspension are not
calcigg} $31¢ spHHIgN PESUFPeNSion araprepatgdas Theughdsphor i c
concfgohS 06 Fauesis pespBpTIESId GrBsRboncnthe
caucf Bl R S 525 ion S ot Plriive
Ut ' . t 0. f i nst. b 0.
as Lo g% theHpndriccif el hnd the cRiGR S 80 oickired
. I j i [ 00 f .
racio A1 pR RSO R HRGRTL A e O Be oMkl cescribed
ater ShgRiteRSienBfcho PN RS- AIBRRIIHARL (R hpign
15 tol PSR o istaftel atSuARPRIN, 8 thp hPEofiddtPaF6h bF

phosphoric acid may contain | 'agen at _
the aguecentaleinmnsalt sflutibr or sdspensiomss 50 e8I/ ¢Sy
a

about 0.85% by mass, and phdsphoric acid at

instanceyabuut 00mM;  ICoHagoRtdydded so theubbyetduesibedbout
20 MM 20 (3) Production of apatite/collagen :

aqueeusiphosphoniataeid (salt)isoiutiehlgenenaliyén shedornwfivn aquéous
solutitoglaitn S}flo;&?or?g lé(ceiocij.s An aqueous solution of collagen in
phosphoric 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% by mass, for instance, about 20 mM.
(3) Production of apatite/collagén 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 m!/minute,

for instance, about 30 ml/minute. The stirring speed is preferably 1 to 400
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calciumsalt solution or suspension to be added is
charged into a reactor and heated to about 40'Cin
advance. An agueous phosphoric acid (salt) solution

cont ai ni ng col l agen and an aquedAS-ERBCINPEA! Specification
sol ution or 25 suspension are sinultaneously dropped
thereinto. The fiber length of the synthesized

rpm, IBREH§HEHEL! ABGK LGP ite can be controlled by
control I'ing droppi condi tions. The dropping speed

i S TiheefeRlcH i ) ' ,
ks lutnnd Ol Kep ol Yol B9 EIR,  Irte

concentrdfions ofthe LARGUNPESn Sadlirf theph¥pHORB adidlion exceeded
i nstance, about 200 rpm The reaction solution is

the abowe ennges, thesel forganinatién Oftthe Compodité Beuld be hindered.
concentrations of the calciumion and/or the
The shweptmppingctanditionsprovitithe ipatiteros lagerpesmpokite with
el f-organi zation of the conposite woul d be hindered.

ﬁbergel‘r&@l abdvamips hessaguitebl a3 astantingindertialefor the
fiber length of 1 nm

ite/call agen conposite with .
Crossgﬁraﬂt(%é @Paglm/gaﬁageagaoaoys dodyng Hae epatite/tolager
Cross-| i Eﬁed apat it e/ col | agen porous body. The
COMPASIS 1S5 PF edconposite is sel f-organized. After

o RS GRS A SRR A R L
spat{y S5A5E8H ookl LA ST 9 Hpb ] LB e rpe i
carrieb VBt by rafldiy’ Ak ifl VaRlufl B 3 froP8F Siate af -105C or lower.
[2] PEGRRtRIPBS eptdsiinked ﬁ&é/&:Sﬂ%g;E(iégﬂ)\‘;%meﬁ 2 ite The

apatite/collagen conposite Is i quid such
1) Prepaation ofld 36 eOHEa A ' ' '
( ) etc?.mi and sti rs?gro? to predap?gﬁgggﬁgéﬁ?ggﬁegwgp@sei on.

Theherapatite/ebllagen|dompsise dethiked RyRh el BEhid S8k 8s Wifer,

- by volume, nore preferably 90 to 97% by vol une, based
an aqueous piosphoriciavid solutiow, etogtdridstiatiapqreparaapased-like
The resultant cross-linked apatite/collagen porous

dispepyay. hakhe smmuntyofithevideid athgeshitspreferablyl 801 99% by
volume, more preferably 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 to the liquid in the dispersion as
represented by the following fbrmula (1):

P=A/(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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20 ratio of the apatite/collagen conposite to the

liquid in the dispersion as represented by the
following formula (1): P = A/(A+%5 ... (1), wherein A
represents the volune of the apdAOtEIQRCTaBET Specification
conposite in the dispersion, and B represents the
volume of a liquid in the dispersion. 25 Accordingly,

distributich R, Ang s HYid 1thE reeuREh( ¥ro} qirgééaf
cross-1inked apatite/colFPagen porous rboay y
apatite/cotlagen pdi@u@m@dpltwﬁh ibhsroviedWtferjg@hbe added. The
a

fibrous apatite/co gen conposite 1's cut by stirring

t h& hedeameosite wigpérsioratidiniged Reith coliagen 8% biridg drd

a larger fiber length 6 AO F10PCT PCT Specification
furthgr stirtedut i Bhe aargnt affcblidgen added i prefetablyestd 1686 by

cross-linked apatite/collagen porous bodtv) W th ,
mass;, e pieierabdyig to 6%hby auass biased dins p@0%s by massok tik

Mth collagen as a binder and further stirred. The
aPaﬂg«(ﬁaﬂag%ﬂ copIpQsiten akitkeaiin thepeampositey callagen tsptaferably

edae35e B 05t Sl bt BsRan 2, CBriocl e
R i T TR
ot PR gl LSS bl Dby
s SR Eent ASCHST AR SULTRSD BB e

practéil Hoifit 8Pw20 MM from the practical point of view
(2) !

Gel ation of dispersion Because the addition of an

(2) @@Mﬁxm;of@igpérgfmpf coll agen in phosphoric acid
(salt) turns the dispersion acidic, an al kali solution

suBecause flfe adéietbruer B Hqebls sditibh OF cotldgeniin, added
until the dispersion has pH of about 7. The pH of the

phosphanieasid (salt) tores theadlspebsidntaridicd anralkali solefiehakich as
7.0 to 7.4. By adjusting the pH of the dispersion to

a sodgura hydrpxide solution, etc. is added until the dispersion has pH of

about 7. The pH of the dispersion is preferably 6.8 to 7.6, more

preferably 7.0 to 7.4. By adjusting the pH of the dispersion to 6.8 to 7.6,

it is 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 ionic strength of the dispersionto 0.2 to 0.8. The
more preferred ionic strength is as large as about 0.8, on the same level as
that of PBS. Increase in the ionic strength of the dispersion can accelerate
collagen added as a binder to form fibers.

The dispersion charged into a molding die is kept at a temperature
of 35 to 43°C for gelation. The heating temperature is more preferably 35

to 40°C. For sufficient gelation of the dispersion, the heating time is
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it is possible to prevent collagen added as a bi nder
frombecom ng gelatin in the gelation described

|ater. 20 The dispersion is mxed with an about

10-tines concentrated solution AO-B10PCT PIAWiSirkification
buf fer saline (PBS) of phosphoric acid and stirred to
adjust the ionic strength of the dispersion to 0.2 to

pref&a% Bly 00 ly Ohs fo Dy ﬁoﬂ??ﬁﬁbf@ﬁréf&?ﬁﬁff (Eggﬁ(&ﬂsg Bgiliﬁhn e as

on the’sane teve ease

dlspetlméﬂil kep@ Bt 853br4avgt bch@fcotl%greﬁ' a?ﬂ%[) Pag ?bgﬁ' eraﬁ)%ﬁgseﬁ%xes

5 col | agen added as a bin

therah}snﬂnm@ the diyy ftm;ﬁolnrtboa efrol TF‘hg e‘fle?l dﬁp?ﬁs%ﬂ %‘a{t%revent

t enper at ur e 5to 43C for ation

the apatipe/ceilagenicomposite fiehe prbtipidting ﬂférél@tcthézt‘ébyn .

sufficient gelation of thée dispersion, thé heat

producrrg asinifoxm pooeay bedy. Spkee Hispetsion sutgéetedtbithe. 5
5 hqurs, nore preferably 1 to 3 hours. Wth the

gelatéﬁ)%b‘éi%ﬂdﬁl Velpkeatates to 43C, the collagen added as a
nder forms fibers, thereby turning the dispersion
A3) FSe%ZegéFYmEhe gel I'ed di spersion can prevent the

t e/,col | nco psite fromprecipitating therein,
2’?@ ﬁ!? nglﬁnﬁm@nms govzars bdby. fretmng

temp%?ﬁ%é? psefététtla @?;‘ o SEC.IRofe prageranly #0°C to -20°C.
The %EE%{ &gﬁ?f ot n 'S f?goqz nc% o freeﬁi ncigbya

enper a

freeziig pecd ' ! éﬁggﬁ%ﬁlse%%%rgsﬁr%% %%hﬁ?s$|t%3%§}f’aré’5ide
smalfe&eiﬁﬁ-brggzéﬁgz%ie ré:SQﬂtdﬁWBﬁ?boa | arger freezing speed

tends to provide er pore {ize to the resultant

pOTh@&ilbpéﬁ/smﬂ' W@tl?ér?ﬁ%bié%tédstd gr?{i/‘n rgﬁl ous Y rcﬁgd The

forma por ous freeze-

e e %’F‘C?‘Sﬁ‘?°d2§’9f"3“‘?’€2ﬁ£‘§?§ﬁo$@‘a§ QEFR8 in 2 fRiEhe
state at-d02€> or lower, as in the case of the composite. The freeze-drying
needs only be conducted until the dispersion is sufficiently dried. Though
not particularly restricted, the freeze-drying time is generally about 24 to
72 hours.
(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,
electron beams, thermal dehydration, etc., or chemical cross-linking
methods using cross-linking agents, condensation agents, etc. In the case
of the chemical cross-linking, the freeze-dried porous body is immersed in
a 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.; isocyanates such as hexamethylene

diisocyanate, etc.; carbodiimides such as a hydrochloric acid salt of
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needs only be conducted until the dispersion is
sufficiently dried. 'Though not particularly

restricted, the freeze-drying tinme is generally about

24 to 72 hours. (4) Cross-linkiAQ-BIOROT B@Fh SRciftvation
cross-linking of collagen may be carried out by any

met hods such as physical cross-1inking nethods using

- 45 g B 00, 5B o e
t
glyccblsd@m}qfélﬁér 'étBk't%s%%ﬁtrﬁ naggggt‘gnflwgﬂf%es etc.

In the case of the mca

cross-lifkite dgend, phutarsldeRgile i$ phrfiEUIaL prefe léf om the.
<5

cross-1inki ng agent so utlon to cro s ' n agen in

aspedth@fithe @asiress)of cofteoltingsthel degres Q)f&ﬁ@@@-‘hrﬂﬁﬁg b fher

i nst ance, al dehydes such as gl utaral dehyde

compfatbitityl offiyhie re:mlmnt omos-&nﬂ@ewpe&uefccdlagwp@i&nf%@db@
iisoc anat e, etc.; carbodiimdes such as
with Pt Ao dyic acid salt of 8 AO F10PCT PCT
Spgﬁﬁfl Cgiltl"l(agg]éﬂiehé’dﬁyﬁ Wdcﬂ@rtbﬁyllr))s&-&mgmg@at, theoxi es
concgniiaigh e wiamlageide aabifon Hpeeforatiy .0 ?Oﬁltplr{bofIS% by
massHpHe st LGNS0 Pl hsil e fé?r{i@se ifkedegr o6
apaﬂ%f/%&ﬁ??%%t b BeRR M Be R ishtedy o Yien, a@%yuch as

R e

e iR TPk BBl P PR B et/ %ﬁyn%gﬁbg The

by nmass, nore pre

cond@ét@d%ﬂﬂuli%ﬁféoﬁ@l Rt | efaésaﬂﬁleu&%ﬁesuﬁgéﬂ sheul d be

dehydr at ed. V\he al cohol such as ano etc.

cross«irgcingsreacaohvsgtiurk 9 asstateivivesd dedy ?&tlﬁé?b(yﬂa ée}% the

dehydration of the cross-linked apattte/colla

conSiai oo s e R D 1 11
cross-linking simultaneously, so that the resultant cross-linked
apatite/collagen porous body can have 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
remove 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 compbsite 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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cross-linking reaction occurs in a state where the
apatite/collagen 15 conposite is contracted, by
conducting the dehydration and the cross-Iinking

si mul taneously, so that the resuAOaR10BCTsPOT rigreification
apatite/collagen porous body can have inproved
elasticity. After the cross-linking, the cross-1linked

. . o o N L 0
g A o150 v 8 Bk ek A i s U Han
bodyiandasicetlet Bbak dopdhytien, and then washed with vater..
The cross-linked apatite/collagen porous body is
furBétwusierﬁlermizel-desﬁrit%tDbroyéﬁieg@Pé’ E‘é‘fe‘ré’é‘lgﬁ‘éj then
dried at roomtenperature.” [3] Properties an
biomgspriak ahe aresslinkedspatitekedlageatidreiis YddoshtopRsent
. baody 25 The cross-linked apatite/collagen por ous body
inveptionhwhiek e sterilizedeby iyarays pelestroinrigeams edfy-hegting zew.,
apatite/coll agen conposite has higher water . '
can b yseq a5 arbprepegenerstiagdnatexialiasia yubstitnte fose living

ti I atjt ¢ross-|linked apatite/collagen,
humgg BoBe. st eSpeskicallss ibinstiable as astifisialybore, arbficial

< . | OF S ificati ter- tainin tate,
JointE IAREls 4o hoTElies teiaen & hoRe; B Rial ymalenioh sifur
obove. deddiy Biaseht iR GeRAH De Sailemes th morg detail with

et R B S 0 LR R

r; ighectron beans, dry-heating, etc., can be
the pggse%ta{ngn lghé- regenerating material as a substitute

for a living human bone, etc. Specifically, it is

suitable as artificial bone, artificial joints,
Exampleeti al s for bonding tendon to bone, dental inplants,
etc. The present invention will be explained.in nore

(A) Bynthdsiswoflapatife/collagenconipositeanpl es bel ow wi t hout
.intention of restricting the scope of the present

i nt68tmbof a 120-mM aqueous phosphoric acid solution was added

to0 235 g of an aqueous solution of collagen in phosphoric acid (collagen

concentration: 0.85% by mass, phosphoric acid concentration: 20 mM) and
stirred, to prepare a diluted aqueous solution of collagen in phosphoric
acid. 200 ml of a 400-mM calcium hydroxide suspension was also
prepared. 200 ml of pure water was charged into a reactor, and heated to

40°C. The diluted aqueous solution of collagen in phosphoric acid and the

calcium hydroxide suspension were simultaneously dropped into this |
reactor at a rate of about 30 ml/minute, and the resultant reaction solution
was stirred at 200 rpm to prepare a slurry containing composite
apatite/collagen fibers. The reaction solution was kept at pH of 8.9 to 9.1
during dropping. The resultant composite apatite/collagen fibers were as
long as about 1 mm or less. The slurry containing the apatite/collagen

composite was freeze-dried. A ratio of the apatite to the collagen in the

10



10

15

20

25

Exanple 1 (A) Synthesis of apatite/collagen conposite
15 1.68 m of a 120-nmM aqueous phosphoric acid
sol ution was added .to 235 g of an aqueous sol ution
of collagen in phosphoric acid (AQIFHIRAT PCT Specification
concentration: 0.85% by mass, phosphoric acid
concentration: 20 mM and stirred, to prﬁparﬁ a
i€d ﬂi‘bk?s [ | agen i n phosphoric
apaugéc/}:gpsg%%@% 0 1?%3-%@2?@%% hydr oxi de suspeﬂsi onOI
B) Pespahsionsf ¢yospalsitbd 2Pt/ c o¥iLhodas charge
®) into a react‘g:, and heaﬁeé@t om%égfcg #&ﬁ&e. d(i)l ted
aqlepof the frdezerdiéd aphtiegeollhgenkoaphssitecwasiaddeddo 3.6
the cal ci um hydroxi de suspension were sinultaneously
ml ofiperpentémand stirred toefortn pristerliket dispérsivout Tiis
m./mnute, and the resultant reaction solution was
pasteslike déspersicrowaspmixed witlpdreof anlaquepussolation od collagen
) conposite, 25 apatite/collagen fibers. The reaction
in phegpherisoig endestirred, andl afl-iN aqueows NaQidrsalgtion was

- i.ng. .JThe resul tant _conposi,te apatite/col| agen
addeg F-’g‘gﬁ Istﬂgﬁﬂl'l rﬁ@hchﬁgoﬁtﬂab XIr atto rﬂﬁtﬁﬂ apagite/colegenur ry

comf RS RRA P 15 953, ESTRETchctimgepns
s A AR e R ot b Gbortcn
racHAR, TR0 D24 SO THH SRS PO B

solafrbof tgkeRTADISHRL gL MEEOLON IR 18RS S

addedivids 95% BY ilufft6Ptfe AR/ Serfe

phosphoric”acid and sti! quegbs Na OH
soTheiresulast dizpepslonwas chigydHidte %Cﬁﬁﬂdﬂ%oflfheeind Rept at

ratio of the apatite/collagen conposite t
37°Cdor agenrsior gelatiohytorebtain Bejelly-iike foesed sodyl PBis
was then added to the dispersion until the ionic :
formed bedytwasfrazen ati-Q02Csiand thew drhed &y 9 fikezEhiryanouthe
of aliquid (pure water + diluted aqueous

dried formed body was immersed in a solution of 0.01% by mass of

glutaraldehyde in ethanol (concentration: 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
immersed 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 5 mm x 5 mm x 10 mm

was cut out of the resultant 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.

1
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solution of collagen in phosphoric acid + aqueous NaCH
sol uti on +-PBS) added was 95% by vol une of the
apatite/collagen conposite. The resul tant di spersion
was charged into a nolding di e aA@-RepPCQt PG Gpeeifichtion
hours for gelation, to obtain a jelly-like forned
body. This 15 formed body was frozen at -20C, and then
dried by a freeze dryer. The dried formed body was
imrersed in a solution of 0.01% by mass of
Examblg ar al dehyde in ethanol (concentration: 99.5%, and
crgis-l [ nllzga gt 255@/0{ 1 hour to obtain a
cr AAsrossrkiatted pfatite/coblagat §or yoRAY - :
washed with water, this gr ogj;b- IBPE%SSI apa%(iptrglggﬁgége
sam@orasuer sdy Brample i rervepe dof Ohmg’in?tﬂme- gﬁﬁﬁoﬂctéﬁgié?ature
| ycine solution to renove unreacted glutaral dehyde,
to 4(Bka andbmenauresiwith respectto mopture strengtls. f Wd deesult, the
i mmersed. in ethanol (concentration: 99.5% for
ruptyrersteangth owas abeut BéNari ed at room tenperature. A
rectangul ar-pri smshaped test piece of 5 Mm x 5 nm x
10 mm 25 was cut out of the resultant cross-Iinked

ComBRUE FAEIY, 00 chi ng spied of 0.1 mmi second. A 4
pdt Plesstlfied B4 ShUERGh poFaud Bagguvas peodiicad i the

samc RaEE e iRyl | so€bblor ¢t RotediafioncAndane

e ST Fo ek 1B TOp Bt IR % R s e

strenptis ReRtabout /UM e st rength. As a _result, the rupture
strength was about 0.8 N Conparative Exanple 1 A

cross-linked apatite/coll agen porous body was produced
in the 10 sane manner as in Exanple 1 except for
APPIJ&ARB:ITRG INANJRUSTIRYS, and

As described above in detail, the method of the present invention

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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measured with respect to rupture strength. As a

result, the rupture strength was about 0.4 N

APPLI CABI LI TY I N I NDUSTRY 15 As descri bed above in
detail, the nethod of the presenAG-Bi6ROTPCT Bpecification

produce a cross-linked apatite/collagen porous body
containing a self-organized apatite/coll agen

WHATTScSLAGMEDIIsh has excellent conpatibility with
human body and excel | ent bone conduction, as well as

1. | ar4anethctbforcaoduicing gidrossidinked apuitd/1gedNSbidus body
etc. The cross-|inked 20 apatite/collagen porous body
compeisingthaistepsodifecedeedryingaidispersioascontainingaier i al
fo tificial bone, artificial joints, etc. 12
apat;&@a{w%gem qaapspiée andeallagenviafdrisa QokoEDodS, ahd then
thod for. producing a cross-linked apatite/collagen
Crosss; g&@i&?geﬁldﬂpﬁaﬂ& pegous body e paidodispersion being ng a
di gper,sion cqnt.ai ning an apatite/collagen conposite
free?a?ﬁaﬁsgqu&‘gfegﬁ #8%Ror m a porous body, ang ghen 5 .
| | [ i d.porous hody, sai
2 & O tleoRdpr grofiGBe aicsaliiked AgEalbhlngen porous
: I- a_cross-linke atite/collagen
bod ARGl DARES) hedeH BRI TR Ceipeste
prodgPel by HERINRSE BPABBIE 47 afkE0Y 8$&t}c¥;hogfhosphoric
) . o : ¢ : n
B Ot conihing otz 2nd B RO 44 lofitr PRGN

of a &lciiia gat hod for producing a cross-1linked .
apatite/collagen porous body according to claim1l or

3. 2, thod foepi inga i i |
¢, emstiodonbreisingyl gl SpbUeSEtgarpersss

bodydicspediigto clutmd] ofi%; wheteid o @iticos Peatd tite/collagen
cross-linked apatite/collagen porous body according

compasitertp said asfllageni is97/3tto 9B/7Byeneiss iarsaid dispersion.

4. %P i}ietx%/e%}%cll %gregroducing a cross-linked apatite/collagen porous

body accordihg to any one of claims 1 to 3, wherein an apatite/collagen

ratio is 9/1 to 6/4 by mass in said apatite/collagen composite.

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

body according to any one of claims 1 to 4, wherein said dispersion is kept

at a temperature of 35°C to 43°C for gelation.

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

body according to any one of claims 1 to 5, wherein said dispersion is

gelled after its pH is adjusted to 6.8 to 7.6.

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

body according to any one of claims 1 to 6, wherein said dispersion is

gelled after the ionic strength of said dispersion is adjusted to 0.2 to 0.8.

8. The method for producing a cross-linked apatité/collagen porous

body according to any one of claims 1 to 7, wherein said apatite/collagen

13
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CrOSSaﬁﬁgtPB@/p%&tg s9tlaggamarousthady hasa

ratiois 9/1 to 6/4 by mass in said apatite/collagen:
conposite. 5. The nethod for producing a cross-1linked
apatite/collagen porous body according to any one of
clains 1 to 4, wherein said di spAOsFQOPICT IRQT Sfedifiction
tenperature of 35C to 43C for gelation. 6. The nethod
for producing a cross-linked apatite/collagen porous

composite & FOtHH ﬂﬁ'rﬁ%faf‘i%r?{lg‘dpa | G E]Ia}lfg?éthamer ei n

said dispersion is ge er djusted to
9. 6. gli®nbthod for - ' 5l
apatit g/ col | agenﬁ?gg?%%%oggg Sog'{gkggc%grg &tﬁ/gspggg%f dgﬁgg
bodyacaralimg td ahy dhe vheldiny 5ab®, WHRRLS apatitein Gfid o
after the ionic strength of said dispersSion is
apatijeficotlagentcompasitohas 8. C-dkis Hriented abehg die BoNEEh Fibets.
crgss-1inked apatite/collagen porous body accordi ng
10. t o Thymethodfor pavducing o crosswlirked mpatitefcollagen porous
apatite/ collagen 13 AO- FI OPCT PCT Specification
bodycaggasding to any pneef elnimsol t6 Opavherein apatite iir sdidss i n
e.met hod for produci n&_éha cross-|inked
iaxgs poieabgd alengythe
| ai 1l to 8 wherein apatite in said
Collaésgtfﬁ%t/scm | agen conposite has a C-axis oriented al ong
.5 10. Th oduci ng a

1L T el fé%ﬁfﬁ@le& 3 ggﬁs%ﬁ%ﬂ §Sa%%398ﬁ@gm ooRqus
ot SR Byl i, o L
apati%/b&ﬂé%‘g%%b aéiféeis _({lxliogzaggagi% ers. 11. The method

for pr cin cros itite/collagen porous
12. 104p P8t |
aher o s araeed Pt eolieg Pofous BB b sty the. | ¢

methbgdeoitgdiatanicone bf cldintd 096-11,nked apatite/ col | agen
por ous body produced by the nethod recited in any one

of clains | to 11. 14
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