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AO- F10PCT PCT Speci fication SPECI FI CATION 5
CROSS- LI NKED APATI TE/ COLLAGEN PCROUS BCDY CONTAI NI NG

SELF- ORGANI ZED APATI TE/ COLLAGEN I T : .
PRODUCTI ON METHOD FI ELD OF THE .ﬁ?@%ﬁﬂp S{F §E?ﬁ1ﬁcatmn
i nve to a cross-linked apatite/collagen
poro[m”mmmwmmmmmgl ning an apatite/collagen conposite

for use g | ci al SPHCHIOQATIEEN| scaffold, etc.

and its pro uction net hod. BACKGROUND OF THE | NVENTI ON
Because of excellent conpatibility with human bone,

RS JuRgPraR AT PRCOLFRRENP RIS O EchiraiinvG

borg MRGR QANIZHED I@mﬁ AGER ORI SATAWAED 1S
n

effectiveness, finding clinical applications in

cosnetic surgery, PRODUCTIGNMENHGD ¢ surgery, oral
surgery, etc. However, artificial ceram c bone such
as apatite is not necessarily conpletely identical

Fif Oer i s, For | nstance, & so-cal I od
%@:?%ggﬁggﬁwnet de Enl oft. apatite 'ed
nar ak I REPSFBE BNt @lﬁﬁgﬁot%é%aﬂweﬁﬁmatlwa@&%
LA R e ioqpi&%ﬁfgﬁpﬁﬁﬂ-"ﬁ%-‘féfﬁ%)%ﬁﬁ"aﬂa%gal

bdle. A IcafrdId gfyet., SHPRS HbUAtion Sheh hved but

permanent renaln unan The renai ni ng
art|f|C|aI bone 25 breaks human bone at an interface
with the hunman bone, making it likely to cause bone

BACKGROUNBeOBardR INASENGEOM | y becone active on
artificial bone deconposable in the human body, which

i s clBemuserofexvetient compatibilitewittbhumanhiaong, tificial bone

artificial apatite bone, and various proposals have
mpde ofapatite 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
ceramic 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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1 AO F10PCT PCT Specification For instance, JP
11-513590 A discloses a cross-linked apatite/coll agen

orous body having a network structure, | .ch ) )
I(C:)ol | agen and, if necessary, ot heA@]m&gﬁé%bgg%ﬁcatmn
to hydroxyapatite. Because this cross-I|inked
apatite/col |l agen porous body is deconposable in human
Faroggtarfeel FREN -50B690 A idissteses a cidss-linked aphtite#dollagen
apatite/coll agen porous body, and the cross-1linke
parpasibtioeyclud viagennetwarksstboctyrgen whichscoldsgerbadd; if a
human body. Accordingly, this cross-1|inked

negeasarye othdn bigdarparedbendestito hpdraxyapatitel f Becahse this

fixation of vertebra, the filling of bone defects, the
crpé@-imkedfapatm/@obhag@nmﬂr@uam,dyuﬁ slegomposeplein human body,
peri odont,al , defects, etc. ver, th

hurpag boneq g formed:inithe c30s% eg&p@@@e/éguégeg poreusbody, and
thg Jip3-Figked Aratie s laBPa st ws boHy.areR S Absotbed s Gaman
oddlF, ZBRCb el JH R B A TR 56 s by cam be
088 0810 LR EESAEE R o SAOALR e o
fraSPed bbak und2the E%zﬁlﬁlglgoé%g%lﬁ?@@ﬁ erd et og{{%@g&'@r, this

provide a cross-FPi ["fagen ’porou

cra8sdmked 'ﬁtﬂcwﬁlﬁg‘eﬁ hou@%ﬂzﬁg"%ﬂ%i%xgpl@}ﬁi)&ﬁl’f Iog collagen

mechani sm'as 1 n uman b havi ng

aribagatixe g&tﬁ@h doedhicthasen H?ir%gslgﬁnfdﬂ béid sfruehat, RPWMhich

etc., and its production method.

the C-axis of the apatite is oriented along collagen fibers. Further, this
cross-linked apatite/collagen porous body has insufficient mechanical

strength and poor bone neoplasia.

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 a result 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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DI SCLOSURE OF THE I NVENTION As a result of intense
research in view of the above object, the 25 inventors

have found that when a dispersion contaifu : .
apatite/collagen conposite and cﬁ@?g@ﬁ@g%@ﬁ‘l ggecification
before its freeze-drying, the resultant cross-1linked

apatite/collagen porous body has a uniformstructure

wi t h Fiug) the tmethgdHor Predpciepentrossvidnkéd aphtite/bekagen
conpl eted based on this finding. 2 AO F10PCT PCT

p@pusitiddyaceorditigity thenprasent indeniorpcantpeises the steps of
cross-|l,inked, apatite/col]agen porous body accor di ng

fre@zq—déylpg&,drspemoemmn@mpm apsditeleol lagepQOMpOSIte and
el T s houh S0 Shoh T ol ot in e
PR TOEL e difersionabedReee aeara@@zlef &T@é”aﬁ?if
?ﬁéae‘&rmgaﬁ (it BpPlo/spTpBHA sonPoie At olET i 1
prePeaBIR BT U 93 1By AL, b {recdisRefan;, affir?eé%te@/v%a&sn
raffo T8 Brefétablylol 6o B2 BY A ofnp*?*e%?d P loBlaen cofposite.
155 NSO B R ) gt
pré€érablyRept 5@39@@@@ aad! tﬁ@%sﬁ&%ﬂﬁ??ﬁ&‘ef@olﬁgﬁs%ﬁm%.S

in the form of bers'as long as 0.0
toAh6tdrideionic Bﬁengﬂﬁbf()el £ 0l 8Before e @eldteon.pr ef erabl y

has a C-axis oriented along the collagen fibers.

Apat iThe apatiteécaltagenosempositeds ppeferatslydal thedermpof fibers as
body al so preferably has a C-axis oriented along the

long|asd@,9ﬂ1 tbi by,  Thpatiteoissthiei apatite/mphlagen/comhpasjtn
parous body of the present invention is produced by
prgigrably has adbaxds estentert along @esuollagm fiber mmpaume in the
OUT THE | ct| on of
crsﬁ%rﬂnrﬂ@d&ﬂatag)ﬁ@gﬁpmm@s | dwds«p poefesablynhas a Grexis
/gol | bod
orfeSted bt Hhe 2BThpb g 20" Porous body
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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of the present invention, an apatite/collagen
conposite and collagen as a binder are used as

starting materials. The apatite/cq] e ite 23@ )
preferably has a structure siml aﬁéﬁ&éﬁwgi &P@‘Fl ation
human bone, in which hydroxyapatite and collagen are
oriented in a self-organized manner. The term

livingl Hurnagdoneadloag colkges fibeails, aahwlyithat the C-axis of the
hydr oxyphosphate (hydroxyapatite) having an apatite
h)eci/muyapatétehlasncaligmnant withptheutolbagenofiBeO- FLOPCT PCT
Speci fication |iving human bone al ong col | agen fibers,
(IpasastingymaterialsC- axi s of the hydroxyapatite is in
alignoment with the collagen, fibers. (1) Starting
mat erﬂgﬂ apatils/eqllagenccemppaieis pooghacad fom cpollagened
fromcollagen, ., 5 phosphates and calciumsalts as
phq r%ganﬁgf: iymssaltsrasusiartig masgrialss u| Bhoygh not

PN Rt RBASBeM e Be SaEBSed it Gl et

TR KR £255: B8 ofhelinitnISaH 25t pificylafedSifidive.

In GIRRAE collgBeR WtairRd R0, o, bQ&E%‘i‘ﬁl%;éf‘ﬁ%éﬁ%gs

infiFfal Bhgansy oG, I ARna A cow Bid AL LB 4B and

bifdOich aghen, o, hibe i&BdaS c&rpg%pr{-li%gﬁ%feiné obtainRl from
sal mon, trout, tund, nackerel, r snapper, sardine,

skih€rbones} _@artﬂ&?e@,' {319, BealesSihtefi] SghhsCétcOf FRhRRRENUs

col'lagen is no particularly restrictive but nay be a

cods fidurniee, flatfigh, aatmoh, oout Ae@a, Aackekélaeé@dnappen, sardine,

ani mal tissues, collagen produced by gene

shaek et ety also beeuseth| ofhe extmetinsmetteodio€dollagen is not
Phosphoric acid or its salt [hereinafter referred to

pastieplarlyatestriptive pus may beiadugualiane:] Implacdef collagen
phosphari c agid, disodium hydrogenphosphate, sodi um

exiragfenl depim smamah fissuesiondlagesi prednoed by gefempieombimasion

ot assi,um di hydr ggenphosphate, etc. The calcium salts
techie Ay dsp dsrwsidhi e, cal cium acetate, cal cium

hydr ‘igﬂo%%hoﬁtccacid 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 phosphate and the calciumsalt are preferably
added in the formof a wuniform agueous sol ution or

suspension. The fiber length of t I . .
apatite/col |l agen conmposite can be%@ﬁ@)ﬁfgﬁpgdsgwgcatm
mass ratio of the apatite starting materi al

[ phosphoric acid (salt) and calciumsalt] and
camopositen Asertio 6 apatitenigl gollagen imtie aptite/willagehacomposite
apatite starting material and col|agen used is
useddpaheynetdrash of theuprespehinivention is praferabl9/1 to 6/4, for
corrposgl on ratio of the apatite/collagen 4 AO F10OPCT
lnﬁ@TICSp @-fication conposite. Aratio of apatite to
atite/collagen conposite used in

en.in t
(ZShiJr ?4?6‘6’“0@ %‘P\lé‘%ﬂpesent |nvent| on |s preferably 9/1
to 6/

sol uiitst 8 aahEpus Phosehied abih Gl @ﬁéﬁf] dasmpgyeous
ol 58 AT 0P dHERTioR At pRRARY. IR S ons o
cdrioRnBRHeRY AR HEERPUS pRORARATE Aok %i%%ﬁ;%oﬁﬁt@%qﬁf”@e
aqgﬁbgb cfl{lg'ri/ S%Ldtﬁ;ﬂ ié‘lsB%?eSﬂasﬁ’@g g?%ngpﬁaﬂgﬁﬁ g C}Jegttglctive

srléh Qs the tfo RLRS #IUFAR) gﬁﬂ‘ &en ”ﬂneﬁﬂﬁa&f affa desired

pl ng per tion describe I"at er at t

raﬁ@n itelﬁtpr@ferabl@fortth@ coivenishde ob® H%pﬁmg%pélﬁﬁ@htdescnbed
solution is 15 to 240 mVM for instance, —about

latmcthamhe ¢drecentrat vt o fitlieoaqudous pleosphioriscid saltblm)lutlon is
salt solution or suspension is 50 to 800 niV

15 tes 240 ceM, dloounstafoe nabor@ol 2hgeM, andaHdethe @oﬁdmltratlon of
above-described 15 aqueous phosphoric acid (salt)

the aiquepua cgliunasaly sphutioneor suspeasisiemisafiléo &0 mdilyforon
i n phosphoric acid. An aquequs solution of collagen in

ingiagspnaboe 40 mMay CeHegen isaddedén the above-described
concen rat nof 81tol% mass, for instance,

aqxEous £Sa15)q$plkm9§;g€mral %dR ah% opm of an aqueous

ncentr t| 0 of 1&1 éﬂ;’ nmass,, f.or | ﬂ}ce about

i phosBlloBe 46 RSO $0lBtOn ¢ LERIRERTisbsi 1 o
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/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
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Water substantially in the same anount as that of the
aqueous calciumsalt solution or suspension to be

added is charged into a reactor ) out, :
40C in advance. An aqueous phosph?{}scﬁﬁﬂ%@ﬂ(égﬂfgpemﬁcatmn

sol uti on containing collagen and an aqueous cal ci um
salt solution or 25 suspension are simnultaneously
rpan ofopddstanee cabpout 200 epi. ber | engt h of the
synthesi zed apatite/collagen conﬁosi te can be
cont rihé¢ machipncsolutionlis pyeferablypkept atpldiafi &840 Ahe If the

droppi ng speed is preferably 1 to 60 ml/mnute, for
canesniiationsafdhe @dcim womand/orthe phasphonig agiddaniexceeded

the Iﬂgq%rﬁgﬁglaéeé t%ébéiﬁoggé\?égéooﬁ% 4@&35’5&%%%&&3 b hipdered.
TS Abake AuPpBRE eandifionsaroyife fhe-iméitisetsol lagen composite with
fiGRRBAL of o0 on 165, ShSb G sfartRg Pl Gl ok abs ea.
crds Rl RRtaRln GRS bR P P PBelifidenllagen

g AR 1 S, o,

el col | agen porous body. The

apat i A fbf eb%ﬁﬂ@ﬁon Wﬁfyghgg,iasslﬁ?ﬁl}{-ki%% lthflof ﬁfneg he

conpl et on dr oppi ng, urry- e mxture o

apb@itéﬂé@'lliag@hd“&irh_rggﬁfb GRARPSEF B AREZRIRY. | SThe freegg-drying is

freeze-drie freeze-drying is carried out

carpieddiut B ppidly drydaguugdonum i @._Zﬁ?ﬂz%ﬁ 8tate at - 10 opNower.

| ower. [2] Production of cross-linke

k

[24p&rodactiohlefgrospdimkes etpaﬂi;te/(cbllagen [poretis bodgf

di spersion containing apatite/collagen conposite The
(1apdtreparatisinl afydispersipnuontainingriapetitedicoHagen cqmipbsstech

as water, 15 an aqueous phosphoric acid solution,

et c. , Thsmapatite/calingan eompasiseas prixed-withe lignihsuch anwater,

The amount of the |jquid .added is preferably 80 to 99%
amhyqueiLPROSphaTEC acigk w0lutipy, otF.+ andstisnsd toqrepare » poste-like

digherSiahul TheaBpRut Of i baakLadded & BesIEey Sb AR5 by
vo%‘rere, S B{e eira{t}iy 90 {559, g? R/%qgrshe? Baded %lnulr%% 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 formula (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 fornmula (1): P = A/ (A+B)

: in. :
represents the volune of the apat AQ/I%]o(ﬁé'Eeﬁeq’r gpemﬁcaﬁlon

conposite in the dispersion, and B represents the
volunme of a liquid in the dispersion. 25 Accordi ngly,
distribuwtipo sange, @ndthusprovidingehpaessitant doss-lidked
cross-linked apatite/collagen porous body by
apatjtesollagenmorens bodyowithhienpioyeddstrength.  added. The
fibrous apatite/collagen conposite is cut by stirring
the theperpasitedispersionismixed witlygolagee asla bingler and

fuihe Btad-on | NS ASROUEHRE PUASE BUeR FuPRHErstly i k9% by
mpAg et LR LBLE B RART B6 Rl by s e

e el sraediCuabiks B fhe pimoRiyeaollagijspreterably
adiREin R 8T B Hhbors sBHAR In BRRSapGAS 8Fie Fhopkh the
cRBERR, RS R eol! SUBENL oM I i s
n@iqpEichlaly pestrietive, fHe GSh&MLRIGh @%hg&h A aboht G859 by

i n phosphoric acid 1s not particular estrictive,

mabs; amehtRnédrifentiation 60phegshivris askPistaout 39 MMYPom the

mass, and the concentration of phosphoric acid is
prabtical poimidffview.t he practical point of view (2)

Gel ation of dispersion Because the addition of an
(23queelationcdfidispersidbn col | agen in  phosphoric acid

(sal t&@; urns the dispersion acidic, an alkali solution

such Becauss the siddition lof dncaqueusalalufion ofetodlagen indded

until the dispersion has pH of about 7. The pH of the
phospheris aridi(sal) tres she dispegsion acidic, mor alkalirssflatianisych as

7.0.to0,7.4. By adjusting the pH of the dispersiqn to
2 §oGug _hydmxayet chfétlgasslicwsea@@%u@vﬁ; ﬂiﬁe gtﬂnea@@ﬁ hasqpid of
about 7. bi f‘gg rpﬁ ro%rﬁlg %?soprgrgﬁ)ngﬁlpartelfenrably 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 dispersion to 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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in the gelation described later. 20 The dispersion is

m xed with an about 10-tines concentrated solution of

a physi ol ogi cal buffer saline (PBA¢ j g acid .
and stirred to adjust the ionic 2%9 Bigpghggpemﬁcanon
di spersion to 0.2 to 0.8. The nore preferred ionic
strength is as large as about 0.8, on the sane | evel

praderablyp0.Dto BEShours; malseepfefetd’nﬂ?/ilord 8 lwurengWithfthehe
dispersion can _accel erate 25 coll agen added as a

dispexseon kept at 3 oS E, theeotlagprmnsided asrmbiyatbriformsdibers,
molding die is kept at a tenperature of 35 to 43C for

thgeebyt hning e dispersignttorspgelat uFhe igelledrdispernsian et prevent
35 to 40C. For suffi.cient gelgtion of_ the dispersion,

theapatide/cofigeen gompositertsom prestpietingsherainctherehy

PRt B fort b PG on THEASRBrSen sabRed th e
. n_addad i nder f fib , th b
g‘?ngﬂﬁﬁgrﬁ? %égﬁyélﬁ? %ag%nt gr a S(ralm.s Tlﬁeeé:I | ed Slr gpgr sion

a ept: . Jhe apatite/coll agen conposite from
G&?c@%?%?ﬁ“r? therein, thereby 5 producing a uniform

o' {ARERP G edifiod, IEHRIRPHIFOa,  IThE v he”
teBeFhtRB is E}?i@t;eg%l?l?fefﬁﬁ@gd ?18%“82?§8g%§§§fe%lrﬂgz-'8@gc to -20°C.

t enper at ur er abl

The sizr &t shaO6f poresZi®Ghe pétoli8bod @ar?PQ confRAle by a

pores in the porous body can be controlled by a
fréezingispged pedbr ihstancess dnger fredziigepeéd esvds ?ﬁﬁ&de
tends to provide snaller pore size to the resultant
smallenuporeosiye tGltke desdtartiporois bodyn freeze-dried to
forma porous body. The freeze-drying is carried out
by evBidispegsiands then fitegze+driedyto foran farporens biddyst aThe
at-10C or lower, as in the case of the conposite. The
freqascdeyingis wgriied out byl evasuatiogoand eapidht dryingdn a frozen
di spersion iis sufficiently drjed. Though not .
St%f&réftr L@‘{(gplr&ow&& 35 | @@, C49§e0 t%@é?ﬁnﬁﬂwﬁg thedreeze-drying
nerql IB/ abo&:t Zé t?. . . . . .
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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72 hours. (4) Cross-linking of collagen 20 The
cross-linking of collagen may be carried out by any

net hods such as physical cross-1inki sin )
y-rays, ultraviolet rays, electr &%ﬁe&}ﬁ’i’?ﬁaﬁ'épemgcatmn
dehydration, etc., or chem cal cross-Iinking nethods
usi ng cross-linking agents, condensation agents, etc.
1-ethylkd-(8 edinethyldmimdpropyBcarbadiimide) kipuxies bech as ethylene
freeze-dried porous body is imersed in 25 a
glyeokdicthykethgr.agtonttransglutaomnase cetos s -Amungcthiesagen i n
the porous body. The cross-Ilinking agents naY be, for
crpse-linkieg ageatsh ghateraldehyde igparticuladympreéerable frolm the
f or mal dehyde, etc.; isocyanates such as hexanet hyl ene
asgreets Z&aé,m@ts@f} contralliag theaiagree of cagsslinking and the

[ [ F10PCT, P
cogﬁgéqogﬁﬁgtﬂf&hg Crlegul%grllttcrgfss- in'f(ce}d apatite/coﬁggen porous body

de et hyl - 3- (;3- di met hyl ami nopr opyl ) car bodi i m de; epoxies
W’ithj}lr“ﬁ%nz’ fene glycol diethyl ether, etc.;

25Zﬂf‘g?‘gfglﬁfﬁifd&éﬁiﬁ‘%é@?@ﬁ%ﬂitﬁgfﬁ?‘gﬁﬁfI Jag aftah dhe o
05 SRS R0 O OB
' t St
e Th iy 0,005 o gL B, e ThEBEGHSIAREY
apatieé/eollapbn Porads Body Shdul & BRGRINYERAled? OfVien alcohol such as
ki D 2150801 88

gl ut aral dehyde solutifon is preferably 0.005 t
ethanolyets is used apracdcivent forta QRRaidOhPddsEdtitrSs The The

cross-linked 10 apatite/collagen porous body should be
detiyidyation ed thé\cesssalinked lapatitéicaHagen parouis bedy cahbe
used as a solvent for a glutaral dehyde sol ution, the
cotidptirchsinoul taeausty ovitls she crosselining oBéclbagagenA
porgus body can be caonducted sinultaneously with the
crespbizking k¢acgiasr ocausdganstae wheoe the apatitedColbagan on
occur,s jn a state where the apatite/col|agen 15
CORPRNLS 1seconiracind; by cendusting she dehydeatior andither at i on

-1 i nki.ng si.multaneously, so

cragsgutpkfng g]{gﬁﬁ@gnqaqqﬁlgdso that the Tesultant cross-thhnfﬁil(tedt ne
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 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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apatite/coll agen porous body can have i nproved
elasticity. After the cross-linking, the cross-1linked

apatite/col l agen porous body is it ' ous, )

sgl uti on of about 2% by nass of glwgfngéqu%wcatmn

unreact ed gl ut aral dehyde, and then washed with water.

The cross-Ilinked apatite/collagen porous body is
whtertdontaining statd, therebydiaving trceldetycbmpatibilitgnsithiteiman

dried at roomtenperature. [3] Properties and

begipand gxceHenbbone eonductiand apatite/ col | agen porous
body 25 The ﬁr oss-1inked _apatite/collagen porous body

of t Hieqausedhe aboveedrscsibedproperiieyjare praferablgasiazed
G R T —
oGRS B SESaB s 7 HSEET e,
o4 hE T Ay Rk A R i i
e B, B0 SPRSRANG, SCR MBI s AEAKE o, artificial
oS Ridierifls for Borhng fend i &FbBRE; doaf HpRARY, AR 0.2

by y rays, THeptdset R oW *b%aé)f Bined ifr mof@ bl with

used as a bone-regener ating materi al® as a subs

ref@renae lto H ximp g Bl oRORethodit SnteRBRR ¢ fé%kﬂié’t;in% thé Scope of
suitable as artificial bone, artificial joints,
thegireséret! inventiohondi ng tendon to bone, dental inplants,

etc. The present invention will be explained in nore

detail with 10 reference to Exanpl es bel ow w t hout

intention of restricting the scope of the present
Example lon. Exanple 1 (A) Synthesis of apatite/collagen

conposjte 15 168 nl of a 120-nM_ aqueous phosphoric
(A %@bﬁ%ﬁ iodrapatite/saltlegen conmassite of an aqueous

sol utjon qf collagen in phosphoric acid, (collagen

168'm ofa 128—gmM aqugous ghosphorlc aci solutlo% was added

to 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
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concentration: 0.85% by mass, phosphoric acid
concentration: 20 mM and stirred, to prepare a

di | uted aqueous solution of collagen i ric . )
acid. 200 m of a 400-nM cal ci um M'rﬁo&@iggﬁéﬁeggggﬁcatlon
was al so 20 prepared. 200 nml of pure water was charged
into a reactor, and heated to 40C. The diluted

apatite/codlageh woneposife wak|8{3dy masphosphoric acid and
t he cal ci um hydroxi de suspensi on were simltaneously
(B)r dspparationoof eass-lirdeet apatitie/coltagen poroaisduadyBo
m/m nute and the resultant reaction solution was
sti r rleg ofith chmazpmhtl@d ppefite/eodagen compositeavas added to 3.6
osite 25 a tite/collagen flbers The reaction
mﬁ@ r%waxﬁ%an ,§tl to-fosm g pasteslie dispensiony  This

pastbike apersian Wasyoued §8§E@S' of 4 GAUERYS SOMHEOR pf epllagen
ingiisphBitthaid Bt Fiirb ] %8 aq feaR Nallid SBhionares
B AT TR A
R O S A0 Al s
wé“? ﬁlermldd’éd &@b@fsﬁﬁﬂrﬁﬂ'thg?gnf@s&éﬁ aoﬂolﬁﬁtcﬁabéllﬁ?on

sper si on. aste I Spersi 0

reﬂbl&éﬂ 0.8 OThérhrﬁGHﬁPGﬁanHdi'H '(gﬁréjfva@&l +fiRited 'aueous
phosphoric acid and stirred, a 1-N aqueous NaOH

sobwlion Idfrcol\agenaﬁqﬂﬂ) oric 4did ﬁhhﬁ@(&@mmhlwuﬁonﬁ}« PBS)

ratio of the apatite/collagen conposite to the
addeid wge 8 546 byovdains ofitises apdiitd coliagancemposited PBS
was then added to the dispersion until the ionic
st r enldhehresiiltant dispepsiosi was thargestintd am®ldifigedigrandkept at
of aliquid (pure water + diluted agueous solution of
76’61 fery2 hours forgelations teobtain aamhbbhke Naoreddiady. onThis
PBS agded s 95% by volune of the apatite/collagen
sl waptiaorar ol (LC nbthes dRedRy & Recgodryano Ehe

dre«zf\ Gidech bad otng FRmerSed fracsdition ol 01 4e By?;fi'a%B
glﬁ?asyé}d"@lyﬁ%rlgz thafol (czo(r)lcc:eng’a%otnl.1 55%’), ancli) Xrossf-lrmfeg 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.

11
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dried formed body was imersed in a solution of 0.01 %
by mass of gl utaral dehyde in ethanol (concentration:

99.5%, and cross-linked at 25C f tai, .
a cross-linked apatite/collagen pdﬁédéuﬁggt_ﬁ&ﬂf&pemﬁcahcn
washed with water, this cross-1linked apatite/collagen
porous body was 20 i mersed in a 2-% by-nass aqueous
gl ycine solution to renove unreacted gl utaral dehyde,
and then washed with water again. It was further
Exampledd in et hanol (concentration: 99.5% for
dehydration,, and then dried at roomtenperature. A
rect a&gﬁpﬁ‘llpﬁﬁgmﬂéﬂéellﬁé@ poreus bedysvasmproduced tn the
10 mm 25 was cut out .of the resultagnt cross-|inked
Sane MANIIEr @) 1 Iaer%&sex@say fog ehanging he pelation, irmperature
a st eed of 0.1 mmjlsecond. As,k a

oA ing RisaBufed e “%e?%ﬁéf  BIPWHESEPBEHL | ARGresult, the

i l.e I n ody was about 0.8 N 11
mmléﬁ%qbéggéﬁggﬁﬁﬁgﬁjon Exanple 2 A cross-1inked
apatite/col |l agen porous body was produced in the sane
manner as in Exanple 1 except for changing the

CSﬁigﬁ?hﬁVe tpure 5 to 40C, and neasured with
respect to rupture strength. As a result, the rupture

st r engicpoyREnkeA Wpabitdcdila 8t Bﬁgm?ocﬂuc%guint e

cross-1linked apatite/collagen”porous s produce

sainfle h’mhnelr(hssiﬁ@xmp_l@'l AR eph fereomdiicting6 Yllation, and
conducting no gelation, and neasured With Tespect to

measuredewithrrespédt. toAsipturesstrdrigtht heAs upesuile, thetrippete)
was about O.?QK. APPEFEABILI%% I N I NDUSTRY 15 As
stebngthivbasiabdmat/@.4iN. det ai | , the nethod of the present
i nvention can produce a cross-linked apatite/coll agen
porous body containing a self-organized

Aﬁﬁﬂé}_\%&fﬂ-{(a&e&ﬁ% ,ﬁ%i(t e, which has excel |l ent

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.
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conpatibility with human body and excel |l ent bone
conduction, as well as |arge nechanical strength such

as rupture strength, etc. The crosgsld (S'F(%g . .

apatite/col | agen porous body havi ﬁ%oﬁuﬁf €t Specifigation

suitable as a biomaterial for artificial bone,

artificial joints, etc. 12 AO F1OPCT PCT Specification
WHEAT ISCICANVAIDIBS: 1. A nethod for producing a

cross:linked apatite/collagen porous baody conprising
l.the < énethed ﬁfd@@éugmg a,gr@sSdﬁgbed apetité/eatlagen pgrews body

apat.i t e/ col | agen .conposite and,.collagen to.forma
cQIBPHSE %, Stein Of Frroresiiying 3. diSRRIsieN CONTARME AR sai d

0 body, said .di spersi.on bei freeze-dried after
ait8DURBEY corfdsifs ARG PURZERIBIBIM Rormesbofydithen
' I -DQr cording to. clai.m 1,

crBRE oking SolBen ift SaRt BrdEtoBErid ioﬁ%ojrgwnpﬁmfgced
5] taefﬂ% roppi ng an aqueous solution o
frp Zoe:gﬁg?i C %@%ﬁggbr its salt containing collagen and
an a i [
2 TR RN Fot PRodicin M RS A BRI OB Prous
: ! ) : . .
O AR/ PPakn SR
prodused bycsimhdgaieous]y? af@ppiﬁg%ﬂ dqivouPSslutidnss¥ phosphoric
di spersion. 15 4. The nethod for producing a
acid osdtd salk eontapainigt coltagdrneged ap aiquiesus lsotiticie o8 sdsPehsion
to any one of claims 1 to 3, wherein an _
ofapealiciumcsalt.agen ratio is 9/1 to 6/4 by nass in said
apatite/col | agen conposite. 5. The method for

3.pr odddingeshed des produeigapenossdinksd apatitefanltagen pordys
befihercming o Clalpt 1 orc2 v heraie egatiarof saidrapasticollagen
e M AT LR —
L2 B o iR s T S5t Rt Srous
body according 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 apatite/collagen porous

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

13
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7. The method for producing a cross-I|inked
apatite/coll agen porous 25 body according to any one

of claine 1 to 6, wherein said dispersi IS | ] ed, )
after the ionic strength of said dflgépéi@]?gh ngfegpe‘ﬂﬁcatlon
adjusted to 0.2 to 0.8. 8. The nethod for producing a
cross-|inked apatite/collagen porous body according
ceropesite ¢sién the toran of fibers of, | wimrorilessai tength.
apatite/col|agen 13 AO FI OPCT PCT Specification
9 Zonpokhe methoror peoduringss crosselinkad apatite/collagesporous
I ngt h@xﬁ' The net hod for producing a cross-|inked
b%@é feudng it gay ong ofi slaimsdl ta 8¢ wherein apatiteyinaadd of
cl.ai to 8, wherein apatite in said
apoﬂaﬁﬁmf/agsm cRRO 88 ﬂté‘%& oxlegted: akong theneallagarofibers.
he Il a fiibers. ;5.10. The thod for producing a
14,705 s FkEHod 87 Pradicine.aerpssouekis apalite ealiagan Horous
0 | .ai s Q 9, rei,n atite i.n said
bdy, B8R b ARy RTEe el oS! Siterafigparits 13 seidi <
j ¢ fd s, A1..The nethqd
PSR B0 colBaci iSRS hosy IR e (Ehris innurtue the

colfagedfibagcor ding to any one of claims | to 10,
wherein apatite in said apatite/collagen conposite is

1 hydr oRy@RRitho@ js8k ' 5
porous body pr 08{11 g%d\g?h?iaééﬂdﬁgrl E[g(daf géﬁ%ﬁ#@%yﬂ LS

bady a¢eurding té an¥oneldf claims 1 to 10, wherein apatite in said

apatite/collagen composite is hydroxyapatite.

12. A cross-linked apatite/collagen porous body produced by the

method recited in any one of claims 1 to 11.
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