PROCESS FOR | SOLATI NG BI OVATERI AL FROM TI SSUE AND AN | SOLATED BI OVATERI AL
EXTRACT PREPARED THEREFROM Techni cal Field The present invention relates to
a processwbanodmeshiati ng and purifying a biomaterial fromrCrissaea/oarnd a

bi omaterial extract prepared therefrom Mre particularly the present
invention is directed to a process for extracting and purifying a Type 1
col | agen extract. Background of the Invention Collagen is a major

structural protein of connective tissue such as skin, tendon, cartilage and
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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, |

20 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

25 using multi-step chemical and mechanical processes, such as described in Ehrmann, 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
filtration, decantation, enzyme extraction, salt precipitation, crosslinking reactions and

30  dialysis.

Conventional processes for extracting and purifying collagen, are typically

complex, costly and suffer from the disadvantage that the structure of collagen can be
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15 process for purifying and extracting collagen.

Summary of the Invention

According to a first aspect of the present invention, there is provided a process for
isolating a biomaterial extract from tissue comprising:
contacting the tissue with an extracting solution so as to extract a biomaterial into
20  solution; .
separating a solution containing the biomaterial extract; and
freeze-drying the separated solution at a rate sufficient to enable the biomaterial to
be isolated.
According to a second aspect of the present invention, there is provided a process
25 forisolating 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 50°C/min to
30  enable the biomaterial to be isolated.
According to a third aspect of the present invention, there is provided a biomaterial
extract prepared by the process of the first or second aspect of the present invention.

Definitions



enabl e the biomaterial to be isolated. According to a third aspect of the
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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 substafltially 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 described herein is
susceptible to variations and modifications other than those specifically described. It is to
be understood that the invention includes all such variations and modifications. The
invention also includes all of the steps, features, compositions and compounds referred to
or indicated in this specification, individually or collectively, and any and all

30 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 into a
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tissue. In one embodiment the biomaterial may be a material extracted from biological

tissue such as fetal tissue, skin/dermis, muscle or comnective tissue including bone,
tendon, ligament or cartilage. In one embodiment the biomaterial may be extracted from
skin. Tn 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 biomaterial may be selected from substances such as proteins,
peptides, polysaccharides and 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, merosin, anchorin, 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 proteoglycans, heparin sulfate proteoglycans,
biglycan, syndecan, perlecan, serglycin, glycosaminoglycans such as heparin sulfate,
30  chondroitin sulfate, dermatin sulfate, keratin sulfate or hyaluronic acid; polysaccharides
such as heparin, dextran sulfate, chitin, alginic acid, pectin or xylan, polyvinyl alcohol,
cytokines, glycosides, glycoproteins, polypyrroles, —albumin, fibrinogen, or a

phospholipid.
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20 stralght or branched chain C;-Cys 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 of a mincer,
25 grinder, food processor 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
30  or dipping the tissue into an extracting solution. In another embodiment the tissue 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 rpm, for example about 100 rpm, about 200 rpm, about 300 rpm, about
400 rpm, about 500 rpm, about 600 rpm, about 700 rpm, about 800 rpm, about 900 rpm,
35 about 1000 rpm, about 1100 rpm, about 1200 rpm, about 1300 rpm, about 1400 rpm,
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20 In another embodiment the biomaterial may be extracted with or without stitring
using a pH neutral salt solvent, for example 0.1M sodium chloride and 0.05 Tris at a pH
of about 7.5. In another embodiment the biomaterial may be extracted with or without
stirring using an acidic solution containing enzymes, for example 0.5M acetic acid and
pepsin (1:10 w/w).

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 another embodiment the extracting solution
may contain an alkali or alkaline metal salt. In one embodiment the buffer may be
adjusted to a pH of from about 2 to about 6. For example, a pH of about 2, about 3, about

30 4, about 5 or about 6 may be used. For example the buffer may be adjusted with sodium
acetate, sodium citrate, sodium pyruvate, sodium hydroxide, sodium bicarbonate, sodium
carbonate or potassium salts.

In another embodiment the extracting solution may be a Tris-HCI buffer or alkali-
containing buffer system, such as a potassium carbonate-containing, phosphate-

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



of about 2, about 3, about 4, about 5 or about 6. In one enbodinent the pH
of the acidic solution is about 4. In another enbodi nent the biomateri al
may be exwoaotsadsasst h or without stirring using a pH nerCraiG2emlonozssl vent ,
for exanple 0.1M sodiumchloride and 0.05 Tris at a pH of about 7.5. In
anot her embodi ment the biomaterial may be extracted with or wthout
stirring using an acidic solution containing enzynes, for exanple 0.5M
acetic acid andVbepsinnyrfds bfe \regent hin thoecxtriotug rsehttiohheheXeepats ngay be
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ti ssue nay bé contatte e ’ex acfln solution’in a rdtiro from about
10 to about2(@Bgytdfl, bbes 2, pbasutl%tcﬁrab«)ﬁt .’é4<1homs1 abuogt 2o bbbt Gn abdui 4prabout 5,
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21, about 22, about 23 or about hours, about 2, about 3, about 4, about
5, another embodiment the blomatenal may be extracted at a temperature between about 0

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 example 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 extracted biomaterial is then separated. In one embodiment the solution may be
centrifuged 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



about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13,
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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

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

for example for about 10, about 15, about 20, about 25, about 30, about 35, about 40,

about 45, about 50 or about 55 minutes. The collagen mixture may then be suitably

cooled at a ramp rate range from less than about 1°C/min to about 50°/min, for example

at a ramp rate of about 0.1, about 0.5, about 1, about 5, about 10, about 15, about 20,

30 about 25, about 30, about 35, 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 -

40, about -50, about -60 or about -70°C. In one embodiment the ramp rate is about

5°C/min. The ramp rate that may 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



hi anot her enbodi ment the solution containing the extracted biomaterial may
be separated by anot her chem cal or physical separation process. For
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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 less

»s  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 invention
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 in order to

30  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 in

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



tenperature is suitably between about O0C and about -105C, for exanple
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col I agen swpicaty)y bwmtbswusiy] Sep@dmiscolrle] t lhstrdvenuldrty | apgaperiioreally,
extracted biomaterial may be cross-linked for exanple using a cross-1linking
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extract prepared by the process of the invention. The product of the
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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 into
a beaker containing 1:1000 acetic acid solution 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 into a
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



subcut aneously or orally. The product of the invention nmay be used as an
addition to new materials as a coating or incorporation into a material in
order to weakeodms4mwre bi oconpati ble such as for soft ti esuscGeeplaesnent ,
wound covering, as a drug delivery matrices or for bone or cartil age
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centri fugi SESS tion was highly viscous, the solution was
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on collagen amide crosslink

The resulting cross-linked products were examined by Fourier-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



fat on the surface of the supernatant was renoved. In this regard fat
separates out into a layer during centrifuging and can be renoved by

physi cal weans/msahl as ski mm ng or decanting. Freeze-drycmgGaes/ooesguct ed
using ranp rates previously described until adry white foam was obtai ned.
Any remaining inpurities separate out of ,the surface of the foam and can be
renmoved by physical separation of the inpurity layer. Exanple 2 A test was
conducted to dghge ghineunnhetharwérbeondueidct Celt adustedodyywhhebsepteh osingflighhe
present invention is conparable in terial. characteristics.with

conmer ci al THHABIOPY- ﬁﬁﬁéﬂ?ﬂl@&tw&g@‘ﬁar;lgﬁﬁaf(qucﬁ&‘?y YR8 TSR PR DT T
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suppl i ed byriughef theHevension| is sopftoxipdo EFilRard eans pEReTY ¢eLUFRGW 1o an extent
addition a chem cal ..cross-1] nki. tion was perfornmed on both the
product50fe@ﬁggbﬂagﬁvﬁ8§a§%%£§ﬁg%8%%%%?ciaI col l agen to test whether the
product of the invention responds IndustrialApplicability as commercial quantity
col l agen. The cross-1|inking.mechanismis proppsed. as.follows: .

| - et hyl - S- O di B¢ WF%%WF%BWQP&S’B&P e PEEPR %%%%% & Rty zial B Ris)
cross- | i nkiggadRChamhs my@dRil of Rl NrfertioR2mAy RbeHuded? iR CosindtlcN madibalxyl i ¢
group | R=chondroitin-sulfate EDAC 2 or collagen substituted urea The
resul ti ng ohawacputitebdogst grdistarpaiahindusiig ned by Fourier-transforminfrared
(FTIR) spectrogsony ienfibe will bERaSe&H: HO BRI BERNAhS At FhN 1 N
Fi gure @. It cgﬁﬁﬁémg%@ﬁnéﬁgﬁiﬁgéﬁ%g 1 that t%%lFTJR orofil e of the product
of the i nventdideratiat aftibs spekificatién aivkproctineemf Shenversionasctosed Rergidi ti on, t he
cross-linking reaction affected the FTIR spectra of both the product of the

invention and the conmmercial collagen in the sane way. Figure 1 indicates
that the chemcal structure of the collagen product of the



present invention is equivalent to that of commercial collagen. Exanple
3Basic cell culture tests were conducted. Cell norphol ogy was observed
usi ng |i gho 2m060ea60py. Cel |l proliferation rate and net 2bolSiGeoEOIEItY was
measured using the MIT (yellow tetrazolium cell proliferation assay. The
basic cell culture tests indicate that tﬂ@ product of the invention is
non-toxic to cells and can support cell growh to an extent equivalent to
that of commmsgt al collagen. Industrial Applicability The present invention
relates to a process for extractjng a bi.omater

jal such as collagen.. The
product of the li nvéntAresrstralpr pisolsy ? nblelé‘é??ﬁlﬁi EXtgEqogt ,tlsﬂﬁ%r‘%ﬂlpéﬁﬂgcal ,
food or Vetc%ﬁtjﬁ&ﬁ{eé ?rLe, }if&%(l:‘js\?/ftﬁ 6% eftdi8hg aBhedhn@Nbs tofextier bhrbignbeam Wbl be
os€ skille

apparent to th In the art from consideration of the
speci fi cat isolutiamd practice of the invention disclosed herein.Clains: 1. A

process for isqlating a bionaterd K . 14S conpri si ng:

cont act i5ng t he S?RagastH% avﬁo?‘ﬁlogﬁb oﬁ%rﬁ%%%&fé%ﬁﬁ%%l%%ﬁﬁgbﬁgg to extrac'? a

bi omateri al i ntfieesoltyiigihe ssepacdtolntomasotait suiiccohtea¢mbleghe heonmtenmater i al
extract; and .freeze-drying the separated solution at a rate sufficient to
enabl e thebﬁilﬁ‘%ﬁ?éri al to be isolated. 2. A process according to claiml1,

wherein the tigsue A frob&dsalccdrdmpus claitl 1/dREdH Shd fissGel8, folllSigdue, Min/dermis
connective tissue. 3. A process according to claim2, wherein the tissue is

ani mal ski ALSSup, nmsgim@@@sieafé‘cqﬁsa%g to claim3, wherein the animal skinis
skin of ja rat of r %p?fggesfs%ccd%dﬁ Q&?ﬁﬁn@?%ﬁ%@inﬂﬁe tiSueli@hdind) spifrer ei n the

bi omaterial is Selec romon€ or nore of the group consisting of growh
factors; extradel | Wl arocesst adcrrdoteeclasy 3f mhewie dte minkhaiiniis skipjafroréeri n,
tenascin, entactin, thronbospondin, elastin, gelatin, collagen, fibrillen,
merosi n, anéhdrin, chondronectin, link protein, bone sial oprotein,

osteocal cin, 0%t eoppptdchss @pordaet torvlaityhlwiicosiadhe biomarstial isnseleefzd| frgn iong

kal i ni n, proteoglycans, decorin, dermatin sul.fate protengglycans, keratin,
keratin sul¥FafWig bt BgETPERNEOSHgE el §TOVE RO FATFBH: Fﬁtrascﬁﬁ'%ﬂ%lén%%t BOSi Ve ans,

hepar i n sul §i@3b&cRh 01898l CABSmectin, tenascin, entactin, thrombospondin, elastin, gelatin,
collagen, fibrillen, merosin, anchorin, chondronectin, link protein, bone sialoprotein,
osteocalcin, osteopontin, epinectin, hyaluronectin, undulin, epiligrin, Kkalmnin,
proteoglycans, decorin, dermatin sulfate proteoglycans, keratin, keratin sulfate
proteoglycans, aggrecan, chondroitin sulfate proteoglycans, heparin sulfate proteoglycans,
20 biglycan, syndecan, perlecan, serglycin, glycosaminoglycans, heparin sulfate, chondroitin
sulfate, dermatin sulfate, keratin sulfate or hyaluronic acid; polysaccharides, heparin,
dextran sulfate, chitin, alginic acid, pectin, xylan, polyvinyl alcohol, cytokines,
glycosides, glycoproteins, polypyrroles, albumin, fibrinogen and a phospholipid.
6. A process according to claim 1, wherein the biomaterial is collagen.
25 7. A process according to claim 6, wherein the collagen is collagen Type 1.

8. A process according to claim 1, wherein the extracting solution is an acidic
solution, a pH neutral solvent, an organic acid buffer, a Tris-HCI buffer or alkali-
containing buffer system.

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

30  solution.

10. A process according to claim 1, wherein the solution containing the
biomaterial extract is separated by centrifuging or by filtration.

11. A process according to claim 1, wherein the freeze-drying is performed at a

cooling rate of less than 1°C/min to 50°C/min.



bi gl ycan, syndecan, perlecan, serglycin, glycosam noglycans, heparin

sul fate, chondroitin sulfate, dermatin sulfate, keratin sulfate or

hyal ur oniwoaoead2s8416] ysacchari des, heparin, dextran sul f aCe/SGem4toneess al gi ni c
acid, pectin, xylan, polyvinyl alcohol, cytokines, glycosides,

gl ycoproteins, polypyrroles, albumn, filgri nogen and a phospholipid. 6. A
process according to claim1l, wherein the biomaterial is collagen. 7. A
process according Aoprebets Acéordinbeas elaimt hevi@tihabe bidnsatertdl limgelingty ped the 8. A
process according to claim1l, wherein th% ext ra%tt#'ﬁ?rgsol §L(j;rpn is an acidic
sol ution, &epas-drzingriaperéeymed it 2 caphnsgient dehiseg W10 TR Ho buffer
or al kal i cont ajjfi ng hufier, syaieM uimfl,ARGERShacRIdbBiohRtdHaRigTilther
wherein the acidic solution I's an acetic acid solution. 10. A process

accor di ng tmssliaked Heforstve pfemiredae-dsgh@t i on contai ning the bi omateri al
extract is separated by centri.fuging.. b I I :

accordi fng to cﬁl%fi rr?’ll?m racgf?{d%n%gtofcgaelgg (13’- %‘F@‘?‘ln%&?éﬁsg‘gg F %r%or%% g{i@g&%ﬁa&?c} ng
rate of legg than |C/mn to 50C/ mn.12. A process according to claim1,
wherein the biognmaterial is collagen and the freeze-drying is.perforned at a
cooling rate of15-bet’\/@8ﬁf’s®.@@?Qﬁwgt%b@@a?ﬁ”ﬁfe’ﬁ@f’t 1%\0‘83’3% 55 ngoggg}gdi ng to
claiml, WSﬁt@&tﬁl{? e 8k agtiednbéarmtigs isdlutiof Jouks herexaaass -tiomkedalbaitor e
or after freeze-drying. 5 14. A process according to claim11, further
conpri si ngselsttowi ng any separated fat. 15. A process for isolating a

bi omat efi al eth%p%%tirf raosl&&t{oﬁ%dﬁtaﬁﬁ Dl idtater BkGdt! 4 the tissue with an
extracting sol Gtion $0 as to extract a biomaterial into solution; 10
separating a sdfeatd-anyinpotheaiepiragpdtdolntivnotet mté af absutr GQEIC/manep PP &L d9 yi ng
t he separat eolasa{@uqt.i on at ar at? o% about 0.1C/mn to 50C/ mn to enable the
bi ormt er i aletgye B QIUBHETAI0 PFECIHCE; ot erial extract prepared by the

process of cl aiig 1 A0biofilagdrial d:biract prepared by the process of claim 1 or claim 15.




