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Bi omaterial The present invention relates to the field
of synthetic bone, dental materials and regeneration
weceadsiisi«s for bi onedi cal applications and, i NnPCT/GB2004/004550
particular, to synthetic bone, dental materials and
regeneration scaffolds and their precursors conprising
col I agen, a cal ci um phosphate material and one or nore
gl ycosam nogl ycans . Natural bone is a bioconposite of
col | agen, noncol | agenous or.gani ¢ phases incl udi ng
gl ycosani nogl ycans, and c®iemaBegi@dphate. Its conpl ex
hi erarchical structure | eads to exceptional nechanica
properties including high stiffness, strength, and
fraTherprbeeghnessenmhbnhrémateenten&hbefh@nasoﬁosynthetic
wi t hstand_t he g g hologlcal stresses to which th%y are
PoRgpj EEPEALoRAESHAP Si §e9FRETERAPPeRGELFRdES BT
blbﬁé‘@@fzﬁmeéﬁpﬂBcEB@ofqbebﬁd' S1hOp a&lﬁgcﬁlﬂm et is t?,nthetic
mat eri al has a conposition and structure
bomﬁbldanta&/mataraalboﬁédgre@ﬁhemntand acaﬁﬁdlﬂbeand their
i@ or -ani mal , bod
T R e R e
an@hosphatesoirs ghecbsamnnbgdyckasproperty referred to
as bioactivity) through a bone -like apatite |ayer
forned in the body environnent. Cbllagen and
copaLyfiete £OMRY Lsi B0o¢0LbAGSY; AU ?tQSE%Q'ggrQQQHQS
such as gl ycosam nogl ycans are
cokh@ganbosbergphuuaphssbstmatéadﬁng yhecashadhognt cand, and
ation of n types, including those

rolife rous cel
2 PSP arRBRER - « nEE r GURLRBnhaRgeronca1 St rlctare® Teads

to exceptional mechanical properties including high
stiffness, strength, and fracture toughness, which in turn
enable bones to withstand the physioclogical stresses to
which they are subjected on a daily basis. The challenge
faced by researchers in the field is to make a synthetic
material that has a composition and structure that will
allow natural bone growth in and around the synthetic

material in the human or animal body.

It has been observed that bone will bond directly to
calcium phosphates in the human body (a property referred to
as bicactivity) through a bone-like apatite layer formed in
the body environment. Collagen and copolymers comprising
collagen and other bioorganics such as glycosaminoglycans on
the other hand, are known to be optimal substrates for the
attachment and proliferation of numerous cell types,
including those responsible for the production and

maintenance of bone in the human body.
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mai nt enance of bone in the human body. Hydr oxyapatite

is the cal ci um phosphate nost commonly used as
woaostostaent in bone substitute materials. |t PET/GB2004/004550

however, a relatively insoluble material when conpared

to other forns of cal cium phosphate materials such as

brushite, trical cium phosphate and octacal ci um

phosphate. The relatively Iow solubility of apatite

can_be a di sadvant age when ﬁrodu0|n a biomaterial as
t hel YR X PR ekb? ptf o‘ﬁh%fC% elwateRPaPhaRet Beshoggmmenly

usé&”éé(%%ﬁ§%¥t§éﬁwllﬁb% Q??@PP§£§fm§Hg91§§ It is,

hydroxyapatite are mec anlc y st materials.
howevevera t@b@tavelyei@mmb@byebmateteamhﬂhenonpmpededoto
natural bon cha ica

otIRGR rTHTS Bt ORbS P81 B SRR T U B TP hbsSnnens brushite,

tr LoPai @l $19o SghaH &l ah@Nect M4 BEL dhSpBOBPHRLEENT The
copol ymers of col |l agen and gl ycosam nogl ycans are both

rekajuigfrely ahel steitletlimactorpagbhe arenebebat dssafyantage
wh{}?v r&ﬁIb eéybi enpl%ﬁfeg? x‘!‘#?snrg%’pé%e é&gg&%abf

rev ous a s Tn the prror ar ucing
the myindiied 1 cibotiee -lsodgtis ubertthter aal yhavowg |nproved
mechani cal toughness over hydroxyapatite and inproved

stiffness over collagen and copol yners of collagen and

gl yeosammoghysanst i ol uce £onbaLogy 5oLt pgeN, 2o
apatite by mechani cal m xing. Such a nechanical nethod

medlranfestt 1 pesit i Hf B e 0UBYs 48dcoweaeer Uesel apaenesathvely
10,4 001 S et g product g g, bon, g8l aceren

me EONIE D] 1§ Nt oudh Sk pdiat £1 Pyb i en 48 chank €ale 1y X1 Hg
stiffness when compared to natural bone. Materials
comprising copolymers of collagen and glycosaminoglycans are
both tougher and stiffer than collagen alone, but still have

relatively low stiffness when compared to natural bone.”

Previous attempts in the prior art of producing a
synthetic bone-substitute material having improved
mechanical toughness over hydroxyapatite and improved
stiffness over collagen and copolymers of collagen and
glycosaminoglycaﬁs include combining collagen and apatite by
mechanical mixing. Such a mechanical method is described in

EP-A-0164 484.

Later developments in the technology include producing
a bone-replacement material comprising hydroxyapatite,
collagen and chondroitin-4-sulphate by the mechanicél mixing
of these components. This is described in EP-A-0214070.
This document further describes dehydrothermic crosslinking

of the chondroitin-4-sulphate to the collagen. Materials
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of these conponents. This is described in EP-A-0214070

Thi s docunent further describes dehydrothermc
wonroes@si4aaki ng of the chondroitin - 4- sul phat ePCO/GB2604/004550

col |l agen. Material sconprising apatite, collagen and

chondroitin - 4s-ul phate haye been found to have good

bi oconpatibility . The mechani cal m xing of the

apatite with the collagen, and optionally chondroitin

- 4-suy Ighate essentially fornms collagen / chondroitin

compgisipghapatiseat 8&’1&5913%989 GPORFECI N1 SrdPheEsn have
beEHU@QuBBanSHﬁQeagE%HeBh%Eom%EEEQEQHt@'OC@%%aEk@h%nlcal

produces |imted i"n-growth nat ur al "bone when in
mlh@ﬁﬁnOﬁrthﬁlﬁaatbﬁaywam@ fber emddeleng @mdtb@Uxﬂnahhﬁ

orBRFBADRL-EDgR Sl et YL 0TLAG TR Sl The B et

ch@h@bb@ﬂ@naﬁS@&ﬂ@h@deWbbBtéHepQEtQEl@%tof|%p&tﬁ&kst It has
aspect, the present invention provides a process for
beeRefgRBEUERREN SHENa AcBADESH B - mBLERPEE N brmcosipag ible,

prgghéégeﬂlmQEgahHheg@%%tﬂnﬁfOBaQBEglg5%%%3%5%%8qg¥%%%§human

sald process conpri'sing the steps of provi
oraghilnglafjudgusnsiohot renodedpnisbifig thel kaden uma phalsghame

hsourcg ﬁFd gg horou source and one or nore
PRgEGcB5a ﬁoﬁVs fi lCaWG pfééi-pitating the coll agen,
the brushite and the one or nore gl ycosam nogl ycans

together fromthe aqueous solution to forma triple
co- phecbpieeane. imHentérm seepbeteooapdeeispi g4t deast some of

enf GPURRERES LA BL LR 000l phhe eg compounds wher e
the sanme tine from

In a first aspect, the present invention provides a
process for the production of a composite material
comprising collagen, brushite and one or more
glycosaminoglycans, said process comprising the steps of

providing an acidic aqueous solution comprising
collagen, a calcium source and a phosphorous source and one
or more glycosaminoglycans, and

precipitating the collagen, the brushite and the one or

more glycosaminoglycans together from the aqueous solution

to form a triple co-precipitate.

The term triple co-precipitate encompasses
precipitation of the three compounds where the compounds
have been precipitated at substantially the same time from
the same solution/dispersion. It is to be distinguished
from a material formed from the mechanical mixing of the
components, particularly where these components have been
precipitated separately, for instance in different

solutions. The microstructure of a co-precipitate is
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the sane solution/dispersion. It is to be

di stingui shed froma material formed fromthe
woreisadi«aal m xi ng of the conponents, parti cul BCTAGB2004/004550

where these conponents have been precipitated

separately, for instance in different solutions . The

m crostructure of a co-precipitate issubstantially

different froma material fornmed fromthe mechanica

m xing of its canponents . In the first aspect, the
SugaFa?gbﬁlbYe@éF£6F§n5a§rampﬂ Baterédml2 formgds Ixomyghe

RV 5; preferably, the

meE%ﬁé??%ﬁ %gg£§8L§F0%£$r§ﬁ1gégg%gs4.5. Still nore

preferably, the solution has a pHof from3.8 to 4. 2.

\Ye} ferably, the solution has.a pH of around 4.
Th2£ggﬁﬁ?uﬁ%§aﬁragpﬁg%prg#ér58&9%§8PEEF§§GF?g#WOH@SOP pH
of MP£6mOP . 6at 61 BIENI hbakepreabehdM agebat @, sCalkCisum.  More

chloride, calcium carbonate, calcium al koxi de, calcium
praferakide, teal ePdnt3Pni basea pHI efuifrowl phét &0 dalei uptill

mofLlUSPOBLELBNY t DR CALELUTLAANLSOL BRPBE Byof GACHAM, 5.

salt o epar{ n"may be derived fromthe porcine

Mosht psefaabbhucoshe Soitialhbe hakcaupHsalft araned 4.
commercially available from Sigma -Adrich Inc. The
phosphorus source is preferably selected from one or

mor ¢, of carEDRL uEL o By drogenrphgsphat e o '
hydroge% phosphatg, phospﬁorig gc?g,gg9§§5?§ggﬁ$ EESSnor

mopet hbphasphanenthgteat eal NaukPacet bt ®, , cadretinmebloride,
c %ernechPR Sgéenseg'sisalti and trinehhil pFo%%hat ,

2L RAT | CRERT= 551 1 S 61 §TNAT P*KG of CphGSPRafecoxLde,
cadtkahi €1 a48tH, sahl 8itmesGiphEtel €a)colimphospBakee and
the calcium salt of heparin. A calcium salt of heparin may
be derived from the porcine intestinal mucosa. Suitable
calcium salts are commercially available from Sigma-Aldrich

Inc.

The phosphorus source is preferably selected from one
or more of ammonium-dihydrogen phosphate, diammonium
hydrogen phosphate, phosphoric acid, disodium hydrogen
orthophosphate 2-hydrate (NayHPO,.2H,0, sometimes termed GPR
Sorensen's salt)land trimethyl phosphate, alkali metal salts
(e.g Na or K) of phosphate, alkaline earth salts ( e.g. Mg
or Ca) of phosphate.

Glycosaminoglycans are a family of macromolecules
containing long unbranched polysaccharides containing a
repeating disaccharide unit. Preferably, the one or more
glycosaminoglycans are selected from chondroitin sulphate,
dermatin sulphate, heparin, heparin sulphate, keratin

sulphate and hyaluronic acid. Chondroitin sulphate may be
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G ycosam nogl ycans are a fam |y of macronol ecul es
contai ni ng | ong unbranched pol ysacchari des cont ai ni ng
wa 20@psat47 ng di saccharide unit. Preferably, thecommB204/004550
nore gl ycosam nogl ycans are selected from chondroitin
sul phate, dermatin sul phate; heparin, heparin
sul phate, keratin sul phate and hyal uroni c aci d.
Chondroitin sulphate may bechondroitin - 4s-ul phate or
ndr ate both af .which ar avallable
ChPr %rlﬁoé % Rlug |ch Inc CheR ﬁ’dﬁc}%lﬁc Sﬁﬁ C&ulsHt o1

whi@y: baedambﬁedbﬂ@oﬁm@has&gﬁwuwﬂday%h My urans acid
be derived from human unbilical chord. Heparin may

chggdé@rlw@d OrEYRPPSIE e Yi Mceseiniale dnfdosa. SR eraatiiylage.
Hya@utr'aﬁler e¢hpl tatl ar ef the | fffl%e HARH egf5ﬂ>gff%ol therq.

solution has a teéenperature o
Hepaeﬁermb&ybetHersabdtEmnnh@@r@lh@ﬁﬁ@t@&W@ﬁaﬁ.ﬁuduﬁéﬁ

to 40C. The solution nmay be at roomtenperature, that

is from20 to 30 C, with a tenperature of from20 to 2

C b@lr@@e@bgﬁgr red. tMasbreeeigraklivn Whe dheperiaiiy €4S
around 25 The concentration of calciumionsS In the

Préqaéé@§t§ol@hﬁoﬁoﬁgtﬂyplbaﬁlﬁ ﬁﬁmma@aGGGESOﬁOfrqmﬂ&hﬁ to
3.and f I m Q,Q01 to.1 no . Wiere th
50pnoce¥§&?n F%ge¥a%%§ g&ltﬁg%gFlpﬁr gr sF@ﬂgﬁﬁature of
frbml tBatoorn0dnd/ orhkowoll @penatidre bér ¥itNgoo@ emperature,
concentration of calciumions in the aqueous solution
thp§ d§r EXpMeP8r &BI ¥ Of Fontd th5 2t epprsrasias ©of (from 20 to

27@&36EH8% Fggfgrgédton90%§ %%e%gE§%1§ndt%%§Ee&w§?%zﬁyélls

fromO ere t process
arbhedaddi’Ci.onal further steps of freeze drying and

The concentration of calcium ions in the aqueous
solution is typically from 0.00025 to 1 moldm™ and
preferably from 0.001 to 1 moldm™>. Where the process
includes the additional further steps of filtration and/or
low temperature drying, the concentration of calcium ions in
the aqueous solution is more preferably from 0.05 to 0.5
moldm™ (for example from 0.08 to 0.25 moldm™) and most
preferably from 0.1 to 0.5 moldm™. Where the process
includes the additional further steps of freeze drying and
optionally injection moulding, the concentration of calcium
ions in the aqueous solution is more preferably from 0.01 to

0.3 moldm™ and most preferably from 0.05 to 0.18 moldm™

Preferably, the solution comprises phosphate ions and
the concentration of phosphate ions in solution is typically
from 0.00025 to 1 moldm™ and preferably from 0.001 to 1 M.
Where the process includes the additional further steps of

filtration and/or low temperature drying, the concentration



10

15

20

25

30

optionally injection noul ding, the concentration of
calciumions in the agueous solution is nore

wonrefs@sataly from 0. 01 to 0.3 noldm 3 and nost PCT/GB2004/004550
preferably fromO0.05 to 0.18 noldm 3. Preferably, the
sol ution conprises phospha%g ions and the
concentration of phosphate 1ons in solution is
typically from0.00025 to 1 noldm 3 and preferably
fromO,001 to 1 M. Wiere the process includes t

oL JQAPEPBRLP FAPENAR SPEPSIGR £FI FPAEI BHCAREAER Y] 8w05 to 0.5

moi&ﬂﬁer akung HMNPrldis gaAncentyr atd qnof SPSOESCH{W?%&&@ 0.1

in sol ution i's nore preferably 0.05 to
tosPiBb Imglémpr ef éhaldey thel proc®ss Ninclfute exdmplelditlional
m.3. _\Were roc ss inclu

£uk BoPE  ERAPS! R FEFCEr RtV RSt Faas BPhTOPA] Lend Ject ton

mo@Ddi@ﬁa|£MelBbﬁ@éh@BaﬂDbhdbﬁQpth@hﬁ@BCQﬁb%aEhOQOthlon is
hosphate ions in solution is nore preferably from

mODGOBr?BGGablﬁnfﬁﬁmSO dii tP AeBemplemeratitild g®ne
prgf;§?gﬁﬁn ggeﬁgbby gtfie ratio of collagen to the
fa unt

of one or nore glycosani noglycans in the
solution prior to precipitationis from8:1 to 30:1 by
preferably, the ratio of collagen to the
totg e%ﬁﬁﬁhfy t%ﬁerﬁﬂﬂo?é GPyEBgah heglPeanstrd PREHNT
of 10nd &8 Adrd. g€§g0§3ﬁ1n85 ?@EﬁglXnthﬁerégﬂgt&§anQEbr to

11:1 to 23: eferably, the ratio of collagen
préeightaeion LhefrompﬁelcbOpB@cﬂpbyaWengtfroMDIe 1to

nore.pre r abl y r 5.1t
PrgTTTTo NGt et preraFADI 91 F i 3937, 501 EH8, thpel amdunt of one
orpm@f@r@byyogamnhagzy&@né 4s fhemcoonecentpatiben, obnd most
collagen in the solution prior to preC|p|tat|on 'S
pref{praalyytheokptieoloofgpm, 1hotetpr éBerabl y

Preferably, the ratio of collagen to brushite in the
triple co-precipitate is from 10:1 to 1:100 by weight, more
preferably from 5:1 to 1:20, still more preferably from 3:2
to 1:10, most preferably from 3:2 to 1:4.

The concentration of collagen in the solution prior to
precipitation is typically from 1 to 20 g/L, more preferably
from 1 to 10g/L.‘ Where the process includes the steps of
filtration and/or low temperature drying, the concentration
of collagen in the solution is more preferably from 1 to 10
g/L, still more preferably from 1.5 to 2.5 g/L, and most
preferably 1.5 to 2.0 g/L. Where the process includes
freeze drying and optionally injection moulding, the
concentration of collagen in the solution prior to
precipitation is preferably from 5 to 20 g/L, more
preferably from 5 to 12 g/L, and most preferably from 9 to
10.5 g/L.
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from1l to 10g/L. Were the process includes the steps

of filtration and/or |ow tenperature drying, the
woams@itaat i on of collagen in the solution i s ROTAB2004/004550

preferably from1l to 10 g/L, still nore preferably

from1l.5to 2.5 g/L, and nost_preferably 1.5 to 2.0

g/ L. Were the process includes freeze drying and

optionally injection noulding, the concentration of

collagen in the solution prior to precipitation is

preferably from5 to 20 g/L, nore preferably from5 to

12 ghk. t@@glﬂe%hcgﬁ%&%&aghyo&reﬂb9o%% 1 1Y The

total concentration of the one or nore
glgbye@manpgﬂw@ghycansmhethelgcuonupmlpmnam muecipitatiOn is

ey B ERaP oy Ol BB, 69 B0°1 5 e MREr EZENETgRaGedgam 0101 to

1 gME|UdWﬁeEBetﬁ@dp&b@€@b finet heessteps aefdiftildn=at iR ther
and/or. | ow tenperature dr the total concentration

stgpst Ré éhétéatﬁ@ﬂea@ﬁy@éSiQWnégmy@éﬁ§um@ ﬁﬁyhﬁghuﬁmﬁntOtal
' f I,
coh SefEESLPS BLnth, R Ak ooty el Bhtpethber ey oo

solnomrh. 13 more. p&éfgkbblyhémemtbeoarmoeaszﬁn@deesthna

addi ti naI urther st of fr ze drying and
o8B PERAFE§PLH EC0ToR - 1ol GPnb - 20nG/ Fot At BRESnPEaERSRDLY

fréh bhesoes or GQV%/9|ycﬂﬁéﬁb”@ﬁéygéﬁéeb% Eﬁ%l%%!%t%%%
IS nore preferably fromO0.15 to 1.5 g/L, still nore

adéﬁéienablﬁuttbﬁrosnipBOOi Ergeze dm&lmgsangr@pén@hbyly

Q.78 t ef erab he sol uti.on
0 SioE PaelobRaP S BRs CRIA L RESFRRFOS5E SEoPTaglR FBe oF
mot@eg$§b§Béﬁhh@@&ybénby@hCﬂhEYSBHQﬂhén4Qstﬁo@@opke@érably
wei ght . V%ere the process includes the
from 0.15 to 1.5 g/L, still more preferably from 0.41 to 1.2

g/L, and most preferably from 0.78 to 0.96 g/L.

Preferably the solution comprises calcium ions and the
ratio of collagen to the calcium ions is typically from 1:40
to 500:1 by weight. Where the process includes the
additional further steps of filtration and/or low
temperature drying, the ratio of collagen to the calcium
ions is more preferably from 1:40 to 250:1, still more
preferably 1:13 fo 5:4, and most preferably 1:13 to 1:2.
Where the process includes the additional further steps of
freeze drying and optionally injection moulding, the ratio
of collagen to the calcium ions is more preferably from 1:8
to 500:1, still more preferably 5:12 to 30:1, and most
preferably 5:5 to 5:1.

Precipitation may be effected by combining the
collagen, the calcium source, the phosphorous source and one

or more glycosaminoglycans in an acidic agueous solution and
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addi tional further steps of filtration and/or | ow

tenperature drying, the ratio of collagen to the
woabwsioam4rons is nore preferably from 1: 40 to BED/GB2004/004550

still nore preferably 1:13 to 5:4, and nost preferably

1:13 to 1: 2. Were the procgess includes the additiona

further steps of freeze dr%ing and optionally

injection noulding, the ratio of collagen to the

calciumions is nore_preferably from1:8 to 500: 1,
el%??¥la|Jr%l%9e?%?aBP§u§l@Q t® 3pand HR§1kpBrecipitation
oc@u?éer§§l¥a§1§%t9hé %olE%thE'%9%%991gﬁyuggn§fgggagd

by conbi ni ng the col [ agen, e cal cium'source, €
tlph@sph0$@©h s@uammoamd,oaédmtianefghynusaahnmgbyagest
n an aci dj aqueg ﬁ golutlgn andei t her gllomnng t he
Su%%l%?u%ﬁe SRE ARGt PTUpPEET pi YATYORIoEREr Sate OF
adagtiehiag the s@lutimnsotitrteat 40A aﬁyngoﬁﬁ§hst&bhr6@t§hese
such as ammoni a, addition of a nucleating agent such
te%QHBQ%e$abr|cated brushite, varying the rate of

addition of the cal cium source, and any conbi nati on of

these techniques . In a second aspect, the present

invEmtéome@mmdidspeatprbheS§ré9énthEnpéﬁﬁMéhipﬂoeﬁdas a
osite blonaterlal r|S|ng col | agen, octacal ci um

Pr%ﬁ%@% e Bhd BhRedert h%?e 5l §co AopFyPaABatesigl
comp PES C@@Piéééﬂg 5@€a§£§@§uﬁfpﬂé§¥ﬁgtgg AqCBAROSkK! fiore
nmat er i conprising collagen, brushite an% one or nore
gln¢9@@@@m¢®b@¢@@@nssaa@dpEQQQE$thgpaisiegstheoaéeps of
brushite in_the co€$ IP1ate na erial to.octac?&cium
0

phd%%% Gy hydPeryh t& 181 o1 8185 8871 84¢8T,

brushite and one or more glycosaminoglycans, and

converting at least some of the brushite in the
composite material to octacalcium phosphate by

hydrolysation.

The term biomaterial encompasses a material that is

biocompatible with a human or animal body.

In the second aspect, the composite material preferably
comprises or consists essentially of a triple co-precipitate
comprising collaéen, brushite and one or more
glycosaminoglycans. The triple co-precipitate may be formed
by a process as herein described in relation to the first

aspect of the present invention.

Preferably, the step of hydrolysation (hydrolysis) of
brushite to octacalcium phosphate comprises contacting the
triple co-precipitate with an aqueous solution, said aqueous
solution being at or above the pH at which octacalcium

phosphate becomes thermodynamically more stable than
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The term bi omaterial enconpasses a material that is

bi oconpatible with a human or ani mal body. In the
weeoawrndi4aspect, the conposite material preferabCy/GB2004/004550

conprises or consists essentially of a triple

co-precipitate conprising goLIagen, brushite and one

or nore gl ycosam noglycans.” The triple co-precipitate

may be formed by a process as herein described in

relation to the first aspect of the present invention.
brysheies abl jretderitep brinyaeesyeat ?%ﬁu¥h9@rBP§sﬁsPHon

u to ' S i.se b act §

R I A S R S
pH saf df aqueous ol Ut | diodei pogeberaplppoviei s hegpebas solution

whi ch oct.acal ci um phosphat e becones. t her nrodynam cal |
hagRil GF ABPRNT Hamb Ushi e, S BPEPRT abP Yt £ #F SMAHEHRT 1o,
foB MO Nage Potb &F F5 08 tPhosdDEE DselbshabbYictiNisth a

aqueous solution has a pHof from6.3 to 7 . Mst

titpratier abl UL e sS@bueber, sol selehlitasspribrtadouith
T ' : ' i ,
re gt O B viose i e BRI Lot SHATRAN:

phes fitud f1es - sl td i roim g acaopoiin®n sAtprafedradit Aghespect

to anot her cal ci um -contai pi ng, conpound and/ or
So%ﬁﬁ%ﬁﬁuﬁ?ﬁpt%ﬁﬁﬁzﬁ?ﬁ?&Fc%ﬂ%%u Hratef ef@rtee agaébad PH
us Wi £ompri ses acetic acid titrated to the desired

pH usi ng ammoni a. Preferably, the step of

hydr ol ysati on of brushite to octacal ci um phosphate is

preforped at a tenperature of from20.to 50 C npre

P R P ¥ orhi0 5 hote QriFPERRE oo ef br Bt Fonko
octBcd DeBEn GhiBsta s ef £rabd Fo arddNgk 3 €emperature of from
20 to 50°C, more preferably from 30 to 40°C, still more
preferably from 36 to 38 °C, most preferably around 37 °C.

Preferably, the step of hydrolysation of brushite to
octacalcium phosphate is preformed for a time of from 12 to
144 hours, more preferably from 18 to 72 hours, most

preferably from 24 to 48 hours.

In a third aspect, the present invention provides a
process for the ﬁroduction of a composite biomaterial
comprising collagen, apatite and one or more
glycosaminoglycans, said process comprising the steps of

providing a composite material comprising collagen,
brushite and one or more glycosaminoglycans, and

converting at least some of the brushite in the

composite material to apatite by hydrolysation.

Apatite is a class of minerals comprising calcium and

phosphate and has the general formula: Cas(PO4)3(X), wherein
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Preferably, the step of hydrolysation of brushite to

octacal ci um phosphate is preforned for a tine of from
wa2065051444 hours, nore preferably from 18 to 7BCImB2604/004550

nost preferably from24 to 48 hours. In a third

aspect, the present inventign_provides a process for

the production of a conposite biomaterial conprising

col I agen, apatite and one or nore gl ycosam noglycans,

sai d._process c rising the s_of providi
X BGnbB 05 HPerTar CompPPard lebPhageh. Hiushi ve amaell as
ot8B8e QbnBDKe oghy&esanbragkksansd %%dt%%n%§&t'n9%%tlte also
| east some of the brushite in the conposite nateri al

lnpéudsétﬁubsﬁytﬁyeﬁoapééﬂtéﬁ Sﬂﬁ@tBﬁeﬂMiLEQﬂﬁﬁﬂbaﬁitUted

“eehGrar 1 SPRUT (RO R L ARerar ey b ) o =

spthaffics ekypbtal by €H apktare.C Thea&yﬁﬁdxy%®dﬂﬂﬂ@'may also
ions known to those skilled in the art. Apatite al so
bej supggdsusghstiitht 84LaFafit es such as silicon
-substituted apatites. Apatite includes
hydr oxyapatite, which is a specific exanple of an
apaflit eheThéihgdrergapat iche nampabgmebma$ehiaﬂt@k@derably
with silicon. In %he thirg.aieect % qp03|te
COWBE&PFEI Opr 6PBPABIY EBRpPISE grogoﬁ $tblEsSenpPraqipitate
coﬁﬁr@s&hbpbﬁlQQg@h?Cb@hbﬁE@ecﬁﬁﬁrb%bn@rc%bEégen
brushite and one or nore cosam nogl ycans. The
glV?PEﬁ@l@@géWéépélta@éenﬁylﬁiefGpnééeéé@éﬁétﬁgmﬁd Plee formed

acegeaggaoga Eﬁgepgogsggrggeﬂ &glae era%gy&%eﬁ%ug%lon to

aspec esent i nventi on.
theffhydtohypattonf(hydrpkysbﬁi thentlon

Preferably, the step of hydrolysation (hydrolysis) of
brushite to apatite comprises contacting the triple co-
precipitate with an aqueous solution, said aqueous solution
being at or above the pH at which apatite becomes
thermodynamically more stable than brushite. Preferably,
for the conversion of brushite to apatite, the aqueous
solution has a pH of from 6.65 to 9, more preferably from 7
to 8.5, still more preferably from 7.2 to 8.5. The aqueous
solution may comﬁrise, for example, deionised water whose pH
is controlled with a titrant, a buffer solution, a solution
saturated with respect to another calcium-containing

compound and/or phosphorus-containing compound.

Preferably, the step of hydrolysation of brushite to
apatite is performed at a temperature of 20 to 50°C, more
preferably from 30 to 40°C, still more preferably from 36 to
38 °C, most preferably around 37 °C.
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brushite to apatite conprises contacting the triple

coprecipitate with an aqueous sol ution, said aqueous
weabostosona7bei ng at or above the pH at whi ch aplCTiGB2004/004550

beconmes thernodynanmically nore stable than brushite.

Preferably, for the convergihon of brushite to apatite,

t he aqueous solution has a pH of from®6.65 to 9, nore

preferably from7 to 8.5, still nore preferably from

7.2_to 8. The uegus sal ution_may conpri se,

o A R A g R RS
apbttitants peRubifledsdowt BORim %Q'E&b@ﬂ]§@&ﬂf@ﬁﬁ§jﬂﬂﬁﬂé

respect to another cal ci um -contai ni ng conpound and/ or

mopRoPERELTSLLyoAT RN LA teotBobrt.r SPr efosttalping fetrtad 1ot diyom 24
too%hx@& lysation of brushite to apatite is perforned
a terrperature of 20 to 50 C, nore preferably from
30 to 40C, still nore preferably from36 to 38 C,

nost referabl around 37 C .Preferably, the step of
hydt'6i 999?. 8% SPCBPaShPEeths Ap4&Ei O& ICOTyerFdrRe @t or

brﬁshhﬁ@ ob beeri2 toam2BBolgHES e gﬁ@?er%%%EQQQVIEQQude (i)

to 72 hours, nost preferably from 24 48 hours
lnNEBhsdsgothenteeagmaguthe fate ohecbmuehsiten colhcentration

te t t | d/ tit
iy BETUBEOTT ) 21 ¢ badiag RS BHOGALAAre SPEER ¢ he
brushite concentration in solution, and/or (iii) the

agitation speed. It may be desi rabl e to produce a
bi ofht BRYaPeagesidrRget 60t RECPHESent bileveieirdal according

toCOnRr %egnp ggvaaﬁabaec%g r98t Ag Hogltﬂ g%%g%%ata%d The

proce ses O e second aspec
ocpaesentumnpansphatray bDhecpibrcBedekOof the second and

third aspects of the present invention may be combined to
produce a material comprising both octacalcium phosphate and
apatite. The brushite in the triple co-precipitate may
first be converted to octacalcium phosphate and then the
octacalcium phosphate may be partially converted to apatite.
Total, or near total (i.e. at least 98%), conversion of
brushite or octacalcium phosphate to apatite typically
occurs by hydrolysation at a pH of 8.0 or more for a period
of about 12 hours. Partial conversion of the brushite
and/or apatite in the material may therefore be effected by

hydrolysation for a period of less than 12 hours.

Preferably, the step of hydrolysation of octacalcium
phosphate to apatite is carried out at a pH of from 6.65 to
10, more preferably from 7.2 to 10, still more preferably
from 8 to 9.

Preferably, the step of hydrolysation of octacalcium

phosphate to apatite is performed at a temperature of from
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produce a material conprising both octacal ci um

phosphate and apatite. The brushite in the triple
woaeresci4pi tate may first be converted to oct aeairaiB2m4/004550

phosphate and then the octacal ci um phosphate may be

partially converted to apatiste. Total, or near total

(i.e. at least 98%, conversion of brushite or

octacalciun1phosphate to apatite typically occurs by

| ysat t f f d of
2 OB e s A oS 1 o A biieht b avore
px@f@lx@mg/p&tﬂo&re I ddesgrat emicdt e ARSI PrE-Rghg 37° S

ef fected by hydrolysatlon for a period of less than
hour s. Preferably, the step of hydrol ysation of

oct o at 0 arried out, at .
i SPRERABIRROSA L & DR DI G P fgum
phs:tslplhlatnéorte ya:peftembllys foeacdnical For B efietaldy, £adie 2 to
p of h drol¥§at|on oct acal ci um phosphate to

of
14é1p |U1r§ i §O%&r PHERSF 2l Va Tr@perattir & o TR ass 50

prefeiabe yPrelar ahl ¥ J rom3Qi0 40 C still nore
preferagly from36 to 38C, nost preferably around 37 C

Preferably, the step of hydrolysation of octacal cium
for tlne of from2

bho h to a atlte [ per f orne
DORnThE RN AR LR LOLTRE I O AP
lnﬁ@&tlphefehébbbnh@Q@u%ﬁ ¥ BP2ukdUkS tloh Jdia %8Gansh and
hird aspects of the present invention, the conversion

Ph@PPBﬁG%?PéVPé GPRkddlecilenpphé sphakle @W@/d@rcta@ataltt @is
teREELEELARLY (2OBIUAL o8 B 3! AEBELALLLR AN LB 3000 <10
grees centi grade Mor e pre tnhe conver si on IS
predadabied aheachWﬁESdburésobonducted at a temperature of
from 36 to 38 degrees centigrade. Most preferably, the
conversion is conducted at a temperature of about 37 degrees

centigrade.

Preferably, the processes of the present invention
further comprise the step of crosslinking the one or more
glycosaminoglycans and the collagen in the triple co-
precipitate. By triple co-precipitate this includes the
triple co-precipitate comprising collagen, brushite and one
or more glycosaminoglycans and derivatives of the co-
precipitate. Derivatives include the co-precipitate wherein
at least some of the brushite has been converted to
octacalcium phosphate and/or apatite, and the co-precipitate
that has been shaped or moulded, or subjected to any further
chemical or mechanical processing. Crosslinking may be

achieved using any of the conventional technigues.

Preferably, at least some of the brushite is converted

to octacalcium phosphate and/or apatite, the
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from36 to 38 degrees centigrade. Most preferably, the
conversion is conducted at a tenperature of about 37
wdegrs@asiacent i grade . Preferably, the processeBCOGB2N/004550

present invention further conprise the step of

crosslinking the one or nore gl ycosam noglycans and

the collagen in the triple Coprecipitate. By triple

co-precipitate this includes the triple co-precipitate
risin 0 shite and one or. nore

co I | age I ) .
g15F5g6§éﬂPa6§F98ag§8aﬁ8liéﬁ?@aﬁ?@egrBFSﬁﬁéked prior to the

coﬁQE&gng'B§t€heDB&h¥ﬁE%%e%o'B%kﬁéﬁlEE%mC%hB %ﬂd@éfgﬂa/or
wherein at | east some of the brushite has

apsbhvert ednis @cpaeénckmngpmeyphateféﬁdt@d @gaSm&eecammg
has been sha 8% nmoul ded
a

th )
thgugfégggggﬁoggﬁgl?ur %SrtShSHFCSF 8? St L tadiation,

ulpracessetgrafiassbhnkngeAgy dbehaehheVedcusinee tanycef-
the conventional techniques. Preferably, at |east sone
engympReChPL¥RRF&ONsWebRvar EBPLE 6BPAEaPEChmEphadpisase

maARE5Ar §Eﬁ8ééeanﬁh§8E¥%gé?”EBHQ£¥€§H a@ﬂec%"%Q%”c%re

crossfin prior & &onversron of the hite to
prectpthhteuwiphosphabe mndtopfapatitbealdkhyde, ethyl

, i nkin be effected by s ecting the triple
a1 R LS Y b EE B R B aC AR e RS PEg: atton ¥
leyaEaquk@aréaﬂbahbea, ardshyreehbﬁﬁaehohr%§t%%%%e

nonenzymati c glycatlon with a S|nple sugar such as

meghodese, Thaaaosethpigosscandngastosealcont 4bei agtt-he
triple coprecipitate with one or nore of
gl ut ar al dehyde, ethyl di methyl am nopropyl carbodiim de
andpeerapabiyfdi hydeeguarkar ebing agi dheObradyite is

conbi nation of these
converted to octacalcium phosphate and/or apatite, the
glycosaminoglycan and collagen are crosslinked subsequent to
the conversion of the brushite to octacalcium phosphate
and/or apatite. The crosslinking subsequent to the
conversion of the brushite to apatite/octacalcium phosphate
may be effected by one or more of the methods mentioned
above or a dehydrothermal treatment, or any combination of
these methods. A dehydrothermal treatment includes
subjecting a substrate to a low pressure atmosphere at a
raised temperatufe. The temperature in the dehydrothermal
treatment may be of from 95°C to 135°C. The temperature may
preferably be of from 100°C to 110°C, and most preferably of
from 105°C to 110°C, if completion of the dehydrothermal
treatment is desired in typically 18 to 36 hours. The
temperature may preferably be of from 120°C to 135°C, and
most preferably of from 125°C to 135°C, if completion of the
dehydrothermal treatment is desired in typically 4 to 8

hours.
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met hods. These nethods are conventional in the art.

Preferably, if at |east sone of the brushite is
woams@si«ad to octacal ci um phosphate and/ or apaPCrA&B2003H04550

gl ycosam nogl ycan and col | agen are crosslinked

subsequent to the conversion of the brushite to

oct acal ci um phosphat e and/or apatite. The crosslinking

subsequent to the conversion of the brushite to

apatite/ octacal ci um phosphat e na¥ be effected by _one
or FBRECERLLKe RBEhEHSIAERRI BREdTABOYEYEPSgMinoglycan are

cr88bydnpthergeh bE?éE”%BtFnersﬁﬁge grhinabi ep ok Ahese o 5

net hods. A dehydrot hernmal treatnent includes
theubfeshihg Bosobtécaleitm phbephptessudéoat apapheee at

a raised tenperature. The tenperature in the

dehydrot hermal treatnent nay be of from95C to 135C

TheThenpesat Y esney @h@fgkébbﬁtbﬁneénﬁﬁeﬂl%Qg Coh®rik@ the
C, and nost preferably of from105 Cto 110 C, if

stepnpfethaning the denpapsthebiamatpsiphenntpsadesicuegure

j [ I 8.10.3 r ‘ ; y
sl PabLE £9L! Yedlat 22 0oy Sy FURGHETRELALULELYY suon -
stppeheyabtyuofaftem f@3b@at0oh36€, the conpllet corpekctibetate,

dehydrothernmal treatnment is desired in typically 4 to .
bu%gﬂ%ﬁ?§ Cor 2R %r GBMYCT B ha" cBF| BBEnPERANEhe or crosslinking

of 9L ¥E088M BYEHYSRH @199559ﬁ§h5ﬁ599a90£ﬂa9rﬁgy becapd
subsequent "to conversion of the brushite to

oct acal ci um phosphate and/or apatite. The processes of

t he esent .inyentjon copprise.the _step.of shaping

t heP EERBOA LT i er BYoi AL oo BBt PACE AP ebdaMeABrasT may
octor vEBsaguénbope eitdent hesubsirbtyien S¥cBha BFEBhite to

may occur after formation of the triple
apeblppedPp/ At @ctacalcium phosphate or crosslinking of the

collagen and the glycosaminoglycan.

Preferably, the composite material is shaped using a
technique selected from (i) filtration and/or low
temperature drying, (ii) freeze drying, (iii) injection
moulding and (iv) cold pressing. Filtration and/or low
temperature drying, wherein the temperature is from 15°C to
40°C, most preferably of from 35°C to 40°C, typically
results in a dense granular form of material. Freeze drying
typically results in an open porous form. Injection
moulding results in a wide variety of shapes/morphologies of
a material depending on the shape of the dye used. Cold

pressing typically results in a dense pellet form.

The present invention further provides a precursor
material suitable for transforming into a synthetic
biomaterial, said precursor material comprising a composite

material comprising collagen, brushite and one or more
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but prior to any conversion of the brushite or
crosslinking of the collagen and gl ycosam nogl ycan
woheis/osem7occur. Al ternatively, the step of shaprT/aB2003904550
bi omateri al may occur subsequent to either the
conversion of the brushite;to_apatite and/or
octacal ci um phosphate or crosslinking of the coll agen
and the gl ycosam nogl ycan. Preferably, the conposite

mat eri al |§¥sha ed using a techni que selected from (i)

9lyrpermtngalsnansr | bt erpRLHr uFBSdFPIRES LR PafrEdad

cofp¥iB8s bkl bdnkDEe6t £98ARYLEN NaNd (Y lgogg—precipitate
pressing. Filtration and/or |ow tenperatture drying,
competeingt heliagpar abunehisef ppooh 6€ bo #Or€ , nost

referably-of from35C 10.40 C typically results in a
TR En S Pak PGP For nF raiErParo  BrecIBLr Engey be
proypeeal hycoeauhystbntas ppesepsr sgsthar mirkhj 8ebkeR of the

noul ding results in a wde variety of
PrefapestNBEPROPBYi es of a material depending on the
shape of the dye used. Cold pressing typically results

in a dense pellet form The present invention further
pr ovhédesraspnecingentimtealab pubtrabke hotomposite

.trapsformng into.a syn Eetic bj omaterial, said
o1 eRaF Sl HATRFT Sl Borpt 1SR aPCBRPOSEL EAmpBRi F more
gl§@8§£h§h8§l98£h§?e@higﬁU§bbﬁ1§té£‘ga9n@sobbtainab_le by a
nor egl ycosam nogl ycans . Preferably, the conposite
pProe¢esi aFcevdpnyseks bhecpbnesens ésgentiahl gsoheaetnipl e
deSO-PLEGI Pitate conprising col I agen, brushite and one
or nore’ gl ycosam nogl ycans. The triple co-precipitate
may be produced according to the process of the first
aspect of the present invention.

The present invention also provides a composite
biomaterial comprising collagen, octacalcium phosphate and
one or more glycosaminoglycans, which biomaterial is
obtainable by a process according to the second aspect of

the present invention.

The present invention also provides a composite
biomaterial comprising collagen, apatite and one or more
glycosaminoglycans, which biomaterial is obtainable by a
process according to the third aspect of the present

invention.

The present invention also provides a composite
biomaterial comprising a triple co-precipitate of collagen,

glycosaminoglycan and brushite.

The present invention also provides a biomaterial
comprising particles of one or more calcium phosphate

materials, collagen and one or more glycosaminoglycans,
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The present invention also provides a conposite
bi omateri al conprising collagen, brushite and one or
waonnws/ogiscosam nogl ycans, which bi omaterial i SPCT/GB2004/004550
obt ai nabl e by a process according to the present
invention as herein descrifpged. The present invention
al so provides a conposite biomaterial conprising
col | agen, octacal ci um phosphate and one or nore
ans, which biomaterial is obtainable by

| |
en e B Y P AR 1 Fe P MRS O b aBRER of ¢ ho

g1 PESSSM nbHVEALH ONardNerHE 5 LMked NYLAL FOPmakSRaPEOY] d8sig
a conposite biomaterial conprising collagen, apatite

paghichre of %@l@l@myﬁb@%mhﬁ%@lW@bﬁ@lahhacﬁ Piiepareefalin
sai&:ﬁ @igab%ﬁdbgafdp fgf&m Sqﬁget he tFnégnFelected

aspec resen |nvent e presen%a I'OR
frah sengrovimese ao £ aspash i ee pi @@m@amiumﬁpbs@hage dand/or

tr;gle co-precipitate of collagen, glycosam noglycan
aP¥nt-br ushite. The present invention al so provides a

bi omaterial conprising particles of one or nore

cal ci um phosphate naterials, collagen and one or nore

gIyﬁosaﬁ$hbgW¥nan@¢&heipthosai@l@bé$agenahhdasaédtsnef the

amn are cro%sllnked

cofpad T ATEE e TR CaraE S or iR bt narerh i o

unBEEs b Spersese | 8seéd. matrix, and said cal ci um
phosphate material is selected fromone or nore of

brushite, octacal ci um phosphate and/or apatite.

The collagen and the one or more glycosaminoglycans

have preferably been crosslinked.

The collagen is preferably present in the material in
an amount of from 5 to 90 (dry) wt%, more preferably from 15

to 60 (dry) wt%, %, more preferably from 20 to 40 (dry) wt%.

Preferably, the one or more glycosaminoglycans are
present in the material in an amount of from 0.01 to 12
(dry) wt%, more preferably from 1 to 5.5 (dry) wt %, most
preferably from 1.8 to 2.3 (dry) wt %.

Preferably, if the material comprises brushite, the
ratio of collagen to brushite is 10:1 to 1:100 by weight
(dry), more preferably 5:1 to 1:20 by weight (dry), most
preferably 3:2 to 1:10 by weight (dry), for example 3:2 to
1:4 by weight (dry).

Preferably if the material comprises octacalcium
phosphate, the ratio of collagen to octacalcium phosphate is

10:1 to 1:100 by weight (dry), more preferably 5:1 to 1:20
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The follow ng description relates to all aspects of
the conposite biomaterial according to the present

wonvesrsi«an unl ess ot herwi se stated. The col | ageaTaaB004/004550
the one or nore gl ycosam nogl ycans have preferably
been crosslinked. The collf?ep Is preferably present
in the material in an anmount of from5 to 90 (dry)
wt% nore preferably from15 to 60 (dry) w% % nore
preferably from20 to 40 (dry) % Preferably, the

DY of@l @Rt noteY gt y%%*an?ﬁ%aﬁyéla?ﬁg are pPesenf Pi wréght

(dgyy_erial in an anmobunt of from0.01 to 12 (dry) w%
nore preferably from1 to 5.5 (dry) w % nost
preferably from1.8 to 2.3 (dry) wt % . Preferably, if

the materi.al copprises. brushit the ratjip o ol | agen

o BRoRer valy e HREL 251" 480 bE auranE S by tofgte 2fotnt
of Poeé esAhyrs: §1{6cdarOnby1 Wehgbt i dF¥dm BOStto 30:1 by

preferably 3:2 to 1:10 by wei ght ﬁdrg), for exanple
WeB‘?}ZttdeY%r womi@ﬁ%f%aag y. fppf &P abl {oi B0t heby weight

erl ' (oF phosphat e, .t he. i

et o ost ooy o o Bhobahbt 50 £200: 1Y, B81bRE,Tg8h)
anadvenght gk ralby elpr ef eoabBy2 5ot veidh20bgrwei ght

(dry), nost preferably 3:2 to 1:10 by weight (dry)

Preferably, the ratio of collagen to the total anount

of oNe Smp®s L8l yeonart pogl YeRsrisngr 08 8nd %%é@h%
by weight (dry), nmore preferably from10:1 to 30:1 by

invenghen (may)be stsed apre puleserbibty dong oo dentaby

ht (dry), and nost preferably 11:1 to 23:2 by

ma {8 A0
melg% (dry).

The present invention also provides a synthetic bone
material, bone implant, bone graft, bone substitute, bone
scaffold, filler, coating or cement comprising a composite
biomaterial of the present invention. The term coating
includes any coating comprising the biomaterial or precursor
of the present invention. The coating may be applied to the
external or internal surfaces of prosthetic members, bones,
or any substrate intended for use in the human or animal
body, which includes particulate materials. The composition
of the present invention may be used for both in-vivo and
ex-vivo repair of both mineralized biological material,
including but not limited to bone and dental materials. The
biomaterials of the present invention may be used in the

growth of allografts and autografts.

The biomaterial according to the present invention
comprising octacalcium phosphate may by free or essentially
free of any of the precursor brushite phase. This

biomaterial may comprise less than 2% by weight of brushite
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The conposite biomaterial according to the present

i nvention may be used as a substitute bone or dental
worb@rosed47. The present invention al so provi deBCHGB2004/004550

synthetic bone material, bone inplant, bone graft,

bone substitute, bone scaffgld, filler, coating or

cenent conprising a conposifie biomaterial of the

present invention. The term coating includes any

,_coating conprisin he biomaterial or precursor of the
lon%E%ﬂta@ﬂggﬁt?%nga;ﬁéu@oﬁ?PﬁBhﬁE? BetsppriEdinothRe
bi&xheepalior internal surfaces of prosthetic nenbers,

bones, or any substrate intended for use in the human
or ani mal body, which includes particulate materi al s.

The L11on resent .invention may be used .

for ot KT A U Tant R 2 S 6 pmi Fogi CBBERL o2 of Eonsist

esseneiallzedr bploiogi patenatestal ciiChidspHablt oRObpatite.
limted to bone and dental naterials. The biomaterials

By gphepe PrEtentlifvBRRRBNPRAYEHBLUE eBONRALRENGr Bt Aeapt

98] | ROEET b2 AOCBHY 0BE AT Lot THYs DI UL RELA! pBEEALALAG, ot
to the present 1 nvention conprising octacarcium
lephbsphadbe ohythy deesbred pkseat (abkl yedseeedf bany-ohy
. Lhe ecuy sor ushite ase, This biomaterial ma )
ar b Pt EE ] So AR st BB Ga hRE BEoBF DohT £ ai HevopgmoTise a
mi 2FRHEL o Bf o 68 €4 LA RAOSRHIb 8 FBL 8hiakSat DrENegepending on
bi omaterial . The cal ci um phosphate material may
the onpsised aprepsst 5¢s egSehli¢ ablgmatephate pure
octacal ci um phosphate or apatite. By phase pure, this
nmeans preferably containing at | east 98% nore
pr efles abdyeBlal east tRO% rasnen toshveref ef abbyprating

brushite may be used either as a precursor material for
making a biomaterial, or may be suitable in itself for use

as a biomaterial.

The processes according to the present invention may be
preformed using the following sequential method, which may
be applied in whole or in part, to produce biocomposites of
collagen, one or more glycosaminoglycan and one or more
calcium phosphate constituents. The following description
is provided by wéy of example and is applicable to any

aspect of the processes according to the present invention.

I: Triple Co-precipitation of Collagen, GAG, and the
Calcium Phosphate Brushite at Acidic pH

This step is performed to initiate simultaneous
formation, via precipitation from solution, of the three (or
more) constituents of the composite, and to control the

ratio of the three (or more) respective phases. Control of
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| east 99.5% of the desired phase (as neasured by x-ray
diffraction) . Alternatively, the biomaterial nmay
woanprossg7a m xture of octacal ci um phosphat e aRdT/GB2004/004550
apatite, depending on the desired properties of the
bi omaterial. The material_qfy the present invention
conprising brushite may be 'Used either as a precursor
material for making a biomaterial, or may be suitable
N in itself. ﬂoréﬁée as a biomaterial . The processes,

% SFHIT HP e BhRsHitl s hwintih GREPDEL R efidetn
pasiitg e i lWngespaenda RN nMigh 1@y bey by
applied in whole or in part, to produce bioconposites
Vagty 16l |oagerpt dngorrihdihe @i dsmperoglyoan aget ronet one,

e _cal Cj t.e_constituents. The follow.ng, .
e B P o Bidare ST PRt on,
codfiplderalictdem tanit iaspeeid dad ke rianassesoaccort i thy be

nt invention. | : Triple Co-precipitation of

t.he prese . |
maé&%adxj@ﬁi CERAGT I (17 NCal GUMSPIREEPItat OBt t eotiatstat
t 1A G PR TRItheH &R th® R8T I BRd 44 diid 't%t[ Sary. The
si nul taneous formation, via precipitation from
posEllitlicorse condahey t(lnoed aframamir) e pheerst iitnenide eftHdie acidic
onposite, and to contraol the ratio _of the three (or
A P@‘é’ﬁé’?ﬁ%\% diiades MOBGHTS Gt EomysEtdShal
phpisppertid)esnef ddie1eqrRoSna g Py RAdJHLlof B8 tration
col | agen: GAG CaP ratio) may be achieved by varying one
angly regicé et EWeliFHoNt deper athen lageioig stiheee , ¢ @mmamium
' ncentyrati.on, 0 or Qus. i-Qn.concentrati an
o AT e, PO R SR S5 e
ribapehe ornitiot @nhedceonst-aitro keisp@nskor(eexamMmr@®wth factors,
buffers, pH stat .
gene transcription factors, silicon, natriuretic peptides)

may also be added during this step.
II: Net Shape Formation

This step may be performed to produce the desired
architecture of the final composite form, with particular
emphasis on control of pore architecture. Examples of
techniques include filtration and low-temperature drying
(resulting in a aense granular form), freeze drying
(resulting in an open porous form), injection moulding
(resulting in a wide range of shapes depending on the type
of dye) and cold pressing (resulting in a dense pellet

form) .
IIT: Primary Crosslinking

This step may be performed to preferably ensure that,

when placed in a solution of elevated pH, the GAG content of
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titration or other nethods) or be allowed to vary. The

possi bl e secondary (contam nant) phases include ot her
wacehwiosiaal ci um phosphates (e.g. nonetite, cal eCUMGB2004/004550

hydr ogen phosphate) and conpl exes incl udi ng

by- products of titration agﬂ]geactant addi tion (e.qg.

anmoni um phosphat e, ammoni nitrate). Additives to

aid crosslinking (e.g. glucose, ribose) or to enhance

i n-vivo response (e.g. growh factors, gene

th?r&ﬁ@@PﬁﬁF@oﬁoﬁécﬁﬁﬁseLﬁqelé@@lqkﬁwlqndﬂ|ﬁﬂqﬁﬁﬁﬁmﬁ¥9 to
enﬁﬁ%c@l%ﬂeb e%%%%QCQHrE%%bB%8§ %Ho pro t %Q%P f the

Formation ce t
codpsisiée . arEkaM@dbwrefoteKMHHmeﬁ unmnmﬁatkbﬁ{némpemaﬂmre
enphasi s, on control ,of pare architecture

artl ul_ar
ph ﬁeg G EURS dGed - |ﬁ@ﬁﬂ@elﬁﬁ%ﬁ%ﬂﬁ%ﬂ?%ﬂﬂ}traVlOlet

rab@%&@ﬁpea@h%%@mrﬁm( keedhllend )i N A ABNSE HaM Rues
freeze drying (resulting |n an open porous

ef @r nrrlon Enjzeaaeités miMC@”tn@n( Waddl i g mpd ea swigker,r ange

f d d
51555308068, SaPeRig Bnghe Rt L AUS) S,

noPdli gty oguass birekiikg aBiids , Sbep cba ibe i eledbdO (e.qg.
preferably ensure that, when placed in a solution of
s1gpdaneqUSHN OPRETENGaEGIft BRY CALLRE eoh esiia dgaadisttion)

Inekﬂgeebéﬁkdkﬁgta@%nv %rﬁgﬁr%%rgct%%aiQﬁﬂﬁpﬁﬂagihate (i.e.

mechani cal degradation properties of
ascmnpssepeIVExapreslmhbﬂechpmqmaxw rodosdd inking is

tenper ture si cal tech ues (e.

AR EARRPEGHY BRELATTEroRt SdF ATDET & Cainy degCHomRaut 37°C
otbgébgﬁﬂtkonv%ﬁ%qb%abft%ﬁ@anM%%lte phase to its
dehydrated form, monetite, which is a calcium phosphate that

does not readily hydrolyse to octacalcium phosphate.
IV: Hydrolysis

This step may be performed to partially or fully
hydrolyse the CaP phase from brushite (phase with high
solubility at physioiogical pH) to octacalcium phosphate
and/or apatite (phases with lower solubility at
physiological pHi, and to substantially remove any soluble
contaminant phases (e.g. ammonium nitrate, calcium hydrogen
phosphate). In the case of hydrolysis to OCP, the selected
pH is advantageously maintained constant at about 6.65
(using a buffer, pH stat, or other method), and the
temperature at about 37°C for around 24-48 hours. As was
the case in Step I, additives to aid in crosslinking (e.g.
glucose, ribose) or to enhance in-vivo response (e.g. growth

factors, gene transcription factors, silicon, natriuretic
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(e.g. non-enzymatic glycation with a sinple sugar,
gl ut ar al dehyde, ethyl dinethyl am nopropyl
woanisadid4m de, nordi hydroguariaretic acid), or PCT/GB2004/004550
conbi nati on nethods (e.g. sinmultaneous non -enzymatic
gl ycation and ganma -irradiation) . In the event that
conversion to octacalciuﬁw%%oéphate (i.e. as in step
V) is desirable, primary crosslinking is
advant ageously perforned at a tenperature bel ow about
pegties) preveatseoheepdied diirihg bhashiyteophase sdept {Step
IVgehydrated form nonetite, which is a cal cium
hosphat e that does not readily hydrolyse to
oct acal ci um phosphate. 1V: Hydrolysis This step may be
performed to partially or fully hydrolyse the CaP
V: phaSecPraatbr §ﬁﬁ§élv%hage with high solubility at
physi ol ogi cal pH) to octacal ci um phosphat e and/ or
apatite (phases with Iower solubility at physiol ogica
pH) Thiandtép sapsbanpeabbymednbvefanyhsol tbiéor the

cont am nant phases .g. amoniymnitrate, calcium
nefhanogeh PROSHRAFas-CiPh PREDEALGER! Ofytifhl fomopgte.  Any
orOFP1 thergel gebediphiki fgagvantageeyshyseeuntai Bedp 111

constant at about 6.65 (using a buffer, pH stat, or
abovaernaveb@odyed hadethecterperndary aroabéink3ang.for

around 24- 48 hours. As was the case in Step |

additives to aid in crosslinking (e.g. glucose,

ri boge) feI1b6wirghBRERPLBsVANE tREpPABSEmpEngingt Bwghires are

factors, gene transcription factors, silicon

PrEiApdr 6P| EpEphPraedsSiay alsbhBeuadasatanring the present
in9¥g£95M§'STﬁEeExéﬁbEQslg%d'Fyéﬁr§9099g35%tc%es§g'nk'ng

considered limiting to the scope of the invention. Any
feature described in the Examples or Figures is applicable

to any aspect of the foregoing description.

Example 1

Example 1 is an example of the synthesis method
described above, executed via application of steps I through
III only. Triple co-precipitation is carried out at room
temperature (20-25°C), at a pH of about 3.2 (maintained by
titration with ammonia). In this example, co-precipitates
are dried at 37°C and crosslinked via a dehydrothermal
treatment. Neither hydrolytic conversion of the CaP nor

secondary crosslinking is performed in this example.

Materials
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This step may be perfornmed to further tailor the
mechani cal and degradati on properties of the
woanposi4e. Any or all of the crosslinking proeetwaB2604/004550

listed in Step Il above may be used to effect
secondary crosslinking.. The follow ng Exanpl es and
t he acconpanyi ng Fi gures provided to further

assi st in the understandi ng the present invention. The
Exanpl es and Figures are not to be considered |imting
Collagee: sc%@g@orb?rtwéteﬁcﬁwemp%hn anyraehedreogeseei gegnal

coio? {;%? ek % ES1 Pé 9“"?&'? pi'cf‘? B(g aFl’IaSBQﬁE\n

goi ng ddscriptton anple” 1
Mean Exaigte ojsaME s&a@&msls nmet hod descrlbed above,
executed via i.on_ of _steps through_ 111 only,
GAGY | ptlordeph "%t%ﬁ%a’?% %59%%18&6&0%{9% 69@' sodlum

sai@”@I@ﬁM@lcﬁ%@éh 2pn &) (sét ﬁoxﬁ’f‘s of y@boysa 3.
(nalntalned by titration with annDnla) . In th|s

Calbscaurpl Boueer pr etl pi Q@tl@sular]ey@m:eddat @a (PRhd Sigma-
) sI nke VI a dehy ot .
Al% i %L ﬁgﬂggp aégf%h%%r91£ £e,

oly??c converS|oh 0 Sec

Ca (MOl ik nsignperiorier inct hgs. em@unpée.MO USA)
Mat eri al sCol | agen: Reconstituted, pepsin -extracted

Phogple FRH et il Ceol PagRoPh et RhoEsT | 2hR) HaRi%g, Bpe |,

L Y b (W R e T o Sha ATt Thge. - sbdi um

Tmmmt Slzgmmnﬁ,drme‘,h B ((Sthodatntirsy S\@plﬁ@ Cadiaym

urces: CaIC|un1hydrOX|de Ca(CH) Sigma - Aldrich
Un}?ﬁg(%%ng s, MO, USA), (ii) Calciumnitrate;
Procedure
Step I
Solution A:

- Ca(OH); 1s dissolved in 0.48M H3PO4 to a concentration of
0.12M at room temperature, and the resulting solution
titrated to pH = 3.2 using ammonia.

Suspension B:

- Chondroitin-6-sulphate is dissolved in dionised water to a
concentration of'3.2g/L. Under constant stirring,

Ca (NO3)2.4H,0 and Ca(OH), is then added to the chondroitin
sulphate solution at a nitrate:hydroxide molar ratio of 1.5,
to produce a suspension with a total calcium concentration
of 2.4M.

- 0.144g collagen is added to 20mL of Solution A, and
blended using a homogeniser until dissolved. 4mL of
Suspension B 1s then added to Solution A under constant

stirring.
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Ca (NO) . HO Sigma-Aldrich Inc (St. Louis, MO USA)
Phosphorous Source: Othophosphoric acid; H PO ; BDH
waoabwroatary Supplies (Poole, United Kingdom TPCTAIB2004/004550
Ammoni a; NH ; BDH Laboratory Supplies (Poole, United
Ki ngdom) Procedure Step I~S§%u1ion A: - Ca(OH) is
di ssolved in 0.48M H PO to & concentration of .12M at
roomtenperature, and the resulting solution titrated
t H = 3.2 using, ammpnia. Suspension B : -
- C%%ﬁﬁ’?loril‘i’i +s -C%%gm‘%gt £OF 50 Igé%‘ll‘?/%ar i angj BAj Begitored to
eNBi RS {1028 CONEORLIRL I ON Ofc 3r%9é§-- 3 Regppeonsant rne
stirring, Ca (NO) .4HO and Ca is then added to
refiel thonds birryn sl Pren eakbbwrd onoadga for 24 hours at room
j te: hydroxide nolar ratio of 1.5, to produce a
t%ﬁéééh%ﬁ%%‘mﬁth a total calciumconcentration of 2.4M
- 0.1449 collagen is added to 20m. of Solution A, and
bl ended usi ng a honogeni ser until dissolved. 4nL of
pehsion B is then added to Sol ution A under

- BN} 141 o 1981 0 | O P 10180 1 e,

m nut es, nmoni t or ed ensur e
artchet reangenaBin i phid le .chera@sp td 1y Singsy Btk hen
dqajlénoimsl?edd tv\(r)ataegre P faonrd 2s4ubhsoeuc§usenattl§ oo?rrri]etc? népgezgfrttl uarte ' 37%(? pfor an
additional 24 hours.
- The x-ray diffraction pattern of the resultant triple
coprecipitate is shown in Figure 1 (Cu-K(alpha) radiation)

and an SEM image is shown in Figure 2.

Step IIT

Triple co-precipitates are crosslinked via dehydrothermal
treatment (DHT) at 105°C, under a wvacuum of 50 mTorr, for 48
hours. A TEM image of the triple co-precipitate following
DHT is shown in Figure 3. Figure 4 shows the x-ray
diffraction pattern of the triple co-precipitate following
DHT and indicates that the brushite phase has converted to

its dehydrated form monetite.

Example 2

Example 2 is an example of the synthesis method
described above, executed via application of steps I through
IV only. Triple co-precipitation is carried out at room
temperature, and a pH of 4.0. 1In this example, pH control
is effected by careful control of the calcium hydroxide and
calcium nitrate concentrations - an approach that also

enables control of the mass ratio of brushite to collagen
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- The slurry is allowed to dry at 37Cin air for 5

days, and the remaining triple co-precipitate rinsed
wai20ds/0dei4oni sed wat er, and subsequently dri ed BQ®RIGB26(14/004550

3 Cfor an additional 24 hours. - The x-ray

diffraction pattern of tbe%éegultant triple

coprecipitate is shown in gure 1 (Cu- (al pha)

radi ati on) and an SEMimage is shown in Figure 2 .

Step I1l Triple co-precipitates are crosslinked via
Plgdn %%%ﬁth@ LEiRAENEAPLEDLRY tate105The, rgaydiing triple

covﬁféeﬂb9£aégs”29éfthéﬁffﬁﬁzQHUEaDHéoIEM hﬁ%@%aOL Lhe

triple co-precipitate follow n own I'n |gure
vaeuumFagdrEhdnshea$edhéox1ndycd|éﬁba¢maomopabfeunbohnd
itate foll DHT and |nd|cates

h i ple i
wab i LEhE' biGohlt cEpRBSEY hatOenhvBREEg 16 Pezrotned ising a

1-8ehydr at eg- ﬁ@ﬁ@tﬁ?MeEMEﬁopggﬁyp b ec2rEX¥aiPhedé k$e@Pment.
exanpl e of the synthesis nmethod described above,

ThexeestbEing adapptli caibPbda @©p§©@psltathr@aghhsv enhyerted
toTEéP£8a 81Bﬁe§hgég§5t§”¥i% %9&r °“t g;ﬁ£§§?B5H6.67 at

enpera ure
abecont3oPCi s eﬁfeniedebampaéefuéccﬁaafylc@Bsbm@nﬁ@hgiw€1not
hydr oxi de- and cal ciumnitrate concentrations - an
PehpFBadh that al so enabl es control of the mass ratio
of brushite to collagenplus GAGin the triple
coprecipitate . The resulting triple co-precipitates
Maeeizhen frozen to - 20 , placed under vacuum and then
heated to induce sublimtion of unbound water (i.e
ice). Primary crosslinking is perfornmed using a
Type I: Acid solubilised from bovine tendon

Integra Life Sciences Plainsboro, NJ, USA

GAG: Chondroitin-6é-sulphate from shark cartilage; sodium
salt; Sigma-Aldrich Inc (St. Louis, MO, USA)

Calcium Sources: (i) Calcium hydroxide; Ca(OH), Sigma-
Aldrich Inc (St. Louis, MO, USA), and (ii) Calcium nitrate;
Ca (NO3),.4H30; Sigma-Aldrich Inc (St. Louis, MO, USA)
Phosphorous Source: Orthophosphoric acid; H3;PO4; BDH
Laboratory Supplies (Poole, United Kingdom)

Titrant: None

Crosslinking agents: (i) 1-Ethyl-3-(3-Dimethylaminopropyl)
Carbodiimide (=EDAC); Sigma-Aldrich Inc (St. Louis, MO,
USA), and (ii) N-Hydroxysuccinimide (=NHS); Sigma-Aldrich
Inc (St. Louis, MO, USA)

Procedure
Step I

- A target mass ratio of brushite to collagen plus

glycosaminoglycan of 1:1 is selected.
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1-ethyl 3- (3-dinethyl am nopropyl) carbodiin de _
treat?/rent. (The resulting dried triple coprecipitate is
wohaeos/osonaverted t o octacal ci um phosphat e vi a hpdTaiB2ei4804550

at a pH of 6.67 at about 3 . In this exanple,

ar s . ials
secondary crosslinking is_net perforned. Materia
Type | :yAci d sol ubilised f?%m bovi ne tendon I ntegra

Li fe Sci ences Pl ai nsboro, NJ, USA Sg\leumcggln?roisf L’n -
- I har ca S
%%r?@ﬁé% %@fé L3t H\fﬂ Q%\u%a@%‘ﬁuiﬁﬂ%uﬁ@‘é@l tepction

unt hyQimixi te; s & £}:|)2§h e, - Aldrich Inc (St.
V@altrjm; MO, USA), a?}dé ?mumnltrate Ca(NO) HO

~ Ugingedh g iicicahe sﬂlme;r@m@namapégﬁi Lﬁg%@{ﬁﬂfﬂﬂén
H3P 4 abor at ory

%ﬁeﬁ%%%@% [(%mngdorr) (%]t FEAFtaRgnéon ratio of

1(§os}@lﬁfhldlri@f€agletgs Xijonid hydncerdkrations (i.e. [Ca2+] =

| ) Carbod de (=EDAC) SI gha

H£%FE1 %h¥ 2 ggé?lo Né?fﬁéég1nhﬁéatﬁF¢ilflum t

el ich Inc :
hy{ﬁ)w s d@gw%%u%ggdggrﬁéfﬁwﬁs&ﬁ m&#&ﬁ TR 4a‘f‘?%§tant
atofd B dshidentd fdsid -agdtnip uss gall"wnsf am lrmgg%e%nsug(fséfél of

d concentr n of c

colhﬁ)lgﬁltgt g‘l% Fé‘cag&l%on NGRS ?é@@rt Csagltma%m 21ng/ mL.
nltragengaanlamphvdﬁﬁxld%-QQQQQtE%&ahg@%%él M o = 4. 0).

- %%%E%Ehp051ng this locus of points onto a map of brushite
mass yield with identical axes, and identification of its
intersection with the 21 mg/mL contour allows the set of
reactant concentrations for which a triple coprecipitate
slurry containing a 1:1 mass ratio of calcium phosphate
(21lmg/mL) to collagen plus GAG (21mg/mL) can be produced at
PH 4.0 ([Ca®'] = [H3P0,4] = 0.1383M; Ca (NO3) . 4H,0: Ca(OH), =
0.1356) See Figure 6: identification of conditions for pH

4.0 synthesis of a triple Coprecipitate slurry containing a

1:1 mass ratio of calcium phosphate to collagen plus GAG.

|

3.8644g collagen is dispersed in 171.4mL of 0.1383M H3POq,
cooled in an ice bath, by blending over 90 minutes at
15,000rpm, using a homogeniser equipped with a stator 19mm
in diameter, to create a highly viscous collagen dispersion.
- 0.3436g chondroitin-6-sulphate (GAG) is allowed to
dissolve in 14.3mL of 0.1383M at room temperature, by
shaking periodically to disperse dissolving GAG, producing a
GAG solution.

- After 90 minutes, the 14.3mL of GAG solution is added to
the mixing collagen dispersion at a rate of approximately

0.5mL/min, under continuous homogenisation at 15,000rpm, and
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(produced at a constant [Ca ] to [P] reactant ion

ratio of 1.0) with differing (i) ionic concentrations
wOi205/05j4@a | = [HPO]) and (ii) ratios of cal eCumB2004/004550

nitrate:cal ciumhydroxi de, a | ocus of points over

whi ch pH remai ned constant ,.at 4.0 is identified. This

is shown in Figure 5 (set's2 f "conbi nations of ionic

concentration and cal cium nitrate: cal ci um hydroxi de

ratio for maintaining pH = 4.0). - Superinposing this
theodgsudt 1pgi hLghdnty 18 qes o Bragsh/ CAGresspans idbmiklended

L.dent.i.¢al e Ldentification of its intersection
foﬁi?hkfﬁglz%%ngpngaggﬁ%%ur all ows the set of reactant
- adneenPatiionsefoo fnhiiatnay,t rli.[8l0d oc Car(eed) pi hatie osh8ogy

=B85, Becorrigan b e e damyiep ear e aoen/cas

dippedused ateRH3d. AibLER s uhdeR LonsPah383Mer@ AMNQL
.4H O : Ca | = 0.1356) See Figure 6 :
15, §€REPm, careshisy eondililieges /GG /FHPALE ipfet megire aifpidate

Lple ecipitate slurr ont.ai ning ,a.1:1 S

*1haE R BF SBL) P B oRCTEnAre SO CePragen ‘PRIl Ghap-1383M
H3B0 8644 ® lenldeapemtcs tHespangaed, in 171. 4nL of 0. 1383M H

PO cooled in an ice bath, by blending over 90 m nutes
- ape1BHobr phf E§PﬁéeaCﬁBﬁfﬁ@éﬁil§éfteeq3pggerd i |lppgoximately
4. 8tator 19mmin dianmeter, to create a highly viscous

col | agen di spersion. - 0.343 bg chondroitin -
- Bheukphpie ¢GAGpcipiabtewsdutraeydissalltewied t4é. Idmadh at

0,.1383M at _roomt rature, by shaking periodically
25¢G gP§p3r§%ran;8EnB§g BRES - produci ng a GAG sol uti on.
- After 90 m nutes, the 14.3nL of GAG solution is

added to
Step II

- The triple coprecipitate slurry is placed in a freezer at
-20°C and allowed to solidify overnight.

- The frozen slurry is then removed from the freezer, placed
in a vacuum of approximately 80mTorr, and the temperature
allowed to rise to room temperature, thus inducing
sublimation of ice from the slurry, which is allowed to
proceed over 48 hours.

- The x-ray diffraction pattern of the collagen/GAG/brushite
triple co—precipitate following removal of unbound water
(Cu-K (alpha) radiation) is shown in Figure 7, and an SEM
image of the surface of a co-precipitate is shown in Figure
8 (secondary (SE) and backscattered electron (BSE) images of
surface of triple co-precipitate with CaP: collagen + GAG =
1:1).

Step III
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the m xi ng col | agen di spersion at a rate of
approximately 0.5nm./ m n, under continuous
waansgeni4sat i on at 15, 000r pm andt he resul ti ngPCT/GB2004/004550
hi ghl y-vi scous col | agen/ GAG di spersion blended for a
total of 90 mnutes - After _90 m nutes of m xing,
1.804g Ca(OH) and O.78Cg'C§7(NO ) 4H O are added to
the highly -viscous coll agen/ GAG di spersi on over 30
m nut es under constant bl ending at 15, 000rpm creating
- Aftell agaplesg CaRoveilpbd cwpoaridpivedtes ,sllu2bg, odf ttére

Leh ti ddi ti [ 14. f. 0,1383M H PO i
oS HE2RRAE PRl Pl OB B

detoptigedpiwvhake Sbur LY msnappkexi mately 4.0 - The triple
coprecipitate slurry is allowed to remain at 25C for a

- pefftoafor 2g1Kbdes. &t 8pOPPM. EPRE eridple (ddpr diSpiisarsided

toStHE KohtabhacedohRadnlngezat 2k1p120 Lrandiaiaurd g
solidify overnight. - T rozen glurry i's then

deiembiged fvatmrt henfir tbeetripllacedpirecd piaaites afllowed to

a oxi mat el Omlorr, and the tenperature allowed_to
CrPRSLIRE Poonrt BRTEFathr EOCThGETPRAGERTE SHEREERSH Sof

agiegativam the slurry, mhich is allomed to proceed over
48 hours. - The x-ray diffraction pattern of the
— ¢bEl B§aR/ epbubieshi-eerempied, cengr ébiepitrapd ef ol | owi ng

€ . n . - al pha). radi tio%éi
cop B kP e 3 A Bl Pa el A S PO Fetre ST ach dFes)
and abdipwegdi pot aheubatehawn3ncFifgur @ Bo(1secanda@meshSEBRS

and backscattered el ectron (BSE) inages of
under mild agitation. ‘
- After two hours in PBS, the triple coprecipitates are
rinsed with deionised water, and allowed to incubate for two
10-minute intervals at 37°C under mild agitation.
~ The triple coprecipitates are then dried at 37°C for 72
hours. Figure 9 shows an x-ray diffraction pattern of the

collagen/GAG/brushite triple coprecipitate following EDAC

crosslinking (Cu-K (alpha) radiation).

Step IV

- Crosslinked triple coprecipitate granules are placed in
50mL deionised wéter at 37°C, and the pH of the solution
adjusted to 6.67 using ammonia.

- Temperature and pH are maintained constant for 48 hours,
after which time the co-precipitates are filtered, rinsed in
deionised water, and dried at 37°C in air.

- An x-ray diffraction pattern of the coprecipitates
following conversion to OCP is shown in Figure 10 (EDAC-
crosslinked collagen/GAG/CaP triple co-precipitate following
conversion at 37°C to OCP over 72 hours at pH 6.67, to form

a collagen/GAG/OCP biocomposite, Cu-K (alpha) radiation).
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surface of triple co-precipitate with CaP: coll agen +
GAG = 1:1) . Step IIl- After conplete renoval of
wanbswadinat er, 1.25g of the resulting dry tri pC®GB2004/004550
coprecipitate is hydrated in 401 dei oni sed water for
20 mnutes. - 200 of a §o§gtLon of 0.035M EDAC and
0.014M NHS i s added to the“container containing the
triple coprecipitates and dei oni sed water, and the
triple coprecipitates allowed to crosslink for 2 hours
at roomtenperature under gentle agitation. - The EDAC
Ex8@byLi gn is renoved, and the triple coprecipitates
—Trnsed wth phosphate buffer solution (PBS) and
allowed to incubate at 3 Cfor 2 hours in fresh PBS
under - After two hours in PBS, the

o
tripl ’%‘ﬁﬁ%%ﬂ%ﬁ%& SRR U TG 1S et T 52 SR

degbdiBbbhougdvt) kheubatg {9h 5&91%%%&6 ofN@E¥al § &hrough
3 Cunder mld agitation. - e triple coprecipitates

V irelepéwedri gdin eSCQ?Pé?CIth@EnQH Esggaérge§h@w$ an room
f h | | GAG hi t
e e R BReOForPal nf EDAChE: GOsFIARRAG CuP

€ Coprécipit oW ng
coth!;al pha) eradtattoby cabkepll ¥YontEb0ssli RkedchllicRla
aﬁgre0| pitate %ranules are placed in 501 deioni sed
hyQapdt+dat aBAccalghtm: RéLpRIEBf CORESREFatiOASadpishedtt §he

usb- 8¢ HSEPGnAIMONIrEe egﬁﬂpﬁﬁgtHBepﬂgngythgs are then

mai nt ai ned const ant or 48
frozen to -20°C, placed under vacuum and then heated to

induce sublimation of unbound water (i.e. ice). Primary
crosslinking is performed using a l-ethyl 3-(3-dimethyl
aminopropyl) carbodiimide treatment. The resulting dried
coprecipitate is then converted to apatite at pH 8.50, at
37°C. Secondary crosslinking performed using gamma

irradiation.
Materials

Type I: Acid solubilised from bovine tendon

Integra Life Sciences Plainsboro, NJ, USA

GAG: Chondroitin-6-sulphate from shark cartilage; sodium
salt; Sigma-Aldrich Inc (St. Louis, MO, USA)

Calcium Sources: (1) Calcium hydroxide; Ca(OH), Sigma-
Aldrich Inc (St. Louis, MO, USA), and (ii) Calcium nitrate;
Ca (NO3),.4H,0; Sigma-Aldrich Inc (St. Louis, MO, USA)
Phosphorous Source: Orthophosphoric acid; H3PO4; BDH
Laboratory Supplies (Poole, United Kingdom)

Titrant: None

Crosslinking agents: (i) 1-Ethyl-3-(3-Dimethylaminopropyl)
Carbodiimide (=EDAC); Sigma-Aldrich Inc (St. Louis, MO, USA)
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after which tine the co-precipitates are filtered,

rinsed in deionised water, and dried at 37Cin air. -
wanoos/osam7di ffracti on pattern of the copreci pi PATAB2004/004550

foll owi ng conversion to OCP is shown in Figure 10

(EDACcr ossl i nked col | agen/ GAG CaP triple

co-precipitate foll ow ng conversion at 37C to OCP over

72 hours at pH 6.67, to forma coIIagen/GAG/OCP

bj ocqnposn te, Cu- K (alpha) radiation nple 3
ang drgi'e Ngfﬁyglrgﬁye%wnel & HeNyth %nafTEBEJiﬂ)TﬂJ-Ch Inc (St.

Loq[el%cr mped yafpgve, executed via application of steps |
hrdugh 'V incl usive. Triple co-precipitation is

carrled out at roomtenperature, and a pH of about

4.5.. A s in exanple 2, pH control is effected by
——ggﬁgﬁgﬁ-control of the cal ci um hydroxi de and cal ci um

nitrate concentrations, wthout the use of titrants.

The resulting co-precipitates are then frozen to - 20
Step gl aced under vacuum and then heated to induce

_ suhbl N [ f u [N A [ ri r
o BB A sQ LTINS Wikl Fo ibraddil T
gl(y&od;lamehbyﬂlyamm@;fr Gpyll )i scartleditieni.de treatment. The

sultl n copreC|O§|tate IS then converted to

d
apat |cf’élc 805‘O° fac ﬂég%@&ﬁﬁaﬁf’%r%sq itGag reaction

vorz%feowego'@mngsg%@fa dtr nagdigtiron. Materials Type |
Acid sol ubilised frombovine tendon Integra Life

- Ssilegces Em@ﬂﬁgb@ﬂo INHimgBA 1GAGL @apndrfoidH rvariation (at
a %/SRP%L Bgﬁt| m sha@%A car%ﬁl ar%s SOdI rriosaclng 186)9 B,
differing i) 1on1c concentrations (i.e. [Ca?'] = [B3PC4]) and
ii) ratios of calcium nitrate: calcium hydroxide, a locus of
points over which pH remained constant at 4.5 is identified.
This is shown in Figure 11 (set of combinations of ionic
concentration and calcium nitrate: calcium hydroxide ratio
for maintaining pH = 4.5).

- Superimposing this locus of points onto a map of brushite
mass yield (with identical axes), and identification of its
intersection with the 30mg/mL (i.e. 3 times the
concentration of collagen plus GAG) contour allows the set
of reactant concéntrations for which a triple coprecipitate
slurry containing a 3:1 mass ratio of calcium phosphate
(30mg/mL) to collagen plus GAG (10mg/mL) can be produced at
a pH of 4.5 ([Ca®'] = [H3PO4] = 0.1768M; Ca(NOj).4H,0:
Ca(OH), = 0.049). This is show in Figure 12:

identification of conditions for pH 4.5 synthesis of a
triple coprecipitafe slurry containing a 3:1 mass ratio of
calcium phosphate to collagen plus GAG.

- 1.837g collagen is dispersed in 171.4mL of 0.1768M HsPO,

cooled in an ice bath, by blending over 90 minutes at
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Cal ci um Sources: (i) Calcium hydroxide; C (OH Sigma -
Aldrich Inc (St. Louis, MO, USA), and (ii) Calcium
waibesase7Ca(NO ) H O Sigma -Aldrich I nc (St. PCOMGBRO04/004550
MO, USA) Phosphorous Source: O thophosphoric acid; H
PO ; BDH Laboratory Supplies (Poole, United Kingdom
Titrant: None Crosslinking agents: (i) -Ethyl - 3-
(3- Di net hyl am nopropyl ) Carbodiim dg (:EE)AEZ_) _ )
Si -Aldrich Inc,(St. Lauis, MO, USA) an i
1o Ry 00 P G OPSRHEEE SGRPSA M (i gt 19mm
inl oliasethD, WSALrRLeeeduc® 13t e oiPdrafiget. mass ratio
of brushite to collagen plus glycosam noglycan of 3:1

" Vs 19ee CheaIroithe -borrdipheds diSAe) del laddenesl U @iGsolve
inl A 42 340t Bl b@qg%Bﬁna%og%gﬁhg%?%%%g%u#%psgb*%haﬁ%11/nt'

- Using an enpirical, 3- .
pevardacadiy( &b disprstandils€allving [GB,r @aCtaitidud a GAG
ag:i.o of 1.0) with differing i) ionic concentrations

Soé‘lu.é.on['Ca ] =[HPO]) and ii) ratios of calcium

- Rifteat 60 mAhckEM, hydeoxiydenra Jlrogus %E&Q%H%%?i%y%ﬁged to
whi ch pH remai ned constant at 4.5 is identified. This
thesmikéng calErgeredispesetionf atombiraaki oifs a@fpnoenitzrdrately
atratjqQn._an lciumnitrate: calcium hydroxi de
0 b b PR R L Rphe e s Gy Py g Ok and
thkoeasudtipgi obslagen/eAcnAiebeREUSRI beciBEs Y¥ios! d total of
(wth identical axes) , and identification of its

90 R{BHEBEtion with the 30ng/nL (i.e. 3 tines the
- After 90 minutes of mixing, 2.498g Ca(OH), and 0.380g

Ca (NO3),.4H,0 are added to the collagen/GAG dispersion over
30 minutes under constant blending at 15,000rpm, creating a
collagen/GAG/CaP triple coprecipitate slurry, after which
time an additional 14.3mL of 0.1768M H3PO, were added to the
mixing slurry.

-~ The pH of the triple coprecipitate slurry is approximately
4.5.

- The triple coprecipitate slurry is allowed to remain at

25°C for a period of 48 hours.

Step II

- The triple coprecipitate slurry is placed in a freezer at
—-20°C and allowed to freeze overnight.

- The frozen slurry is then removed from the freezer, placed
in a vacuum of approximately 80mTorr, and the temperature
allowed to rise to room temperature, thus inducing
sublimation of the ice from the slurry, which is allowed to
proceed over 48 hours. The x-ray diffraction trace of the

collagen/GAG/brushite triple co-precipitate following
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concentration of collagen plus GAG contour allows the
set of reactant concentrations for which a triple
woaprs@siqartate slurry containing a 3:1 mass raPCoO/GB2004/004550
cal ci um phosphate (30ng/nL) to coll agen plus GAG
(I O/ m.) can be produced Eﬁ a pHof 4.5 ([Ca] =[H
PO] = 0.1768M Ca (NO).4H O: Ca(OH) = 0.049). This
is showin Figure 12: identification of conditions for
pH 4.5 synthesis of a triple coprecipitate slurry
re@@ﬂﬁéu ﬁ?nb}nsoenil Wa§&rr dbrokdrlearei dropRESFRAL ést @hown in
Fl%gkgaggn plus GAG - 1.837g collagen is dispersed in
71.4nL of 0.1768M H PO cooled in an ice bath, by
bl endi ng over 90 m nutes at 15, 000rpm using a
Sthonggzniser equi pped with a stator 19nmin di aneter,
ate a collagen dispersion. - 0.163g

- ghesdrebhpNebesubpbate C6EAGhbbEnAl Wawed,taq . @5§S®fV%Hé1
14. 3nL of 0.1768M at room tenperature, by shaKi ng

repettonpcaryytrépdpspepsecdpdsolei A GAGratedpiodddaia
deg@ﬁagghu&gggr gogf%@r ggug1gutes the 14. 3nlL of GAG
SO dde 0

utron rs a e mXxing collagen di spersion at

~- a0mat efok approxomadél 9.018NLEDAL, andder. 000Nt INMFOUS added
honogeni sati on at 15, 0Q0rp and the resulting

tocBPPa@@ﬁF@%@?H|§B@F§FBH“SIE §elrf-Bleacepirgcipiteges and
te 0 n f g
de%gyéegs@tg,(%g) tH’eHH%?grlg agg%gaqgl%a%%é a%a6@ to
creoeklagenfGAG dhepessabnrovaer t8fpriratines , undeke rc gesttdat
% dlng at 15,000rpm creating a collagen/ GAG CaP
adt ?g f8coprecipitate slurry, after which tine an

- addi thbanakoldc 36k 96 QehdvEAM HAR ¢nwereigdded to the
coprecipitates are rinsed with phosphate buffer solution
(PBS) and allowed to incubate at 37°C for 2 hours in fresh
PBS under mild agitation.

- After two hours in PBS, the triple coprecipitates are
rinsed with deionised water, and allowed to incubate for two
10-minute intervals at 37°C under mild agitation.

— The triple coprecipitates are then dried at 37°C for 72
hours. The x-ray diffraction pattern of
collagen/GAG/brushite triple coprecipitate following EDAC

crosslinking (Cu-K(alpha) radiation) is shown in Figure 14.

Step IV

~ Crosslinked triple coprecipitate granules are placed in
50mL deionised water pre-saturated with respect to brushite
at 37°C, and the pH of the solution adjusted to 8.50 using
ammonia.

- The temperature and pH are maintained constant for 72
hours, after which time the co-precipitates are filtered,

rinsed in deionised water, and dried at 37°C in air. An x-
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m xing slurry. - The pH of the triple coprecipitate
slurry is approximately 4.5. - The triple

woaprs@siqartate slurry is allowed to remai n at BPECGEBR004804550
period of 48 hours. Step Il - The triple coprecipitate
slurry is placed in a freeégr_at - 20 C and allowed to
freeze overnight. - The frozen slurry is then renoved
fromthe freezer placed in a vacuum of approxi mately
80mlarr, and the tenperature allowed to rise to_room

raVeﬁﬁéﬁéFGFéontﬁé§tﬁﬁ8u€?n§h§u§Plﬁﬁﬁﬁé@léﬁtﬁﬁeﬂQ%QQW%&ﬂ

COBOerehuhrxglggbentbs 18l Lawgd gﬂtggeeeed 18vVQEpAg-hours.

he x-ray raction trace o
croeBﬂagkaﬂGAﬁﬂ@agthGéGV€aﬁlercplpreonEEaﬁ@itate following

oW ngr f unbound wat er - (al pha
copRaratPBerE 9 oholfl FRAELOG, 6755, 78 Bpurd BE R §-50, to
fo@ﬁnaleb@15§€ay@hevapaﬁ@@enﬂlw@b 0s3t25qcof-kti(B@pha)
resulting dry triple coprecipitate is hydrated in 4CnL

ragépbapseéd water for 20 minutes. - 207 of a solution
of 0.018M EDAC and 0.007M NHS i s added to the
contai ner containing the triple coprecipitates and
stdpi ¥ni sed water, and the triple coprecipitates all owed
to crossl.ink for 2 hours at room tenperature, under

- §BAt felsdi £atigaen/ CAREPRDAEI BOFUEPBR SFA PRERGESD 2 T8N d

subﬁeCEEHDke gophegiRi,t abes BFeghipseqd ~MalhaRhesPhaks gure 16
buf fer sol ution

shows the x-ray diffraction pattern following gamma
irradiation (EDAC-crosslinked collagen/GAG/Ap triple co-
precipitates after secondary crosslinking via gamma

irradiation).
Example 4
Materials

Collagen: reconstituted, pepsin-extracted porcine dermal
collagen (atelocollagen); 85% by weight of Type I, 15% by
welight of Type III; Japan Meat Packers (Osaka, Japan)
GAG: Chondroitie—6—sulphate from shark cartilage; sodium
salt; Sigma-Aldrich Inc (St. Louis, MO, USA)

Calcium Sources: (i) Calcium hydroxide; Ca(OH), Sigma-
Aldrich Inc (St. Louis, MO, USA), and (ii) Calcium nitrate;
Ca(NO3)5.4H,0; Sigma-Aldrich Inc (St. Louis, MO, USA)
Phosphorous Source: Orthophosphoric acid; H3PO4; BDH
Laboratory Supplies (Poole, United Kingdom)

Titrant: Ammonia; NH3; BDH Laboratory Supplies (Poole,
United Kingdom)
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(PBS) and allowed to incubate at 3 C for 2 hours in

fresh PBS under mld agitation. - After two hours in
weBB)s/05h@7tri pl e copreci pitates are rinsed w t RCT/GB2004/004550

dei oni sed water, and allowed to incubate for two

O-mnute intervals at 37C er mld agitation. - The

triple coprecipitates are then dried at 37C for 72

hours. The x-ray diffraction pattern of

EE%%k%i%§%/6¥(§brushite triple coprecipitate follow ng
sslinking (Cu- (alpha) radiation) is shown in
Figure 14. Step IV - Crosslinked triple coprecipitate

granul es are placed in 50nL deioni sed water pre
Stefatirated with respect to brushite at 37C, and the pH

- t.he; [t i justed.to 8.50 usjng ammonja. - The
t@;orrlpdgflaotsrgrye V%ér)]% F?J%cjéﬁjaar]}ee nak?ﬁf]tcgli%%f%%ﬁ t Gt Olﬁiﬁr i7p 0.48M

H:BOurso af tencwhtedtibneot he. compseckBbhat 85818+
%ﬂ? rinsed in deionised water, and drFeg aPr§7C$nd

tf{e’ﬁlrtaﬁ%ﬁ AR K SRR ddti et gshtt e of £ the?.

T e B e P Sy Wiy e
sulphgite dov sredoinpisteat evafteld dwi g converston ot 37G thy /1.
0rB3 LB PERly 54ttt GO r M OAN] Do) 2 then added
tor athioaldren):in SiEPh¥te ERe w@isd G0 l?éz ?’%k%a%gikﬁpdoéggipéee

oprecipitates are subjected to a
moéémaitrlpa@ifatli-én. tRi guredute shewsddmsbon ayith a total

calhlhaebhQarRabtarh £l Loyne gama

- 0.144g collagen were added to 20ml of Solution A, and
blended using a homogeniser until dissolved. 4mL of
Suspension B was then added to Solution A under constant
stirring. Stirring was continued for 60 minutes, and pH
monitored to ensure that it remained in the range
3.15<pH<3.30. The resulting slurry was then allowed to age

for 24 hours at room temperature.

Step II

- The slurry was allowed to dry at 37°C in air for § days,
and the remaining triple co-precipitate rinsed with
deionised water, and subsequently dried again at 37°C for an

additional 24 hours.

Step III
- Co-precipitates were placed in dilute acetic acid (pH =
3.2), and irradiated with a gamma irradiation dose of 30kGy.
The crosslinked precipitates were then removed from

solution, rinsed, and dried at 37°C in air.



10

15

20

25

30

irradi ati on (EDAC-crosslinked collagen/ GAG Ap triple

Co precipitates after secondary crosslinking via gama
wonro@dsat4r on) . Exanple 4 Materials Col |l agen: PCT/GB2004/004550

reconstituted, pepsin -extracted porcine derna

col | agen (atel ocol | agen) '3 5% by wei ght of Type |

15% by wei ght of Type IIT;”Japan Meat Packers ((Osaka,

Japan) GAG Chondroitin - 6s-ul phate from shark

cartilage; sodiumsalt; Signa -Aldrich Inc (St. Louis,
Stam, IUSA) Cal ci um Sources: (i) Cal ci um hydroxi de;

- r S d
L T RRe v o PERCHRE T o R seaReRr aPlagBn 4 b,
deiéﬁls¢®uwsteﬁ(htLB%GCPhaB@hthU§HSoﬁrtbe solution adjusted
horic acid; H3P 4 Labqgratory S
0 (ol 28 TP BRG] TP EFAREE © ATRONEH. VREE, TBpRLSined
coﬁ-@@é’ﬁ@tﬁéf Beppbies, (FPeels, whinih egh Ki eedgmee&gg%a%@ were
ep | - Solution A was prepared by dissolving Ca

fllheJOedLBMfl-BPed ipo detonteadrugien, ofnd. dzkedt atogm™C in
. fenper ature, and the resulting solution titrated to pH
of 3.2. - Suspensi on B was prepared by dissol ving
Chondroitin - b- sulphate in deionised water to a
concentration of 3.2g/L. Under constant stirring, Ca

Stemd) and Ca(OH) then added to chondroitin sul phate

- &Pyl oneay, an a&sﬁggedhyéé kdeigplater gthAuebslvare
to pro%ce a sgspen I on Wltﬁﬁa gg 8

placed in a vacuum oven at room temperature, and a vacuum of

50mTorr applied, after which the temperature was then

increased to 105°C. After 24 hours, the temperature was

reduced to room temperature and the vacuum released.

Figure 17 shows the x-ray diffraction pattern of the
composite immediately following triple co-precipitation and
drying (Steps I and II). This pattern confirms the major

phase present to be brushite.

Figure 18 shows an SEM micrograph of the structure of co-
precipitate granules following primary crosslinking (Step
III). It is worthy to note the microstructurally

homogeneous nature of the granules.

The progression of hydrolysis to octacalcium phosphate (Step
IV) is illustrated in the XRD Pattern of Figure 109.
Progressive decreases in the intensity of the brushite peak
at 12.5°, and increases of the major octacalcium

phosphate (OCP) peak at 4.5° indicate the conversion of the

inorganic phase to OCP over a period of 48 hours.
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cal cium concentration of 2.4M - 0.1449g col |l agen were
added to 20n. of Solution A, and bl ended using a
waansgeni4ser until di ssolved. 4nL of Suspensi oRCEGEB26804/004550
then added to Solution A under constant stirring.
Stirring was continued for 580 _m nutes, and pH
nmonitored to ensure that P remai ned in the range
15<pFK3 . . The resulting slurry was then allowed to

e for 24 g %rs at roomtenperature. Step Il - The
[

le 2GS O&l IF6fe § G OFy att 3 PETR diny Efjé?rul!? dds, A
ra%@@mt@%s%%&%b@h@% b Rloe 20RnPres Ris QQ(NMﬂJlum
dei oni sed water, and subsequently d rie agaln at 37C
phpgphaticaddiystersl dispenses 1%t ep clollll age@o GHGe aigdittiat eiss
placed in dilute acetic acid (pH = 3.2), and
|rr§5|ated wWith a gamma irradi ati on dose of 3CkGy. The

crosslinked precipitates were then renoved from

sol ution, rlnsed and dried at 37Cin air.Step IV -
Ther 69EPPALER, DéOTBLEELFilEa0E Fhen BIres omdr é pleadd®ri may be

uségngsdg'gﬁg§§go E%ﬁeahgééglaﬁnd %%%l%ml f E&h l%ntatlon,

solution a Juste usi ng anmoni a.
itand pHpaetednahataand@va@esﬁabmlbamedsfh@mrﬁjuﬁﬁmfﬂerlal
ich the co I pi,tates were tered, rinsed . in
WOl o SBa PP BP LS hRd Yar (168 3003 PN Aol Vs g AR
reGeasshicaked: sBydr oy $8dnoC eeRhasii gt 38 & JHIES Welf ant

itseif.
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pl aced in a vacuum oven at room tenperature, and a
vacuum of 50nTorr applied, after which the tenperature

woasostoiens7i ncreased to 105 C . After 24 hours, PCIE&SB2004/004550
tenperature was reduced to roomtenperature and the
vacuum rel eased. Figure _17%%29\/\5 the x-ray diffraction
pattern of the conposite i diately following triple
co-precipitation and drying (Steps | and I1) . This
pattern confirnms the major phase present to be

Claimshite. Figure 18 shows an SEM micrograph of the
structure of coprecipitate granules follow ng primary
crosslinking (Step I1l) . It is worthy to note the

1. m chostocessir &bt ytihonpyedectsonadfire obmpbeigeamatesial
The, on of hydrolysis éo oct acal ci um phosphat e

ro resi'i 1?,/ :
COMIRE EH Y ST 5 FIF Ut PEP R PR £RE XD PatTRFR of Figure

g1y8os &N D96 8Bpt¥es e84 LaASEBot8st heohPLE8ShEYLRE bheps of
rushite peak at 12.5, and increases of the nmajor
octREQY 9 LY phiosPhedEC (TTPFopeako it 408 caEPEasénghe

. . : Cad
R e e N S
or hh@te egPPcofam amnaphy ckiiss § i wdli on of 10- 20nm | ow aspect

-ratio calci um(g)hos hate crystals dispersed in a
col PEgehP epes hd r e | SObvReeAt thenridhpbsi ged the one or

Lo j r LAV IO e
otk TSI SOl 6 8] eSO v ERLl Oy By et edoth ton

to ekpecut 2dttipte acaevreeipabaiteat ed from the materi al
woul d resorb conpletely, |eaving behind only healthy,
regenerated tissue, with no remaining trace of the

2.1 MpAaPtocess as claimed in claim 1, wherein the solution
has a pH of from 2.5 to 6.5, more preferably from 2.5 to
5.5.

3. A process as claimed in claim 2, wherein the solution

has a pH of from 3 to 4.5.

4. A process as claimed in claim 3, wherein the solution

has a pH of from 3.8 to 4.2.

5. A process aé claimed in any one of the preceding
claims, wherein the calcium source is selected from one or
more of calcium nitrate, calcium acetate, calcium chloride,
calcium carbonate and calcium alkoxide, calcium hydroxide,
calcium silicate, calcium sulphate, calcium gluconate and

the calcium salt of heparin.

6. A process as claimed in any one of the preceding
claims, wherein the phosphorus source is selected from one

or more of ammonium-dihydrogen phosphate, diammonium
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itself.Clains : 1. A process for the production of a
conposite material conprising collagen, brushite and
woneosms14anr e gl ycosam nogl ycans, said process PCT/GB2004/004550
conprising the steps of providing an acidi c aqueous
solution conprising collaggp, _a calciumsource and a
phosphorous source and one~or nore gl ycosam nogl ycans,
and precipitating the collagen, the brushite and the
h gne or ngre@gl%cosanino | ycans together fromthe
YH40860s PEGFREFSH rt BRPEPROE 1C pmial c sisosdivm tadeogen
orfnBpAEasRads oL akeRd tbn agkiditPi e tARAT @I PG L30! Uti on
has a pH of from2.5 to 6.5, nore preferably from. to
5.5. 3. A process as clained in claim?2, wherein the
solytion has a_pH.of. _from3 to 4.5. A process .as
7'c|a#nBEOFﬁSEISﬁnpéél%ﬁgrépnapﬁéo§8lG&i&ﬁeh£§%§ﬁﬂ%qﬁ
clbtieB), 3wBetr@id. ZheSond PHOGESE @I yeloRiafB e dgf yRAW S0RE- Of
the preceding clainms, wherein the calciumsource is
sedgréefled TPRORNORE O tABr UdPhakkrei dermatriat ¢ulpkiadieum
: gt e >L,U Lde; Lu a a .
e S B BT r Gm Ry Aoy du TBatS Ghoarrrdseente
actdl ci um sul phate, cal cium gluconate and the cal ci um
salt of heparin. 6. A process as clainmed in any one of
the preceding cl ainms, wherein the phosphorus source is

8.sel AC 9ecéggnbgn@19&m€ar@nOEn§”69@i%&+@hgy%&%&%ain
phosphat e, di ammoni unhydr ogen” phosphate, p osphorlg
clagind, whsodionthgdeoegehion has a temperature of from 4 to

50°C.

9. A process as claimed in any one of the preceding
claims, wherein the solution has a temperature of from 15 to

40°C.

10. A process as claimed in any one of the .preceding claims
wherein the ratio of collagen to the total amount of one or
more glycosaminoglycans in the solution is from 8:1 to 30:1

by weight.

11. A process as claimed in any one of the preceding
claims, wherein the solution comprises calcium ions and the
ratio of collagen to the calcium ions is from 1:40 to 500:1
by weight, preferably from 1:40 to 250:1 by weight, more
preferably from 1:13 to 5:4.

12. A‘process as claimed in any one of the preceding
claims, wherein ratio of collagen to brushite in the co-
precipitate is from 10:1 to 1:100 by weight, preferably from
5:1 to 1:20.
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ort hophosphate 2-hydrate and trinethyl phosphate. 7 .

A process as clained in any one of the preceding
wobheisrmsi44nher ei n the one or nore gl ycosam nogl pCaiGB2e04¢004550

selected fromchondroitin sul phate, dermatin sul phate,

heparin, heparin sul phate, éeratin sul phate and

hyal uronic acid. 8 . A pFo% ss as clained in any one

of the preceding clainms, wherein the solution has a

tenperature of from4 to 50 C. 9. A process as

claimed in any one of the preceding clains, wherein

lBtheASBLHEéQE QéscﬁﬁﬁﬁgHeﬁﬁtQBG 8;1ef %5 %%e%%ggng claims
process as I'n any one of precedi fg
whetalnstMEeselntthﬁ campmlséscohﬂagem ﬁ@n&hanaotab

unt of one_or nore glycosan1no cans .in th
CO%B?%YF%Fl?E PFORFECEIUR018DS 11 By SRERGAEN, lflfrﬂmppo@Q§§5 to

1 @s ﬁf@f@fgblg 2p¥mopeopt theipyeceding claims, wherein
he sol ution” conprises calciumions and the ratio of

collagen to the calciumions is from1:40 to 500:1 by
meight rgferabl fro§11:40 to 250:% Eé wei ht,.nDrel .
R BBrY ?r%ﬁ1i 137F8 5470 2°1R B §sPLECERAPHeglaims
wheﬂe@myt@@es@iuw@np&@ﬁpgh_@@sCﬂaﬁbgpha\ﬂ@eﬁéhe rabi enef
collagen to brushite in the coprecipitate is from10:1

CoRgentADiey Ui BRPSPPREFeiabfylRr oML Btionois: £oom3isAfrom

0. 06565828 ) ApHBHLDL2PYPOR §Tgbhe.precading cf al ms
erein the so ution comnprises ca ciumions and the

15. A process as claimed in any one of the preceding claims

wherein the concentration of collagen in the solution is

from 1.0 to 20 g/L, more preferably 1.0 to 10 g/L.

16. A process as claimed in any one of the preceding claims
wherein the total concentration of the one or more
glycosaminoglycans in the solution is from 0.01 to 1.5 g/L,

more preferably from 0.01 to 1 g/L.

17. A process for the production of a composite biomaterial
comprising collagen, octacalcium phosphate and one or more
glycosaminoglycans , said process comprising the steps of
providing a composite material comprising collagen,
brushite and one or more glycosaminoglycans, and
converting at least some of the brushite in the
composite material to octacalcium phosphate by

hydrolysation.

18. A process as claimed in claim 17, wherein the composite

material comprises or consists essentially of a triple co-



10

15

20

25

30

concentration of calciumions in solution is from
0.00025 to , preferably fromO0.001 to 1 M. 14. A
wonros@ssi4as clainmed i n any one of the precedi ngCTIGHE200.1/004550

wherein the solution conprises phosphate ions and the
concentration of phosphate.ons in solutionis fromis
fromO0.00025 to 1 M, preféﬁably from0.001 to 1 M.
15. A process as clainmed in any one of the preceding

[ erein the concentration of collagen in the

cl ai
Pr?éﬁlé’gﬁéﬁgi SHPFHSENY (R BFEIF, Hrdigrefarhmne 101 nere
g13@ oFakindG1Aakrsocess as clainmed in any one of the
precedi ng claims wherein the total concentration of

the one or nore glycosam noglycans in the solution is
fro 01l to 1.5 g/L re preferahly from0.01 to 1
19/ L8 808258, Srecdaine e BIGdT diton I Corius wple

cobp@ret e ital eC ORPHcYRA GRIdAMehg @ ACH LIIBPhosRat 8 eq
. and one or nore glycosam nogl ycans , said process
1nc Ryr PEPng Tt Rdadfepd & prbovi ding a conposite nateri al
conprising collagen, brushite and one or nore
gl ycosam nogl ycans, and converting at |east some of
20t heAbpushite as theicemdpdsi teymenericdl dleiect acake um,

hosphat e by hydrolysation . 18. A process as cl ained .
o RO ke 1 SY B or e Yeaios £8 PHLESe EomstaeeLoiun

ph8kphansi sbspessent ahlky @find thPkereoRned Rt@ah8 41 with
conprising col |l agen, brushite and one or nore
anghggesefi AOghydans sald afuprosesslas ichabretd rtclai mbove

8. .,wWherein the triple.co-precipitate is forned
théc 8r8fn8h Sha05%8€8§513? %&PFﬁgﬁ%e ecomes
thermodynamically more stable than brushite.

21. A process as claimed in claim 20, wherein said aqueous

solution has a pH of from 6 to 8.

22. A process as claimed in claim 21, wherein said aqueous

soclution has a pH of from 6.3 to 7.

23. A process as claimed in claim 22, wherein said aqueous

solution has pH of about 6.65.

24. A process for the production of a composite biomaterial
comprising collagen, apatite and one or more
glycosaminoglycans, said process comprising the steps of
providing a composite material comprising collagen,
brushite and one or more glycosaminoglycans, and
converting at least some of the brushite in the

composite material to apatite by hydrolysation.
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in any one of clains 1 to 16. 20. A process as clai ned
in any one of clains 17 to 19, wherein the step of
wayadrsglsygat i on of brushite to octacal ci um phospoatGB2004/004550
conprises contacting the conposite material with an
aqueous solution, said aguggug solution being at or
above the pH at which octacal ci um phosphate becones
t hernodynam cally nore stable than brushite. 21. A
process as clained in claim20, wherein said agueous _
2550l Bt PBACHAS @S pHleinpdoineciaim 22, Whpredas§hgscomposite
Ced . ’ o . s soluti as_
A R T e
pretiapin2fe wbepeisisai doatjagens bolighida has phHeobr more
about 6.65, 24. A process for the production of a
Il RCAPIETERIbYSHREeri al conprising col | agen, apatite and
one or nore glycosam nogl ycans, said process
conprising the steps of providing a conposite nmateri al
26 compripsoagseor ageaimpdushi céaamd2bnevberapnethe triple

| ycosam nogl ycans., and_converting at least sone af ..
coPRESEIIANT TS 1h TRE"SOnBosrto Nt 671 &I PEOCAPAl Fredhy Lned
inhydy obysabf oal2bms ALptocess as claimed in claim 24,
wherein the conposite material conprises or consists
essentially of a triple coprecipitate conprising

7 ettt ae BT anEd (oY CTArnshe aatrera Hha2®:
whérephetico- pregi pfthyérosysatired afcbrdshjteota ppatesse
coggrggéénggn%QCEQXgOQEeoéoﬁgggggelmgge%?él with an aqueous
solution, said aqueous solution being at or above the pH at
which apatite becomes thermodynamically more stable than

brushite.

28. A process as claimed in claim 27, wherein said aqueous
solution has a pH of from 6.65 to 9, preferably from 7 to
8.5.

29. A process as claimed in any one of claims 17 to 28,
wherein the conversion of brushite to octacalcium phosphate
and/or apatite is carried out at a temperature of from 20 to

50°C, preferably from 30 to 40°C.

30. A process as claimed in claim 29, wherein said

temperature is from 36 to 38°C.

31. A process as claimed in claim 30, wherein said

temperature is about 37°C.
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27. A process as clainmed in any one of clains 24 to

26, wherein the step of hydrolysation of brushite to
wapeisiosedconpri ses contacting the conposite maPeTiGH2004/004550

wi th an aqueous sol ution, said aqueous sol ution being

at or above the pH at mhic% apatite becones

t hernmodynam cally nore sta }e than brushite. 28. A

process as clainmed in claim 27, wherein said aqueous

sol ution has a pkiof from6.65 to 9, preferably from7
32t 0 B.BrO29SS papr GtRsEeds | AP e PnOANy GBI 6F Ll aPnE laims
fudt/héP 8§mp¥@§{§@ntﬁ@esﬁgﬁ¥95§'9908E195H§Hbt€héocgaga en

oct acal ci um phosSphate and/or apatite Is carried
and thkepenrat or enofefgbnregambvnsglgrapeefier tbeychmprs3@e
matd 4C#C%. %Oi \ PLOCESS gs.glgined in claim?29,
wher 81 no5ar ot enper ature P-from 36 to 3 C. 31. A
process as clainmed in claim30, wherein said
tenperature is about 3 C .32. A process as clained in
33 any? OPECBES $ hes pF e EaeRgl el al abmf 32 hehegahPri $fngtt heast
sorfh 298 Phe CELEShLOKI N9 LhRucOLLAGE BRM.LDPROS BhoUBGS e
gl ycosam nogl'ycans 1 n the conposite material or-triple
andeprecapitat ech83glicpsanessgagcahai pedroasthiaked3drior
mggrein, if at least sone of the brushite_is converted
€Ot PRHCTARETET Ui phbsphat BT 3Rl bf BpaPFtecatféum phosphate

an@) ¥s0838t pegl ycan is crosslinked prior to the
conversion of the brushite to octacal ci um phosphate

and/ or apatite. 34. A process as clainmed in claim 33,

34Wm?£?§PoéQ§s as claimed in claim 33, wherein the

crosslinking is effected by one or more of subjecting the
triple co-precipitate to gamma radiation and/or ultraviolet
radiation, non-enzymatic glycation with a simple sugar such
as glucose, mannose, ribose or sucrose, contacting the
triple co-precipitate with glutaraldehyde, ethyl
dimethylaminopropyl carbodiimide and/or nor-
dihydoguariaretic acid, and subjecting the triple co-

precipitate to a dehydrothermal treatment.

35. A process as claimed in any one of claims 32 to 34,
wherein, if at léast some of the brushite is converted to
octacalcium phosphate and/or apatite, the collagen and one
or more of glycosaminoglycans are crosslinked subsequent to
the conversion of the brushite to octacalcium phosphate

and/or apatite.

36. A process as claimed in claim 35, wherein the
crosslinking is effected by one or more of: subjecting the
triple co-precipitate to gamma radiation, ultraviolet

radiation or dehydrothermic treatment, non-enzymatic
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crosslinking is effected by one or nore of subjecting
the triple co-precipitate to gamma radiati on and/ or
wahkoesasial et radi ati on, non-enzymatic gl ycati oRCWGH20@/004550
si mpl e sugar such as gl ucose, mannose, ribose or
sucrose, contacting the trlgle co-precipitate wth
gl ut ar al dehyde, et hyl dlne€ yl am nopropyl carbodii m de
and/ or nordi hydoguari aretic acid, and subjecting the
trigle coprecipitate to a dehydrothernal treat ment.
glgsat hopr BéEEs2ag 1HPAPNEUIRE aHFhoRE 6F USPSieons MANOse,
e at ru
TR or L ad L5 8EP Ao AP T L SROS SRSt S aRAFoF abLC LBtk
w1th|bagenramdrenefoglnbaeamﬁegyweoeahyﬂo@hm@&hghmminopropyl
# §S|In ed S ?sequent t he conversion of the
caprashite FoaBa 85aP8FuﬂFBMGQBHQFéaﬁﬁ&PSraéﬁgtlte 36.
A process as clained in claim35, wherein the
crosslinking is effected by one or nore of: subjecting
37t heAt pEpresgoapr edppinedt ént enyasme pddicdeilows, 32 to 36,
ravipl et dlatlon 0 deh drothern1c rea
R arPEaryek: oA K CHoe P e s gy Che agalyean
argl ueose]linRBAOBELNT pb@se aBdaﬁdCéQEQeq&@ﬁﬂ:aﬂ}:U RenkResion
triple co-precipitate with one or nore of
Ongh?abapaahyaet@tﬁyFaeﬁh§@Hv|aﬁpﬁ@ba@syanédpﬁoap@mhms
and/ or nor-di hydoguariaretic acid. 37. A process as
claimed in any one of clains 32 to 36, wherein the
38col hagencand thecdatmed morengl yoesatii hbgl peanediag

crossl ink g both prior to, and subse t to conversion
C1810% he BF LERFL SOPBTHRLaTaF RPURTBRoSPhaPEPARA) GRe composite

bléﬁaﬁeg§a13§nt6 precesstaseChal FRA1ENFERY 1QRE AQf at Bene or
recedil n
degtal subgtltute

39. A process as claimed in any claim 38, wherein the
composite material is shaped using a technique selected from
filtration and low temperature drying, freeze drying,

injection moulding and cold pressing.

40. A precursor material for transforming into a synthetic
biomaterial, said precursor material comprising a composite
material comprising collagen, brushite and one or more

glycosaminoglycans.

41. A precursor material as claimed in claim 40, wherein
the composite material comprises or consists essentially of
a triple co-precipitate comprising collagen, brushite and

one or more glycosaminoglycans.



10

15

20

25

30

claims, further conprising the step of shaping the
conposite biomaterial into a structure suitable for
wageosasi4a7bone or dental substitute. 39. A proees&BR804/004550
claimed in any claim 38, wherein the conposite
material is shaped using_a,technique selected from
filtration and IOM/tenpera% re drying, freeze drying,
i njection nmoul ding and cold pressing. 40. A precursor
material for transform.ng into a synthetic _
12pj ofrePERFArSCsalgtpréalr 88r ChatBefalnc6Apimsiddg yherein
safQTPPspie BBLELLELHGPORL! $LN0-68LER0PACCBIUHL! €20
one or nore gfycosam noglycans . . precur sor
proa¢esi ab dsféhadméd anycbaenpdOcletmseilntbhéeconposite
material conprises or consists essentially of a triple
co-precipitate conprising collagen, brushite and one
4307 ADEEmPLYEO8aR BAGLXEARS. AdmpAiBLAGUESAN afRLET balisRS te
clainmed in claim4l, wherein said triple
angoopg eef pirpacegigcprotinedlscensdi nhich hipmetesdadsis
' in_any._an Lajne.1l t0.16,. 43. Ac si.te
ool bk or i By “EoRE EePnot e o P abanl A uaRi e gnGToRgoarS 1 to
39pnore gl ycosam nogl ycans, which biomaterial is
obt ai nabl e by a process as defined in any one of
clains 1 to 39. 44. A conposite biomaterial conprising
col a ctacgl ci p n e
RS- e R e S e S N
ochapabckss mBodphihedand any onemofechaiynesamihogd9cans,

whi%%tﬁiéggpgﬁkgf Egogg£§££allgogergsbggcggglggegéfined in

any one of claims 17 to 39.

45. A composite biomaterial comprising collagen, apatite
and one or more glycosaminoglycans, which biomaterial is
obtainable by a process as defined in any one of claims 24

to 39.

46. A composite biomaterial comprising collagen, brushite

and one or more glycosaminoglycans.

47. A composite biomaterial comprising collagen,

octacalcium phosphate and one or more glycosaminoglycans.

48. A composite biomaterial as claimed in any one of claims

43 to 47 for use as a substitute bone or dental material.

49, A composite biomaterial comprising a triple co-
precipitate of collagen, brushite and one or more

glycosaminoglycans.
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and one or nore glycosam nogl ycans, which biomateria
i s obtainable by a process as defined in any one of
wobheisms144 to 39. 46. A conposite biomaterial PCT/GB2004/004550
conprising collagen, brushite and one or nore
gl ycosam nogl ycans . 47. A %ogposite bi omateri a
conprising collagen, octacdalcium phosphate and one or
nore gl ycosam nogl ycans. 48. A conposite bionateri al
as clainmed in any one of clainms 43 to 47 for use as a
S0subst Peteeipdnasocladnesl irapayi ane #F Aadampdd tte 49,
L.angat eri.a I.Si riple co I pj-t.at e _of.
LT agoh BPUSACCD S0 68 SF mSrerbipatan el Sy cans
havB0beannatresisdlinksdcl ai med in any one of clainms 40 to
49, wherein the collagen and the one or nore
gl ycosam nogl ycans have been crosslinked. 51. A
51UHtﬁrméke§§aQ|@b”%@aﬁﬁeéninoﬁﬁyobn%l%E”%l%gnko4%oto 50,
wherein the collagen is present in the nmaterital in an
whgrsint the FréArseno 180PRESENpr éhethlsl waftearhal5 itno a80 amount
% _52. A gaterial _as.clajpned.in a ne aof cl.ainms 40
Ofr%f%T,gmﬁgrg?n%%ﬁé gﬁgf%thg§efﬁP?b@?a%PngglV ans are
present in the material in an amount of fromO0.01 to
12 % preferably from1 to 5.5 wt% 53. A materi al
5255 €I BRRBYLAA afyCéAémEE draphy 2pet 9Lz lajmer ditnta 51,
; [ c LSEes [ he rati f Il age
T bTuShr B re 0 D o1 100 By et SR prsfer a1
théroatériafoith: 20 bpowstght. £54m A.o0at evi A2 &3¢ pregdrably
£ in any ope of clainms 40 to 52,
rom o0 5.5 wt3.

53. A material as claimed in any one of claims 40 to 52,

'wherein, if the material comprises brushite, the ratio of

collagen to brushite is 10:1 to 1:100 by weight, preferably
from 5:1 to 1:20 by weight.

54. A material as claimed in any one of claims 40 to 52,
wherein, if the material comprises octacalcium phosphate,
the ratio of collagen to octacalcium phosphate is 10:1 to

1:100 by weight, preferably from 5:1 to 1:20 by weight.

55. A material as claimed in any one of claims 40 to 54,
wherein the ratio of collagen to the total amount of one or

more glycosaminoglycans is from 8:1 to 30:1 by weight.

56. A biomaterial comprising particles of one or more
calcium phosphate materials, collagen and one or more
glycosaminoglycans, wherein said collagen and said one or

more glycosaminoglycans are crosslinked and form a matrix,
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wherein, if the material conprises octacal cium

phosphate, the ratio of collagen to octacal ci um
wohosphate is 10:1 to 1:100 by wei ght, preferabCy/GB200#004550

5:1 to 1:20 by weight. 55. A nmaterial as clained in

any one of clainms 40 to 54, _wherein the ratio of

col l agen to the total amouft of one or nore

gl ycosam noglycans is from8:1 to 30:1 by weight. 56.

A biomaterial conprising particles of one or nore

cal Erlifth PRESpRAEE @étéﬁ&@pgm ehosagen cand terd adr afsy e
digb¥98§8”3ﬁ°ggxaaﬂitr ergi,n said collagen and said one

of nore gl'ycosam noglyéans are crosslinked and forma

mat saxdsabdcpant bbbephaf ecabtiewtafphdsphkatle dmicerfiralm one or

are dispersed in said natrix, and_said cal cium ,
m05ﬁoeghfa? BShateri Qrtpsadeiurt BROFPHATENENGY For@adiite.

brushite, octacal ci um phosphate and/or apatite. 57. A

synthetic bone material, bone inplant, bone graft,
57bond subshietdtebobenmaseafifdl dbohiel Lawlangat i ng or

bofgnbRats o Pohg, SndcTRLEE, ahoae debi2ed d " A1 1° ating
or cement comprising a material as defined in any one of

claims 43 to 56.



