T TLE Method of Fixing Biological Tissue

mat eri al s, " both synthetic and of biological origin, ar eThhé%ﬁ&tH;{} W‘; e
f an

devi ges. | AXB Y mal |y inplanted prosthetic devi ces;
cone iin contdb1#ﬁ$th human tissues giving rise to a var| ml

mat eri al - human tissue interactions in vivo. The success

i npl ant devi ce depends on ‘how the material interacts with the human

envi rionment, which'is governed by factors sueh as the origin of the

mat erii al , the nmet hod of fabrication, the inplant site and the duration of
|nplantat|on Synt hetic nateria+51such as polynmers are derived from
chenmiical s and therefore the material properties are nore readily
repraduci bl e and easier to handle. Furthernore, polynmers may be suitably
nodi fii ed to abthPtE to the end applicati on. However, because of their
synthetlc nature, inconpatibility with the human tissue wll invariably
exi st’. Mat eri al of biological origin nust be fixed or tanned before

it can be used. This is nec?Fsary to stabilise the tissue to degradation
‘by forn1ng Cross of Fixing Biological Tissue

Many materials, both synthetic and of biological

origin, are used in medical devices. In surgically

Q ~ _implanted prosthetic devices, these materials come-_ in
contact with human tissues giving rise to a variety of

material—-human tissue interactions in vivo. The success

S

or failure of an implant device depends on how the

material interacts with the human environment, which is

R e e

governed by factoks such as the origin of the material,
the method of fabrication, the implant site and the
duration of implantation.
Synthetic materials such as polymers are derived
‘ . from chemicals and therefore the material properties are
-more readily rebrbddéibTe éﬁd éasﬁer to_hand]é.
Furthermore, polymers may be suitably modified to adapt
to the end application. However, because of their
synthet{c nature, incompatibility with the human tissue
will dinvariably exist. "
Material of biological origin must be fixed or
. tanned before it can be used. This is necessary tb
stabilise the tissue to degradation by fofming Cross
lTinks in the tissue. 'The=eStab1ished mefhod for fixing

o -



links in the tissue. The established nmethod for fixing
-2- biological tissue is the soaking of tissue in glutaraldehyde over
several days. - Qutaral dehyde, although successful &$Hauhmﬂbmham

give rise to a nunber of problens associated with host tllsluﬂ umm

and sl ow degradation of the cross links in vivo. Many
addr essi ng ways of inproving on the glutaral dehyde process centres on t

i ncorporation of anti-calcification agents. These agents are typically
pl aced into the tissue, which with tine will also be washed out. Another
approach focuses on the utilisation-of2 l-ess toxic fixing reagents such as
carbodii m de/glycerol. Mre recently, several patents have sought to

i ncorporate anticalcification agents or polyners into b|olog|cal tissue to
i nprove on t lPdohggitsiali ttyi ssfues tsh tiieo seadriing ©f tilmee iy e based on the
deposi tion of polyner solutions into tissue using diffusion nmechani sns as
the primary SRS ad eﬂX@ﬁnﬂMﬁﬁﬂ%ﬁ%ﬁr% nd@¥fct | ofslutaraldehydey esent

i nvention see s aIs rove on the ut ar al dehyde process by repl aci ng
the gl utaral ﬁfg)séd‘ t+ §8Sh be?eg‘olsuhﬂwdhtd’f s'=b‘r"é*’pdT‘ﬁﬁsr

pol yet her pol ¥\um er r331’ prpésol_aemcsoré%es %‘?% ed wrﬁha va !

ssue reaction
and slow degradation of the cross links in vivo.

Many recent reports addressing ways of improving on

@ the glutaraldehyde process centres on the insorporation'
of anti—-calcification agents. These agents are
typically placed into the tissue, which with time will
also be washed out. Another approach focuses on the
utilisation of less toxic fixing reagents such as
carbodiimide/glycerol. More recently, several patents
have sought to incorporate anticalcification agents or
polymers into bio]ogicél tissue to improve on the
viability of such biomaterials. These are based on the

i deposition of polymer solutions into tissue using
diffusion mechénisms as the primary means of
tissue/polymer interactions.

The present invention seeks also to improve on the
glutaraldehyde process by replacing the glutaraldehyde
fixing agent with a solution of prepolymer,
polyetherpolydrethane. As a consequence, the advantages
of the synthetic and biological materials are combined to

'-produée a synergistic effect resulting in a biomaterial

with enhanced durability.



of .t he synthetic and biological nmaterials are conbined to produce a
‘sy#?rgrstic effect resulting in a biomaterial wth enhaﬂﬁﬁﬂaﬂﬂﬁ&hw iﬂﬁ
or

-3 -~ An object of this invention is to provide a fixa
b|o1og|cal tissue to enhance its durability and inprove |\

anticalcification properties wthout changing drastlcally nechanlcal
properties. A prepol ymer solution of polyetherpolyurethane may be used
as the fixing agent. The polyner is chemcally bonded to biological

tissue to produce a biomaterial suitable for bioprosthetic applications.
The biological tissue fixed in this nmanner_allows the incorporation of
anti-calcification or other advantageous agents such as pharnacol ogi cal
agehts and anticoagulants to the biomateri al According to the

invention there is o QHARY »f 'f‘?ﬁ@oq nQ/fenft"i)Snng i Qﬂ"délaildet IS FY&a4Sidng 2

solution of polynmer or "a precursor a polynmer to produce a biomateri al

wi th enhanced gHdcdldid iflah HGlkAGGIRN &a@gua tih@dinHdm e Gl RIurasad ity a .
polyurethane and that the nethod conprises treating biological tissue with

an aprotic samnknimgrovenithse amttien lioididatd dn s drteresbwith@uder i ng t he
tissue conpatible for a reaction with a
changing drastically its mechanical properties. A
prepoliymer solution of polyetherp61yurethane may be used
as the fixing agent. The polymer is chemically bonded
.: to biip1ogi'ca1 tissue to produce a bio:inateria'l suitabie
for bioprosthetic appiications.

The biological tissue fixed in this manner allows
the incorporation of anticalcification or other
advantageous agents such as pharmacological agents and
anticoagulants to the biomaterial.

According to the invention there is provided a
method of fixing biological tissue using a solution of
polymer or a precursor of a polymer to produce a

i ~ biomaterial with enhanced durability, characterised in
that' the polymer used is a po]yuréthane.ahd that the
‘method comprises treating biological tissue with an
aprotic solvent to remove water from the tissue thereby
rendering the tissue compatible for a reaction with a
polyurethane or polyurethane precursor, reacting the
dehydrated tissue with (a) a solution derived from
di}socyanate to which a diol is subsequently added or
with (b) a solution derived from a diisocyanate and a

diol or with (c¢) an isocyanate terminated polyurethane



poI%Urethane or pol yurethane precursor, reacting the dehydrated tisste——
Wi tf-(a) a solution derived from diisocyanate to mhich'§Hd'oI | S
subgequently added or wth (b) a solution derived from a|ikmes L

a diol or with (c) an isocyanate terminated pol yurethane ’ , :
solytion or (d) a conmbination of two or nore of the sol ut

(c),7using an aprotic solvent as reaction solvent under inert and

anhydrous conditions ‘at a tenperature up 60[err] Celsius, recovering the
treated tissue and rinsing with aprotic solvent to renbve excess

pol yet her pol yur et hane sol ution, disinfecting the treated tissue,

preferably by soaking it in a glutaral dehyde/fornal dehyde nmi xture, and
storing the treated tissue.in a buffered saline solution preferabl

cont ai ni ng antFPEHbéP"nﬁfe?Fél? coR é"?gé89aﬁf S&Pv@ﬁtm°ﬁ§5°§e%ﬁ§edyto

renove excess po ret hane,sol uti on, L r.abl .QC I.S,+SQ.carried

out that the iﬁga983|(§Popé§9re3°3fﬁﬁﬁé5§rﬁéi%§?°?ﬂ§s§§§gﬁit %ﬁintained.
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i ncluding silicone no uret hanes
a temperature up 60° Celsius, recovering the treated

tissue and rinsing with aprotic solvent to remove excess
polyetherpolyurethane solution, disinfecting the treated
‘. . tissue, preferably by sqaking:it in a
glutaraldehyde/formaldehyde mixture,'and stofing_the
treated tissue in a buffered saline solution preferably
containing antifungal material. The reactant solvent
may be used to remove excess polyurethane solution.
Desirably the process is so carried out that the
mechanical properties of the original tissue are
maintained.
A wide range of polyurethanes may be used in the
present invention including silicone modified
'bolyurethahe§2
Preferably an anticalcification agent and/or
pharmacological agent and/or an anticoagulant is/are
included before, during or after the fixation of the
tissue.
The tissue.may, for instance, be derived from pig,
cow, sheep or kangaroo, such as animal tissue derived
from heart valves or pericardial tissue. The tissue may

i be fully harvested animal tissue, glutaraldehyde or a



Pregerably an anticalcification agent and/ or  phar nacol ogi-cat—agent—anef-er
an ¥nticoagul ant is/are included before, during or afte&ht e f xatiagn of
theg tissue. The tissue may, for instance, be der| ,1”“’
cowg sheep or kangaroo, such as animal tissue derived s
or gericardial tissue. The tissue may be fully harvest ue,
gl ut araldehyde or a -5-
car@od||n1de/glycerol treated tissue, a collagen rich material or native
col Itagen material that contains.active cross linking sites. Exanpl es
of suitable aprotic solvents are digeghyl sul phoxide, dinethylacetan de,
di met hyl f or mami de and tetrahydrofuran. Wth this invention

bi ol‘ogi cal tissue can be fixed to give long termstability of fixed
tissue. carbudiphedepf1pcotoyi tatat@ietiataet hat coanabent réaghed by the

present process include animal tissue fromvarious aninmals such as pig,
cow,: sheep watkamgidroo oatilveecotlagengnaterdad. thedr condkies, apgtrivear di al
ti ssue and other collagen high materials as well as reconstituted or
native col | ageasnhiBkinBssikes- have potential cross linking sites. Tissue

whi ch has been previously
Examples of suitable aprotic solvents are dimethyl

sulphoxide, dimethylacetamide, dimethylformamide and
tetrahydrofuraﬁ. |

‘.' : With this invention biological tissue can be fixed
to give long term stability of fixed tissue.

Examples of biological materials that can be treated
by the present process include animal tissue from various
animals such as pig, cow, sheep or kangaroo of diverse
origin, e.g. heart valves, per{cardial tissue and other
collagen high materials as well as reconstituted or
native collagen materials that have potential
cross linking sites. Tissue which has been previously

‘. fixed using chemical agents such as- g]utaraldehyde and/or
.carbod11m1de/91ycerol can also be subjected to the
present process.

By way of example, fresh tissue may be harvested
from an animal and immediately stored in buffered saline
at 49 Celsius. The stored tissue may be subjected to
the following exemplary procedures to fix them adequately
to produce biomaterial comprising animal and synthetic
character.

P With reference to the following Examples 1,2 and 3




fikld usi ng chem cal agents such as gl utaral dehyde and/

godi i m de/ gl ycerol can also be subjected to the present process.

ay of exanple, fresh tissue nay be harvested fron1d%w§hwm&bﬁmmkelm

fdiately stored in buffered saline at 4[err] Celsius.
tISSUE may be subjected to the follow ng exenplary proc t hem
adequately to produce biomaterial conprising animal and synthe
charact er. Wth reference to the foll owi ng Exanples 1,2 and 3
- 6- ; harvested tissue as described in the preceding paragraph is placed
in di-nethyl sul phoxide as aprotic solvemt-to dehydrate the tissue for up
to 72 hours. The solvent may be changed periodically to quicken the
dehydration process. After dehydration the tissue is subjected to the
treatment desRRrYReted hhgsémcadidesemied intbhe, pr%&%ﬂbms paragraphp thjs
exanpl e, the deh drat d tlasue I S Stl red ont i nuous| solutlon of
ey ehed prth ddifs et 31 SRS RRETHIP Saf BBk tR
[ sol ution %é %‘e re ctl rfo € SU|tabIe rature up to
60[ err] Cel si QRAYIERLS [%?‘I‘T o?ro"f?]e a.?%ap R‘F?egg VElttabl e
time |nterva“naycgeegﬁgpé§d periodically to qu1cken the dehydration

process. Aftér dehydration the tissue is subjected to
the treatment described in any one of Examples 1 to 3.

‘ Ekamgle _1_'

In this example, the déhydrated tissue is stirred
continuously in a solution of methylenediphenylene
diisocyanate in anhydrous dimethyl sulphoxide {[solution
(a)]. The reaction is performed at a suitable
temperature up to 60° Celsius, under dry N2 or other
inert gas. After a suitable time interval, for example
24 hours, a solutioh of tetramethylene ether glycol is
introduced to complete the reaction which results in the
formation of polyetherpo1yurethane -Chain-extenders
typ1ca11y used to form po]yetherpolyurethanes and other
dried compatible solvents can be introduced
simultaneously. The treated tissue is removed, washed
with reaction solvent briefly, disinfected and stored in
buffered saline.

Example 2
In this example, the reaction solution comprises

methylenediphenylene diisocyanate and tetramethylene

glycol in dimethyl suliphoxide [solution (b)]. Chain



_24fhoufs, a solution of tetranethyl ene ether glycol i s—introduced—to— —
conplete the reaction which results in the formation of

pol yet her pol yuret hane.  Chain extenders typically usef “Rﬁlmmd
pol yet her pol yur et hanes and other dried conpatible sol ve wl

I ntroduced sinmultaneously. The treated tissue is renD th
reaction solvent briefly, disinfected and stored in buffered sal i ne.
Exanpl e 2 In this exanple, the reaction solution conprises

met hyl enedi phenyl ene dii socyanate and tetranethylene gl ycol in dinethyl
sul phoxi de [solution (b)]. Chain
-7- ext enders typlcally used to forn1po|yurethanes and other dried

bl I d d t th
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removed, wash wi th reaction sol vent ly, disinfected and stored in
buf fered salddmut idiKadAd 6 3 allowed td NHsacK i Pe $hErPi®goiymer sol ution

[ sol ution
performed continuously. The reaction can be performed
at a suitable temperature up to 60° Celsius but typically
‘ : at 37° Celsius under dry N, or other inert gas. The |
treated tissue is removed, washed with reaction solvent
briefly, disinfected and stored in buffered saline.
Example 3 |
In this example, the prepolymer solution [solution
(c)] comprises isocyanate terminated
polyetherpolyurethane in dimethyl sulphoxide. - Thé
prepolymer is one which has been obtained by reaction of
methylenediphenylene diisocyanate and tetramethylene
‘ L glycol. ‘Chain extenders typically usgd tq form
| polyufethanes and other dried combatibie solvents can
also be introduceﬁ. .Dehydrated tissue is then
introduced into this prepo1ymer solution and is allowed
to react wh11e stirring is performed continuously. The
reaction can be performed at a suitable temperature of up
to. 60° Celsius, but typically at 37° Celsius under dry N,
or other inert gas. The treated tissue is removed,

washed with reaction solvent briefly, disinfected and

stored in buffered saline.



(C)F_conprises | socyanate term nated polyetherpolyuretﬁaﬁé I n dinethyl

sul phoxi de. The prepolyner is one which has been obt aiTedhdyHiPREIHe!

met hyl enedi phenyl ene dii socyanate and tetramethyl ene glyc

extenders typically used to form pol yurethanes and -ot her HH,HEM Ie
sol vents can al so be introduced. Dehydrated tissue is t

into this prepolyner solution and is allowed to react while stirring [s
per formed continuously. The reaction can be perfornmed at a suitable

tenperature of up to 60[err] Celsius, but typically at 37[err] Celsius
under dry N err] or other inert gas- 8 Fhe treated tissue is renoved,
washed with reaction solvent briefly, disinfected and stored in buffered
sal i ne. - 8- The preferred
rati os of diisocydrite epnafafirsld inattiles ofxatiplencyanate taréwebdinidwre can
be disinfected in a formaldehyde/ gl utaral dehyde m xture. Tissue is
preferably stexasplias b fasrled sanqaéesbltms%w Kamdg rdisinieeird aithitg a
smal | amount of sujitable antlfunqal mat er One of ,the benefits of

tissue fixed |°rf"'ﬁ11idsf“%ﬁaﬁ)e 1! uta:; echyé’(fom‘é‘tﬁfeﬁ'act et 183¥¢sidf both

synthetic and etruarba'lly toerreda in butffeecrae%gesa{'il'xxnaet Isonl u&c?r(\:hétevr?gutvll-a a

pH containing a small amount of suitable antifungal

material.
‘ . " One of the 'be_nefi'ts'gf _tis;__;ue 'f_i_xe'c_:l in this way is
that ft adopts characteristics of both synthetic and
natural materials. Because fixation is achieved via a
chemical bond formed between tissue and the polymeric
fixing agent derived from po]yetherpolyqrethanes the
tissue is expected to be more resistant to hydrolysis
damage than glutaraldehyde.

The monomer or starting material can be
functionalised for bonding with anticalcification or
other advantageous agents such as pharmacological agents
.and anticoagd1ants. ' The iﬁcofpératfon of fhese agents
can be achieved before, during or after the fixing
process.

Glutaraldehyde fixing is known to shrink biological
tissue considerably. The shrinkage of biological tissue
in this invention can be minimised by controlling the
reaction conditions.

A commercially available glutaraldehyde reagent for

fixing biological tissue is a mixture of at least three

| PO



chém cal bond forned between tissue and the polyneric fixing agent derived
“from pol yet her pol yurethanes the tissue is expected to lhis BReeHaE Bodh Refdbka t O
hydrol ysis damage than gl utaral dehyde. The nononer

material can be functi.onalised for bonding wth anti cal Jlﬂmmnﬂmﬂﬁm

ot her advant ageous agents such as pharnmacol ogi cal agents '

anti coagul ants. The incorporation of these agents can be achi eved before,
during or after the fixing process. G ut aral dehyde fixing is known
to shrink biological tissue considerably. The shrinkage of biol ogical
tissue in this invention can be nminim%ed by controlling the reaction
condi ti ons. A commercial ly avail abl e gl utaral dehyde reagent for
fixing biological tissue is a mxture of at |east three

-9 - conpdtRMRAN QLS. SUCRRD MRINORE T g kT IARGT pNY nRP 1 YReT vaPyi ng
tities. Thi |ts.] dugct . iabjlit wh t | i
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present ”Etr“EL&E&@ﬁrée@éQQPFﬁgﬁeherein is reproducible as the

starting materials are substantially pure, and the

polymeric constituents can be predetermined. Hence the
‘ tissue treated by the present method gives reproducible )

properties.



properti es. - 10- CGAM 1. A [
nmet hod of fixing biological tissue using a solutionof—potymer or a
precursor of a polynmer to produce a biomaterial wt aRiglity, —

. enh
characterised in that the -polynmer used is a pol yuret js Shebf e i
met hod conprises treating biological tissue wth an mﬁﬂm
renove water fromthe tissue thereby rendering the t

I
t he
Ht to
le for a

reaction wth a pol yurethane or pol yurethane precursor, reacting the -
dehydrated tissue with (a) a solution derived from diisocyanate to which a
diol is subsequently added or wth (b} Bsolution derived froma
diisocyanate and a diol or wth (c) an isocyanate term nated potyurethane
solution or (d) a conmbination of two or nore of the ' (b) ,
(c), using an YAIMS c solvent as reaction sol vent U”m"rﬂmg""mnm
anhydrous conditions at a tenperature up 60[err] Cel 8ius, yewmoveri kg the
treated tissue and rinsing with aprotic solvent to renpve excess

pol yet her pol yur et hane sol utiop, _disinfecting.th reated tissue and
storing the treated tTeERR iﬂpafbﬁ??%r%8°+°g’°a? £588u8using®d

solution of polymer or a precursor of a polymer to

produce a biomaterial with enhanced durability,

characterised in that the polymer used is a polyurethane
" and that the me;hoq_comprisggrtreating bidlogical tissue.
with an aprotic solvent to remove water from the tissue
thereby rendering the tissue compatible for a reaction
with a polyurethane or polyurethane precursor, reacting
the deh;drated tissue with (a) a solution derived from
diisocyanate to which a diol is subsequently added or
with (b) a solution derived from a diisocyanate and a
diol or with (¢) an isocyanate terminated polyurethane
solution or (d) a combination of two or more of the
solutions (a), (p), (c), using an aprotic solvent as
reaction'solveht.undér inerf and anhydrous condifioﬁs at
a temperature up 60° Celsius, recovering the treated
tissue and rinsing with aprotic solvent to remove excess
polyetherpoliyurethane solution, disinfecting the treated
tissue and storing the treated tissue in a buffered

saline solution.

2. A method according to Claim 1, wherein the treated

tissue is disinfected by soaking it in a



salihé sol uti on. 2. A nethod éCcording to Claiml, _wherein the treated
tissue is disinfected by soaking it in a

gl ut ar al dehyde/ f or nal dehyde m xt ure. 3. A nethod acdbm&h asBe
or Claim2, wherein the treated tissue is stored in a b

sol ution containing antifungal material. 4. A method, a
preceding claim wherein the nmechanical properties of the orlglnal tlssue
are naintai ned. 5. A nethod according to any preceding claim wherein

an antical ci.fication agent and/or pharnacologlcal agent and/or an
antlcoagulant i s/are included before,~db¥ing or after th I xation of the
tissue. . A nmet hod accordlng to any precedi ng claim ‘wherein
tissue is fresr { har est ed t gl ut ar al dehyde ,MI"”I
car bodi i m de/ §l YERF 3} ‘P'P»’éﬁ?é f‘F% %h %1 mb’é ¥8%en rich mat I m"m”m””m
reconstituted or native collagen material that contains act’ivé ctoss s
| i nki ng .
3. A method according to Claim 1 or Claim 2, wherein
the treated tissue is stored in a buffered saline
solution containing antifungal material.
4, A method according to any preceding claim, wherein
. _ the mechanical properties of the original tissue -are

maintained.

5. A method according to any preceding claim, wherein
an anticalcification agent and/or pharmacological agent
and/or an anticoagulant is/are included before, during or

after the fixation of the tissue.

6. A method according to any preceding c]aim, wherein
tﬁe tissue'is freshly harvested animal tissue;
g1utafa1deﬁyde.or carbbdiimide/g]yéerol'tkéatéd tissﬁe{"a
collagen rich material 6r a reconstituted or native
collagen material that contains active cross linking

sites.

7. A method according to any preceding claim, wherein
the aprotic solvent is chosen from dimethyl suilphoxide,

dimethylacetamide, dimethylformamide and tetrahydrofuran.



:sifes. 7. A nethod according to any preceding claim mhereln the

aprotic solvent is chosen from di net hyl sul phoxi de, am
di met hyl f or mam de and tetrahydrofuran. |
- 12 - 8. A method according to any precedi ng cIa|n1

bi ol ogical tissue to give long termstability of fixed tissue.
nmet hod according to any preceding claim wherein thew%+{ﬁﬁﬁ¥+{%{kﬁ+ﬁﬁﬁf—

frompig, cow, sheep or kangar oo. 10. A nethod acc
preceding claim wherein the tissue is_aninmal tissue Ii “mﬂ ﬁlEmHHlllt
val ves or pericardial tissue. - 12 -

8. A method according to any preceding claim, which
fixes biological tissue to give long term stability of

fixed tissue.

g. A method according to any preceding claim, wherein
. ~ the tis_sué is derived from pig, cow, sheep or kangaroo. |

10. A method according to any preceding claim, wherein

the tissue is animal tissue derived from heart valves or

pericardial tissue.



