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PCT/ US97/ 14855 . GRAFT PROSTHESI S, MATERI ALS AND METHODS
Descri pti apobebasence to Rel ated Applications Thi scapby/t@ss on
claims priority upon U. S. Patent Application Serial Nos. 60/024,542 and.

60/ 024,693, filed on August 23, 1996 and Septenber 6, 1996, respectively,
each of which is hereby incorporated by reference in its entirety.

Technical Field This inventiaon rel ates generally to a nedical _
structure and, in particular, to a graft prosthesis, materials, and nethods
t heref or.” Background of the Invention Tissue inplants in a

purified formand degraxr PROSTHESISIMAPERIALSANS METHADEE been

manuf act ured and disclosed in the literature. Cohesive filnms of high

tensile strength have been manuf act (2e5rQteMmg col | agen nol ecul es or

col | agen-ghas applcAfBNE €S however, have been generally utilized
‘ ' ecules to produce films having high tensile

strengt hs. Wt h t'lTlms appl;qﬁwnodlam pnoatysupdrhbl 8. Eeateynd dppilivgtibacSdriad Mosof

s LT@@E}%& $R3 il SO12468a, HisE o Aubtef 2y Yot fnd secambe  Bednob. ©
devel opedrebpedtivei}) achdf WERA-i8 Hersby ingdrdratedl MNidTerdtickan 3L0bkliragy.t he

probl ems associ ated wi th al dehyde cross-1inked col |l agen nol ecul es.” One such
t echni queleshnigal figldat ed in U.S. Patent No. 5,141,747 wherein the col | agen

nol ecul es are croggg idv%ﬁ&\ Rsrlaﬁgelb%hglgggttgtragﬁbalcélyﬁiﬁlﬁt!&oﬁd GA éﬁﬂl&ﬁargrtg ups

foll owed by denaturing the coupl era 1 f1ed,

nol ecul esa gretit pcistbesis.cnratarialy fansimisthasls| thgesfonmt erial is for tynpanic
menbrane gepair. Wiil.e h..nenbranes are disclosed to exhibit good

physi cal terilized by subsequent processing, they are
not capabl e of r@angslal iimplants ganer pdrifieg Cf&drh ﬂid)\ﬁémv@t’i frofh gRiNagah-badéd
pronoti ng r%@%‘ nd heall of daggﬁcg? its) sed tissue structures.

I n gener dnat mﬁ“'t‘ t‘ﬁ'ﬁﬁ’@f‘ sclosed if he litRrattrao  kohRFiYR filme /Y
years to wigh Qér%ﬂe%nhﬂ? HQ@QH&% ﬁi%@'nu@étﬁfddauﬁné ebllafch ADIddUSBF éol?dtﬁi
grafts to replace or repair damaged or diseased tissue structures or

exanpl e, heseddnaterslsi sAldahydsse howeyarhave beenraesetallytilized toj arossdink the not
uncommon {Kda¥n nidicdifS i Pfeduct Hims having high tensile strengths. With these types

of materials, the aldehydes may leech out of the film, e.g. upon hydrolysis. Because

such residues are cytotoxic, the films are poor tissue implants.

Other techniqués have been developed to produce collagen-based tissue
implants while avoiding the problems associated with aldehyde cross-linked collagen
molecules. One sﬁch technique is illustrated in U.S. Patent No. 5,141,747 wherein

~ the collagen molecules are cross-linked or coupled at their lysine epsilon amino
groups followed by denaturing the coupled, and preferably modified, collagen
molecules. The disclosed use of such collagen material is for tympanic membrane
repair. While such membranes are disclosed to exhibit good physical properties and
to be_sterilized by subsequent processing, they are not capable of remodeling or
generating cell growth or, in general, of promoting regrowth and healing of damaged
or diseased tissue structures. _

In general, researchers in the surgical arts have been working for many
years‘to develop new technigues and materials for use as implants and grafts to
replace or repair damaged or diseased tissue structures, for example, blood vessels,

muscle, ligaments, tendons and the like. It is not uncommon today, for instance, for
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ort hopedi to harvest a patellar tendon of autogen or al |l ogenous
origin fo?véjghr’eﬁg%qa repl acenent for a torn cruciate | igarre%%sr 'é”lﬁ?ﬁgl cal
met hods for such techni ques are known. Further, it has been common for -
surgeons to use inplantable prostheses fornmed fromplastic, netal and/or
ceramc material for reconstruction or replacenent of phy5| ol ogi cal
structures. Yet, despite their w de usg surgical inplanted prostheses
present many attendant risks to the patlent Resear chers have

o servensticiERlq fifbth KENEYBE: 3Bkl TEhibt of BiipRshott nlalidsmrut g -~

ti ssues foeusp as tiveplacement ford tom beiciite |l§8ﬁllehﬂ| The @uidic @ﬁétﬁﬂdé '%r%ddﬁs It
has. been | scovered that # Is difficult to prqovide a tough, durable

pl ast i c 'REUAYER ArRHINOMN-s ‘é"ﬁh?ral}l’@sf%enlcﬁﬁ?j“t’ﬁlfﬂﬁ FBaeRNS ﬁC‘\/'ésec impjartable
r epl aceppedtheddiCrdrinUrsm st Rlta0add)Br EEtlaaﬁ? it mdHRkEr f gs}qu,me?

infected and difficulties in treating such ectl ons
failure renla@menhmfanhvswlogwcebeﬁre@&tyes Yet, despite ﬂmmtwwaed:sabcsmgncalarl ous

col | age%gragggdngp%&%%s\s@%gg& F?al ﬁ Slak h%lgszgdﬁ%gé tiﬁh above- nenti oned

ti ssue re ver rra erra *not exhibit the

requisite tensi Researcbelgtﬁaveralsai mrimlempthbg eordevelbp satidfactorp pofyrleradher
i munoge | ens when they may

ul.aj i . had h
nave boBeTGABRE AR R St B B rehonslisss sturres and AEoTet Sonnegtive

exanpl e tiskués, €. HhoddinvehRabinlHéintl 8/ §6IRE cﬂsléé@d’ﬂiﬂ?ﬁ@né“é)' lpgag 59%91” X
which is obta| ned fromthe intestinal tract of mammals; however, it

di scl os&isqoared teatcis|is diffisultdernrevide a souphi durableanlastis matedal which lsel at ed
patent, glirableRdr §g Mm éoﬁ)’r?%t #l éy‘a rk Iagél?\%h{)s%ettr%heg sﬁ%%ﬁ@gathe

col l agen matri X nay be steri cohvent I onal
al dehy delastinmhatgriapeaphecanee infecked agurdtﬁnaumbsah |tmat|ag¢upbrinfeetubns afteth. No

speci fi C S cl os except that the subnucosa | ayer is
Godll OGRS bEFRs Aot 5f .

first d anl na rom urrounﬁmﬁ e[|§3ue prior to sterilization

treatnent. = As menTbaedefatbbee, vBeoEs b&ll@gdﬁb&ddonﬁbérmg HarBr si¥e hderr | fi ed
fornms of Gol en- pased mptrices fromtissue sources thereof. Also, there
figes 67505 o6 pl

is a ne&§h ove-pieptigasd fpsiespplacaments; bowever thoss materiale fithalt r i ces
fromti fdiRoBEXHIER Thé Pedtidi @RGils Stratath OrYdi€d Had P léﬁgrﬁ‘éﬁ%feeﬂﬁhfa'nﬂd

products. The present invention i$ addressed to ese nee
other immunogenic responses, encapsulation, or had other problems when they may
have been loaded with antibiotics, growth factors and the like. For example, U.S.
Patent No. 4,956,178 discloses a submucosa collagen matrix which is obtained from
the intestinal tract of mammals; however, it is disclosed that the collagen matrix is
loaded with antibiotics. _In a related patent, U.S. Patent No. 5,372,821, it is
disclosed that a submucosa collagen matrix may be sterilized by conventional
techniques, e.g., aldehyde tanning, propylene oxide, gamma radiation and peracetic
acid. No specific processing steps are disclosed except that the submucosa layer is
first delaminated from the surrounding tissue prior to sterilization treatment. _
Therefore, there is a need to obtain improved purified forms of collégen-
based matrices from tissue sources thereof. Also, there is a need to provide a
process whereby the ease of removal of such matrices from tissue sources is
enhanc;d so as to yield such improved, purified products. The present invention is

addressed to these needs.
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t he | nventwaorps22158 In accordance with one preferred enbedirosotigsst he
present invention, provided is a graft prosthesis which includes a
purified, collagen-based matrix structure renoved froma subnucosa tissue
source, wherein the purified structure has a contam nant |evel nmaking the
purified structure bioconpatible. -3- Another preferred enbodi nent of
the invention provides a graft prosthesis which includes a purified,

col | agen-based matrix structure renoved froma subnmucosa tissue source,

wher ei n tSemmary fof e dnvantionr e has an endotoxin | evel of |ess than 12
endotoxin units per gra . Apot her preferred, enbodi nent of the
i nvention provi d@g a_[f%ﬁfét%"[cep‘?’ﬁgt%s?r§?%?c§ﬁ"'{%ﬁgfrﬂﬁ'éts°ﬁﬁﬁlP_WSPBH Invention,
col | agen-gravridd"®R i Yrafft Pr6StHESIsI WL thdllide® @ PURABL, O5allddehBHReFOHTatAxX
wherein the purified structure has a nucleic acid content |evel of |ess

than 2 nigFégHemEerpeyediiiom gsyfmucosa tissue spyires svherply ther Rurifiadhatrueiame of
the invention 895%9.%& fovdl afaksrar@ét%gtegrémtum ggcangﬁ'ﬁbfe.ed

col | agen-based matrix structure renpv om a subnucosa tlssue source,
wher ei n the puri fAmathst prefertadeernbedimerit ofi ¢he invenhtiof praxddes & graft peosthesisie

form ng unj per,. gr o Th ese lnvention also provides a
aratt r DR HEEGAPETE, puitins. cqnagh 1Rl harik, SEicklel sSRaVP T HER &1 uir
removed fgubiacssdtissinsssodrceSwhefeh the puvified atructive hug ad eAdotixini tdvet of has

a processi ng agent. | evel of [ess than 100,000 parts per mllion per
ki | ogramlessgthaq‘ 153'35?°Fﬁ’f'f‘ﬁ’é’|'tsé’r?6&ﬁ?'ﬁent of the invention concerns a method

for obtai ning a CRhtREE PreférPfeiBbaimentt 'of ThelinVeRTTbA PPoviddsS s 4har® ProstResid Ne
met hod i ncludes treating the subnucosa tissue source with a“disinfecting

agent 't o whish decludes sanpuiiiesti solirarrobasedi duateixs stiustureanempuedy frog t e
SOk a2 SAPEITR dtl FAR ipSoL HEBTEHIIGES b BTG B G

_obt ai ni ngeaeloa_iﬂ I_hagelnamasmhbragran'is?q:érrmmigiambrruc__osa tissue source, whi g:h

oL ues B o G Bt b3 Y6 BBl PRRPHE S s Bt @
subnucos gnkiudints aSpurified, collagen-based matrix structure removed from a submucosa
tissue source, wherein the purified structure has a virus level of less than 500 plaque
forming units per gram.

The present invention also provides a graft prosthesis which includes a
purified, collagen-based matrix structure removed from a submucosa tissue source,
wherein the purified structure has a proéessing agent level of less than 100,000
parts per million per kilogram. |

A further embodirhent of the invention concerns a method for obtaining a
collagen-based matrix from a submucosa tissue source. The method includes
treating the submucosa tissue source with a disinfecting agent to provide a
disinfected submucosa tissue source, and removing the collagen-based matrix from
the disinfected submucosa tissue source.

Another preferred embodiment of the invention provides a method for
obtaining a collagen-based matrix from a submucosa tissue source, which includes
proviﬁing a submucosa tissue source which has been treated with a disinfecting

agent, and removing the collagen-based matrix from the submucosa tissue source.
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The prese ion al so concerns a conposition which inc

col | agen- %ﬂ?&xﬁl §ng structure renoved froma tissue source *ﬁfﬁ%ﬂ‘t?ss
containing the structure and other tissue, wherein the collagen-containing
structure has an endotoxin level of no greater than 12 endotoxin units per
gram _ Al so provided by the prgsent invention is a purified
col l agen-containing matrix obtained froma manmalian tissue source, the
matri x including mammal i an tel a subnucosa and bei ng obt ai nabl e by a process
whi ch i noludes diglnfgelintybhgo Aokl 3UERBHLERn! I FARNAAS o Ne
structure fron1t e resulting Fei'n ecte ' SSue sour ce:

I n pref ecohshersparttaining Btructure rtémveﬂrfmmohassqmer sbured ihitially containing the

subnucosa col | a en matri ces deriyed.frgmthe alinentar res |rato
urinary S'F'UQE'HF'? and pther stigue, nyvRgrein &We 9?@?9?'&88"%%%9 ) @M evel

of subst @RibRlxin 1641 8 natibater BRAA 205 HRGXiA|Units' g Qyraim. Py 0gens. A
preferred collagen matrix is capable of being inplanted within a human or

ani nmal patlent wiAlsogrovidads byigha R,ryﬁmtd;avenm@spﬁ)ﬁgyﬂﬂeﬁfeeltagsn-cqné?-em on
of the | iRAAN oiairdderGh diidlith +RL0SEbulcR, %hmam(t.a{cm&mg Sian/i | ©
re(} antabl e co at“h

a prefer agen matri x accord Sone as
pr esent lteinesubmmmwmd beingmhitainableyby almosesmwtmﬂ'amclu@sod)hh@nmgrﬂterl X

|nth|5|nstan ocC ri se_par er amn ai
mcoos. MR Sep 5adres MY teiRaRRh e syt ing AISIEFtSh o/ or
ot her sue,liaﬁmfaﬁuﬁ tiselielsbatce. dependi ng upon the source from which it vvas

deri ved. . Further in accordance with the gesent i nventi on,
purified del ani nift SRrefered ﬁ?ﬂﬁﬁ@osﬂ‘%d’l“f%&‘i‘ PERYidgS j Rurifiesl; ifaegs el ctﬁ'q S
derived fg ﬂq.}ceeaaéduas@ﬁ f?ﬁé(tncé@%éhb 1%' a&aynﬁry,%eb&ﬂor{,raﬁﬁ&yo&
ani mal s or umans, whérein said puri subrmucosa col | agen matrix is

produced gewtaleurm redtanimals, thesmntrmséwwm ebmmlsaelmmrcamaﬂmaﬁm t he
e A oA T, HRBHER 1168 dr R B Wiore e Y AURAGRUR (R bl

obt ai ned, a procéessTconpri'si ng an uhprocesse
undel am rwmgj uhplatedlbmnbmsa I'amuarme:rhmnmumlheht omthdmit abmsingtaarcytotoxlc

Lot -t Grensyish, Byectism, seRcHar gt i FpS i en Peistrd sElethin £ FAIPFOMn « ne
at t ached dripatieRes. \mﬁe Br;ﬁéféfﬁeﬁdn-?lddtﬂgé r&omvgfénl maftBSactobding 4o @ome spebtsdf
(6]

substantially zero and capabl e bei n anted within a human or _ani nal
pati ent \grftthgmeqe@@gnqp@tngﬂmr@gscpnmanly tela submucosa, the collagen matrix in

_this instance may also comprise partial layers of laminar muscularis mucosa,
muscularis mucosa, lamina propria, a stratum compa_étum_lay’er and/or other such
tissue materials depending upon the source from which it was derived.

Further in accordance with the present invention, a purified delaminated
tela submucosa collagen matrix is provided which is derived from the alimentary,
respiratory, urinary or genital tracts of animals or humans, wherein said purified
submucosa collagen matrix is produced by delaminating a disinfected tela submucosa
source,fo obtain the delaminated tela submucosa collagen matrix. An advantageous
matrix may be obtained, for example, by a process comprising treating an
unprocessed, undelaminated tela submucosa source harvested from the alimentary,

" respiratory, urinary or genital tracts of animals with a disinfectihg agent, foliowed by
delam?nating the tela submucosa collagen matrix from the attached tissues. The
breferred collagen matrix has a bioburden level of substantially zero and capable of

being implanted within a human or animal patient without causing a cytotoxic
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PCT/ US97/ 14855 response, infection, rejection of the inplant or any
ot her har rwQl9s/e?s&ct in a nmajority of patients. - Spcrhusbrdsser in
accordance with the present invention, a nmethod is provided for obtaining a
hi ghly pure, delam nated tela subnucosa collagen matrix in a substantially
sterile state, conprising delam nating a disinfected tela subnmucosa tissue
source to obtain the del anmi nated tel a skbnucosa coll agen matrix. A
preferred nmethod conprises treating an undel am nated tel a subnmucosa source
harvested fromthe alinentary, respiratory, urinary or genital tracts of
ani mal s cesponserisfadtion, eejelitioinnd fothiel implargenrtanyfatheohanhfol etfectin o aidjadtyt he
tela subr’ry 958 fromits other source tissues attached to the tela
subnucos§ nts. Still further in accordance with the present

i nventi on, - provi gl firther uh a0tdrdancs Withethe preduit (RARIOR) & ASRACATY plovidhey | ved
fromthe aI imentary, respiratory, urinary or genital tracts of aninals

havi ng af®i ebtaining 8 hiahi Pae. Selapninated tela Submavegs? §8|‘%9%I"aatslabm@osa
col I ageng

cubst ant Fapygntay g St Lo 1 8hl ol EUERGE oot Sof e bl
The pr ef tissusisource Ag obtainthe delaminated ble submisosg collggenrmattixn Arprafelrdulu man

of the 1 MAaRY EBeHsbe Shubl R ARsFRR A, Sie SRR ey S hardBened Sy |

further ive alifehteys eespitdtony) airipaes entgenitabtrattenof anim@blor Wuhans alith a
submucosg, is, provided g] ch s geri ved, fromthe alinentary, respiratory,
urinary gisigfg H 1156, ponta frllowad b delamineting the a¢la sHomyEoRR e s Atas sauICe

del am naggduddaashitbiaid flia ¥u§ﬁ1%&b§§ condition conprising growh factors,
and is produced by rinsing the del am nated, tela submucosa source with a

solvent, for insStildertheninaccersianseavithhihe presentdnvensiom rrowidedris @chighly

t
el am napOeielP i RuBSts &l RpefindrR deflved HH) ik ctrhéhB Hoephiieq, LANER, P
i s buf f eoedenitaltacite ot bsimpiehedng aHziobitdeef subdtantialtyotdragand weréin saids o
produced_ have a substanyla hi cont ent of ope o nor e "B’F?ﬁ?i 5 actors.

Still fuftiAefURRUSRTA, S, ﬁﬁ%"\ﬂ' X [FQNEAIRS Sibs W’@ Yilo,s Mfs €9

ti ssue gindlidicg SDBStahtigNy mﬂnﬁltclewﬁésuéem@oballés/e&slhmia@a.acamwrw.smﬁe X
which is essentially pyrogen free. Mre preferred such conpositions w |l
i ncl ude ®referrgd collagen mafrix is capable of being implanted within a human or animal

patient without causing cytotoxic response, infection, rejection of the implant or any
other harmful effect to the patient. | '

Still further in accordance with the present invention, a highly pure tela
‘submucosa is provided which is derived from thé'alimentary, respiratory, urinary or
genital tracts of animals and wherein the tela submucosa is delaminated in a
substantially sterile condition comprising growth factors, and is produced by rinsing
the delaminated, tela submucosa source with a solvent, for instance water, followed
by treatment with a disinfecting agent, preferably a peracid, at a pH of about 1.5 to
aboutlo followed by delamination of the tela submucosa from the attached tissues.
The peracid is buffered at pH levels greater than 7. Desirably, collagen matrices so
produced have a substantial high content of one or more growth factors.

Still further in accordance with the present invention, provided is a tissue
graft "tomposition which includes a tela submucosa collagen matrix which is

essentially pyrogen free. More preferred such compositions will include a tela
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col | agen dl ich has a pyrogen content of about 1 endqQtxi it per
gram (Eu{él)a}%%}gggs. Still further in accor dance%\ﬁqﬁ‘#}?’ﬁ@s resent

invention, a highly pure, tela subnucosa as described above, will
denonstrate active angi ogenesis in vivo upon inplantation in a human or

ani mal patient. This invention relates to purified, inplantable
ti ssue constructs, a process for producing such purified, inplantable

ti ssue constructs, and their use to pronote regrow h and healing of damaged

_ _ ot e regrowth and healing of damged
Lo puri 1 Fmpede Eqlbi Fhit K with e by i antend SCapqUtcl enfgrodn S

I npl ant aperegtans $Ekd/g) amdeswet hods for produci ng such purified forns of this

col | agen-based i ntabl e tissye. . These and ot her aspects of the
pr esegt i nvent i oﬁabﬁ Ttgﬁ'élf‘o?ﬁ?%{ Withithe mrgsentdnyention, jashighly Byre. gejan

revi ewi ngubi@csse akidesalibsd abbdad, Willl damnstRite HctiVe SiiigideneBisoh vibs ubeaWM N
Fig. 1 provides, a perspective view of a tubular graft prosthesis structure
i n_accor Haplatationin, Bumapaitangmal petienti ed Description For the
pur pose of pro ' |G Of L 0L DI - | nvention,
et oronce w | | noRa R et R o, iBRniod Wl Sorfudf b B TCHen
speci fi cfarargdueipgwiuch pusfied,dthplantdbledissiie donstreats .andttheirlUsernevigohivkess

be underst hat, no.lim.tation of the scope of the invention i s thereby

i nt ended?eggﬁ‘g'ﬁILI Aeherling of ,oaamﬁqel‘?g r %ﬁﬁel%c@sﬁu&%r ugtyresn PE%PPGF%’I’%'WW he
princi pl e ipivention iswiestitedto parified forimsast BRI Qibmlisdsatonagée rdtak editasiewoul d
normal l'y,occur to one, skilled in the art to which the invention rel ates.

In the df¥dRE?HAR iMplantaple fissueiAnd metheds for predycing suph puvriied foempradyi de

and cl eathigRelisgdinbasNimplasiabrt addlieng of the specification and clains, the
followi ng definitions are provided. Bi oburden - refers to the

nuiber of |ivi ngThessr anst othsr esmects op tha present inveotign Will become mippsrenCRY) |
found on | Qb d i ter ad | | Latlve m croorgani Sns
I ncl ude E)rgd(%tg e%rllgf,& ?rt%i&gﬁa&?ﬁ%\%wgﬂp%ﬁ%sgé°%cadon ﬁb“‘?f% ‘ction - refers
to a redBref Desc¢iptidreobihhDraveingof a material .

Fig. 1 provides a perspective view of a tubular graft prosthesis structure

in accordance with the invention.

Detajled Description

For the purpose of promoting an unders.tanding' of the principles of the

invention, reference will now be made to certain preferred embodiments thereof and
- specific language will be used to describe the same. It will nevertheless be
.understood that no limitation of the scope of the invention is thereby intended, such
alterations, further modifications and applications of the principles of the invention
as described herein being contemplated as would normally occur to one skilled in the

art to which the invention relates.
~ In the discussions herein, a number of terms are used. In order to provide
and clear.and consistent understanding of the specification and claims, the following

. definitions are provided.

Bioburden - refers to the number of living microorganisms; reported in
colon;-forming units (CFU), found on and/or in a given amount of material.
llustrative microorganisms include bacteria, fungi and their spores.

Disinfection - refers to a reduction in the bioburden of a material.
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Sterile - wefsgrsisso a condition wherein a rraterl al has a bi eloavukenigessh
that the probability of having one living mcroorgani sm (CFU) on and/or in

a given section of the material is one in one-mllion or |ess.
Pyrogen - refers to a substance which produces febrile response after
i ntroduction into a host. Endatoxin - refers to a particul ar

pyrogen which is part of the cell wall of gramnegative bacteria.
Endot oxi ns are continually shed fromthe bacteria and contam nate

material s. SterilePuefdré estai conditioneivherein @ rhdteribl I aBidburderpsuBN @vat al
to renove one or nore contam nants which occur, with the nmaterial, for

i nst ance themrahabilityiaf having ope kying maicrrarganiam (GFU) op and/arina givensertien

m croorgaﬁlﬁ*}gsmgf P IPORETH Snd-RfliiBRTorqesdir ring on the material .

Il lustrative e contam nants nay be those known to cause toxicity,
infectivity, pyr@yogen tyefars totasubstanceenhichi praduges ifebrilp, response after
activity,, carci I.C and/ or i mmunogenicity. Bi oconpatibility
- refers ' ﬁ"’f‘H‘é{]%'ﬁfql t%/i’o‘?t a material to pass the bioconpatibility tests
set forth in | nt Enetexinalrefdisitulapasticaigapyrogeh which $pafit sfrtherceliNgall 5993
and/or the U S. Phar maco ei aé&‘gs .23 and/or, the U S Eood ang Dru;gaO

Admi ni st refeMsAegtyg bactria,o ins, 8 Roxsinually shedfrpm the, bagtaria, pnd

| nt er nat | Qb mlaABdALFraRO- 10993, Biol ogi cal Eval uation of Medical Devices
Part-1: Evaluation and Testing." Typically, these tests assay as to a
material's toxi cuﬂ'.\;u,imahmcwfer&;othg/trsgwm of/a materialsto rsMovsceRMer Alore
reactivit r

bi ocompat STETHNtE Wihiaf Seblf bk, GB'EHARRE RLF lotaRiicaeahFRO LGN it
pati ents thel Imatetiat axcearsatin auh;tere;eanﬂmtmoorgampsrmecohpoaddts |tbat;eqft IS
cont enpl at ed t hat cont,am nan

o P! S feting oyt parare- Uikl dbe SabtRinE mav ie RSRAIa ety

ef fecti ngcél.&%”i&o@i&y,cﬁﬁé@ﬁﬂlfﬁrﬁﬁogemmw. irritatide® HoREM LI reactivitys Herh6ly 6o
unwant ed substance on, attached to, or wthin a material. This includes,

but is nGACtiVitY, CRRCIRegenicisy, apdion ImniagsRicity. proce55| ng agents such as
antim crobial ag w b) qefbreow%nta%uﬁ FSQSma%l BV pastPAhes,
[ bri

fragrrents of unwante ssue | ayers ul ar and nucosa.
biocompatibility tests set forth in International Standards Orgamzatlon (ISO) Standard
No. 10993 and/or the U.S. Pharmacopeia (USP) 23 and/or the U.S. Food and Drug

Administration (FDA) blue book memorandum No. G95-1, entitled "Use of

International Standard 1SO-10993, Biological Evaluation of Medical Devices Part-1:
Evaluation and Testing." Typically, these tests assay as to a material's toxicity,
infectivity, pyrogenicity, irritation = potential, reactivity, hemalytic activity,
carcinogenicity and/or immunogenicity. A biocompatible structure or material when
introduced intd a majority of patients will not cause an adverse reaction or response.
in addition, it is contemplated that biocompatibility can be effected by other
contaminants such as prions, surfactants, oligonucleotides, and other biocompatibility
effecting agents or contaminants.

Contaminant - refers to an unwanted substance on, attached to, or within
a material. This includes, but is not limited to: bioburden, endotoxins, processing
agenf‘s such as antimicrobial agents, blood, blood components, viruses, DNA, RNA,

spores, fragments of unwanted tissue layers, cellular debris, and mucosa.
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Tel a sub ol €f€rs to a | ayer of collagen-containing ' ti ssue
occurring unge%l!’[she mucosa in nost parts of the alinent ary?%&;e}gs%%/paé?%ry,
urinary and genital tracts of animals. As di scl osed above, the

present invention generally provides graft prostheses and materials
i ncluding a purified collagen-based ma.téi_x structure, and nethods for
obtai ning and using the sane. Advant ageous graft prostheses of the
I nvention are obtained froma subnucosa tissue source, for exanple

I ncl udi ng ani WIWD r ls | Ssyes,.. e. g.
por ci ne, bovi ne I Sﬁ%é{&ﬂ%%ﬁo@éé@?gﬂ?%@ 3,&“?1 3 Wlettf?sﬁgny
ani mal t ossurdsg undegtheematdse imsrapst partsiof the alimhentaty, Sesgimtory, Qtindeg ahdie

human or an'#rggl q%o%? not Ihave an infection or disease. This is particularly
the case9¥MHR AR & &N fhnucosa is an internal layer within the

alimentary, respi Agt@isklossd | dbtve, A pRIBeh!inVdritidnS gehedily "Bfovides graft
Accordingly, it is generally not exposed to bacteria and other cel ["ul ar
debri s sBrasthesesnandmatarals ingludingra pprified cplirgen-baged metrix stracture, andt he
present | | | ha by fliafik i t L.gsue
For the TEYESds R olralrity Bhd CRH e Sithe AHenidioRte it 1GeARMREDr thE® T
subnucosinventjien armebtainedrfrar a/subnucasaliissua sopuicky fqyrexemplethclyrting eoiohalr | y

I f the dglam nati,on_pr SS - rs..i r sterile conditions. . . I n
parti cul ?s,uelst °§'s af)g‘é'n a%.l §E§@£e?e'ﬁa#ﬂ'i{i'aaitﬁsHFg'c?'ighd’%rﬂget é?ﬁ’“&ﬂ{n‘mfﬂga
source, fisddeadwed by renoval of a purified matrix including the tela
subnucosa, e.g. 'ﬁé del am nating the tela subpucosa fromthe tunica

muscul aris and t h&arSPMUEoRacas YithMany; PUuDa} Hasussy iz gererally paepticjmits

subnmucosgatifallaets provied 1Ak MIm&PBE aRinit Mods nbf HaVé an ihfdctioRGidiSsase.
m nim zi ng exposure of the isolated tela subnucosa matrix to disinfectants

or st eri Fhistig partiqulany the casesineeithe tale submucpsa iscary intgrneh tayien vdthinithe

bi ochem g t . S . he.. s&l% LTI
benefi ci gﬁ”‘é?%%’t E@s pidhry; wmif t% gpgﬁéslu mr}g%és%% ‘#rr%f 'g‘r%'ltlsgbl e coﬁﬁ’%&én‘tn'?sat rix
accor di ngensraiyneobexmased torbasteriaand: ather asliuladdelrisssucthay the bpitbhéliuan néd

Lrom eyl ik endSS6A Tt of A B PR Aol i
pr edom n@infecting | thecsourss disdaeifordhérield slismatose ptisr Yo tdeddrirfitionpthal S
and nost agerpeﬂfcesrtgtbel gf '{hré(%rerl]atsr&%niur&gg %gygglcarg {:2 %Ees%];'ve%i c%’ss'ubétarrrl%sagly %;eesfe%erde,}d
particularly if the delamination process occurs under sterile conditions.

In particular, it has been discovered that disinfecting the tela submucosa
source, followed by removal of a purified matrix including the tela submucosa, e.g.
by delaminating the tela submucosa from the tunica muscularis and the tunica
mucosa, minimizes the exposure of the tela submucosa to bacteria and other
contaminants. In turn, this enables minimizing exposure of the isolated tela
submucosa matrix to disinfectants or sterilants if desired, thus substantially |
preserving the inherent biochemistry of the tela submucosa and many of the tela
submucosa's beneficial effects.

A tela submucosa implantable collagen matrix according to the present
invention can, as indicated above, be obtained from the alimentary, respiratory,
urinari? oor genital tracts of animals. Preferably, the tela submucosa tissues, which are
collagen-based and thus predominantly collagen, are deriveéd from the alimentary tract

of mammals and most preferably from the intestinal tract of pigs. A most preferred .
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whol e s Intestine is harvested from mature adult pigs wei ghing greater
about 450 pgunds. Intestines harvested from healt hy, QQﬂgb §§g
animals will contain bl ood vessels and bl ood supply within the intestinal

tract, as well as various mcrobes such as E. coli contained within the

| umen of the intestines. Therefore, disinfecting the whole intestine prior
to delamination of the tela subnucosa sghstantially renoves these

contam nants and provides a preferred inplantable tela subnucosa tissue
which is substantially free of blood and bl ood conponents as well as any

ot her m gouree @f vhide BhallinteBiAO BENGrvESteBiRRh rRAURPE8HR pidtlve néﬂﬁ,egrtgrsent :
In effect, this procedure is believed to substantially preserve THe

i nher ent thadequt 450-pqungs. tintestines hatyssieddtem healthwundndiseased dndmits will
der st ' btk to tion,be limited b
oyt heodontaltPblobd vessqle'and Biduel by il e Sl BKF Be Wencas yarlous™® ™Y

accor di ntpicrobes suph esefit ca/heentained withinutist hmtérabf Yhé itesthesinyTherefore,
anti bi ot ] L v, ral ent r o any._antimcraqbial type agents which may
affect t "éﬁ"fﬁ%%n&hebw&qﬂ%ﬁpgﬁs? eonPﬁg%a%lr%W"?ﬂﬂ‘ |‘¥f2 ﬂé?f‘ie&aac%”hﬁ‘ib'éﬁ?sa _

i pl ant asubsstantiallytremoves theseneortaiinghteantirtatided Spreerréd fHBIIMRASIE 't@llg. 'S
to rinse the delamnated tissue in_saline and soak it in an antim crobi al

agent, f3HPrRYCHRR Ussugwhich is suRstantially fiee phibload and, blaod semprdentshas welluch

t echni qu t ; Qe aci ' | t he

pr esent ﬁ\a/g\ﬁta fﬁ,mﬁ?}'ﬂﬁrgﬁmgﬁbEZ'?@?“%%E: g%“cﬁ? %Jga%{' f)‘réta{? g}lnﬁ% ?ra]t\:'/ée)hf?s(?ﬂt'avoi d
t he use & etfmet, this pisicedureyisnbelieyad tohsulistandiallyi priesemve that inbiefentaddeptic t he

bi ochemi ' ' b il :
't r oducay f the {4 SRhAGER FRhpLan B dnglle GRderttodd Y i & Hsdtitensdy .
i t has bthan the pcesent dniverition e limitkd \bypamyetHedtyn of an i npl antable tel a

subrmucosa col | aggn tri be obtained by first disinfecting a tela
subnucosa sour cg? g in%?° t%esﬂgﬁ’ﬁvﬁ}?é %‘%ﬁ?'ﬁjﬁ&e\éd"@mﬂf AgSArdiag rtox theydresAntg t he
tel a submvesten baxabstaftiglly e OFbAYIaRBbiotEs,! diftiviral g&itl B GRyeantHicfdbial'

has al so_been di scovered that certain processing advantages 'as well as

i npr ovedtYPRASEPtS Whicks may, affegtthe inherent bigchemiatovefthedyatrixans isoefficasy by
thi's progsss im img e ' t i f.rQm t he
subrucosa | a;/né.kr:',%gé\%jdﬂ; (I:ﬁg'r???ts é‘ﬁ'i st Ede%?%o\?vgg\cf)#t%giﬁ?n%%?' hgérj%#"'. ﬁ%ffgﬁal i5 6

Pr ocesselinsg the alelaminated tisges iin dalline iandoboak ft irs anr amimivgobik ageht for

SUDMICOSGaiRtleS s UideiGhed R 6.8, BRInYNS! £088]478 whllb S58h tolRiiGles tan
optionally be practiced with isolated submucosa of the present invention, preferred
processes according to present invention avoid the use of antimicrobial agents and
the like which may not only affect the biochemistry of the collagen matrix but also
can be unnecessarily introduced into the tissues of the patient.

As discussed above, it has been discovered that a highly pure form of an
implantable tela submucosa collagen matrix may be obtained by first disinfecting a
tela submucosa source prior to removing a purified collagen matrix including the tela
submucosa layer, e.g. by delaminating the tela submucosa source. It has also been
discovered that certain processing advantages as well as improved properties of the
resultant tela submucosa layer are obtained by this process, including greater ease
in removing attached tissues from the submucosa layer, and a characteristic, low
contaminant profile. | | .

Processes of the invention desirably invoive first rinsing the tela

submucosa source one or more times with a solvent, suitably water. The rinsing
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fol | oned ment with a disinfecting agent. The disinfecting agent is
desirablya%ﬂ&%§§%izing agent. Preferred disinfecting agenf@cgygngﬁygxy
conpounds, preferably organic peroxy conpounds, and nore preferably
peracids. Such disinfecting agents are desirably used in a liquid nedium
preferably a solution, having a pH ot16qut 1.5 to about 10, nore
preferably a pH of about 2 to about 6, "and nost preferably a pH of about 2
to about 4. In nethods of the present invention, the disinfecting agent

wi |l generally,be ed r .C itions. and faor riod of time whi.ch
Provi desntFRe's rfé%vg 5 yo?"ggﬁﬁ?'gc@@ﬂi gsf1 rsg,\sfeﬁﬁw 15988&5 Eﬁﬁlfﬁﬂggecﬁ‘é'?r?% Bs
descri baskitublyean oxidigihgragehy. Exéfehretidiginfedtingbugenes) aff p&oXQHonpdvhdEg! O
and/ or essentjial freedomfrompyrogens. In this refgard, desi rabl e_processes
of the PR&RbIYoPTEANS| PE"VMTEPB%?Q’%H(& ands Jueres BreteERlly . peragidss upREeRi ng or
shower i gainfbdtirh laagHd ' KRN h i€ Gir a
per i od SFmIbE bt ol deslfBthy Ui bt kiding Brofideliy o sphiord

m nut eshaving st ofi@boelil S taaabioytol @ M peafesabiyhapibof abowt 2fto about 60. 5

hours t \ r.ef d, peto L.SLnf.eqt | nt is
hydr ogeél)m[f)lte}‘ge #)%(tl gé&g% acBlﬁ'chltarb g ?oirz tgfﬁc{;‘gr%bek )égertgélaéec’fc I pger‘i%g%f rom
about Oin@BAtitn, Sdizinfectingragenbwiil gerdrativ ibleyusedeurdet rangeitigre and fier a

concentratipn,is fro bout.l %to 10% by .vql une and nost,.preferably from
hout | shaties S5, Tme aPiooyide B feciervaes Shetrionni. BanteH SuPEeRBR 4
from abgiatriCed 8s Yesibi Rerire retarablycextibitingld BibbakH of ebSentially ZEp&se

concentrations can be diluted in water or in an aqueous sol ution of about
20t o apsiier geseniipl firedam HPELRWIOSERES in Shisfragand) 3e§ln@bla|pmﬁﬁse$ sfabaanol .

The sol $ut, LQd w; : rt.] :

pref er a@l"b%‘lie o) ufm%{ﬁ'?%éﬁ?ﬂ%‘eé %%?g%‘%g&%&%ﬁ%§4ﬁ[s§?ﬁ%?%gt

pr ef er adltiquid mediwinucordainingthe disinfecting egemt frcaipedad tod B7past idutThe
exposure.ti a nge . fr b 0_40 ,nu f er abl t he
exposur EyieE. SPeRRRAL shd PARGIOSY boddh BoritRed 8 i 49 RoBi 3né et
exposy&ﬁ/ﬂé@:ﬂp i?sthé_rrangé.Sﬂabm;tZQﬂ& hoursttesabout § htcaiurs. A preferred or ganic c

per oxi de di sinfecti agent i s perpyopionic acid. The concentratiop, o

per pr opi oni ¢ auxdp e nB%"’f"_?’opﬁfsA’E{Sﬁ‘F’"@. 3987 's.Ld%JSQQ%I 'Eﬁf‘B’."dﬁbre?he

pr ef er agbpcentRitibAldIHYBrcYEnperbxide ¢8R ¢4 RéMUbouS OISR RBOY6 By doltined 1. 0%

by volune and nost preferably from about 0.2%to 0.5% by vol ume. These
concent Mare grafesably dhe hygragenPasexide concaatration issiiommahitel %o 1 9% Ry

aqueousvglgHg A most preferably from about 2% to 5% by volume. The solution may or
may not be buffered to a pH from about 5 to 8. More preferably the pH is from

about 6 to 7.5. These concentrations can be diluted in water or in an aqueous
" solution of about 2% to about 30% by volume alcohol. Most preferably the alcohol
is ethanol. The solution temperafure can range. from about 15 to 50°C. More
preferably the solution temperature is from about 20 to 40°C. Most preferably, the
solution temperature is from about 32 to 37°C. The exposure time can range from
about 10 to 400 minutes. Preferably, the exposure time is from about 120 fo 240
minutes. More preferably, the exposure time is from 180 to 210 minutes.

A preferred organic peroxide disinfecting agent is perpropionic acid. The
concentration of perpropionic acid may range from about 0.1% to 10% by volume.
More p‘.‘referably the perpropionic acid concentration is from about 0.1% to 1.0% by
volume and host preferably from about 0.2% to 0.5% by volume. These

concentrations of perpropionic acid can be diluted in water or in an aqueous solution
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- PCT/ US97/ 14855 of about 2% to about 30% by vol une al cohol. Mbst
pr ef er abl ywg dep2gdscohol is ethanol. The tela subnucosa ti ssweEcTsUsTAE856an be
exposed to the organic peroxide solution for periods from about 15 m nutes
to about 40 hours, and nore typically in the range of about 0.5 hours to
about 8 hours. O her peroxy disinfecting agents are suitable for use as
descri bed in "Peroxygen Conpounds”, S:1Bl-ock, in Disinfection,
Sterilization and Preservation, S. Block, Editor, 4th Edition,
Phi | adel phia, Lea & Febiger, pp. 167-181, 1991; and "D sinfection with
per oxygegs abolt @%. tdBabelity 3086 by. Yolumd-alobbl. iMosth preferdbdy tBe calcates, isK.
Payne, Editor, New York, John WIey and Sons, g)P 9]d-11tg, 1988. id
Anot her etharplii The gela submueasa Eissuyg;source gande Sxrosed 1o the prgapic Reroxide
(1, 6-di (ékpﬁtibﬁ’ ffgupaﬁfaﬂs%aﬂad%@l@)l By miRes idabdit 40 BbUfDRAHEMEAS HpiddIy in

a chl o

concentration o r hexi di ne di gl uconate maé range f'r_9m about 0.1 %to
15% by wiiegtange Mt rabopt 8% hawisyto abeut Srhasirse Athemhpergxy diginfestied @gaptsreat i on

is fromahouyt, Q.1 % 0 I v abl %to
oo St St o8 A, PR Boholiihe! 8 okt I bt
to 8. Nogeeriizefion adnd Préservatiors $r Blockh dEditos, dth Editio,h Ebiladaiphientleat &ons

may be diluted in t Of.df0 an ueous. sol yti on of abp 0 bout, 20%
by vo unEskingb ey 1 s e pl e Bratet FeREeSionouth mRtiening .-G, Haidhy dd
‘concent r gtA QN whs& W Uniérkiar Botided K. PayHé, Bditdre W Notke JORY Wiegeandr om
about 15 to 30[err|]C. The exposure tine nmay range from about 10 to 400

m nut es. Sepsepps 81k b1 128%he exposure tine is fromabout 30 to 60 ninutes.
Quher chlorine ARRB}Teral © dj&?iﬁigbbed difinfdciing" hexigline” . i& W cRRith&Rdinien

Disinfection, Sterilization and Preservation, S. Block, Editor, 4th
Edi ti on, (P6-ditdiehlohophenylidiguanidainepane) ppits zilglucgsate fogm. The concentration

; d i _ . o )
e i soo Pt BhiFReRtint PLSTRE ey ArBERm el 1% B kb didke | TRV
al coho: I pPe¥erdBig e ?I@Ioﬂ’w&gﬁnf d@mﬁ’atahenee%t(vsawbbmkseﬁlehnabmf ?.neeno:zz&gy
conpri se rom abou % to aho 0 vol, e.sol ution.
g'\g/gpgr Sr e%&' rwenighhﬁﬁ‘?) RRASS PreJer ab%éml"h@% ﬁ%m {%g‘é W'@g‘f e'@IeeEA]F?%W%
group CO%? gﬁ%\% EgT B% BlfRePko PP RN aBods tolBIt MUtk prefardlsiy the ipH & oA

preferre or these purposes. When a peracid is used in

the di si mbect i58,toi 7. | Ehesectencentrations dvew: berdied iR ahen @5 ip AT AILEIHS of

peracet | Csoﬁﬁf-og\’o %ﬂt%ﬁqgiaﬁoﬁg he%ﬁy%ﬁpﬁg%@oﬁoﬁcm preferably the alcohol
is ethanot at a concentration of about 5% to 10%. The solution temperature may
range from about 15 to 30°C. Thé exposure time may range from about 10 to 400
minutes. More preferably the exposure time is from about 30 to 60 minutes. 'Other
chlorine agents are described in "Chlorhexidine”, G.W. Denton, in Disinfection,
Sterilization and Preservation, S. Block, Editor, 4th Edition, Philadelphia, Lea &
Febiger, pp. 274-289, 1991. -

In preferred preparative processes, a péracid or other disinfecting agent
may be dissolved in a dilute aqueous alcohol solutiori, preferably wherein the alcohol
has from 1 to about 6 carbon atoms, and wherein the alcohol may generally comprise
from about 1% to about 30% by volume of the solution. More preferred alcohols for
use in the invention are selected from the group consisting of ethanol, propanols and
butanols. Ethanol is a most preferred alcohol for these purposes.

When a peracid is used in the disinfection, it is preferably selected from

the group consisting of peracetic acid, perpropionic acid or perbenzoic acid.
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acid is the % referred disinfecting agent. The peracetic acid is

pr ef er abl y 9%8% 158 into about a 2% to about 10% by vol une aFng”y&F%tlon
The concentration of the peracetic acid may range, for exanple, from about
1.0% by volune to about 0.5% by vol une. I\/bst preferably the concentration
of the peracetic acid is fromabout 0.1,%to about 0.3% by vol unme. Hydrogen
peroxi de can al so be used as a disinf ec? ng agent Alternatively, or in
addition, the tela submucosa tissue source, fromsmall intestine, may

be disinf cted, utiljzin d|S|nfe S such as glutaral dehyde,
formalin eﬁ'iﬂcﬁtff'e qc'tL aﬁ "Eﬂs"arpée T'§8 %ﬁﬁ\%ﬁ“ﬂﬂ 30RBF-r B?IW’?"Q"&F iastd diuce
subst ant i GHbfdHaRIy il Ritol dbodt GODHARPBLATR 1OEE vomrﬁemcro%i s&@nbh.e fird | ON
of other 'disinfecting agents such as peracids Ich can be used to

di si nf ectcomicentrationrair thheursragetic apidamay Saneei fag.example.i tsae aout hd%dhn
SubmUCOS 3, GigiieC fo GitibuR %0 8% AP Yoflrhd, | RABA! pidferaBiyd the SHHEBtAALA"d e | OF

pur poses d°sInfect Vari ati ons on process
can al so peratetibeadithés frodnl aboub §.1%. tol aktoers DL 3% byswbluaw. cdydvopkn Pefkigeecarcet i C

aci d, 5% t hanol qut aratio ion to intestine ratio
by wei ght AR P8 fs RelreBting ot lerpaydk il addhicry sh raif sibipuces
Vi gor ous| fisgilexsurce) elglofrbmUsmall Zntelsﬂhssmavebe Sdlélhfb'ﬁtedi uhlikimgldi¥ntestiegt | C
acid, 25% ethanol solution at a ration of 5:1 solution to intestine

rati o by 3genghseuchsas glytarsldehyde, formakin and tae Uker'dﬁh@hopre alsqkeawnfer heir
vi gor ousl| ébllﬁkXtSqurB %n&:lﬁ?éﬁt l%ros'sfﬁl@ﬁ% it d abér‘? &ficdd, A c]:nt/Pag?'E@grfé

acid, 15% et hano 10% hy rogen er OXI e so ut1on at ratio
sol ution a@lmmf&mﬁndlmmcwmygmsmh FBoperacids whichrmani be ased te disinfect

vigorousl itﬂ%gﬁﬂﬁ%rgpfﬂa%ugﬂLérr?ssﬂnl_sLl}éB0lfdcﬁ%éllf Qﬁ%%lb%ﬁb g:g{r%gﬁan

tinmes wt ySwater Nt e
subj ect eche tredted WithDaliatiohy ery. Bgaﬂmaaﬂudtaﬂom fonSpun\ﬂbsbe o$ mmfetzﬂbﬁst ine i's

rinsed four tinmeg,with hi pu wat er hW| se

al ong a conveyorifﬁﬂapmﬂ?g‘ ‘é§‘f‘¥ '°P9°'§EBT%E‘[‘%8 sPd"FH"aﬁ tl‘ﬁtf@'llfgw

pul sed |ighintebiicd igitrebttidewith 0.296 igataseticddid, 5% ethanol EQlukisW 4t Fé&ﬁ: of

t r eat ment as descri bed above, the tela subnucosa | ayer is delam nated from

its source, 18:ysolufippite intasting fafie bycweioht e PaWtienchastrpiliof2-64 Salitiorpant
found that Ryeliihd QM \ﬁgoﬁmsﬁ/ fyrstw;,fﬁ&grlson stripping procedure, it is

easier to separate the tel a subnucosa | ayer fromthe attached tissues, e.g.
at | east 2r tntestine is treated with 1% peracetic aCld 25% ethanol solution at a ration of

5:1 solution to intestine ratio by weight. Solution has a pH of 2. Solution and
intestine are vigorously mixed for one hour. |

3. Intestine is treated with 1% peracetic écid, 15% ethanol, and 10% hydrogen
peroxide solution at a ratio of 5:1 solution to intestine ratio by weight. Solution
and intestine are vigorously mixed for one hour.

4. Whole small intestine is rinsed four times with high purity water for 15 minutes.
The intestine is then subjected to 1.5 MRAD Electron Beam radiation.

5. Whole small intestine is rinsed four times with high purity water for 15 minutes.
Lengthwise along a conveyor belt, the intestine is subjected to high-intensity
pulsed light which disinfects the intestine.

_ Following the treatment as described above, the tela submucosa layér is
delan:inated from its source, e.g., whole intestine, cow uterus and the like. It has
been found that by following this post-disinfection-stripping procedure, it is easier to

separate the tela submucosa layer from the attached tissues, e.g. at least from
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tuni ca nmuseobsrilssti ssue, as conpared to stripping the tel apeniosymasss | ayer
prior to disinfection. Mreover it has been discovered that the resultant
tela subnucosa layer in its nost preferred formexhibits superior

hi stol ogy, in that there is |less attached tissue and debris on the surface
conpared to a tela submucosa | ayer obtaded by first delam nating the tela
subnmucosa layer fromits source and then disinfecting the |ayer. Mreover,

a nore uniformtela subnmucosa tissue can be obtained fromthis process, and

a tel a syhavtees turlicy inigctibgs t8ste, @is coimpdred tBitippiry thendidsdihesdsadbyer
properties can be_ obtained nore consistently from each separate proce55| ng

run. | npBFiPktel gisinfetioh yMareovared, h%%l???ﬁrﬁ’ﬁ%ﬂ"f%ﬁ@t@ﬂl et @syltanbteleosa
i's obtai QE&nﬁ%oé&‘L ePfrPﬁgﬁ'ﬁzst preferred forrﬂ- l&hidits! RpleRBr ?fstélggy,t fl d at'th cosa

source is preferably carried out by utilizing a disinfecte erl
casi ng nﬁmhkmenacbeQ)tIM@thdetUISaorsﬂbﬁmﬁm compared $o autiela subimnatosa 1averr| l e

and WhICh as enm [ ssed |tale asi machi ne the
Vodel - BERIRCREN itk HotfvinhuRh YRR eifoPtiss Rt G M fRHiPe i e

avai | abl e:s‘mwhbethéaa%rl Wisreblek i & eioreQrifori eélersi:bnﬁywiﬁnnssmea&i e,

t he neasured b| burgwp | evel s are mininmal or substantially zero. cour se, -

ot her mefRtaiped fr REACERYy aneen tela sukmuerradwying thecsareapr ﬁ'@“‘?l‘rﬁhM?E
wi t hout Gﬁa%aemnfcrapmaﬁeenéy e&.e'% 6&!%B'rﬁave Lordistehily froth & Rgarate

del am nating by h has al so been di scovered that nore
preferr earrmeﬁ@mw atmmrdant{y,ta)h@hy pudfiadhsubatantially sterile ttelarsubrou¢asa

el i m nat f educe contam nants contained in the tela
subrrucosgs gﬁﬁ?ﬁﬁggyktrg?;ﬁr&)!e Sut also will produce a tissue which exhibits no
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t he |i ke departing from the present invention, including for example delaminating by hand.

It has also been discovered that more preferred processes according to the
present invention, not only will eliminate or significantly reduce contaminants
contained in the tela submucosa collagen matrix, but also will produce a tissue which
exhibits no substantial degradation of physical and mechanical properties, e.g.,
differential porosity (i.e. wherein one side of the submucosa layer has greater
porosity than the other side), and good strength, for example burst strength. Also,
it has_been discovered that more preferred processes do not affect the differential
porosity of the tela submucosa collagen matrix which ultimately affects the level of
efficacy of this tissue implant. For example, the tissue is not necessarily treated with
a crosslinking agent or a material that disrupts the porosity or inherent, native .
structure of the collagen matrix. Moreover, when hydrogen beroxide is employed,
the matrix as a whole has greater porosity as well as a higher oxygen content. This

helps to ensure the absence of contaminants e.g., endotoxins, pyrogens and the like.
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‘Al'so, in an advant ageous form the coll agen-based matrices &. sent
i nvention 2158 hel udi ng tela subnucosa) denonstrate therg M%B?@%

i nduce active angiogenesis, i.e., an ingrowh of blood vessels within the
matrix of the tissue. In this regard, these preferred natrices of the

i nvention will contain beneficial corrpqllents with which the matrices
natural ly occur, including for exanple 'one or nore of glycosam nogl ycans,
gl ycopr ot ei ns, prot eogl ycans, and/or growth factors (e.g. Tr ansforrri ng

G owt h Factor- ransf G owt agt or Fi bro t

Factor 2 (basi c)f‘ S0, In an ama&?ﬂ?‘@r'{ggﬂ ﬁlﬁ %‘%Qﬁ“‘g ee({j%nﬁqs %tat?‘ fpr?ﬁeé‘t
i nvent i OfhveRtidhefedd., indiudiny ¢619subbiidosh) dethoRBtratec e abiiligy & MAuce active
characterized by e | ow contam nant .l evels set forth in Table 1 bel ow

each conﬁﬁWE&ﬁ?s'ﬁeV%-l- apdr@ewthapthlaed vegsels vithin ihe matpx eithetisauen 18one
or all ofykhey Berthelgé Cﬁéﬁr‘i}dc %ﬁ%@a&t tﬁé’Vlﬁllénter’P ewfib RoRYAiA! i bQﬁ@fndué}

Table 1 are a = colony formng units per gram Ug
pl aque f cnmpmg':enns wﬂpml@rﬂm matyigeg natutaly pcunsngluding fqnngamgle ppmq(g

E?rRtS-Sl- pe;nonx?elcl: Of}gﬁ%ﬂj‘g l Py%%ﬁlgn glycoqrﬁfﬁbs proteoglycans, and/or grovﬁQEEé%%EEE 1

PREFERRER:.g TransP&ElﬁEBl@iamh FadtbAZ)Ransforming GrowfAEictor-a, and/or FibrollastEL
LEVEL ENDOTO < 12 EU g < 10 EU ¢ <5 EUg

Bl OBURDE@rowth Fast%' Zitiepsic)- <1 CFU g < 0.5 CFU g FUNGUS

<2 CFUg Pfeférr%%ﬂhgen-baséd Qn&rIGRJbﬂthe tmﬂ p?@ﬂe%bly submlf@osa-
[err]g/ny <5 [err]g/ny (;erq1 < 500 PFU g
< 50 PFUkgntaining<matriesy) gre alsqut@Eggrpq@d y the low ggotamjgant levels Qetlfogéyo

< 100 . Em:m Pobletht

Even mor & Jraégrqrrr%e ° élﬁaghecr?n ase anlaqtvrell Eaeksenof'at he |"Xv<gn'tn| aonrY cont g}&nmgn
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EUg. 1 are as follows: CFU/g = colony forming units per gram; PFU/g = plaque forming

units per gram; ig/mg = micrograms per-milligram; ppm/kg = parts per million per

kilogram.
- JABLE 1
FIRST SECOND THIRD
S PREFERRED PREFERRED PREFERRED
FEATURE LEVEL LEVEL LEVEL
ENDOTOXIN < 12 EU/g < 10 EU/g < 5 EU/g
BIOBURDEN < 2 CFU/g < 1 CFU/g < 0.5 CFU/p
FUNGUS < 2 CFU/g: < 1 CFU/g < 0.5 CFU/g
NUCLEIC ACID < 10 ug/mg < 5 pug/mg < 2 ugimg
VIRUS < 500 PFU/g < BO PFU/g < 5 PFU/g
PROCESSING < 100,000 < 1,000 < 100
AGENT ppm/kg ppm/kg ppm.kg

Even more preferred collagen-based matrices of the invention contain an
endotoxin level of less than 1 EU/g, and most preferably less than 0.5 EU/g.

Purified collagen-based matrices according to the present invention may
be processed in a number of ways, to provide collagenous matrices useful both in

vitro and in vivo. For example, the submucosa may be configured to provide tissue
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Purified col |l agen-based matrices according to the present invention nmay be
processed in a nunber of ways, to provide collagenous matrices useful both
in vitrovwodsmhiisyi vo. For exanpl e, the subnmucosa nmay be copériusRhsssd
provi de tissue WO 98/ 22158
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useful in vascular applications, e.g. as generally described in U S Patent
Nos. 2,127,903 and 4,902,508. Wth reftamence nowto Figure 1, for use in
vascul ar grafting, a generally tubular graft prosthesis structure 11 s
formed with or including the collagen-based matrix 12, the dianmeter "D' of
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which can be sutured, glued or otherwise secured, to provide the tubular graft

construct. In preferred forms, the inner, luminal surface of the graft can be formed
by the mucosal side of the tela submucosa |

The tela submucosa of the invention possesses mechamcal properties
highly desirable for tissue graft materials in vascular applications, including low
porosity index, high compliance, and a high burst strength. One skilled in the art will
appreciate that the preferred tissue graft material will be of low enough porosity to
prevent intraoperative hemorrhage and yet of high enough porosity to allow extension
of a newly-developed vasa vasorum through the graft' material to nourish the
neointima and luminal surface. .

Téla_submucosa tissue of the present invention can also be processed to
proviJe fluidized compositions, for instance using techniques as described in U.S.
Patent No. 5,275,826. In this regard, solutions or suspensions of the tela

submucosa can be prepared by comminuting and/or digesting the tela submucosa



provi de fluidized conpositions, for instance using techni ques as descri‘bed
in US. Patent' No. 5,275,826. 1In this regard, solutions or suspensions of
the tel a subnmucosa can be prepared by comm nuting and/ or dj ' e tela
subnmucosaWo 9822158 \\y 98/ 22158 béfitsbfhssd’

PCT/ US97/ 14855 - 16- with a
protease (e.g. trypsin or pepsin), for a period of tinme sufficient to
solubilize the tissue and form subst anf | al |y honobgeneous sol ution. The
subnmucosa starting material is desirab é/'com‘ri nuted by tearing, cutting,
grinding, shearing or the like. Ginding the subnucosa in a frozen or .
freeze-dried state i s advant ageous | t hough d resul.ts can .0bt ai ned. .
ns el | WP 8pEEss (§oaTYaaD ERBRbnl ot Betd SPBine SRl Gl Ene R nen
in a hi glysapessd FoARdaibstastislgabaogateous sbRriopsarThe bibswibsa fsteiting and
decanting excess waste. The conminuted tela subnucosa can he dried. for
exanpl e rhatesiabisidesitebly gommimted Ry traringr sUktNg. @Linding, 5§8§'|'"P%d’,' the likeonder
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optional Ty othe arnmaceutically acceptable excipients, to forma fluid
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300, 000 cps at 25EC, The hi.ghef. Vi Scosi § a gel
or past es"@’gh‘é‘f%stae CV?ap“‘e"q s r"gI!—'I %’le | z%én%%aédsg%%gis"é' ﬁﬁ?ﬁﬁa‘{éaﬁﬁ@nt i on
~finds usgendsfudihg hc decdntinghexdcesoweatd. fTite ddramireded tela sebagriosa daarke or
-soft tissues, in need of reFair o ag%rrent ation rmét tf%lﬁ?i cal lﬁbeto c%rect
traunma oiried, Seexampla frasge dfied, to Toanatpawdsy, o Thergafter, it degirg, the BOWARL 0sa
composi téfa‘?me Al Grated thacRIcSHBMRHAGIN Witdr GSbfdrid Istlind arid bphbrdlly other
constructs conprising, for exanple, one or nore sheets of tela subnmucosa

formed |phasmasaltichliyasceptable exsipierts, toforpsa fluid Hissiagralt campositian-e.g.
treating surgical DEOC : - ' t el £y on,
el a sUCHNER rosic Histh 2 to shott 300,000 ERZat 25HE, e MENEF (RBLGH O
(e.g. bygrattitémpgsitiohs candrawe chgelgedaste cofidistenpyt t om stai nl ess st eel

container. Liquid ni.trogen is_introduced i.nt he talner . t he
speci mens, whi cfﬁﬁ\dLézetdhgﬁa c%%fﬁ“fﬁ?tsgd" i'FénY%"é%ne fﬁa(g)'z'généqgts a%'g '{'%gf%’r% a
coarse  h&lefodraPiTRSOSigsUE)TOF -exaidle, PbORE B Nt Aisubs, iraneee cbfordpair or
exanple, wth a manual arbor press with a cylindrical, brass ing‘getfﬁgl aced

on top otugmentatiepemmost SyRicalynto cofect Haumaser diseasgs '"%‘l'c;&tt?rsf’ﬁ ween
the Sp?“fﬁ?g;ﬁ?éé}ﬂ #l1§iz84 Rebmuebsh R8niodftfonsldre Wib Dkéd @E0antagBotisly asded
peri odi ca 0 the tela submucosa
filler for implant constructs comprising, for example, one or more sheets of tela
submucosa formed into sealed {sutured) pouches for use in cosmetic or trauma-
treating surgical procedures. _
in one illustrative preparation, tela submucosa prepared as described herein
is reduced to small pieces (e.g. by. cutting) which are charged to a flat bottom
stainless steel container. Liquid nitrogen is introduced into the container to freeze
the specimens, which are then comminuted while in the frozen state to form a coarse
tela submucosa powder. Such processing can be carried out, for example, with a
manual arbor press with a cylindrical brass ingot placed on top of the frozen
specimens. The ingot serves as an interface between the specimens and the arbor
of the press. Liquid nitrogen can be added periodically to the tela submu.cosa
speciméns to keep them frozen.
i Other methods for comminuting tela submucosa specimens can be utilized

to produce a tela submucosa powder usable in accordance with the present

invention. For example, tela submucosa specimens can be freeze-dried and then



speci nens to keep them frozen. O her nmethods for comm nuting
tel a subnucosa speci nens can be utilized to produce a tela subnucosa

powder usapbeshkiysgccordance with the present invention. Fopcpgaspiass tel a
subnucosa speci nens can be freeze-dried and then WO 98/ 22158
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using a manual arbor press or other grinding neans. Alternatively, tela
subnucosa can be processed in a high shegac bl ender to produce, upon
dewatering and drying, a tela subnucosa powder. _ Furt her grinding
of the tela subnucosa powder using a prechilled nortar and pestle can be

used t0 RYrogHS usiY AiAdkl amvrq;r@s@giryotﬁé:y'gdﬁdingrméuﬁé.- Atginativeiy) Yelh
nitrogen 1s used as needed to naintain solid frozen particles during final
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' Ity T

the desired viscos ; ) 0 prepare another preferred fluidized
material, a tel aFuntivengopdingovidbe telasuhmeédsacubwierousing @ prechilied shortar

| 1. d d bj Vi i i 04 f b i.al |
o moone ains Bkt G Bb ided S0 BrSAGE ¢siorbhl TRbiebheid dhddh Brotiph) Wil 7,
01;I _ pefsgnitq(uﬁl amztoghe!‘lf[s ﬁnd'e;ldCICavs neé&tied I:Zghﬁimﬁn) scagddgraz?n Maaﬂattais Cdmn-igtd final '
a ust e 0] W , ;over  .a our eri.o a roomrte erat ure.
After. t higrinding,: FBe powdss cah he sasily, Avdrated wsina, dor examele; buiferrd salinsdtcum

hydr oxi dgybQuédaFiidi2e® tishfe BRI hiatafiliofithis invditfors 8t tHY HédiRid wYbsaIGRSa can

then be concentrated by salt precipitation of the solution and separated
for further puri fliccerepare ansdher prefesesd-fluidiged materigioartela submucosa powder
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of the bidftpiHi rsrBRet thareactipnanedivy candin pydealized with sodium hydrogde,
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concentrated by salt precipitation of the solution and separated for further
purification and/or freeze drying to form a protease-solubilized intestinal submucosa
in powder form.

Fluidized tela submucosa cﬁmpositions of this invention find wide
application in tissue replacement, augmentation, and/or repair. The fluidized
submucosal compositions can be used to induce regrowth of natural connective
tissue or bone in an area of an existent defect. By injecting an effective amount of
a fluidized submucosa composition into the locaie of a tissue defect or a wound in
need of healing, one can readily take advantage of the biotropic properties of the tela
submuycosa.

It is also possible to form large surface area constructs by combining two
or more tela submucosa segments of the invention, for instance using techniques as
described in U.S. Patent No. 2,127,903 and/or International Publication No. WO
96/35146, dated 17 October 1996, publishing International Application No.
PCT/US86/04271, filed 5 April 1996. Thus, a plurality of tela submucosa strips can

be fused to one another, for example by compressing overlapping areas of the strips



described in U S. Patent No. 2,127,903 and/or International Publication No.
WO 96/ 32146, dated 17 COctober 1996, publishing International Application

No. PCT/ 4271, filed 5 ril 1996. Thus, a pluralit nmucosa
it 2 | b 2 LTSy

strips ¢ USed to one another, for exanple by conpres appi ng
areas of the strips WD 98/ 22158 ,

PCT/ US97/ 14855 - 18 - under
dehydrating conditions, to fornlan(ngqéﬁl pl anar construct having a
surface area greater than that of .any ohe planar surface of the individual
strips used to formthe construct. Tel a subnucosa of the

i nvention ca | so . be empl.oyed,t [ epar I ssue graft constructs useful in
or t hoped MGt SpRvFrating.cobiions, 19 forth SR Sverailpianar Eanstugthnvinga shufass:
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natural l y-derived or synthetic graft materials. For instance, repair
t echni qB8 CRBSHUREral |y described in U.S. Patent Nos. 2,127,903 and

5,281,422 can begid@bhakssh oiHMINVEors EATHRBYE %ptd%d%eﬁspsré fiderat | on.

For tendon and |iganment replacenent applications, a segnent of the tela
subnucograti penstruptsodsaidi injasthepedie sofh tissuripprlications: toriexgmple imtaridongat ed
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| at er al (inge ts14 @abmtitosh oF ahé pluveadiwehiIGAENt can then be configured, al one
or in conbination with other segnents, to a variety of shapes to serve as a

li ganent or t end®h tprdarmardligamery replacement iapatieatians. grsegment of thedrlan or
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of the graft construct will be attached to a bone, :
configured, alone or in combination with other segments, to a variety of shapes to
serve as a ligament or tendon replacement, or to substitute for or patch a broken or
'severed ten&on or ligament.
~ For such connective tissue grafting applications, the segment is desirably
configured to have a layered or multilayered configuration, with at least the opposite
end portions and/or opposite lateral portions being formed to have multiple layers of
the graft material to provide reinforcement for attachment to physiological structures
such as bone, tendon, ligament, cartilage and muscle. In a ligament replacement
application, opposite ends will be attached to first and second bones, respectively,
the bones typically being articulated as in the case of a knee joint. In a fendon
replacement application, a first end of the graft construct will be attached toc a bone,
‘and a second end will be attached to a muscle.
| As indicated above, in connective tissue applications, it will be
advantageous to form, manipulate or shape the end portions of the graft construct

to be attached, for example, to a bone structure, in a manner that will reduce the



~and a second end will be attached to a nuscle. As indicated
above, in connective tissue applications, it will be advantageous to form
mani pul atwowgsraisepe the end portions of the graft construckctashbrisass ached,
for exanple, to a bone structure, in a manner that wll reduce the WO
98/ 22158 _ .
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of graft tearing at the point of attachgent. For these purposes, the tela
subnucosa graft material can be folded or partially everted to provide

mul tiple |ayers for gripping, for exanple, wth spiked washers or staples.
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object of the present invention, thersfore, to provide such grafts in which two or
more submucosa segments are arranged to have their end portions joined together
with the joined end portions and/or lateral portions adapted to be attached to a bone,
tendon, Iigarhent or other physiological structure. One method for providing a double
segment can be to pull one tubular segment internally within another segment to
provide a double-walled tube, the joined ends of which can be attached, for example,
to a bohe, tendon or ligament. These doubled segments will provide enhanced
tensile_strength and retela submucosatance to stretching under tension. In other
forms, muitiple tela submucosa segments or strips can be arranged in a braided
configuration, for example a diamond or sashcord braided configuration, or in a mesh
configuration including multiple loops intercoupled to neighboring loops, which
usefull§l serve in ligament or tendon repair.

Tela submucosa of the present invention can also be used to provide an

orthopedic graft for use as connective tissue to hold fractured bone pieces together



configuration including nmultiple | oops intercoupled to neighboring | oops,
whi ch usefully serve in |iganment or tendon repair. Tel a

subnucos present invention can also be used to prQyj :
orthoped%g'gé?’%{l?sfor use as connective tissue to hold -fra%m%ggﬁ?g pi eces
t oget her : WD 98/ 22158 -

PCT/ US97/ 14855 -20 - and in

proper orientation in the body, the tigsue segnent being forned to serve as
a fracture wap about segnents of fractured bone and to be attached to the
bone. In still further orthopedic applications, tela subnucosa of

t he i nvent,i.on _can be us o.[.epair e tissue r.instance using the
gener al af'gc'ﬂrﬁraﬁg'éor(ﬂ%%gﬁg'ﬁiﬁlﬂi‘%g?ﬂ‘gt?'%ar}‘fsghf“ Sﬁgrﬂegftgwggxgs m htt?ss,er?igﬁﬁmder
form of d fractueé avrapliibonosegraantsbef fragtused boné Bhd t6 bdadttgrhidddo Whesneed bone
region for repair. The tela subnucosga powder can be used alone, or in

conbi nati'on w t i W&f‘BThel’rBFt@f’Eﬁ‘ﬂFtaPB tiops iela ?%Wt‘gltﬁlﬁ&’(%@“ca"
physi ol g gl 6 repHP Bbh8tidstE, 18F fstance g tHePGdreral ’teamiSQ%QBégé’ibed in

chenot herapeuti ¢ agents, antigen, antibodies, enzynmes an or nones.
Pr ef er adf.p. Ratentodad 8:64 bS8 nhhunt a wowdep dotro mirtbe sets $uhroucosa can be

det er.n o ! g ! , . h
Pone r opiertec o BSERa of Witasp 8 BEne tebibH (8 kapetl, TR 83 sifbradtindat o
t he gr afgfowddricamibgeedalontj esinesombination with Baé ar sudreladditforedi bidwtive

hect ;| (FREDE sichichs PhYABlag el erp RS it BT agteth STRRIBRES. no

gr owt h Ghhehltth&aBbE6d agéits Santigdh, aPtbaasse] &kzyneéd Snd HeFmaRe NPRItBAIbIA! |

fibroblastic, fetal skin, osteosarcomm, and adenocarci nona cells (see, e.g.
| nt er natthe pewdegiipine inp@nt will be\compressed intga prgdetermingds thregglimepsipnalshi ng

| nter ”atéhgpglrmn@w k@iﬁ:& ﬁﬁp%tefﬁékﬁ&@’gﬂ&?é@oﬁ ia'nﬁ%ﬁ.fn&:@i&ﬂfafﬂlxﬂr%?a@n its" t

preferred el a" subnmucosa substrate conposition w support the
prol i f ershiape using/ repladefiest efthengiaith with endogenpus tisslidés, i ncl udi ng hunan
cells. he jnventiv ela. s cosa_gan, al so serve as a

col | agenous nmat rTie% il E‘é"ﬁﬁ% i(ﬁi %ﬁsﬁ}vgﬁggﬁo%ﬁi‘cfﬁa P?a%s?f’o??read C&E,I?rgf"tpsee,
e.g., | rdubstrateé,oifabiritiNely datshest, Neastd\@r et Zbdmi In cdraisin2flo\wgith tnukASkts

publ i shi ng, | nt er nat i gnal {H i@gat i on .. PCT/ US96/ 02136 filed 16 February
1996; arihicht EPRRETE othel 9 t thgn sHBiect\Bebs, 9451 Sukarxptic) oplls Aicly 281995,

publ i shi gigiokidira NAbloBRakic APREI Siahi 8BtddidarcBimtl, dpdPadbhdearcihdmaelid (s€br Uary
1995). Such conpositions for cell : .
e.g. International Publication No. WO 96/24661 dated 15 A_ugust 1996, publishing
International Application No. PCT/US96/01842 filed 9 February 1996. In preferred
forms, the tela submucosa substrate composition will support the proliferation and/or
differentiation of mammalian cells, including human celis.
The inventive tela submucosa can also serve as a collagenous matrix in
compositions for producing transformed cells, (see, e.g., International Publication No.
WO 96/25179 dated 22 August 1996, pUinshihg. International Application No.
PCT/US96/02136 filed 16 February 1996; and {nternational Publication No. WO
95/22611 dated 24 August 1995, publishing International Application No.
PCT/USS5/022561 filed 21 February 1995). Such compositions for cell
transformation will generally include purified tela submucosa of the present invention,
for example in fluidized or paste form, in combination with a recombinant vector (e.g.
a pla;mid) containing a nucleic acid sequence with which in vitro or in vivo target
cells are to be genetically transformed. The cells targeted for transformation can

include, for example, bone progenitor cells.



Ansformat ion will generally include purified tela subnucosa of the
present invention, for exanple in fluidized or paste form in conbination
with a reqodsnpmsst vector (e.g. a plasmd) containing a nuBPCEIUSIHULASES
sequence with which in vitro or in vivo target cells are to be genetically
transfornmed. The cells targeted for transformation can include, for
exanpl e, bone progenitor cells. WO 98/ 22158
PCT/ US97/ 14855 - -21- ' - 21 -

Tel a subnucosa of the invention can al so be used in body wall repair,
including for exanple in the repair of abdom nal wall defects such as
herni as, using twbrﬁwmmadafo'gmjmvemmﬂna alsxs bei Umed innbddin wam eanajr,
Surg., 1995, 35;374038 and J. Sur 107-11 SuG
2ppl'| cat Ingliling faraxeare e SRR Jbdorncd piallfafests §4ch Ag HerBs tofle

pr omot & Eﬁ Bf&t‘}ékearﬁi&gws%tﬂneee dES8&BEFhI Adn. Wﬁst@%$ﬂ@w 3513730380;
e

r enodel e | ssue. der mat ol ogi cal applications a submucosa of the
i nvent i oand avt tﬁufgseﬁbsi n %86, BP&197-df14par ini such apRlicptions.c prefsEregotplas and

i n dermal au I h wn to
the art  SHANERDG BpeyElntfis M0 6 BeRol Rl B GhizhistBoR Oy BTN |
388). | naaddcdmsistgncy\ mhman’emodéle&jutlssua edhndemnamtogl@l geprdicatibpsktelan t o

provide a dermal s itute.onto ured e r

(pr ef er aBHHMUGPER rcllidt?’@p'inaﬁ?m calt Pﬁ? ngl?,gﬁg;t,g- ﬁL‘pﬁ‘é%‘fneé $ Such
cul t ur ed wgH\iHdsSahd \i¢ deVbC alditehtatiohviesing rgansnal grafiing teehnigues ayhieh a?cad/ or
fibroblasts onto the dermal substitute. In accQrdance with %Qg%ss

i nvent i oknowmetaythe arteand: litpeatdignisae otg- Annalsof Blagtic Surerry
Subst { Uggey! G HERIBH, in the BHELT BT iredtibri/ IR .Qﬁénaﬁnpm%w Yo bigVPBant ed

onto the™t formicoga. I'n one mod practicing this aspect of
i'nventi ouarMalrsuhstmuytomo mmwlturadgpid&me'cﬂfaﬁé KP'@MR‘B‘N@W'@R&G@!#R@“%

Submicos ATt PLCEA T AhE RRfamel S R Rl hefe Bipitgf ifped

subnucosé rans e HUC or on
t he opposgtdrdplentingTkerdtinosytes ahdldneflb&iblasmtnniooﬂm dermal substimea In

subrucosa of the invention can, al sq be, use SS raftin

ur ogeni t ACCRRFINFR AYith e praspnt invegten, "W’F\?B &ﬁ%gg%s%ﬁ?ﬁ Bg ‘ﬁgg(? Sin

urinary ﬁé agsithal’ RBdtitutd) BIroekEMple 56 aéHerh Oidre, Bhdidiher OB eavziopdingly,

using tec gues correspondl ng to those generally desg I’Ig_“d I n U%SftPatent
5

No. 5, 645rm9!antxd)pom/the telaospbrayposes Ingne mede 9f Praciicing, this gsgect aitheggg
In Tl ui digaeddoar ?Eratti}?:‘acgﬂc &%Htﬂevﬁaﬁﬁlﬁ\téﬂ'bﬁgﬂﬁﬁnp‘féﬂy ak&ding! dtttraristeirihgan

- endoscopi'¢ |nje6 ron pr
a keratinocyte shest, onto the mucosal side of the tela submucosa. Fibroblasts can
be transplanted also on the mucosal and/or on the opposite (ablummal) side of the
tela submucosa.

Tela submucosa of the invention can also be used in tissue grafting in
urogenital applications. For instance, the tela submucosa can be used in urinary
bladder repair to provide a scaffold for bladder regeneration, using techniques _
corresponding to those generally described in U.S. Patent No. 5,645,860; Urology,
1995, _46:396-400; and J. Urology, 1996, 155:2098. In fluidized form, the
inventive tela submucosa can also find use in an endoscopic injection procedure to
correct vesicureteral reflux. In such appl_ications, a submucosal injection can be '
made, for instance in the area under the ureteral orifice of a patient, to induce
smooth muscle growth and collagen formation at the injection site.

in otherl areas, tissué graft constructs formed. with tela submucosa of the

present invention can be used in neurologic applications, for example in techniques



.-/

correct vesicureteral reflux. In such applications, a subnucosal injection
can be made, for instance in the area under the ureteral orifice of a
patient, ' ce snooth muscle growth and col | agen forggé’ és# he
i nj ectio?n‘kis?glgplei.ijéé In other areas, tissue graft c {&E?:’? or med.
with tela subnmucosa of the present invention can be used in neurologic

applications, for exanple in techni ques WO 98/ 22158

PCT/ US97/ 14855 .99 22 - requiring
a dural substitute to repair defects %%e to trauma, tunor resection, or
deconpr essi ve procedures. In order to pronote a further-

ol oo B8, B adrAELRIARER' 1o PUB UBRCAN Y’ G, Falid! FHmBP 2 BRI hese:

fol I ow ng spéeclfi €S are provr : t hese
speci f idecongprpssise precedurasst rati ve, and not limting, of the.present
I nventi on. Thirty

. EXAMPLLE 1 | .
feet of whol e i/A{Eder toPromate @ further yundarstandipg of the prrsent inventigaiand. Thi s
mat et i ats feathras and’ fVaRthges, theFoRoRMgCaIUCIflYEXSPER aREHRYRISIC RWifl He" @ 5

percent by vol ume aqueous et hanol solution for a period of two hours with

agi t at | unsdergteed; that thasenseedific| Expmples are diuseativer and awpti kmigingi, sifnthect ed
casi ng ' the whole intestine. The delam nated tela subnmucosa is
ri nsed ﬁ%&?ﬁygéfl?ﬁ%s with sterile water and tested for inpurities or
contam nants such as endot oxi ns, BEXAMPLERT organi sms, and pyrogens. The

resultant tissug.was foun 0. have sentiall e bi.oburden.level . The
tel a subnucos auﬁ%?e t@ﬁé\‘%‘%’%ﬁ“&%&ﬁ”&ﬁd“éﬁﬂé iaé’t’%ﬁ??f/s f'??ﬁﬂe‘f"ﬁb WA e

| Nt est i Tids ateralss therm thehted R \4e0. 2 prédtt By valumeRpadeticitid irfa BUpdraest
EXAMPLE 2 A ten foot section of porcine whole intestine is washed

wi t h welt¥erolume aauseus;eingnok splution fen 3 petied of twoshmyire (¥idh apitetian: e
col | agaRIP aitihEcoRd RiveRls then'ddfdhfidedPin & aRiTeb iy eiindimiBhind Rufte) 0. 2

percent peracetic acid by volune in a 5 percent by volune aqueous et hanol
sol ut i owhgletintestineailiherdelarinated; talp submuqgosa isrtinsed foun (Petimeswith sterite, t he

{212 SRR U 1 FABIASE ol MG WOk Sl IEREI, P! o
bi obur denganissnd, anttipyrogers.c The meswdtdnt tissue was found to have essentially zero
EXAVPL I':l':ig’burden level. The tela submucosa layer separated easily and consistently from the
whole intestine and was found to have minimal _tiésue debris oh its surface.
EXAMPLE 2
A ten foot section of porcine whole intestine is washed with water. After
rinsing, this section of tela submucosa intestinal collagen source material is treated
for about two and a half hours in 0.2 percent peracetic acid by volume in a 5 percent
by volume aqueous ethanol solution with agitation. ?ollowing the treatment with
peracetic acid, the tela submuéosa layer is delaminated from the whole intestine.
The resultant tela submucosa is then rinsed four (4) times with sterile water. The
bioburden was found to be essentially zero. '
~ EXAMPLE 3
A small section of the tela submucosa intestinal collagen material was
subcutaneously implanted in a rat. Within 72 hours, significant angiogenesis was

observed.
1



<

~ A small-section of the tela subnucosa intestinal collagen nmaterial was
subcut aneously inplanted in a rat. Wthin 72 hours, significant

angi ogenewa sszas®obser ved. WO 98/ 22158 PCT/US97/14855
PCT/ US97/ 14855 -23 -
EXAMPLE 4 - Two sections of small intestine are processed by

differing nethods. The first section is rinsed in tap water, disinfected
for 2 hours in a 5% by vol une aqueous -&3anol sol uti on conprising 0.2% by
vol ume peracetic acid, pH approximately 2.6, delamnated to the tela
subrucosa, rinsed in purified water, divided into two sanples and rapidly
frozen. The second section is ri nsﬂAME!&pﬂ:water del am nated to the tela

subrucosa, ri nse tifi % cin. sulfa

sol ution for &1 '°('§s° ﬁ%&g r@%gl&lgg?%ﬁy #ﬁer F’gﬁ%’) tﬁ.lel nsed
in purifigpet %&ﬂén .dlmséadnl fabO\Maw aisipfectedifor Qahonﬁiby‘nféca%nby'ﬂhﬂuﬁﬁur
above- prepared sanples are tested for Lﬁ)g%den and endot oxi n IeveI s.. . The

first tweayanpscsthanal gelEOR; SBMPHSING By NQlpmee 1PesBEplc ARG denBBt oxi n
level s of g&,ﬁ?,an{#é&%] Jamameté GRENEId ¥RbRAEDS L SirlkRYCin' SEMGsd Weter,
g an

bi obur der and respective endotoxin Ievels of
23.9 EU ginaddd Jibty twio/ §pmples -and rapldly frozen. The second section igEXigeddnstap

Three sections | The
o SRR ol i e R DG osbl, ARBSE R o k. BHE I e
aqueous Qtébﬁw&msﬁhlﬂéﬂeoﬁomﬁaprfcﬁ'l 20 Gnittdsy (ao|deseribed cineU.8. aRa'tdr,\t Mb.about
2.6, delamnated to . the tel g brmucos nsed in UI’Ierd vvat% and

rapi dly 4-892m08hd “'sséédﬂd’“i"!;'eal‘ﬂ?i?& &H"{egd"%f‘@f’ amnles PR rapf {V fropen+ el a

subnmucosapng *d’ﬁ%%ov&p%ﬁdréd Sﬂ’niﬂfé& Qe tébted FdrasibBstdas A8 @nBOtdxin IdvelgTatHe0ds
of Exanple 1 in 460, 962 (treatnent for 40 hours in a 0.1

% by vol firet twa @@mpiss)ﬁmh Imwedmolmrﬂae%pf Lesaéh@n OpL, £Fb/eand gngdetoxirplevels, g
rapidly fje égytha]:\hﬁ 1 Ebf Tfe 5b&Rfitid sh regSE@ﬁQen@iBEQréé?\st&ﬁ t7eI a

subrrucosa I nsed ‘fied water, disi ecte according to the nethods
of Exanpl@Fl/g and 2 Cthlr/@aud Nmpeﬁtx%énémx(rt leyalsmsn23., Brﬁl@/glam Bp.-7 EMige

peracetic acid in high salt sol Utiowiﬁed to pH 7.2), and rapidly
frozen. Al three sanples were test dot oxi ns. The endotoxin |evels

were <0.14 EU g fyHreb28ctidrissdf simdlbintastine 2fe btdogséal by diffesingandtiraisp| Ehe and

> 28 EU g for the third sanple
first is rinsed in tap wa er, disinfected for 2 hours in a 5% by volume aqueous .
ethanol solution comprising 0.2% by vqlume peracetic acid, pH about 2.6,
delaminated to the tela submucosa, rinsed in purified water, and rapidly frozen. The
second is rinsed in tap water, delaminated to the tela sbbmucosa, rinsed in purified
water, disinfected according to the methods of Example 1 in U.S. Patent No.
5,460,962 (treatment for 40 hours in a 0.1% by volume aqueous solution of
peracetic acid, buffered to pH 7.2), and rapidly frozen. The third is rinsed in tap
water, delaminated to tﬁe tela submucosa, rinsed in purified water, disinfected
accofding to the methods of Example 2 in U.S. Patent No. 5,460,962 (treatment in
0.1% by volume peracetic acid in high salt solution, buffered to pH 7.2), and rapidly
frozen-.. All three samples were tested for endotoxins. The endotoxin levels were
<0.14 EU/g for the first sample, > 24 EU/g for the second sample, and >28 EU/g
for the third sample.

Two sections of porcine small intestine were infected with 7' x 10° p!aqué

forming units (PFU) of virus. Both were exposed to a 0.18% peracetic acid, 4.8%



EXAMPLE 6 Two sections of porcine small intestine were infected
with 7x 10[err] plaque - formng units (PFU) of virus. Both were exposed to
a 0. 18% Repagehks acid, 4.8% WO 98/ 22158

PCT/ US97/ 14855 - ZETTUSIZIRSY i

et hanol solution at a nine-to-one weight ratio of solution to material. A
first sanple was imersed in this solution for 5 mnutes; the second was

i mersed for 2 hours. The material proggssed for 5 mnutes exhibited 400
PFU per gram of material. The material processed for 2 hours exhibited zero
PFU per gram of material. EXAVPLE 7

o L1 aliebds SR eAdioPEER ARG Rkt PR BPLSIfn 1RSI B i 5 g

determne 1ts nuclelc acid con . Four Ssanp

each wersemplemeast iovmensedirtinblsotutiorafr iSomirstesicthel deedntfwad infN N r
hts, Illinois.

| sol ati Kit. by Amersham Lifesci,ence_ Inc., Arlington Hei

Nucl ei LQ;E'PH}SQU;W%W? %&eﬁéhfﬁrﬁrb@'ayfﬁp@ﬁ'\’&%mg i rerdgtam @f nat i on
f sol utmarerialpt THenatkeiabprlocessed! fo? i A¥om ic

gci 3ocgnt enlt1 \a/as 1. S [er'rJ] 0.2 [gr ?(h! gwumge ;&%‘?ﬁéﬁgﬂg‘%ﬁﬁfﬁi al .%%E

Smal | intestinal subnucosa, prepar cribed by U S. Patent No.

4,902, 508, was : ' | clei o nt. Four npl es
~of material wei gﬁiﬁﬁgdgh%ggggr@ﬁ&mﬁ eéllseﬁg'}égc%sg(?% £ W%&iﬁ'e%aﬁa %sit%i% S
det ai | edetermine itSNavgleip, acichtontent. Hour ispmptesr shanaterbal ovveighingCh dng each

uantit atl ect rophot onef ri rm nation of sol ution
opt 1 cal S SuEREEd BRATHNRY e SRS R SRR eI RN eoigg 'SRy on
vwas 2. 4 Amensha. lfeseientg Inze; ArtinigtorgHaightd, RéiS! iNUcleic acid quantitation was
EXAMPL 8 Sections of tela submuicosa prepared according to the
met hods PAHREPEA by SREFEPPheiemetde detarpingtiqn ef-srlutiem optigak dangitiesoet 260 r y
(NanBA, nhignd 2807 ArA\VFRE. ige) ic il | Rlakit ¥ ' \bed in
the standard | SO 10993.g a%'%gga"nl{)ﬁgt&&e@%gﬁ g;ggf%? %3@%”%???3@?@%
Toxi ci t Pf megeriglat r acut aneous Toxicity, Cytotoxicity, LAL Endotoxin,

T o S A, b pEAR A o SRR o0 PR, %
bi oconp#to.1#,802,508, was testedwol detbrmiap jtsomiciéie dicichedntent.i Rouraiasnplés bhe
oPOY b SRAEhRORRRES thi $aBh 37SiE blectid o BNAIHRA Siraction as detaled in P
the DNA/RNA lIsolation Kit by Amersham. Nucleic acid quantitation was performed
by spectrophotometric determination of solution optical densities at 260 nm and 280
nm. The average nucleic acid content was 2.4 + 0.2 pg per milligram of material.
_ EXAMPLE 8
Sections of tela submucosa prepared according to the methods described
" herein were sent to an independent testing laboratory (NamSA, Inc., Northwood,
Ohio} for biocompatibility testing as described in the standard I1ISO 10993. The
samples were tested for USP Acute Systemic Toxicity, USP Intracutaneous Toxicity,
Cytotoxicity, LAL Endotoxin, material-mediated Pyrogenicity, Direct Contact
Hemolysis, and Primary Skin Irritation. The samples passed all tests, indicating that
the material is biocompatible. |
_ It will be appreciated that variations of the above-described processing
procegures are intended to be within the scope of this iﬁvention. For example, the
source tissue for the tela submucosa, e.g., stomach, whole intestine, cow uterus and
the like, can be partially delaminated, treateci with a disinfecting or sterilizing agent

followed by complete delamination of the tela submucosa. lllustratively, attached



source tissue for the tela subnmucosa, e.g., stomach, whole intestine, cow
uterus and the like, can be partially delamnnated, treated with a

di si nfect Wi9%3218% eri | i zi ng agent foll owed by conpl ete del REHHSNB4858f t he
tel a subnucosa. Illustratively, attached WO 98/ 22158

PCT/ US97/ 14855 _ : - 25 - nesentery
| ayers, and/or serosa |ayers of whole intestine can be advant ageously
renoved prior to treatnment with the dr&5fecting agent, followed by

del ami nati on of remaining attached tissues fromthe tela subnmucosa. These
steps may or may not be followed by additional disinfection steps, e.g.,
enzynat i mesentery dayersn andior Gerogs: layers ot whale intestine san drenadvantiageouste t el a
subrucos . 11 . W LS ting or other such
agent . oA BIGRS BEadhenl TA the SSRGS dobrt MIBWREEY BBRbaBonSF i ca
mucosa, ferhdiningdatibgctiedctissuies tfeordithe nélacubmucosaatThest stepsatriayi o g ndesi red
cont am nant, | evel (Eg{ﬂgll SL‘C(S] .v?ri ations and nodifications,are

cont enpl 28 lPWes: tongl QIRIDTIRON. 8PS 8.9 FERYMBHS; Purifiption Bad/RF ¢ hi n
the scopgu@lkict A8idi fRWRSVal.ONAlternatively, the feld@dbiiueBsa isbukde tard Beamiifialift ed
that the publications cited herein are indicative of the skill possessed by
t hose prHeatedawithp digiafecting\as pther sich agsnts the tela submusosh Helaminateti Srarer eby
i-ncor por r [ 0y ' ol AOI VI ' ted
by 1 cf or O duftta’ FEEGRAE it el inlbsle) RlloWed By o siiifijble, WliYeBRLA

PCT/ US97tre4a8hbnt to attain the desired contaminant level(s). All such variationd6and

modificationé are contemplated to be a part of the process described herein and to
'be within the scope of the invention.

In addition, it will be appreciated that the publications cited herein are
indicative of the skill possessed by those practiced in the relevant field, and each
such publication is hereby incorporated by reference in its entirety as if individually

incorporated by reference and fully set forth.



1. A graft prosthesis conprising: a

, collagen-based matrix structure renoved froma subrmucosa

ti ssue sou,ogm2188i d purified structure having a contam napicThiReghasd®ki ng
said purified structure bioconpatible. 5 2. The graft

prosthesis of claim11, wherein said purified structure -has—an endotoxin
| evel of l.ess than 12 endotoxin units per gram 3. The iraft

prosthesis of claim2, wherein said epgotoxin level is | H!Hlﬂm m!ﬁ"'i”“"’
pér

endotoxin units per gram 4. The graft prosthesis !

wherein said endotoxin level is less than 5 10 endot oxi n" uni t *
gram 5. The graft prosthesi glgimsc! ai m 4, wherein said endot oxin

|l evel is less than 1 . endot oxi n unit -per-gram 6. The graft
pr ost hedi sA@ratt) pipFthesis ¢RMRISING:ai d purified structure has a bi oburden

| evel of less t ate] 1 A0} : # ft
pr ost hesi s of CP?]JT{’I#,GG,QI Vc\:ﬁg?%%rﬁﬁigg:a dmglﬂgtgyggﬁ"?é%w%é ff%"é‘sgt‘" Hgﬁ'%fg%% ony
f or mi ngtiesue specegsaidpurified strugture having af conpamirtant tavel ofakingssaid purifiaer ei n

sai d bi gburden . l.evel | ess than 0.5 colony formng units per gram
9. The §B§F€”'ﬁ|b6%‘fﬁgg+@°'%'f claim1l1, wherein said purified structure has a
nugl ei c 2acTife gfaft prostivesiseot clhigy 4|, wieréin said faaifieHOsthictuAOhASTEN PABotEXiA| Or am

10. The graft prosthesis of claim9, wherein said nucleic acid content is
| ess th!eﬁYe?& less.t?\gnny F'b‘g‘?t%@ Wuts pRY 9BBY am 11. The graft

prost hegl, s Tt grafl Fvokthmbﬁicmsﬁaﬁgméiﬁiﬁm Shadfohdt fevapis fos¥ithen 16Vel
of less than 500 aque formng units per gram 25 12. The graft
pr ost heendotgxine uRitaPer gramherein said virus level is |less than 100 pl aque

f orm ng puni : ; { Sj l.ai

wher ei n4§ai13§v§%tsq’?€%}e‘fis'ls s°fl celg'g} %ﬂa‘;vrll-n%eg{ gé‘&egﬁ&&wﬁ 'e§ Sﬂ% Fr?gsgutﬁ:aﬁ 2?)er
gn@m  endotoxin uriifs p8f gPAbH3

PCT/ US97/ 14855 . . . . . . - 27 -

14. The %gr 3t BraSL Praehesisof Flaim,4 WhRsin FRidsaRdptaYin tevelyisslesshaPe! has a
pr ocessieRdotoxin unit pe#gréml evel of |ess than 100,000 parts per mllion per
ki | ogram 5. The q%é‘-z%}ftﬁr%t hesi s, of claim 14, wherein said '

process iengTB@@ﬁ?ftlFé%ﬂ"eF@ ayherein said purified sigiqturegs gibiohurener
ki | ogr aigyel of less than 2 colony forming units per gram.
16 7. The graft prosthesis of claim 6, wherein said bioburden level is less than 1 colony
forming unit per gram. |
8. The graft prosthesis of claim 7, wherein said bioburden level is less than 0.5
colony forming units per gram.
~ 9. The graft prosthesfs of claim 1, wherein said purified structure has a nucleic acid
20 content level 6f less than 10 micrograms per milligram.
10. The graft prosthesis of claim 9, wherein said nucleic acid content is less than
2 micrograms per milligram.
11. The graft prosthesis of claim 1, wherein said purified structure has a vi_rus level
- of less than 500 plaque forming units per gram. ' _
285 12. The graft prosthesis of claim 11, wherein said virus level is less than 100 plaque
forming units per gram.
13. The graft prosthesis of claih‘r 12, wherein said virus level is less than 1 plaque

.
forming unit per gram.



5 16. The graft prosthesis of cttam 15, wherein said processing agent
| evel is |ess than mllion per kilogram

The gr afwopseststesi s H!Il“”unm ﬂmﬁﬁﬂ' n said purified stg?ﬂpﬁ? A483%s a

f ungus | evel ans lony formng units per gram

18. The graft prosthesis of claim 17, wherein said fungus level is |ess
than 1 colony 10 formng units per gram 19. The graft
prosthesis of claim 18, wherein said furdls level is less than 0.5

colony formng units per gram 14 20. The graft prosthesis of claiml,
wher ei n sai purrif efotl structure conpri ses, a del am nat ed subrmcosa
s gra

ti ssue sour ppasthesiscof plaimy 1. whareinssids pyified structure hag a-Rrpgessingy
purified Stéégi-{tlm@e'(qugltﬁﬁﬁ]@o OOOZPaRﬂFér%ﬁ];cﬁ\ &ck,lg fhinglel am nated. _
subnucosa ti ssue source. e graft pr ost esis of claim1,

wher ei n sai §5pTThefaraid peasthesis\of elairo gy, whesein said processingSigatidevelds les8 thaten
del am nat ed, 23. A graft prosthesis

conpri si ng: W&%%e ﬁﬁ% ésrg(qﬁﬁr%m i ed, collagen-based matrix structure

renoved frohB.aThelyraft p&ﬁ;thests of clairhi 1555 WheBélH s8id, préésdingLageht ledelss fassttbare
havi ng an ep(gé)t oxi n Iev gﬁzss than 12 endotoxin units per gram

24. A graft Qéﬁ?e%q'é“' a purified,

col I agen- based THRY giatt stasueéswsf ﬂﬁiﬁ?“!eWﬁérém‘s%lcﬁHW%u&ﬁre has ol fidgas
source, said purified structure having a nucleic acid content |evel of |ess
t han levet qﬁ'sssag‘raa\n%cwnvmmmguam pergram. 25 A graft prosthesis
Conprising:qg, The graft prosthesis of tﬂa\{%u{ 3. hteirCid ﬂ%?&a?&ﬁa?%l@?% fah $lblepiur e

renoved froma su | SS'ue source, ed structure

havi ntP a vifommirgusits pér grass t han 500 pl aque 30 for mng units per gram
WO 98/ 22158 S9
-28 - 19. The Qﬁefé rpé(ﬁthfﬁlﬁgcgﬁtégp ‘{% ngﬁeérr ﬁat:' fungus level is less than 0 5

purified, occolomgesrniingemitBper granst ructure removed froma subrmcosa
[ Urified structure having a, progessi ent | evel

It g §:u$h2 gurf& .Fal doffe(m"ﬁfa??% °f)§|'a"ﬁ‘1 14 Wbﬁ"%lsa pg&p%trggtuge compnsg\s a
nmet hod for Qdamindted sabmdbbaPaskuRadtrdrat ri X froma subnmucosa tissue

16 21. The graft prosthesis of claim 1, wheretn said purified structure comprises a
disinfected and delaminated submucosa tissue source.
22. The graft prosthesis of claim 1, wherein said purified structure cfy 1pr|ses a
disinfected and then delaminated submucosa tissue source.
23. A graft prosthesis comprising:
20 a purified, collagen-based matrix structure removed from a submucosa
 tissue source, -said purified structure having an endotoxin level of less than 12
endotoxin units per gram.
24. A graft prosthesis comprising:
a purified, collagen-based matrix structure removed from a submucosa
25 tlssue source, said purified structure having a nucleic acid content level of less than
2 mlcrograms per milligram.
25. A graft prosthesis comprising: .
a purified, collagen-based matrix structure removed from a submucosa
tisgue source, said purified structure having a virus level of less than 500 plaque

30 . forming units per gram.



source, conprising: treating the subnmucosa ti'ssue source °

wth a disinfecting a di sinfected subnucosa tissue
source; ¥islogn21s8 Imﬁml % t he col | agen-based g@.l. d{&%’m t he
di si nfected subnucosa ssue 28. The netho cl aim
27, wherein the subnucosa tissue source |s from an alimentary tract
of a mamal . 29. The nethod of claim28, wherein the mammal is a

pi g. 30. The nethod of claim29,-y@erein the subnucosa tissue source
is fromthe small 15 intestine of a pig. 31. The nmethod of claim
27, wherein the disinfecting agent is an oxidizing agent . . 32. The

met hod of @6ai A graft prdetiisis ddifiphliisg:nf ecting agent is a peroxy conpound.
33. The nethod of claim 32, wherein the disinfecting agent is an organic

per oxy conpBRHfifiedq collagesybased dmatgx HeseCHyre yemOVed 3l;om/iae s@hmucdaa
di si nfecti %s@ﬂ%@hrée’s ﬁl@?ﬁﬁ*ﬁé&' structure ha\ﬁﬁg Tﬁﬁc@@gﬂ |§ve§‘ agﬁ}"g}.er ein

the peracid is sel ected f he group consi aci d,
per pr opi oni190:20Q pants perrmillienoper kilogram. 36. The rret hod of claim 35,
wher eigh th erg er met hod of cl ai m 34,
wher ei n sa?gp t I’eg-blgtl’lﬂé)%l ﬁ%’l ﬁ%‘%&'{'ﬁq ga'foqlﬁﬂe'f H%segum%g%?"}§ submpigopa UssHe ¢
wi th a nedsoorcepebmprisirg:an al cohol and the peraci d. 38. The net hod
of claim 37, wherein the al cqhol has one to about six carbon atons.

39: The nethod of EPEHRG $ie SURTRYGOSA tissHe sucs Wit |%d‘§'§F@G‘E‘8cP99F‘6M prRvidp oup

consi st i ngafisiAtdtRB@lsubRiRBIBsSue sUiFke? @haNo S. 40. The nethod of
claim 39, wherein the al*tohol is et hanol . 30 - WD 98/22158
PCT/ US97/ 14855 removing the collagen-based matrix from the disinfected submucogg tissue

41. Fpe neghgdeof -claim 40, wherein the mediumis an aqueous et hanol

sol ution containing fromabout 0.1 %to about 0.3% by vol une

peracetic 28 dThe methodi2f clim 22t berei the submBpsavtiesws soamedist firerat amg
ti ssue source with a nmedi um

I gﬁlt g?ﬁisntgr ‘ﬁ Pagyt Eﬁe‘:asgbﬁg'u“%&%‘ﬂ'g a pH of about 2 to 5 about 6
43. The rreiZBodTiﬁJé midthbdod 2laimiEB, aviferéihaheendrimah kSa pigoH of about 2 to about
4 30. The method of claim 29, wherein the submucosa tissue source is from the smalt |
15 intestine of a pig. |
31. The method of claim 27, wherein the disinfecting agent is an oxidizing agent.
32. The method of claim 27, wherein the disinfecting agent is a peroxy compound.
33. The method of claim 32, wherein the disinfecting agent is an organic peroxy
compound. _
20 34. The method of claim 33, wherein the disinfecting agent is a.peracid.
35. The method of claim 34, wherein the peracid is selected from the group
. consisting of peracetic acid, perpropionic acid and perbenzoic acid.
36. The method of claim 35, wherein the peracid is peracetic acid.
* 37. The method of claim 34, wherein said treating includes treating the submucosa
25 tissue source with a medium containing an alcohol and the peracid.
38. The method of claim 37, wherein the alcohol has one to about six carbon atoms.
39. The method of claim 38, wherein the alcohol is selected from the group
consisting of ethanol, propanols, and butanols.
40. The method of claim 38, wherein the alcohol is ethanol.
30



44. The net hod of cl ai wherein racid is peracetic acid, and the
medi um cont ai nsTm W pbout 0. 3% by vol une of peracetic
acid. WO982288 A nme ’mm gi,g a col | agen- base®GEUSIH483S0m a
subnucosa tissue 10 source provi ding a
subrucosa tissue source which has been treated with a di si nfecting
agent; and renovi ng the col | agen-based matrix from said
subnucosa ti ssue source. 46. TR8 -net hod of claim45, wherein said
subrucosa tissue source is froma small 15 I nt esti ne. 47. The

met hod of claim46, wherein said disinfecting includes treating the
subrmucosth. tTfm;mtbodno(E@laimm.awmkdid'rtlae mpediyreris an aqueous 48handlesoigidnod of

claim47, \wherein sa i n S, confactin submucosa
tissue EHUHPRINS PR 3 °‘ét éel(j %é’d’“gr%u:g%n?‘él ﬂgcﬁg? 8F8:-ng agent. 20
49. TheqZetihetmethad of mmswmeeem saidi tdedtfn@ahdzlﬂdes frebtisle the SbRatosP the
subrmucosa tissue source with an agueous medi um contai ni ng a peroxy

conpouridssue source yyjth gnedium,eontaing the,pergcid and baving [FePllafabput giound i s
a ger acigbut 6. 51. The nethod of claim50, wherein the peracid is
peracetic acid. 52. The process of claim51, wherein the nedi um
conpr i s43. Jdineanethes of clgim 425 wherein the m@mcﬁasoa pHrofshoutttebouhé.

al cohol 44 S ﬁ%ﬂﬂ@%d of clalm 4§4wh-£E§ [Hié Egr%pz%ns Ar?r%ud‘ Iﬁ'ﬂ%%rﬁgthg r;xQ S ral |

intestineg is froma OSi
a coll agmtamrﬁtmutlmg%ta aboutr €. S%rm}/wuﬁiecuﬂp'erhctamldpur ceinitially

containibg s tr ture and ot he u sai d col | agen-cont ai ni ng
struct u+€ a‘%ﬁ ta!éwa%t%ﬁ?'kqee%seﬁfmﬂwxg&ea} 8rsyomyicoss HEHR oxi n
WOtS peiurgé aé%mpnsmg WO 98/ 22158

PCT/ US97/ 14855

56. The conposiRreYiding a-submusesa fissveisquess which I*‘@gé?ﬁ&!bﬁt%ﬁ%ﬂ rYglﬂF &er is
subrmco %n%tﬁ‘fgeﬁtlﬁﬁﬂe source is small intestine. 57. The

conposi t1on o m 56, wherein said tissue source is pig small intestine.
58. The conposiremaving the collagss;baskd medtrix feord saitistbowicodactigduel spures.s t han

\}vl(")ler gl n gaﬁgxoéﬁém%&& él? eveF Wh%?@eg Ssa&dh at.‘%:ng.lcos;r r'c]i(gszﬁ:eo le?r%'etié $ony fa s%gl m 58,

156 intestine. _
47. The method of claim 46, wherein said disinfecting includes treating the
submucosa tissue source with an oxidizing agent.
48. The method of claim 47, wherein said treating includes contacting the -
submucosa tissue source with an aqueous medium containing the oxidizing agent.

20 49. The method of claim 47, wherein said treating includes contacting the
submucosa tissue source with an aqueous medium containing a peroxy compound.
50. The method of claim 49, wherein the peroxy compound is a peracid.
51. The method of claim 50, wherein the peracid is peracetic acid.
52. The process of claim 51, wherein the medium comprises an alcohol.

25 53. The process of claim 52, wherein the alcohol is ethanol.
54. Tr;e method of claim 51, wherein the small intestine is from a pig.
55. A composition comprising:

a colllagen.-containing structure removed from a tissue source initially

contaifting said structure and other tissue, said collagen-containing structure having

30 an endotoxin level of no greater than 12 endotoxin units per gram.



endotoxin units per gram onposi tion of claimb50, wherein ’
said endotoxin level is Ilﬁmum uu j"[ endot oxin unit per gram 10

61. The wgWpesisgi on of cl L i'nysai d endot oxi n | |@¥9bsd7fiqds8SS t han
0.5

endotoxin units per gram 62. A purified
col | agen-containing matri x obtained froma nmanmalian tissue source,
said matrix conprising manmal i an tel a submucosa and resi dual contam nants
from said manmal i an tissue soumge, said structure obtainable by a
process which 15 conprises disinfecting said mammal i an tissue and then
renoving said structure from the disinfected mammual i an tissue.

63 ThesBonDPAL taipsditish A cfbAmBe] Avorti Gefll olhgér-baskairiiy Udfer
cont acti ng t he manmal i an ti ssue source with an aqueous sol ut I on

cont ai npwlgmucees aod gaid tissue soguce ipramalbintesting. on of cl ai m 63 wherein the
peraci dghs R é‘&%b?m@ﬁ 'of claim 56, wherein said tissue source is pig small intestine.

58. The composition of claim 55, wherein said endotoxin level is less than 10
5 endotoxin units per gram.
59. The composition of.claim 58, wherein said endotoxin level is less than &
endotoxin units per gram. | |
. 60. The composition of claim 50, wherein said endotoxin level is less than 1
endotoxin unit per gram. | |
10 61. The composition of claim 60, wherein said endotoxin level is less than 0.5
endotoxin units per gram. .
62. A purified collagen-containing matrix obtained from a mammalian tissue'source,
said matrix corhprising mammalian tela submucosa and residual contaminants from
said mammalian tissue source, said structure obtainable by a process which
15 comprises disinfecting said mammalian tissue and then removing said structure from
the disinfected mammalian tissue.
63. The composition of claim 62 wherein said disinfecting includes contacting the
mammalian tissue source with an aqueous solution conta'ining a peracid.

64. The composition of claim 63 wherein the peracid is peracetic acid.



