WO 2006/028415 PCT/SG2004/000289 PROCESS FOR ISOLATING DIOMATERIAL FROM TISSUE
AND AN ISOLATED SIOMATERIAL EXTRACT PREPARED THEREFROM Technical Field s The
present inveiaMeEREES to a process for isolating and purifying a biomateribf ¥efat t94419628"d a
biomaterial extract prepared therefrom. More particularly the present invention is directed to a process
for extracting and purifying a Type 1 collagen extract. Background of the Invention Collagen is a major
structural protein of connective tissue such as skin, tendon, io cartilage and bone. Type 1 collagen

forms the maigs peiie Rl GSHRO AT RN TISHURE ANBCtive
tissue. CoIIagg? iS ygﬁ?ﬁ%ﬁ%ﬁ%&%&%ﬁ anim%sxﬁucg girgﬁ%%%%%éhe collagen
that is extracted can i bkt tedy | soasto
make the material more biocompatible. BecaqyqpRiEBRIGNechanical properties, biocompatibility, is
biodegradability, bioavailability, its action on cell development, and hemostatic power, collagen has
been used in many medical, veterinary, cosmetic, foqd,ﬁthrmaceutical, biomedical, biotechnological,
dental, surgical, dermatological, neurological, Eﬁﬁbﬁé@ ,F(')%Mhalmic, urological and vascular
applications. For example, collagen has heen used in i DS, LR Ji%gt E?ﬂ[% repRGSMSS,
tissue eqﬁivalents@%ﬁfﬁﬁfgslgg %ﬁ%ggr%%%tg, 58Wgr%£%ti§%gen%§ rt%ugga |vergfmatrices,
endodontic thesapyisos audtarbieuppoits, evitrebnreraptac Biersiap| Mrre rbadisalaibitec g8t metic
surgery. surdiggl suiNes AN AR Uss T Btiou amSibAdaiaY S heen usedarapaagting and
purifying colléﬁ‘é%r% ?ié%ting meethod?%)f collagen extrac%on :%d puri |catioprj?fypically include extraction
from animals 25 using multi-step chengal and meéhaﬁ%al rocesses, such as described in Ehrmann,
‘It L., and Gay, G.O., National Cancer IrREKIBYRG L1183 IVFBSR%ein, M.B., Lab. Invest,

7:134-137, 1958. Sugh, methods fypizalinipeiudehieiical wasbesandsexiraations, tieringaamguum

filtration, decantation, e z&me extraction, salt precipitation, cro,sslinlan%‘ﬁre ctigns andgﬁ) iaIX iS.

Conventidnalgerbkasgsaad; radting AricPRRRY iSRS R PPt RBHNPICEMBRSE @ suffer
from the disagyantagaithaiieisifacoig olaaiiagepaacttiee tissue. Collagen is typically extracted

from the skin of animals, such as rat and rabbit. The collagen that is exiracted can be

used as a coating to new materials or incorporated in a material so as to make the material
more biocompatible. Because of its good mechanical properties, biocompatibility,
15 biodegradability, bioavailability, its action on cell development, and hemostatic power,
collagen has been used in many medical, veterinary, cosmetic, food, pharmaceutical,
biomedical, biotechnological, dental, surgical, dermatological, neurological, orthopedic,
ophthalmic, urological and vascular applications. For example, collagen has been used in
implants, transplants, organ replacements, tissue equivalents, arterial vessel replacements, '
o0 hemostatic agents, drug delivery matrices, endodontic therapy, cell culture supports,
vitreous replacements, plastic, reconstructive and cosmetic surgery, surgical sutures and
surgical dressings.
Various methods have been used for extracting and purifying collagen. Existing
methods of collagen extraction and purification typically include extraction from animals
s using mulii-step chemical and mechanical processes, such as described in Elemann, R.
L., and Gay, G.O., National Cancer Inst. J. 16:1374-1403 and Bornstein, M.B., Lab.
Invest, 7:134-137, 1958. _
Such methods typically include chemical washes and extractions, filtering, vacuum
filiration, decantation, enzyme exiraction, sall precipitation, crosslinking reactions and
30 dialysis.
Conventional processes for extracting and purifying collagen, are typically
campléx, costly and suffer from the disadvantage that the structure of collagen can be



2, modified/denatured by the process. Collagen undergoes glass transition at temperatures as low as
50-60 and if the chemical process used causes the collagen to pass through this glass transition, the
physical structure of the collagen can be disrupted- In addition, many extraction methods involve the
use of an alkaline metal/metal salt or sodium s acetate/hydroxide to precipitate the collagen. Such
agents are harsh agents and may cause modification or damage of the collagen. Alternative
processes use proteases or enzymes to digest collagen. proteases and enzymes are typically

expensive and can. result in alteratlon and d e to oIIa Accord y there |s a need to
provide a WM@%W BY ARG ?%% Bngﬁﬁ g%ﬁ SIS an

object of thg weswﬁ@nawﬂﬂ@ xﬁﬂieaﬁammpjﬂﬁ@@embadmshmomgmmgm smlwgnﬁaﬂy
.ameliorate at least one of pgfbove dlsadvantaggi% ﬁlso an oiﬂe of the pgﬁge |nvent|on at least
Xtrac

in preferre %fé %ﬁmﬁﬁﬁ?"‘ov IS proge%sc‘%r purlfq)?]r’?g an 0 Xgen
Summary e&&l&ﬂ!&menﬁemmmngfdothne aspeot, theredsabreyidedd/preebssator (solamhgmollagen

from biological tigsue, ¢ rising:_cont t| S i salution Q extract

collagénl %Df%‘bjl ‘Efbor:gn s% rreagf%gﬂa%%u O%A%S%S“ta%r%?\%%%en%%%kg %tg%%éogrl %Eﬂmatlon

removing fatafificetier codsamgrantslicoreliageuriAlieprie sapesEReUuse [pTYRIEMrfrsEYREying the

separated olkg a,g?ah%g suﬁﬁ%ég gﬁgb%%@ge&g a&?egs@v@ sglosed i ISeaRrogess for
te

isolating a ract from tissue comprising: contacting the tissue with an extracting solution
So as to emammemh@mgm@ thelo@baEgeparating a solution containing the biomaterial extract;

and 30 freeze-diying R AgparaledisolipRAlR raiesudidestigienshiee mereﬁi%ahg) e

isolated.
w  purifying collagen.

- -Object of the Invention
It is en object of the present invention, at least in preferred embodiments, to
evezceme or substantially ameliorate af Jeast one of the zbove disadvantages. It _alse an
object of the preseni invention, at least in preferred embodiments, fo provide an improved
15 . process for p!mfymg and extracfing co}}agen |

Summary of the lnventmn

According to one aspect, there is provided a process for isolating collagen from
biological tissue, comprising;
contacting the tissue with an extracting solufion so as to extract collagen into
2 solution; |
separating a solution containing collagen by centrifuging or by filtration;
re_moving fat and other contaminants from the surface of the separated solution; and
freeze-drying the separated solution at a rate sufficient to enable collagen to be

isolated.

Disclosed 1s a process for 1solating a biomaterial extract from tissue comprising:
contacting the tissue with an exiracting solution so as to extract a biomatenal into
solution;
separating a solution containing the biomaterial extract; and
30 freeze-drying the separated solution at a rate sufficient to enable the biomaterial 1o

be 1soiated.



2a Also disclosed is a process for isolating a biomaterial extract from tissue comprising: contacting
the tissue with an extracting solution so as to extract a biomaterial into solution; separating a solution
containing the biomaterial extract; and freeze-drying the separated solution at a rate of about 0.1
C/min to 50C/min to enable the biomaterial to be isolated. Further disclosed is a biomaterial extract
prepared by the process as defined above. Definitiong¥VO 20061028415 PCT/SG2004/000289 3
The following definitions are intended as general definitions and should in no way limit the scope of
the present invention to those terms alone, but are put forth for a better understanding of the following
description. Unleadsthéisdotedisequisessotheiwiseiog spaciiinalivistatedtdihebontrasyqpntegers, 5
steps, or elemenis,gf Ing Inyenfion eciied herain as singuiar inteqgrs, sieps of lements, clearly
encompass both smgufa and pllureﬁ orms of the recited in egers, stepsor e ements. roughout this

specificatiorsobitiess the context requires otherwise, the word "comprise”, or variations such as

"comprises" or "%@&5@@%3&%#&% U&%ﬁfﬁfﬂg%@bi@ﬂgﬂﬁ%m%ﬁgﬂﬁ‘&n of a stated step or element or

integer or group of steps or elements or integers, but not the exclusion of any other step or element or
integer or group SEETSTHBARE HharterfBrscdr BRRItANHE aoitexeorhom dpédiiisatior, M8 témin to

"comprisingzafHisianse HRshieing pHneipaliydaut not necessarily solely”. The term "isolated” or "purified"
means that the material in question has been is removed from its host, and associated impurities

reduced or elimifAtEBELSEATR ft OB Zh SHRIEpRYES Ty the pieshindrtepbeReypresent (ie.,
on a molar basis it is more abundant than any othBefiil#vigigal species in the composition), and
preferably a substantially purified fraction is a composition wherein the object species comprises at
least about 30 percent (on a molar basis) of all macromolecular species present. 20 Generally, a
substantially pure composition will comprise more than about 80 to 90, percent of all macromolecular
species present in the composition. Most preferably, the object species is purified to essential
homogeneity (contaminant species cannot be



detected in the composition by conventional detection methods) wherein the composition consists
essentially of a single macromolecular species. 25 Those skilled in the art will appreciate that the
invention desoriivediohersn is susceptible to variations and modifications otierthamthasaezspecifically
described. It is to be understood that the invention includes all such variations and modifications. The
invention also includes all of the steps, features, compesitions and compounds referred to or indicated
in this specification, individually or collectively, and any and all £O combinations or any.two or more of
said steps or featurds JRHoREnS A ERIDE fG ’i’t’it‘?ﬁ%egﬁﬁli%%ﬁﬁf fr%ggb%%’?ﬁc%}% ﬁﬁ @%Mﬁad’w
reference arginkarRAGsJTaRI pidstheinestitiely idnibscaentexiiohthiss pecificatioth foe ddretier
"biomaterial” re1j£rs to Wrghwhichés %‘git%‘%& for introduction into a living organism such as a
mammal incIG&Hg PheBlEmateral is Suitably non-toxic and bioabsorbable when
introduced into a WRi2806628445 RGTISS0en08088Spetifvialostieism thadeniyate dréeizstian

products of the BOASHALAE 3R MIRRNAA: A 0e,0'aa0M BeLRCSeip AN bl
Drawings A prgf%fred form of the present invention will now be deScribed by way of example s with
reference to thiealcompuriytes) Hesvismsvltern: Flyie rma pEUer TrAlSS oM ESRar6¥SpEtra of

a collagen praglct of the present invention prior to and after cross-linking together with that of an
uncross-linked and cross-linked commercial product Detailed Description of Preferred Embodiments

10 There is providedeppgbeasdis: mseficgisha Jalfsingia SRR Af Ut a oo Stsdh.
process compisgsEentastingtagdissuadids anexjasinysoluiahseing ovikitactadeiemadertal into
solution followed by separating a solutiog containip Qd freez?égré/in the

) th?n biorpaterial extract &
separatéfl sofiioh e aieaR Rt & ﬁ%ﬁé’rtﬁg(%ﬁ? 2eRaFD Be OB >IETRE Bidmaterial may
be any biomatségtis|hoh wanheeeoiuacte d femy dileogfigabtisisusninoo me sgebodinepicthe diematerial
may be a maigrgatiectet IoMPROUGAIRY il has fEiRidIo ot kiR AR SCladlns
connective tissue m%?udlng one, tendon, ligament or Cartilage. I one embodiment the biomaterial
may be extratiedifding principaily, but not necessarily solely”.

The term “isolated” or “purified" means that the material in question has been
1s removed from its host, and associated impurities reduced or eliminated. Essentially, it
means an object species is the predominant species present (ie., on a molar basis it is
more abundant than ahy other individual species in the compesition), and preferably a
substantially purified fraction is a composition wherein the object species comprises at
least about 30 percent (on a molar basis) of all macromolecular species present.

20 Generally, a substaﬁtially pure composition will comprise more than about 80 to 90:
percent of all macromolecular species present in the composition. Most preferably, the
object species is purified to essenfial homogeneity (contaminant species cannot be
detected in the composition by conventional detection methods) wherein the composition
consists essentially of a single macromolecular species.

25 Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described. Itis to
be understood that the invention includes all such variations and modifications. The
invention also inclndes all of the steps, features, compositions and compounds referred to
or indicated in this specification, individuvally or coliectively, and any and all

36 combinations or any two or more of said steps or features.

All the references cited in this application are specifically incorporated by reference
are incorporated herein in their entirety.

In the context of this specification, the term “biomaterial” refers to any material
which is suitable for introduction into a living organism such as a mammal including a

35  human. The biomaterial is suitably non-toxic and bioabsorbable when introduced info a



skin. In one embodiment the tissue may be animal skin. In one embodiment the skin may 20 be skin of
a rat or rabbit. In one embodiment the biomaterial may be a biopolymer. In one embodiment the
biomateriaiwgeyobrogsdetted from substances such as proteins, peptides, FSIysHesRaMdsand other
organic substances. For example the biomaterial may be selected from one or more of growth factors;
extracellular matrix proteins, such as fibronectin, laminin, vitronectin, tenascin, entactin,
thrombospondin, elastin, gelatin, 25 collagen, fibrillen, mer L#g anch?rin choenﬁgon&ﬁg%,lIinkogfotein,
bone sialoprbsng EayaERIERd G848 ?Qﬁiﬁé%‘ﬁ'h?tﬁﬁél) A i &pllighn and kalinin,
proteoglycang,sHéh s ¢ igndermatin sulfate proteoglycans, keratin, keratin sulfate proteoglycans,
aggrecan, chondroitin sulfate proteoglycans, heparin sulfate proteoglycans, biglycan, syndecan,

perlecan, serglycin, glycosaminoglygwgﬁy%g&g EPATIE HEARaaAsgendroitin sulfate, dermatin

sulfate, keratin sulfate or hyaluronic acid; polysaccharides such as heparin, dextran sulfate, chitin,

alginic acid, pectinaoppeyiaradoRindnyliaioplestntciytodiries, wilicoswbs dglyrimbbeinenpolygramts,
albumin, fibrinpgen, or a phqg %holigid. WQ 2(%99/02(%?%%1%%%862004/000289 5 In one embodiment
the bion%ter?ﬁﬁgn%ﬁfaﬁ%“ﬁ&fgé% BRI émbadiment - the collagen may be selected from the
group consisting dficatades 4 jpedecttiagéormyindrated Siregan W@éqa?&?ﬂlﬁﬁﬂﬁ‘cfﬁéh%’%ﬁ&ben

Type V, collagen type VI, colla Vilc spllagendyRgeyY Wigolagess Typaddosaliagen kige X,
collagen Typ ‘S?F}t‘\ég’ﬁéb%%”smrggg )%ﬁ?lggllagsen Typge X1, cgllag,len Type XIV, or mixtures thereof. In

one embodimest-thkebliagenersigl Beodufie | collagen. Sources of biomaterial include both land and
marine vertebrates and invertebrates including a mammal, marsupial, a human, a non-human

primate, murine, bovine, ovingeteRbth & «amiipt ole psfrPrefavian] feiirepghioneinésor canine. In one
embodiment the 10 biomaterial may be sourced from a mammal or ,mars;tlaeial Sf?gb%as agr}%gan, pig,
cow, sheep, deer Tdeee, InarsideihRraronsse fPRASRIBHEE, AP BE Y REaFod© SFEAR A Suitably

the source ofaiomaterialmpyReskip:Eercanimis sRttissin vt st diesadig skiniomay be feshly

obtained or may be stored, for ‘exa_mples,ﬁgozen, orto uge. In on iﬁm%o% ?ﬁ%‘%%&i%%ﬁé"&% be
sterilized/deHaFage d pRAGRIBLEH Al R g THE R IO a P VIR ERE AU 82 TRAir on the skin may be
removed priogiaasesaDisktizating debycatinznisy depasttié weliiyrcontactiagufizctizkue wigbkn

alcoholic )
the biomaterial to be isolated.

15 The biomaterial may be any biomaterial which can be extracted from biological
tissue. In one embodiment the biomaterial may be a material extracted from biological
tissue such as fetal tissue, skin/dermis, muscle or connective tissue mcluding bone,
tendon, ligament or cartilage. In one embodiment the biomaterial may be extracted from
skin. Tu one embodiment the tissue may be animal skin. In one embodiment the skin may

.0 be skin of a rat or rabbit. In one embodiment the biomaterial may be a biopolymer. In
one embodiment the biomaterial may be selected from substances such as proteins,
peptides, polysaccharides and other organic substances. For example the biomatenial may
be selected from one or more of growth factors; extracellular matrix proteins, such as
fibronectin, laminin, vitronectin, tenascin, entactin, thrombospondin, elastin, gelatin,

25 collagen, fibrillen, merosiu, anchorn, chondronectin, link protein, bone sialoprotein,
osteocalcin, osteopontin, epinectin, hyaluronectin, undulin, epiligrin and kalinin,
proteoglycans such as decorin, dermatin sulfate proteoglycans, keratin, keratin sulfate
proteoglycans, aggrecan, chondroitin sulfate proteo glycans, heparin sulfate proteoglycans,
biglycan, syndecan, petlecan, serglycin, glycosaminoglycans such as heparin sulfate,

50 chondroitin sulfate, dermatin sulfate, keratin sulfate or hyaluromic acid; polysaccharides
such as heparin, dextran sulfate, chitin, alginic acid, pectin or xylan, polyviny! alcobol,
cytokines, glycosides, glycoproteins, polypymoles, albumin, fibrinogen, or a
phospholipid.



solution for up to about two weeks, alternatively up to about 1 week, alternatively about 1, about 2,
about 3, about 4, about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12 or about
13 days. Suitablyothegieohol may be ethanol however other 20 straight or brangheshehaimel-C15
alcohols or aromatic alcohols may be used including methanol, isopropanol, butanol, tert-butanol,
pentanol, cyclohexanol, hexanol, thymol or benzyl alcohol. In one embodiment the tissue may be
chopped or minced into smaller pieces prior to extraction or sterilization. The tissue may be chopped

or minced by use dhaontirebodimenirbe LiRBABHGEBEYH S eHaR e Haffte fHihae SRearimaHg
device. In ong emhadiment e, lspuecmay eI ibie Riskmalesfesentimaips sizedfapenarpie 1
micrometer to 10cm in size). For example the tissue ma bﬁ cutg&%ggne&eﬁs q}gbgﬂgleéofabgut
3mm in size. Th eplresRObRMBRCHAT REAY ﬁf%ﬁgé‘e et W&BEste BY ifersfRy so or
dippingl thehtis‘sg,(-:‘c'u;[q@gﬁeﬁx1 qﬁl',goring 3@1@.13@1mbmﬁaygndﬁwﬂrmﬂsgm’ﬁm Xe :ptm@d or
ainted with an extracting solution, In o mbqdiment.the bi terial _m e ed from the
Essue with sthﬁi’ﬁ@. égtﬂ lislan ) e%%?f“ﬁeélpéféa’ ?ro%g% tgra%ﬁ%gﬁoﬁﬁgﬁ%%or e%ar?nnpﬁe
about 100 rpg,bbdiiA0hpoellagot3fGepiypadoalia@drpm, about 500 rpm, about 600 rpm, about

790 rpm. about 808 tpim. 2RO 900 i 5. 0N A 000 AN Aekd 100 4RTe2 BAN MR RO

1300 rpm, about 1 rpm, _ 89 Received 07 June 2006 6 about 1500 rpm, about
1600 rpm, abinciuiiiog 2pmrrabeliri8eupiphi 2 dHEHELOD BORRISIE R SR SO0 THEE IROEEe MBBRIment

the solution is %ﬁrﬁg’d ﬁagﬂﬁﬁgtlgﬁ&ﬁféi“a g nq&m&oggﬁgﬁgt@@ eximeling:salytosrisadi:asidiciselution.
acidi

In one embodi nent t idic solution maybe an acetic acid solution, Slé\%ably 3?1:1000 acetic acid

solution,i05 tHeivaE@InE it SSREEM S I aér THABRR e AHOARTEM TR A ArEBR Fifriodd
water. Other agids raybediseRosdCankOfgaaIe, orinanganic Atit,inahuing citridlasid prpyamdk: acid,
lactic acid, formic acid, tartaric a ig, sorbic.zicid, sulfa.is a&idmhgglrgﬁglggi% l%clig,‘;ll:‘i)ﬁus% %ethf}%cid,
triflic acid, phggﬁﬁglﬁ’ct%%ﬁf%%&%i OMACREL B Knd OF ‘propanoic acid. 1 one embodiment the acid
may be dilutegkie amiohpravsilyddnatishtiomiy badiderdalie ekahplsiomateyigkidarie eehcentration
range ofthe acid used s dependent op e, g6 s ok FepifalIRA AR G AARABBbe

iC

used. For example Pace _ “ ‘
s biomaterial. When skin is used, hair on the skin may be removed prior to use.

Sterilization/dehydration may be achieved by contacting the tissue with an alcoholic
solution for up to about two weeks, alternatively up to about 1 week, aitematively about
1, about 2, about 3, about 4, about 5, about 6, about 7, about &, about 9, about 10, about
11, about 12 or about 13 days. Suitably the alcohol may be ethano! however other
20  straight or branched chain C;-Cis alcohols or aromatic alcohols may be used inchiding
methanol, isopropanol, butanol, tert-butanol, pentanol, cyclobexanol, hexanol, thymol or
benzyl alcohol.
In one embodiment the tissue may be chopped or minced into smaller pieces prior
to extraction or sterilization. The tissue may be chopped or minced by use of a mincer,
2s  grinder, food prbcessor or other mechanical or electrical cutting device. In one
embodiment the tissue may be cut into micrometer to centimeter size (for example 1
micrometer to 10cm in size). For example the tissue may be cut up into pieces of about 1
to about 3mm in size.
In one embodiment, the biomaterial may be extracted from the tissue by immersing
%  or dipping the tissue into an extracting solution. In another embodiment the tissne may
be sprayed or painted with an extracting solution. In one embodiment the biomaterial
may be extracted from the tissue with stirring. The solution may be stirred at a speed from
0 to about 2000 tpm, for example about 100 rpm, about 200 rpm, about 300 rpm, about
400 pm, about 500 rpm, about 600 rpm, about 700 rpm, about 800 rpm, about 900 rpm,
15 about 1000 rpm, about 1100 rpm, about 1200 rpm, about 1300 rpm, about 1400 rpm,



—a6id-up-te-abeut 0.5M acid may be used, for hydrochloric acid up to about 0.01M acid can be used.

_Depending on the acid, about 0.01M, about 0.02M, about 0.03M, about 0.04M, %lg%l(}g .5)5M $ l
#5°06M, about 0.07M, about 0.08M, about 0.09M, about 0.1M, is about 0.2M, abgtit 0’ 0%‘1&8 Ogﬁm |

 about 0.5M, about 0.6M, about 0.7M or about 0.8M -acid may be used. The acigi%cglglﬁ ion e
formed using acidic salts/salt buffers. In one embodiment the pH of the acidic solution may be from
about 2 to 6, for example a pH of about 2, about 3, about 4, about 5 or about 6. In one embodiment
the pH of the acidic solution is about 4. 20 In anotherfembodiment the biomaterial may be extracted
with or without stiaieg: Lsingsa, Rioaewtal $all aolvertodapaxaninia Hd Msodivmiehiosideand 0.05 Tris
at a pH of about 755m|9@%80t1r1‘1er1§?n%0di£n§mt bioriar;laterjal may tt) extt 8ted with or without stirring
using an acidic solution corﬁ’alhing en%rgr}n’?ezél,l?%r S nglbg.gﬁr%c%t?c aci aﬁ’&“'pepsin (2:20 wiw). 25
In one .embodiment théeyey sebngisett therereginesalvtonyinic atliy bifion. Theno rydnitnaid buffer may

be an acetic acid bufieic;cHsianeichbpHiem RysyicAGsheslantic agishhutiar akifornig.acid buffer. In

one embodiment the buffer.may.be adjusted to a pH of from about 2 to about 6., Fqr example, a pH of
about 2, about 3, %Egéﬁtf04, %1%%%% o :%1 %ﬁt‘?r%faﬁbgnﬁs%?jg]?ﬁ%? %’)t(aﬁ%rﬁaét?ﬁgl ﬁuﬁ%%ﬂ?&ﬁ?%{e adjusted
with sodium acetdtéieso SBuiAtidsirar e miyrumsteisudrmedmerdsidessdidimirsiesidponate,
sodium -carbonatgyervpoiagsisimicsalls Mhanatie Lamkedimentbib e RX HASHRG S0 ulignmay.be a

Tris-HCI buffer or_alkali- containing byffet system, such as a pqtassium carponate-containing,
phosphate- conta?lr(ﬁ(?fganrﬁ:kllro(g89('-‘3}‘%1}-1 ¢ g%Hm%ﬁglﬁ uX maPlg; -g%ﬂ%’ eo%%ﬁ?éani%‘ﬁ’ﬁﬁg?‘ﬁﬁiﬁﬁ“ﬁr ﬁit%cﬂ)%aoﬁH value.

- Amended Sheet IFERIRIGWE Z006/e2BUiBPCIN SGLOIGONEREY 7 Wlancemt fimseratiepresent in -
the-_extractingosolmm@mmp%r@mgﬁwmt@m of @pavmesdnclude those
Incusiios AIS.of DR or AHRAT RS Lt LRGP ERASER MARRPER () (ol by 5
Gist-Brocades), e Ri. 4prBhe Shpédimeriethed iy hvdrsigepsisrid v reabenbBdiddertidhe tissue
may be contactedaniti: thed DepetifngsSelUiendi aabout 0.01M, about 0.02M, about 0.03M, about

- " 0.04M, about 0,05M, about 0.06M, about 0.07M, about 0.08M, about 0.09M, abuut 0.1M,
15 - about 0,.2M, about 0.3M, about 0.4M, about 0.5M, about 0.6M, about 0.7M or about 0.8M
acid may be used. The écidic solution may be formed using acidic salts/salt buffers. In
one embodiment the pH of the acidic solution may be from about 2 to 6, for example 2 pH
of about 2, about 3, about 4, about 5 or about 6. In one embodiment the pH of the acidic
solution is about 4,

20 In anotheér embodiment the biomaterial may be extracted with or without stirting
using a pH neutral salt solvent, for example 0.1M so'dium.chloride and 0.05 Tris at a pH
of about 7.5. In another embodiment the biomaterjal may.be ex&acte& with or without -

. stirring using an. acidic solution containing enzymes, for example 0.5M acetic acid and -
pepsin (1:10 w/w). a | |

25 " In one embodiment the extracting solution may be an organic acid buffer. The
organic acid buffer may be an acetic acid buffer, citric acid buffer, pyruvic acid buffer,
lactic acid buffer or formic acid buffer. In one embodiment the buffer zﬁay be adjusted to
a pH of from about 2 to about 6. For example, 4 pH of about 2, about 3, about 4, about 5
or about 6 may be used. For example the buffer may be adjusted with sodium acetate, -

30 sodiur;z citrate, sodimm pyruvate, ‘sodium hydroxide, sodium- hicarbonate, sodium

" carbonate o potassium salts. | '- o |
_ In another embodiment the extracting solution may be a Tris-HCl buffer or alkali-
. containing buffer systém, such as a potassium carbonate-containing, phosphate-

- comtsining, nitrogen- , ammonium- or sulfate containing buffer with a suitable pH value.

_::A;;ter{ded_Sheet. R -
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ratio from about 10 to about 200g of tissue per liter of extracting solution. In one embodiment the
tissue may be contacted with the extracting solution for up to about 14 days, typically from about 4 to
about 14 d&V8. B##étBr longer times may be to used. For example less tR&A/E68M480R hutes to a
number of weeks. For example about 1, about 2, about 3, about 4, about 5, about 6, about 7, about 8,
about 9, about 10, about 11, about 12, about 13, abou? 14, about 15, about 16, about 17, about 18,

about 19, about 20, u ut 22 2 b -hou ut 2, about 3. ahout 4, about
5, about 6, about %%b%%u%é%)gﬁggt , aggeglg }{Jo’uzb%%% ]%ﬁ é%%ﬁglég,lg%%%‘t é’»b a%%ﬂej, gb%’utqg 15,
about 16, abopreiRlzie vZBIEsouEXINalss e L enaaiss uneiudyBostheokinedr ohoioadatoaales
solubilised typicglyrnapasesrviliiig ien ot ol SrREdme VheRSEaMRAYREY R BiRmalexia may

be extracted at room temperature and pressure. In another embodiment the biomaterial maﬁ;?e
' oe

extracted at atERFEPAHeBMREAZHOHS MHradot UBCTROFERAHIS fefrhRFA e

about 0, apoutsistanebhdesdbOtibchsit) FRME4naalibond B éryakoit out 8, about 9, about 10,
about 11, about 12, about 13, about 14, ahout 15, ablgut 16, ag%ﬂt % %out 18, .about 19, about 20,
about 21, about Zina%% ,Ogg%lﬁ b e BT AR e FIRBEE Y7, BT B X L &t 30,
about 31, abeutidZoababiR3, (aleoalidd 2800wl Sssabpet By aiext:3dtimbamiti@8a.about 39 or about
40C. In one embodjment the, bigmaterial may be extracted,at a pH.of from about 2 25 to abput 6. For
example the pH dmangx?égﬁ(%& rﬁfgy{%%r% %ﬁ&%k&ﬁo ,taat%c{ljm%a%guﬁx a(():?l% 8&%“5"% %ﬁélp
embodiment theapbiis! 4siaysAtsipieadbo fram ebavitkd tieerpratdrtdaverfilonteafterengadiions theysotution

containing thgextragted-biamaterial {f40eP.5¢R8 AIGMHIE ANS ARReHERAILINe AN, BIYRG:

centrifuged so as to separate a supernatant from solid residue. In one embodiment the 30 solution

may be centrifud@@¥bphi ¢ thsut therhantdh sbXHin 3B Proporherblterat Spakenbi beAbottiging

and may range;frapafererabsainieadoud fanahows sl aarayalivu isadbiaMerk, Rebexam iR the
solution may b%c ntriﬂ?ged for a%gut 5, about 10, about rﬁS, about 30, about 45 minutes or about 1,
about 2, aboutd 8PAbre-hBbRE! Frie ttiGN Fﬁaﬁ;’%’é ¢ H?ﬁﬁre@%‘l“ajsﬁ‘é’gﬂto}’aﬁtﬂ%‘é%ﬁamtZ%OOrpm

up to the maxibeunGgbinmeiispeds] aBbuoy, example,atbout G00EM 2 FarxdnpiBdkiiel 8ohKban may
be centrifuged at g speed of W 06/028415 PCT/SG2004/000289, 8 ut 2000, about 3000, about
4000, abtit SIRC LM 6B Sty 0o SR hu AR O a Ao FUsbo HbATtIRhet,
about 30000, bivostarb008; lmbilisc800Qical mbooteases with ‘the length of stirring time. In one
embodiment the biomaterial may be extracted at room temperature and pressure. In

another embodiment the biomaterial may be extracted at a temperature between about §
and about 40°C. For example the temperature may be about 0, about 1, about 2, about 3,

20 about 4, about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12, about
13, about 14, about 15, about 16, about 17, about 18, about 19, about 20, about 21, about
22, about 23, about 24, about 25, about 26, about 27, about 28, about 29, about 30, about
31, about 32, about 33, about 34, about 35, about 36, about 37, about 38, about 39 or
about 40°C. In one embodiment the biomaterial may be extracted at a pH of from about 2

25 to about 6. For exampie the pH during extraction may be about 2, about 3, about 4, about
5 or about 6. In one embodiment the pH is about 4.

In accordance with the present invention, after extraction, the solution containing
the exiracted biomaterial is then separated. In one embodiment the solution may be
cenfrifuged so as to separate a supernatant from solid residue. In one embodiment the

30  solution may be centrifuged for period of time, the length of which is proportional to the
speed of centrifuging and may range from several minutes to a few hours until separation
is achieved. For example the solution may be centrifuged for about 5, about 10, about 15,
about 30, about 45 minutes or about 1, about 2, about 3 or more hours. The solution may
be centrifuged at a speed of at least about 2000rpm up to the maximum equipment speed,
35 for example about 60000rpm. For example the solution may be centrifuged at a speed of



60000rpm. For example the solution may be centrifuged for about 3 hours, at about 4000 RPM. In one
embodiment the supernatant may comprise a transparent, jelly-like solution. s In one embodiment,

prior to centffdgiig%id here the solution is highly viscous, the solution mB§ BeGRAMPURR

additional acid using the same type and concentration of acid used in the original mixing solution, for
example,100mM acetic acid). Addition of additional aci may improve the flow for easier handling.

Alternatively, g gifferesHACiHiG, S0 IIBAY RGNS 14bHH 2HSRE LR ABIERE VOB 388#%Bbo0,

containing the extracted biomaterial ma% be sed)arated by another chemical or physical separation

process. For eseapROB%e demutidA0E6n A0 abarictPBUimateRa AP 1P eEh AP B PRREL tion

whereby the sghiitigeh biespajariahwithbetaniainas iBdaedilirated forcboid aTEeuiatasoRteRmt
invention, after separation, the separated solution is is then freeze-dried at a rat%@g[}[‘g(igr%%o enable
stant

the biomaterialiMe FROBESI N HHELE 6 SHRARRIARE AL LTRRRAS & T 3B BRE e Y49 or all
of the solvent tg baestpliciiachic aring thedioifiasdinbad svhardito poidtich rasldgblyinveneus, the

embodiment any fat or other contaminants qn.the surface of the,supernatant may be r. ed prior to
freeze-drying. 18?%%“%%31%@‘%??%??%%%@5&%’%%& a 7£rﬁ%nygseg:|locarga eeoﬁ’tpi%t%ng I‘g@%ﬁ%%%\%ﬁ%:ﬁ%rﬁay
be removed bygitiysiedlimiensgic asnskiruting Grdecamicg | Sfoddcaagtitmyiday bédmtinded
until a dry f°amd&i}ggﬁ%%%?ﬁmgfﬂl@oﬁ{é@@@%@/ﬁé“mﬁegé&&l BasamRe Rasaukioateds fbedrydaam

may be suitabﬁ/ white in colour.”In one embodiment the freeze-drying step may involve firstly an
equilibration stepuiirnmiey beeddithgen mixture is held at a temperature of about 10 to about 30C, for

25 example for abO%%&Be%ﬁ%&m%v&ﬁé%%&pemgh%t%rbi@rﬁh@@ttﬁgnﬁateﬁm&nﬁ@r be
example for about 10, about 15, about 20, about 25, about 30, a

out 35, ahout 40, 2 about 45, about
50 or about 55pRRAES byTAROSH AR OF P RSPt SANGER BRI %S0l 8%?’9?&?1% SYHAGE from
less than abouicHelmingtehaReuhbRM IRk MRl batsep@ampdraiefMiration tthdrchbalit Sculibedt 1,

about 5, about 10, about 15,.about 20, sqQ abput 25, about 30, about 35, about 40 or about 45C/nvn to
a final temper;’d?f@?ﬁ?‘ﬁ%%h %%?5‘%‘8%5%&%?0 %3% -80C, for example, about -10, about -20, about
-30, about - y 40, atipuicfidairatt-60 the phesht 16\@nHomopB e pditent thesgmpicedabous

sc/min. The 1 18le Mhakpay.ps YsReAERan IS LARn o0 dpical Pl Bk figkig.leolgiegydhen

collagen i isofa ed, the ramp rate tor cooling may be between 0.5 to 35 5C/min however, a faster or
slower rate magnthodisestt fan dity SretfBcient tmteamable substantially all or all of the solvent to be

sublimated leaving the biomaterial as a purified product residue. In one embodiment any

fét or other contaminants on the surface of the supematant may be removed prior to

freeze-drying. In one embodiment, during centrifuging fat may separate out into a layer

20 which may be removed by physical means such as by skimming or decanting. Freeze-

drying may be continued until a dry foam is obtained and substantially all water in the
sample has sublimated. The dry foam may be suitably white in colour.

In one embodiment the freeze-drying step may involve firstly an equilibration step

in which the collagen mixture is held at a temperature of about 10 to about 30°C, for

35 example for about 15, about 20 or about 25°C for a period of 0 fo up to about 60 minutes,

for examaple for about 10, sbout 13, about 20, about 23, about 3{7}_,_‘_‘“??9& 35, about 40,

27 about 45, about 50 or about 55 mingv’_tig_.m:ﬁﬂe collagen mixture may then be suitably

cooled at a ramp rate raﬁge from lessm than about 1°C/min o about 50°/min, for example
: at a ramp rate of about 0.1, about 0.5, abm;g 1, about 5, about 10, about 15, about 20,
30 about 25, about 30, abougﬁ, about 40 or about 45°C/min to a final temperature in the
range of about -5°C to about -80°C, for example, about -10, about -20, about -30, about -
49, about -50, about -60 or about -—7€}°Cj In one embodiment the ramp rate is about

2

Ca

“$°C/min. The ramp rate that m_ay be used is dependent on the biological material being
isolated. When collagen is isolated, the ramp rate for cooling may be between 0.5 to

35 5°C/min however, a faster or slower rate may be use depending on the amount and



WO 2006/028415 PCT/SG2004/000289 9 distribution of impurities. The temperature may be held at
the final temperature for about 5mins or longer, for example, for about 12 hours. The length of time
depends oAE0WINIR1ESand size of the solution, the length of time suitably et Safde48%or the
solution to freeze completely and the final temperature to equilibrate to the same level s through the
frozen solution. The freeze-dryer used may be set up $o that the condenser temperature is suitably

between about 0C and ahout -105C, for example between abouf -40 a -7 T um in
the freeze-dl‘éiép&g@%%%}ﬁ'@%ﬂ% |ItﬁI@%ae %é?\agt?gu %‘égttfgl%ggﬁ?%%@égr %%?aééga?%q%lwa-
about 0.0006¢HRa)otyiicgdly foewwaepibdut aHEto 2dours.03Beokn@Eborft Biod Zengbdean.dha7
kPa). Any remaining to Jmpuriti hj a acgabieGam MmewRaremoyRd from
the purified R %ﬁ%ﬂit%%fy %@%yé%?éﬁ%@pﬁg%#%?tgiﬁhﬂg%rﬁ?Iayé}r. The extracted biomaterial

may be crossdinked for feseanplempdivioln endsbsifiaal tagpaesusniacrBiibadretls siae lovel
ffeeze-dQyi“%J&%Qﬁé%é@ﬂ%ﬂ%ﬁf%ﬂ%@é&@ﬁﬁ%} peRfetag embodinestma metbhadialss

extracting and purifying a biomaterial extract which involves less stegs éhan those rgf conv%g)gﬁgal .
3 n

processes USHBHRBSIRAIS KU bR DSV6rh 08 Sy SRR prosdRt RFERISP RS
conditions maybg,apiispized saas thereshkicen dallagefrefeommpeerciaiqualitbin palipd queititiés at
lower cost. In one emhodiment the proce es not invaly, addition ta precipitaie the
collagen prioP?B“f'FE’éz‘?hﬁ“éOgg’%d%f@?%gt 63%? |réofﬁeg%t&&ﬁi(ﬁlégﬁgﬁétgag%%c%rgg?%z@kr%e fﬁgxggf in
collagen extrastiosen Gaitede hsabobatity Lot fvialer{tboafré htly-chorh 8o RISl obiizgenyimayche
extracted by.the method, of.the inventio iscl erein Usi -glryi efuLifg
process FredSB%H IRy ‘?gng 1}03\,‘*_1@31’”%"& ?eﬁtjr% %&S&ﬁf%?g%%% ér%glé%s%eé%%e% %%/t%sr%? |ct)£tH tt%g%%{s%%al

structure of cpiteified cBYjegen fitabby bscriirsisaheeprodion efitherimpysipaaedification to the chemical
structure of collag%éiggﬁalg%§ R,eREaRical %%e Bis 3ads ismeeraiy @@ﬁﬁ;ﬂé&fﬁg% Q-6 ufiig may

be avoided. The process of the invention may be cheaper than conventional processes, particularly by
use of existinegpyt preblgsBo AP RS Re&FEYIRE process of the invention may be readily

scaled up. Conventignalpigeesspsirinopaining cellrRgenidoprefisnl fipszaitingng, in ardeidd <30
purify the collagen in the manner as described in.the prese t.inventiclpn.%TE)eeS Spg%%asn invention also

relates tHa b ERE %B?trﬁﬁ{‘&g}?a?e 1B§1ﬁt,<a’lﬁ Sact which' mvo ose &

conventional processes using less harsh chemicals or processing steps.

In the present invention the extraction conditions may be opiimized so as to produce
collagen of commercial quality in large quantities at lower cost. In one embodiment the
process does not invoive the addition of a salt to precipitate the collagen prior to freezing

20 and may not require the addition of proteases or enzymes to assist in collagen extraction.
Collagen of quality equivalent to currently commercially sold collagen may be extracted
by the method of the invention as disclosed herein using freeze-drying as the purifying
process. Freeze-drying is a low-temperature purification process that does not disrupt the
physical structure of collagen. By use of freeze-drying, the product suffers iess

25 modification to the chemical structure of collagen since harsh chemical solvents and
temperatures in the range of 50 to 60°C may be avoided. The process of the nvention
may be cheaper than conventional processes, particularly by use of existing by-products
from in vivo experiments. The process of the invention may be readily scaled up.

Conventional processes for obtaining collagen do not use freeze-drying i order fo

s0  purify the collagen in the manner as described in the present invention.

The present invention also relates to a biomaterial extract prepared by the process of
the invention.

The product of the invention may be used in methods and applications as referred to
herein in the Background of the Invention. The product of the invention may be used n

35 cosmetic, medical, pharmaceutical, food or veterinarial applications and may be applied



the invention. The product of the invention maybe used in methods and applications as referred to
herein in the Background of the Invention. The product of the invention may be used in 35 cosmetic,
medical, ph&¥@aeeid4kSfood or veterinarial applications and may be applictCR/E-283619282 15
PCT/SG2004/000289 10 topically, intravenously, intramuscularly, intravascularly, intraperitoneally,
subcutaneously or orally. The product of the inventionifthay be used as an addition to new materials as

a coating or incorporation, into a material in grder to make it more_hi tible such as s fof soft
tissue replacéﬁfﬂ?ﬂy%ounﬁfl%\vgﬁ%'& s a &f%rgaﬁgﬁsig@&%atricle%gc%?%%%fgﬁg’or ca#éff‘?ge r%mod%ling,
or as a substratecigaeelbgrourthralither applications include biological coatings/films/membranes,
flersiscalants, hemgsaisRers EbIEMAFhal Besfardoadanliasisn ooy dpiiseasiaissianle

.~ The pro . .
systems, cosmetics, Srihciat skin ressings, bone-reconstruction materials, scaffolds,

sutures, arteriadatizgset ncrEplasEpTCiNE ¢imuberalap| E&Th Antaksdb ARRRERINsPIRAthIE BieRidtt of
the inventjon ga%%&% 4550 {RRLEPAIRNOR GhEICAMGAINEReNu B EVBA0 S fiites, coMPBSHeOr
a

. 5 . . . . .
suspensions, ets, capsules, delayed release capsules, jmplants, foams actl\ée mgredlergyccfrners,
$% €

parenterals, etreikiEe symenshagn R FsaRs e daFierL 5BRMhs o £ BRPRUSAIRS RSl may

be used togetgf i PReiaESelive Sushtaen ey tinftayvediorsshentkistanfibes, atialbergishes,
disinfectants, antimicrobialséﬁgﬁomh factors, ntj-deigdraE'

d iseptics. or .othar-
compounds st 6 FRARLEASRSRRIYS - TeES IS sble” St SonuSEPUGS LAt

xamples e’present invention will'now be
described by waiek cdsmpies T e exanptesnsiionldmattelsorsatotias mmbmsswaytaratingetselscope

fom in i SERCTRL A EOLR T EEaT e eot il use. 25 The.skin was cut
into | to 3mm pieceSlangredakiedfidheprtectioneuslshe #9505 NEAMEREOTLMS TEFES tORIETREEL the
scan and deh raggeb}%;[ hﬁb%g; m@@&glg&%{@{gﬂg beaker egpiaiBingdialdGaesiic apchralution
and stirred for 416’14 d3dys. The solution i

implants, foams, active ingredient cariers, parenterals, enterals, eye drops, nanocapsules,

as carriers, sponges or fleece.

15 The biomaterial may be used together with another active such as
anfiinflamunatories, antihistamines, antiallergics, disinfectants, antimicrobials, growth
factors, anti-dehydration compounds, antiseptics or other compounds suitably for medical
or velerinary uses.

Examples

20 The present invention will now be described by way of example. The examples

should not be construed as in any way limiting the scope of the invention.
Example 1 |

Freshly obtained, shaven skin of post-sacrificed animals (rat or rabbit) from in vivo
studies was immediately stored in a deep freeze and kept until use.

25 The skin was cut into 1 to 3mm pieces and soaked for up to two weeks in a 95%
alcohol solution so as to disinfect the skin and dehydrate it. The skin was then placed mnto
a beaker containing 1:1000 acetic acid solntion and stirred for 4 to 14 days. The solution
was then centrifuged for 3 hours at 4,000 RPM to separate the transparent, jelly-like
solution from the remaining solid residue. Prior to centrifuging, when the solution was

30 highly viscous, the solution was diluted with additional 100mM acetic acid. The
supernatant was then transferred into vessels for freeze-drying. Prior to freeze-drying any
fat on the surface of the supernatant was removed. In this regard fat separates out info 2
layer during centrifuging and can be removed by physical means such as skimming or

decanting. Freeze-drying was conducted using ramp rates previously described until a



was then centrifuged for 3 hours at 4,000 RPM to separate the transparent, jelly-like solution from the
remaining solid residue. Prior to centrifuging, when the solution was 30 highly viscous, the solution
was diluteXAPHABHTal 100mM acetic acid. The supernatant was then FaRSTeR¥d/#i38%essels for
freeze-drying. Prior to freeze-drying any fat on the surface of the supernatant was removed. In this
regard fat separates out into a layer during centrifugihlg and can be removed by physical means such

as skimming or decanting. Freeze-drying,wa | revi | until a
0 2006103 e T S Ao A B e i
separate outfofitiherslictade: ot thevedampdydicdrstrareinoved s ipmpsicala&paration of the impurity

layer. Example 2 A test was conducted to determine whether the product produced by the method of s
the present M comparable in material characteristics with a commercial quality Tyﬁ?éfl

Collagen. FTIR (Féutest rahseaenchsrdredetpasns kBerihe Brtrt P orrated hibamedr
invention, angi Gommetsiaua iy colipgeniGalraesidnpdcBaving WahdorSigeeiibeusliypplied

by Sigma. The results of the FTIR are shown in Figure 1. In addition a chemical crtalss-li king,reaction

was performdd®h ociagsthrdthis e FUSKHIGh A SRR CONagRR IS tesWhether the
product of thenuestionHespendivin ihe sarommeniraaliynviérgtal (Ueliityrcdiageh. Bheine
cross-linking_mechapjsm is.proposed.as follgws: 1-eth + _- 1 Fi 1
I-3-(3-dimeth§ﬁfﬁ%g¥%ﬁ§l %ﬁ%&ﬁﬁﬁé@h%%%g%:%F%%ﬁeOfB%e%%{S?%%gs\ﬁlﬁnxﬂinglggrlﬁgchanism
00 RI + R,-Nr@ahkR? x thnRaDEIRTHBING coabidsylikagroarfarRed onBedtUfsamiaE pAbR?2 IS
or collaqg : QngegﬁgnRﬁld\lﬁle NGt %’o‘ﬁé@éﬁ‘ 10055t whether the product of the invention

responds in the same manner as commercial quantity collagen. The cross-linking

mechanism is proposed as follows: |
1-ethyl-3-(3-dimethvlaminopropvhearbodiimide/N-hydroxysuccinimide {EDC/NHS)

cross-linking mechanism

X o
NH
‘ +  Ry—N=C=N—R )
RkOH 1 : R o-C
H
N
carboxylic group |
Rechondroifin-sulfate  EDAC R
15 " or collagen
R 8] O $1
g o NH
)k II\EH + HO—N ey R—C—0—N + o:(I;
R O—i(s: u E\EH
N o Y
Rp
NHS substituted urea
Q Q
R—-Q—O*N +  HoN—Coll ——> R‘%‘HN“CO{E + HO“N?
0 o
O fres amine group . . 0
on coilagen amide crosskink

The resulting cross-linked products were examined by Fousier-transform infrared
20 (FTIR) spectroscopy. The results of the FTIR spectroscopy are also shown in Figure 1.

Tt can be seen from Figure 1 that the FTIR profile of the product of the invention
matches that of the commercial collagen. In addition, the cross-linking reaction affected
the FTIR spectra of both the product of the invention and the commercial collagen in the
same way. Figure 1 indicates that the chemical structure of the collagen product of the

25  present invention is equivalent to that of commercial collagen.

Example 3



ft~O-C ONH N O 0 R2 R2 NHS substituted urea O O R-C-O-N + H2N-Coll R-C-HN-Coll + HO-N I
It O O 0 free amine group 0 on collagen amide crosslink The resulting cross-linked products were
examined BYFSERER AN sform infrared 20 (FTIR) spectroscopy. The resuIPsca:ﬁﬁéﬂé"Wgﬁectroscopy
are also shown in Figure 1. It can be seen from Figure 1 that the FTIR profile of the product of the
invention matches that of the commercial collagen. Id&ddition, the cross-linking reaction affected the

FTIR spectra of b astréecgﬁoﬁ%gglé&@ wgmmc;he@amﬁg |3ge R HRARISHING Wt

Figure 1 indicates Atihe ¢ emical structure of the collagen product of the 25 present inv is
equivalent torthetostemmriisttiproddieaitm %Hﬂﬂé@\ﬁéﬁ%@%ﬂ@ BREFTEESHERR HoR> 2

Basic cell cUltyrR JgSts s B eRNELEBEbFak MR RRRIPOTHYaR bsRIyeditsingbghindhiaro deaptje Cell
proliferation rate and metabolic activity was measured usin%the AVFTT gryeﬁlﬁlow‘t,%gatzolium% cell
i 3 0 an exten

proliferation @sedyctrethadryentian RO IIREm Mo SRS R R R invVention 1s Ron-toxic to

cells ahdsca%aumégp@Itggpwla&@@e@gpmnimuivalent to that of commercial collagen. Industrial

Applicability The present invention relates to ocess,fQr extragti biomaterial such as collagen.

The product of the invention may be used in f gr%% fé?lrn&epdﬁiié?%%ﬁgfnaceuticql, food or veterinarial

industries. 10 Otherigmbesimentesafithe ielaetido wikhteepplrenktatiogesbikaemet Behdh

consideration of the specfication and practie ofhg:tayentien diselonssh hereiBoddefidaiibdical,
pharmacentical, food or veterinarial industries.

10 Other embodiments of the invention will be apparent to those skilled in the art from

consideration of the specification and practice of the invention disclosed herein.



1. A process for isolating collagen from biological tissue, comprising: contacting the tissue with an
extracting solution so as to extract collagen into solution; separating a solution containing collagen by
centrifuging or by filtration; removing fat and other contaminants from the surface of the separated
solution: and freeze-drying the separated solution at a rate sufficient to enable collagen to be isolated.
2. A process according to claim 1, wherein the bidlbgical tissue is fetal tissue, skin/dennis tissue,
muscle or connective tissue. 3. A process according to claim 2, wherein the biological tissue is animal
skin. 4. A process according to claim 3, wherein the animal skin is skin of a rat or rabbit. 5. A process
according to any one of the preceding claims, wherein the collagen is collagen Type 1. 6. A process
accordin%%%‘%lﬁy one of the preceding claims, wherein the extracting solution is an acidic solution, a

PH neutral solyent, anedanaacibller. AR 16k BilfpLiehalkaliconainiog bulfataypiem. 7. A

process according to claim 6 wherein the acidic solution is an acetic acid solution. 8. A process

according to any on&'oFESECMEGHIRY ERsIRS, SHEIRSerRS freaseaci spiagienpeiforeheebat a cooling rate
of less than 0.1C/MiRe-50%/Mid1 Qi PFACESMACERLHiBg 19 @&Mx@ﬂﬁ%iﬁ%%%?rﬁﬁ?ﬂi%;daims’ wherein

the freeze- drying is performed at a cooling rate of less than 1C/min‘to min. 10. A process
according to any on&BPIHBE Eetidg WhsmsonrsBRtheiparZbe dpyiterts peribemistrattiedooling rate
of betwegp@ipk/AHA to 5C/min. 11. A process according to claim 1, wherein the extracted biomaterial

is further cross-linked before, or after freeze-drying.
freeze-drying the separated solution at a rate sufficient to enable collagen to be

isolated.

2. A process according to claim 1, wherein the biological tissue is fetal tissue,

skin/dermis tissue, muscle or connective tissue,

-

3. A process according to claim 2, wherein the biological fissue is animal skin.

4. A process according to claim 3, wherein the animal skin is skin of a rat or
rabbit.

5. A process according to any one of the preceding claims, wherein the collagen

is collagen Type 1.

6. A process according to any one of the preceding claims, wherein the
extracting solution s an acidic solution, a pH neuiral solvent, an organic acid buffer, a

Tris-HCI buffer or alkali-containing buffer system.

7. A process according to claim 6 wherein the acidic solution is an acetic acid

solution.

8. A process according to any one of the preceding claims, wherein the freeze-

drying is performed at a cooling rate of less than 0.1°C/min to 50°C/min.

9. A process according to any one of the preceding claims, wherein the freeze-

drying is performed at a cooling rate of less than 1°C/min to 50°C/min.

10. A process according to any one of the preceding claims, wherein the freeze-

drying is performed at a cooling rate of between 0.5°C/min to 5°C/min.

I1. A process according to claim 1, wherein the extracted biomaterial is further

cross-linked before or after freeze-drying.



