;e3es$p 14" M #<f $6$TSM 4 NI 160 PCT DOUBLE- LAYER HOLLOW MEMBRANE FOR
Bl O REACTOR APPLI CATI ONS The invention relates to a nmenbrane with a
doubl e-l ayer nenbrane wall whose | ayers consist of different polyners or,
respectively, polyner m xtures and whose one surface is blood conpatible
~whereas the other surface is tissue conpatible, a 5 nethod for the
: hanufacture mmummane and the use of this nenbrane as a support
menbr ane for &m m\“ rgans. is already known to use nmenpyrangs gof
the detoxifi . bl ood outsrde the body during organ failure, for exam
10 ple during krdney farlure In this treatnent, which is used today in
hospital s worl dwi de, toxins perneate in accordance wth the pore size of
the dialysis nmenbrane used and the size of the nolecul es of the conpounds
to be renove@UBESMLANERDHOOEOH MEMEBRANEI §O0R BADoREAALTORhARGISCRGIONS, t he
di al ysate. This 15 process is called herein a "passive" transport which, in
accordance wth the laws of diffusion, is based on the difference of the
concentrationThé tinyendspect rebatespdonds wenbakned wWith he tdewblietuiadser 20
o Lhe NELEEELAK! SNAMS: RIS, 10 AOXLAS 0L LB Afiislo N 288 B sp.T apved
by a passive process in h tﬁe urinée i's pro uced! wevar °
contrastrespeOE1ae1yf|pbanbmdmthuﬂns @adswhesmtnnﬁfsmrfaceomspﬁﬂmﬁxs IS

f ol | owed eqyent, act cess which certain co n

25 prrnarg%ﬁgFﬁng 3%' F%u arI maters%Fék?%tan&§§su%hgoﬁggg&gzﬁarﬁ%t

t he CDncmethadiﬁorgthdreanudhctheepbﬁnmhysumembraﬁ@chnm1thﬁ|use priodgdsiss can
be establlshed within the ar |ﬁ| a K gney a é g gresent state of the
menbr ane %epa ari on Tedhndro y 8 § B ?FaP qndYrT gu% PeRE- or gani zed cel

| ayers. The sane ' lis true for other organs, for exanple, the pancreas
and the |ever rous nenbranes consequently only the passive
filtration funEt Snsaalarneoa ?%‘W 5Rd US&r gb§ rarhe(r]Fc ?8ﬁstg‘F go&ng%
responsi bienf off &ebGMIbuhﬁudytthﬁtmmdyu@aﬁthngEgeh,feeipeetrwehyexam—
repl feed, 20d el GEfuttly ! ERSHuEEr tNBLAREYL G AR Sinich is used

today in hospitals worldwide, toxins permeate 1in accordance

with the pore size of the dialysis membrane used and the size
of the molecules of the compounds to be removed from the blood
of the patient into a flushing solution, the dialysate. This
15 process is called herein a “passive” transport which, in accor-
dance with the laws of diffusion, is based on the difference of
the concentration of the respective compounds contained in the

two liquids.

20 In the natural kidneys, the urine toxins are in a first
stage also removed by a passive process in which the primary
urine is produced. However, in contrast to the artificial kid-
ney, this passive ultra filtration process is followed by a
subsequent active process, in which certain compounds of the

25 primary urine and particularly water are returned to the blood
against the concentration gradient of the primary urine. Such
an active process can be established within the artificial kid-
ney at the present state of the membrane separation technology

only by vital and tissue-like organized cell layers. The same

LT
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There were attenpts to introduce the active transport of vital cells
specifically for support in dysfunctions of ailing 10 organs. The results
achi eved however can hardly be used for many reasons. In view of the
clinical relevance, there were also nany attenpts to devel op suitable

. menbrane carriers with a property 15 profile as required for the specific

' épplication In principle, the nenbrane carriers known so far can be
classified irfourodi Hielentobashe, t ¥oes (mzﬁ@l&l flek %ﬂéﬁéﬁ@r bgl neddve
menbrane and swel ling properties: 2071, Hi ghl'y swel T el menbranes wth
menbr anel $¥REL i oR¥ {ﬂﬁérlSeféafnﬁpéouﬁsmP@bafan@@ CPosRIU JY gy the pas-
Biomat erbabe ¥4101999bn’ FunctNs a0y KRSRAGIY ChYa BRERKS vEEHLANS:
filled wth (for exanple, WO 97/17129 . Practically not or only
nmoder at eP§ §%@| |QHERTOr bagp%ﬁbbhﬁe§om tdretrﬁéwarlaswetnfqmc@a@nbeu rfupported
non- fynction 1 1 7 _
funct#on%lfl zgg %gﬁ}g%@g g'SLé%é% %\?ﬁ\é\?&%‘r%le?%(%ébpl qhé%e?glf%g#;hvelq ev1\711th
regard tblgﬁboﬁuamﬂsﬁ$ssue conpatlblllty may be optim zed with a polynmer 30
conposition of the nenbrane former in accordance with the requirenents (see
DE 100 30 307.2). 2 3. 3Dmatrix materials w thout separation functions
(GB 2 187 447Thew® 9pre2goienptish bxt Aatgioguceartsee pacbive stravspogt( of
10-100 u Iy AaLgniAl y

m cr oel e{g%ronl gétlégﬁn eScrels sugr%y;ls&t%:hé%w dégg &%?gh%%%&goﬂft h‘—:lolglrlarl

and/ B e@t@mg (fd?h%xaﬁ”éuéjCSUScﬁll@B@@d@@W@@S 788 cma@rdlus Be 898ed74501JS 5
938 923; 5§& 995, US 5 985 328). 10 All these devel opments have in
comon t%at tﬁe reqU|renent profile of a carrier nmenbrane for use in

bi o-hybrid organs is only partially fulfilled; gel nmenbranes or gel filled
menbr anes hav L a u nt er.enc adhesi on- de nt. cells
and, up to da QBF%@I%# ?hg |nsggf%§ie§ 18y %gg?élq§§%ﬁhﬁggp o(ﬁany
Non- smelathgmptsnbdedawdlppnﬂnﬂUanﬂemmﬂmbwmnedoannuehav31mpuanﬂroperty
properti gard opd ok, |ssue at lit ven.an _Q tlnlzed
pol y ﬁ§ §%%%%%$tﬁ§nq% I%Q%éé gn a cS ef&%ﬁSe é?%e ag%% “twet P IP
characteplet|¢®e'ﬁm%bmaﬁﬂanertmEHBUknmwn1smcdadanﬁa1Wbehcaapbafeed in
inversio ocC i.s Qft n L Nns ffl 20 t. mat ri x nat s basically
do not hgv€£aﬁﬁﬁﬁflﬁgﬁéo a %ﬁ hett mhlgh ?eg% FTedd M J‘ﬁ% pé |éﬁ1
cel | s whmehbrnaeenatdavael hbhe. pfhpepémenatlon properties of materials
manuf act ured by nmeans of m croel ectronic techniques are insufficient and

t he manufacture of relatively |arge nmenbrane areas 25 is prohibitively
expemsi ve. |tlisHikelef ssweelhim@bpett memdrdngy estth membmtnen ﬁmepnmﬂsde a

carrier nbr ane ch b i,0,hi.0-h i tors _an h be

nanufactur%ﬁ §qu§¥] v%%éf? % ;%?Sﬁ1§g3?,3ﬂﬂéftﬁf@f, Eloma erlaﬁ ﬁﬂ?
{(1895) 753 - 759) and, respectively, porous membranes filled
with gel (for example, WO 97/17129).

25 2. Practically not or only moderately swelling porous mem-~
branes with membrane functions in non-functionalized form (WO
95/21911, WO 96/40871, US 5 837 234) or functionalized form (US
5 720 969), wherein the biochemical behavior with regard to
blood and tissue compatibility may be optimized with a polymer

30 composition of the membrane former in accordance with the re-
quirements (see DE 100 30 307.2).



This object is solved by a nenbrane in accordance with the teachings of the
clains. 3 For the manufacture of the double |ayer nenbrane wall of the
menbrane according to the invention two chemcally different polymner
solutions are enployed. The first polyner solution contains a

. bl ood-conpati bl e pol yner which is dissolved in a 5 solvent. The second

* polynmer solution is manufactured separately fromthe first polyner solution

and contalne. 3, ! H9SNRLEIPHIS SOl WiRtho ) SQobBEg: 1LRSUEHEQTRALI Blc 2

pol yner is dissolved in a solution. The t wo pol'ynmer solutions are

manuf act UBéd 4i4r ) sudtd adWay2Phat woth poityresrelsol cvéoes pemaius gt tivee
form of Egéyggé ni§ture solutions in a honbgeneous state. As solvent for

t he manu t Wf’ the two pol yner solutions preferably the same solvent is
used. But m xtures of solvents nmay al so be used wherein, in that case,
preferably at 15 | east one conponent of the solvent m xture enployed is the
sane I n both Pol GREF168| Beiterdalshehigd pergnEnvbachue esoltit iMis QRlRd bed

above whiebnaee tusedib@est heidmnd achun e rofint brpRiaRe Wd L Ar & H pught
20 into contact with each other in a nozzle of an extruder while formng a

| ayer - 1 i RBY pBINGeF §6FBinan (E8Kp6srmelsy r Ust &r &5dn@ e Uskth Uhd 047 1t HS

formfrom gbe 99771 @s0f the 8xBLudgrsagsp pekynBE §obyki gAggonposite
structure. The pofyner sol ution conposite structure is extruded in this

process into a coagula 25 tion bath and subjected to a phase inversion.

Subsgguent |y, agl | +RER=TBEDERREHEAL A BQV%O%O%%mtnﬁrt%aact erfeagéetcﬁgﬂéﬁdty

renoved fromthe double | ayer menbrane forned i IS way an rane

is furthEFOfiéét@é,E¥0¢a@&h®@I@?mbﬁéﬁﬁaﬁb¢ sﬁﬁbiimzbéodeéﬁidn@r@@@ba@ed.
S o R S i e P D i
embodi nehavet ga ﬁ@ﬂﬂﬁﬁ#?#ﬁﬁﬁnﬁﬁﬁ@F%@ﬂQhb?iﬁhén@ﬁ@@ﬂh@ﬁ—@apaﬁdamﬁnQﬁlkﬁ
Lot on ST 810 TR EroTINe K et okl U L ARG
15 Non-swelling or moderately swelling membranes do not have opti-
mal properties with regard to blood or tissue compatibility.
Even an optimized polymer composition achieves only a compro-
mise between the two characteristics. The membrane formation
in accordance with a phase inversion process is often insuffi-
20 cient. 3D matrix materials basically do not have an immune-
isolating effect which requires the use of patient cells which
are not available. The permeation properties of materials
manufactured by means of microelectronic techniques are insuf-
ficient and the manufacture of relatively large membrane areas

25 1is prohibitively expensive.

It is therefore the object of the present invention to
provide a carrier membrane, which can be used in bio-hybrid re-
actors and which can be manufactured at relatively low costs.

30
This object is solved by a membrane in accordance with the

teachings of the claims.



5 trader nozzle together in the formof polynmer m xture solutions using

mul ti-channel holl ow core nozzles as disclosed in DE | 00 54 591. 2, wherein

t he pol yner solutions formng the double nenbrane wall are brought into

contact with each other already in the extruder nozzle as they jointly

.l eave the nozzle as a poly 10 nmer solution conpound structure. Preferably,

* this polyner solution conpound structure is stabilized at the exit of the
extruder nozz b h t i o] g4

core of the hgﬁlo%h%e%?15 %rane fﬁg %gﬁb?gﬁghfg %ﬁg f%bh gén%rg%QESedhas

descr i bethabaerbrEnemadge diner diurehe i invenkihonn twhi chepdlopidns dirfifer-

bl oodco i el np I g hasi

t hese Ir?gﬁa? gﬂéa gg§e%gghg angr%h@ §E§Pseﬁ%%$e lxﬁpé} asoné%Iy séi

way. By @@n‘pﬁensesﬂl héoorircmpatthbﬂaeb@@emem wéad chhet fieditss® Ibtegbdin a

compay | bLgs yahf eSPegLl vEldond | $3UGEQMPELI Pt £ ﬂollyg*% figPafeudbasdd Vped in
the sel ected solvent or sol vent ture Th such 3 e result
pol ynmer nakels ﬂéﬁ@lsbh@ti@mSha$Xd4muaneﬂéoU$oappeniam@@taimshas'&M&Hue
found howeygLe bial GORMNIEr S APLH WL o LRI IR 81 §her

re € ceor di

honbgeneous™ pol'ynmer ‘mxt ure solu I ons er abl nmenor
to the idvesvivadcan tcheseiwrtobe oﬂmaItwblpplYm@rasobutynns faare mmmu—

Tnur oo BREr Okl TROhiAng M| Bndf) BRCKTHO TR S0 O foll 02dna P bl ©

or, respecglve y, ‘tissuéconpatibl &€ p copo
respﬁttiVBEyfoaMdoflpnbympnlmn&tuaeesuiediohs is pahbmogéaebyspstﬁéeable i f
both pol ynmer solutions, fromwhich the double | ayer nenbrane wall is

manuf actured, include, in addition to the respective blood com5 pati bl e
or tissue combatﬂmhquﬂyﬁ@r tabsmﬁnuﬂ&mtummlyﬁemheMﬁwml;@lQMersaﬁﬂuﬂ

bot h I |yt whi ch h

fgm I P?a es ?hg’ lr%ér?%n%lt’} gﬁ% r?olg%%lv nf el)?mtﬁll?%e%bl uﬁ?‘b smlf{ﬁuﬁaal t3%n,
t he addisbbmahtsomagna$qmﬂgamus®@nwh@penne ihethanpatislk, | idne fandibly at
renbl et BRger SieF PO bo 08s LT Hod ARt Ure TR S (o (il e

W th t heinskobh §U¢Qmpﬂ|¥ohhkﬂdne solutions as the pol yner solutions
form ng the nmenbrane wall, double |ayer nenbrane walls 10 of high
structural integrity. The mass-based part of blood or, respectively, of
ti ssue- conpat Thée tpal ypenymaﬂd ntibeaempolpelyner dgsdhieddt aboﬁQI YWHeir'ch

content of the respectj.ve r.solutio referabl 0 an
particul &Ffy "y Fgféfd%IQhﬁo égeﬁturTSthgﬁﬁﬁl@%%?r%%%cgﬁﬁ aPF@n
i ngu ml duahtqaobgmacsol“;ﬂﬂmr?aémgmnggghﬁ e s a4 e V\@ﬁl afarR e bR Qﬂli\fﬂié gi n
wde limts and i s prefer 10. - var |n IS, congcentration
t he extptgf%ﬁngoﬁﬁ{%¥ﬁﬁf $%grggﬁ¥@FFvé%?ﬁgﬁﬁ nf %%hﬁ? §%r ConLe 4&&
separ at i anebehavidedofint hidowden | By tRebhapelvwablf ahd @&&&@@é&nusy of
t he menbr ane accorq#qgkto the inventio cag be varl d and, after immune

9 PhpHChE

i sol ati oR°-#Wapt P M FESFESH e CRel | s T cB?I%@%BmﬁQﬁftlon
bi o- hybrcdxulsgxsieesstfhesereohwreksraa@ddlmsth\iesd pridcedsv et & ,coagula-
tho 2t "FoPribethh SohneePISR Rt LT hE SOIHor S VBET B0t ne d HRIGH A | |
be descr aDEdnbﬂ—@éﬁbﬁ:@heQ%&mhn@n ddmpIIRGits drd okt oweEBRDIRRES AhiChr-d-s
done Onl% 8a¥§8ml%he double layer membrane formed in this way and the
membrane 1is further treated, for example, thermally stabilized
dried and packaged.
30
Preferably, the membrane 1is transported through an air

space between the extrusion and the coagulation bath.



30 easier to show and explain. But the neasures described can al so be used
accordingly or in an anal ogous nmanner in connection with flat nenbranes. 6
For the manufacture of the nenbrane according to the invention in the form
of a holl ow nenbrane, the two pol yner solutions formng the nenbrane wall
~are’ joined using the nultichannel hollow core nozzle described in DE 100 54
+ 591.2 already 5 in the deformation device to a layered polyner structure
which is extrude t [ z Iy [ _
Struct ure. A “ihe aitesr TRERY P PE e R Relb Bty YPRL SRR 12554
by a concardeng &gt ithei dmvehntdodnunien 0 | tke Sodmnofed wioddrlegilegrer hol-
conditio t n ai ce.l di.ym

ef f ect o%ét hgl%@%rg%g% outfﬁiosl"a S?S th?l %’yggns% e %\htﬁg g?’%m%t gjof%/dn]ieq‘?_

sol uti ontswactﬂ@rsarilbesblamvee edras ta:admnﬁré:elday‘ecp labkel oo ift bef rhebreane by
phase; in n h r.pr d corg es S he hoII fiber
nanu?%ctgfﬁﬁgg ?S%E%E %ogg%hgg R %%% %%%ﬁb 62&?@%%%k|ﬁp' It lg&%ons
wher ei n uhen@omu¢wﬂnehbnaﬂé MEﬁlbw:ﬂnnﬂ(ﬂmzhles masﬁedcandedoaﬁlmmyloo
thermal | y,s (4 C ned _and .finall ried and ba ed. 20 In
contrastg%ogﬁgebélﬁH ?a gggné er|8011€%b5g§?rmln gl éééﬁ? |%ﬁ$@
step of hrdnebWelﬂawee WMdughUnﬂﬁtqummntmettemphraauhesth@m tdleready in
stabiliz o] ve to _be $9Q sel ected .t hat .th rature i.s Iomer t an the
gl ass coﬁ% r5|g% 88lﬂ?°5? §5a§h§ S0P R 1iva §FIQ%%Q91W? e ass
convﬂrS|merpsohutlédvaompgendssateotuneth|s case is the addltlon of a
common pol yner in both polyner solutions, which has a glass conversion
point that is higher than the glass conversion points of the blood- and the
ti ssue- conpat Pbé€epabiper .t18i: Chalgaker i sbletfon tdumpdainad estayetupenhrane

according, to.the i.ny S.CQ uent | one hand 12 i.-functional
chenicalgg?? %%ﬁ?% ?g &hlcﬁxétsp r%ﬁ%§Q§%ﬁnﬁ qﬁﬁb SRR e
superinpexeduandn ofi theuakherfinaed, faratingcttiealcote dﬁﬂﬁﬂylﬂ@&ﬂﬂwtﬂﬁm—
pon ers whi,ch formthe double-|ayer nbrane wal | (adherence qf {he
Dl e E oy er S50 FRITRGH R Hertti et HECBRAl M A TR | AT oA Lbed
partlcu5abavéy in the formof a porous holl ow nenbrane, can be used

preferably as a carrier menbrane in bio-hybrid organs (hybrids of passive
menbrane functions and active organ cell function) for the support or,

respectively, rtte tRepOhiaeyatapkacerents ehollamgador@aAnsiers are blood-

compatible or, respectively, tissue-compatible. On the basis

20 of these literature data, the polymers can be selected in a
reasonably safe way. By simple testing, it can then be deter-
mined whether the blood compatible, or respectively, tissue
compatible polymer can be dissolved in the selected solvent or
solvent mixture in such a way that the resulting polymer mix-

25 ture solution has a homogeneous appearance. It has been found
however, that copolymers form with a common co-monomer often
homogeneous polymer mixture solutions. Preferably, the mem-
brane according to the invention can therefore be obtained in
that as polymer for the manufacture of the membrane wall a

30 polymer mixture of a blood-compatible or, respectively, tissue-
compatible polymer and a copolymer or, respectively, additional
polymer are used. It is particularly preferable if both poly-
mer solutions, from which the double layer membrane wall is

manufactured, include, in addition to the respective blood com~-

5



to The porous menbrane according to the invention is on one hand - in
accordance with the intended use - sufficiently perneable but also, on the
ot her hand, imuno-isolating and is blood- as well as tissue-conpatible. In
addition, it has an 15 exactly controll able protein absorption behavi or and
~can’ be manufactured at | ow costs. In accordance with a preferred

- énbodi nent, a hol |l ow nenbrane according to the invention has an inner
surface yhichiis A0 Blioed=coapabipig and,ar osi;heou SIIA ?ME his
ti ssuecoﬁ\rr%at?b%e. Bot h rrer?b.rane %ayers g% t'he Hol o%orrenlgégr]% cros -serg’ti on
have strdktehalsi fhegsiameg prowatithgedbymen adheténase, othelke itswo w28 dhayies s
to form then,coapesi {RemeOREaANe TR $26qnditian fiae I one: a2
Iong-tern1§?ta€?tg an% -?ﬂnctyon %f F%e g§%$%§|F$&%-%ﬁﬁéﬁ?ﬁgﬁézﬁ%n cells
and t hei genepasgRrEiftrandalivdswasst r ubt uaddiwhbnh thgariddd tileewdelamegndm a
pol arg r d, e her R QY] &br- A t ﬂ%g! com
30 péiigg???@gghfc %ggggggegﬁko?opﬁgﬁg?éﬁé yL%%@h %ﬁﬁiﬁgﬁgkyé? % 3§g§ing
t he manuberbuanag foomdittiiconsbehaei sepamnat i ore pbepentioves @f the duuiimardayer
h0||om{nﬁﬂgé§ngﬁefﬁ 1b§tggggég?d i%cﬁst%%%s%%l%T%%P%%B%P%&%PES“B¥8%ide,

i sol ation can be obtained and avail'abl"'e™al'T"ogéni ¢ or respecti vely,
xenogeni€itkl kbecasebefi m&h pelyedixtioe asbilothybsi dsothan peiltyrert so-
activation he i poyne ste j £nt e ly, tient | 1s
are no Iglrlltéie)cfrm%eg EWQ (J)C?%e%n%%{oarngeven %f’upgﬂgﬁgérggg’%}i %)/nr‘lan%%aﬁieo- ;;brsi d
syst &8hs; ofinhaghi sariohuohlt hetegming . defTérs eachs —fdaes duumpar thady H caghiarst

t he bi o- i . SUPTRL Y, . r ns_are .Qrovi ded which
conply WP%!%é%g%?{égﬁgf exgﬁeqw réeer{r%n%]&%é%ﬁﬁg?(}?gf%’gé%%e ) écatﬁ}‘? grootnon
menbr anegol yimbi oihy lihied totstlensol Bed oweoheennveit ithe wdspead ides qrd ekt n
greater il on 1 he -basi s of .preferred nbogi.rre tswth reference to
t he acco%%%ﬁ%%%gsd%gmﬁﬁgggrﬁbiysaghowﬁ ﬁn@ Hﬁr.lﬁdl%f%xxﬁﬁﬁféﬁ%P-%6%

m croscopi 60tepresentation of the cross-section of the doubl e-layer holl ow
rrerrbfsane in accordance with the exanple 1, Fig. 2 a raster-electron

m croscopi c representation of the 20 cross-section of the double |ayer

hol | ow nmenbr anke apodytienrg domcexaimalte ch, i ghhy anplivided]l kodymdra gasi-er

el ectron m crogcopic representation of, the cross-section of .the . double
Cayor | hoFF B nEREPAfe Thes CERkaATe i TR cRampreoe pigh iy WA &
el ect ronitscandcadpi @reifeirald yofld he 30% er f Bge vhaye hgbehiee redrve it thiddy mer
| ayers Ognéh%hgog%éid§¥gﬁ ég%gqégghgcggfdgggpggtgggl§§as H%n%hg condi-

20 tions, the separation behavior of the double-layer membrane
wall and consequently of the membrane according to the inven-
tion can be varied and, after immune isolation, adapted to the
respective type of cells in corresponding bio-hybrid systems.
These polymers are dissolved in solvents or, repectively mix-

25 tures of solvents which are known to a person skilled in the

art for use in connection with the polymers.

Below the invention will be described in greater detail on

the basis of hollow membranes which is done only because it is

30 easier to show and explain. But the measures described can
also be used accordingly or in an analogous manner in connec-

tion with flat membranes.



30 Fig. 5: Araster electron mcroscopic_picture of the cross-section of

t he doubl e | ayer hol |l ow nenbrane according to exanple 3, 9 Fig. 6: a
raster electron mcroscopic picture of the interface | ayer between two

pol yner |ayers of the double |ayer holl ow menbrane according to exanple 3,
5 FRig. 7. araster electron mcroscopic picture of MCDK cells, which were
6ultivated for 8 days in a fiber-in-fiber bio-reactor between an outer

pol ysul fon fipst apd AUt ANNVES- Eh@ehemg%éﬂéJaé%ofhlng to the in-

transm ssion-el ectron mcroscopic picture of MDCK cells, which were

cul tivateenkspngigaysei AoANf PHep- b@flul@élr mmt@rr@@@t:orth@ettmemwrmt golu-

pol ysul fgn,fiber I@m NeH NG eraddestig ingopt 1aihe
ANNVP5 flb%r |s(% ear v?5|§ na n| ?cafﬁon J ggoqg#ﬁgg %SHEIQZ 9: a

t ransm sshapnel eb@?ﬂéﬂwrﬁ?@r@s@@@ﬁ epdetsamb@ﬂ MEceMOlOs 54\/\/@% mle:eady
cul tiyated }HE& Zie(% At & fd%ﬁ/qg ber 195/8{:%&0%8&?/985:""%%’}11% QU €fhi ch

pol ysul fon fi ber an i nner f1 ber OUs microvillosities
(M/) ar elappatémiego O(umgﬁftbat eFtrupio00 ndars) ,afi §. poAymart rssitiissi on

MDCK- cel [ wer g4+.C £Digr t we a %§”§MNXP > fiber;
clearly V|s&%FgP?|on§t-Hh% thg ?%%ﬁ%.%ﬁﬁ%.??%h%d¥?ﬂ3¥ rres)43
eIectronShﬁbleEQ@ldnpl@tu¢@n©ﬁrr@@tf®mdﬂﬂUﬂ¥Bl|nfaéi|ﬂ@memn fibker and

pol ySU!f 8véabﬁﬁdgg/vg%ehn Owttfahe nat%gr?a nmcg g gg{a& 1 URGOT, the:

mcrovillosities cture o ayer porous
hol | Bw nehBohbhames @bamdﬂaniaﬁ afcfedthi omi tkepdbymeds cand poligimerc lwarlact er

istics scri on th I n
accordaﬁ%goﬂgfh gﬁéqﬁﬁygn gg%hgé g%ﬁ %xﬂﬁﬁnﬁ%r%QEEngﬁ gﬁ%gﬁ?ﬁé%sggte
with theliudefoédkiagney épibhetlayerehbdloew fiber membrane by phase in-

version,

15 The further procedure corresponds to the hollow fiber
manufacturing process as it is known to the person skilled in
the art wherein the hollow membrane may be stretched, is washed
and possibly thermally stabilized and conditioned and finally
dried and packaged.

20

In contrast to the single-layer membrane in the possibly
needed stabilizing step of a double layer hollow membrane, the
temperatures for the stabilization have to be so selected that
the temperature is lower than the glass conversion point of

25 that polymer layer, which has the lower glass conversion point.
Advantageous also in this case is the addition of a common
polymer in both polymer solutions, which has a glass conversion
point that is higher than the glass conversion points of the
blood- and the tissue-compatible polymer.

30

Characteristic for the double-layer membrane according to
the invention 1is consequently on one hand a bi-functional
chemical structure to which a structurally symmetrical arrange-

ment may be superimposed and, on the other hand, a structural

=



(MDCH-cells) is described. As acrylnitrile polyners the foll ow ng polyners

with the follow ng properties were used:

pr oduct cononomer cont ent propertylLocati onmanuf acturer[ Mol o ]of

| ayer - Addi ti onP~*wi t hout Rei nf or ci ngi nsi deHoechst st abi | i zi ngand/ or out si deTi s
~sue’ com ~~p5NVP**6. 1pati bl eQut si deLab- pr oduct Bl ood

+ com ANNVP20ONVP* * 18. Opat i bl el nsi deLab- pr oduct Funct i on- ANAPMAAPNMA* ** 3, 8al i zbl

ei nsi deL pdugt okyacr it * % N- v | idgn ***am |
pr opyl m?ﬁggéy?gﬁi éjngEeégo‘#di%{%%dgggrerﬁast |%ﬂll?|é(%y%§f‘r“?hgﬂ§ww%‘i0@ NGyer
copol ynenemeentevel h (sddesencbedf abdedbwaneal gueknl®Fek6D.30 307.2. to
The excellent tissue conpatiblity of polyacrylnitril and its copol yners

ANNVP5 for kidney epithelial cells is docunented in the publication

" Mor phol ogi caFhet podiresisormemerang t aceovflikgdrisy epét heviealticsl | panticu-
fibersingfiber .bjio a desi gn I h i ra * )
Lanbr%ch%f;fw ,&llﬂbrgé t(\ft#{l]n §§ %’ o#ﬁ%g%ﬁ. q{ﬁéﬁ\é&é{ R%ﬁbgggé Q%% B#’gnelg;é/%t .
Res) . (enpeefdrabdy) asbramprriler 20erbpohgnén bdnshybirag ofro@nsar trsylANs 8
parts ANNYP y ]]?Rg 4 Ndient hyd for L de ) .

pr epar ed yp %ggg{evirﬂﬁ% e egol'c'{gﬁ%{r’:goglﬁd agtdi ;grél]cnlg\ter oér;@g}j"gr ggygd@ﬁilfn)
wher ei n, £on &hki sspprstragenr,t hee HANEWwase Ty s sbheed empotrhe vs alepdrtc eanech tt hoef

appropri u AN- copol ymer was added. After cooling, this polyner
sol uti onéézg%&ggl ?ié?% ,S'degasi fied using a filter conbination consisting of

pol yéster separator (Sarto 5 rius)/fleece (Carl Freudenberg) and was then

used as poly 1 0l ut | for the.outer nbrane layer of the double
| ayer marrbra@fle rlﬁé%ﬁqel%sznneenﬁom%ay?e aa%%?5$ll%% §8nrs£ﬁlset ijhrglgv%rft rba?’?sOBAI\?,neQ
parts ANMRA26- dopaoauerdaaruk 84 tdar tlse Dkt eadeduadeg pr epdifad iant lus qbas

pol ymer m xfure lution for t in.0 ne lyner | ayer. lumen filler
and as clgéa klt#%t ibgl(r?f bé%%o(/vatoélr g\gg L?stehcfr Tﬁ%ggbl Mur}#iﬁﬂjéa Ut FBHS Were
conbi nedblsodg asmubdll channels s -ammpadrio oz z| &nwiddd tthieordi nehsheass D0
~m 360~, un/ 560~, un/ 760 narrow, pi.n di anete i nner, sl .ot

i 2t or FRFGRBY or e 0o RENy Bty (EP P B bHoP Ry 187 y AP PR 1% ur e
sol uti ormannfabeunedzae/ bawecostst dianeter) to forma stabilized pol ynmer
sol uti on compound, and extruded directly into a coagul ati on bath. Under the

i nfluence of the lunmen filler and the coagul ati on bath the pol ynmer sol ution
conpound i s finedcaoddasceulwirh ohf patk farspeedtmiodimiaritny, at hbe lend ngdm—=20

the coagul ation bath,. is washed by neans of a washi ng drum_and und onto
coils. Iﬂr?ﬂ?saﬁ/%),rg&ngi 5(903%%60%‘?%% n}@a%céﬁrénflgrr ﬁb‘rrgatcﬁa%fthls?

Subsaquebl byd-tbepdoible hayeanhobbowitenbuaee was faert iwniels!iy stiahdd-zed
t herm cal 'ﬁﬁg%@iggc fox about 5 sec., fixed at 4C for about 3 sec. treated

with 15 P Bieous gl ycerol solution, wound onto a spool and dried at
roomtenperature. A double |ayer hollow nenbrane was obtai ned whose

T PGl 007 | Sy eh! RERLELel i e 2l Znc T St fl Low aerbrane,
menbr aneh&ve@sstructural integrity providing for an adherence of the two
25 layers to form the composite membrane. This condition facili-
tates on one hand a long-term vitality and -function of the
generally adhesion-dependent cells and their arrangement and

tissue structure, which organize themselves in a polarized man-

ner and, on the other hand, provides for a long term blood com-

30 patibility which is needed for the use of bio-hybrid systems.

By varying the manufacturing conditions, the separation proper-

ties of the double-layer hollow membranes can be obtained such

that an organ-specific immune isolation can be obtained and

available allogenic or respectively, xXenogenic cells can be in-

8



section conposed of a bl ood-conpatible inner |ayer and a tissue-conpatible
outer layer. Both polyner layers are fully joined to each other. Inspite of
a large magnification, no in 12 terface area between the two pol yner
| ayers coul d be recognized in the pictures taken by a raster electron
- mcroscope. The different formand structure of the finger pores which are
- the result of the different phase inversion of the two polyner so y lutions

however sbpwsgt hatot er@oi-ay%rqgu%lr%abamrth%hrtwatdtri%aiﬂotmg> affnune
cross-section. The ratio of "the two polyner layers of the double |ayer

menbr aneSWFERNr e§apdPEE 1ERE - | afensEriuekitdys P talsoi cBlls) atigr terlonger
char act ef st a his, hall r I :ﬁﬁsa I ._hﬂﬁgp
dianeterﬁ%ﬁﬁﬁ? g§%039$8%aféﬁa Fegﬁﬁgzgggs g?ﬁ§¥Q§8 ?ﬁ? %grg¥%%i itflilm
2h-| kPa-4ystemop 28 Bridpledizn AF ithe himmwaeptiefengedodbltael dpemarhdiddiv
menbrane e ed -w_th ' ence,t Lt wag At illzed
20 at53‘3O%JESIJVQEI'Irl]gJE rrgrﬂ%h%ll\ggglyg}‘rll'? hgjsrfd(cfgfjbl egﬁlaggﬁunh%yfo?vor%g%’@ﬁ%%%s OAVé] in
Fig. 3 ag@na Knghl premidededvipi@h ucompil vt hiel tint dhfcaceohnyex batawiarendre t wo
pol yrer o] hj rape.i I kg, d ayer
ol L ow Mot ane Tart PaCcancear or Fhef pfanBeghel 1l byd-niorfalayitenstyS
structural integrity over the nenbrane cross-section consisting of a

bl ood- conpat i in - a S - ti.bl ter |ayer.. In
o 2 the IPECoPactt, ShepRETbnalid by HSCHITRY il Bl 1 1O
st rutt ur bhei heegei by ovireffberedossboddimicon si widh imdarantat tche iy essnege- of

the inte a be assuned in the | ower part of 13 Fig. 4 only
fron1Iit%%g§gﬁgnégéw?ﬁ8§he nor phol ogy. The total structure however shows

clearly the structure of the double |ayer hollow fiber nmenbrane consisting
of two polyneftlggegﬁowghgnratio of the two |l ayer thicknesses is about 1.

15 Fig. 1: a raster-electron microscopic representation of
the cross-section of the double-layer hollow membrane in accor-

dance with the example 1,

Fig. 2 a raster-electron microscopic representation of the
20 cross-section of the double layer hollow membrane according to

example 1, highly amplified,

Fig. 3 a raster electron microscopic representation of the
cross—-section of the double layer hollow membrane in accordance

25 with example 2,

Fig. 4: a raster electron microscopic picture of the in-
terface layer between the two polymer layers of the double
layer membrane according to the example 2,

30

Fig. 5: A raster electron microscopic picture of the

cross-section of the double layer hollow membrane according to

example 3,



5 Further characteristic data of this hollow nenbrane are presented bel ow
I nner dianeter [un]: 405 10 Total wall thickness [un]: 87 Water
perneability [Imzh-1kPa--] : 0.43 Average pore dianeter [nm: 5.6 Cut-off
[kDa]: 38.0 15 Exanple 3: A double |ayer hollow nmenbrane was prepared |ike
in example 2 with the difference that the pol yner solution which, in the

- doubl e | ayer hol |l ow nenbrane, forns the inner nenbrane con 20 sisted of 16

parts ANAPNA 8%.paft ; r f.thi b lL.ayer. _
hoIIOM/nenbraﬁggfs%sh%an§?%{%?gglgzgﬁgﬁgﬁggﬁggg%ﬁg%ré%ﬁ#ggg g?egﬁbefﬁken
the two perjace layers ketweer doablrolwyar haveow wdnbrlamedbybileprledfr

sented iR, Gy ﬁemﬁigﬂﬁbégcbﬁaﬁﬁghgbl8%6 mRrane was formed in accordance

with the invention wth an am no”group-cohtai nf ng i nner |ayer, which can be
functionalized with heparin so as to be well blood 30 conpatible and with a

tiss conpat -bl.e outer, | Fi 1 ' t | jpt ity
bet vve%gn t he tag&bo?y'rrera Igégﬁg? I%lilé%gf%ﬁlh%%%%cégggid\%genb hgﬂgﬂvé)
pol ymer tayéss ocdridie weear lgulitderstidd efioby &l dayby idi f ferfiidatiod Sitraur 14
tural digtibgti i pr.act | y J ctural integrity .of the
two pol y?r%ér) f%flf/g?érof %%enﬁ%anéﬁg%%sséggg%?%##s tlébq ai ngh.g SaIIE—'urJtr}{}eerr
char act eANBYPb~8abarpof this hol |l ow nenbrane are presented bel ow. | nner
dianeter [um : 530 Total wall thickness [gym: 76 |0 Water perneability

[l m2h-1kPa-1] : 0.70 Average pore dianmeter [nm: 6.4 Cut-off [kDa]: 42.7
The Presence Biganm o gr otpsnismipelipmee leatternal sicansbepis detetureedf

qual it aty y ol orj i it i ni b en fate (TMBS-assay,
col or cH%%é% f?%ﬁ%VhiY%E?% 3§?¥%w§u%£l?%£éﬁo§%&i&ga%%&Fsdﬁls%Pﬁﬁwfﬁrfqhe
art. Wthibde bhsereéctbrsbetivernt est otltercplody sofl fiolme fillrer drayem dfnridre

;\é\ﬁ L&ZgéNalﬁg%g O\’fi%'ae@r agﬁecf%a_%%%d icgli h%o%)%aarg%l etg’ ];:Elce)m%\ir\h% t %iber is
clearly visible (magnification: 21,000 times),
15
Fig. 9: a transmission electron microscopic picture of
MDCK cells, which were cultivated for 7 days in a fiber-in-
fiber bioreactor between an outer polysulfon fiber and an inner
ANNVPS5-fiber and numerous microvillosities (MV) are apparent

20 (magnification; 7,100 times),

Fig. 10: a transmission electron microscopic picture of
MDCK-cells which were cultivated for 7 days in a fiber-in-fiber
bioreactor between an outer polysulfon fiber and an inner

25 ANNVP5-fiber; clearly visible are the good contact (tight junc-
tions - TJ) and the formation of the microvillosities (MV; mag-

nification; 31,000 times).

Below the manufacture of double-layer porous hollow mem-

30 branes of different acrylnitrile polymers and their character-
istics are described. In addition, the use of this hollow mem-
brane in accordance with the invention as carrier membrane in

bio-hybrid systems with the use of kidney epithelial cells

10



20 which qualitatively indicates the presence of amno functions. At the
sane tinme, the intense color change fromwhite to yell ow orange i ndicates
that the free avail able am no groups are reactive in an aqueous
environnment, that is, that they are suitable for a heparinization. Free
.am.no groups can be func 25 tionalized with heparin as is known to the
" person skilled in the art which results in an inproved bl ood conpatibility
of the polyrrrec{io) examl& o, A A%a%y%igﬁkﬁékpo%e%t hods #or-
surface nodification and coval ent attachnment™ of heparin. d. Device
Technol . low{ngogpivpars7with Faecéallowingenyenartiesowarei sged: Coval ent
bondi ng of heparin to a vinyl copolyner for bionedical applications.
Biomaterials 18 (1997): 885-890; C H Banford, K G, Al-Lanee: Chemn cal
met hogs fBFOHRPE guWdampnde ] 5 conlsieodonparoberty of Iopathen ¢ mpolufeertirdd
Mater] 10(1992): [243-261). :opkgggfr ni zati on, th%ﬁ;wgékﬁyer menbr anes o
exanple 3 5 were|imersed a oomtenperature into a solutijon which con
tained 10 ng/mM heparin and|a couplijng agent in fthaddgienrati o 40: 1 based
on hepari n. gﬂl@*repa{&mzed and i nt enKevetorcad e washede doubl e doaygdt hol
nmenbr ane was subgequently col ored by| toluidin Iue;I&ggEeby t he col or of
the i nner polyner |ayer of [0 this doubFe]laye hol #'ow frentr ane changed

ow

from

Mhite to dar

k bl ue whi

ch qualit

atively indi

cato#8s1d9¢r ge

» anpbunt s of

bonde

1 hepari n.

rxanple 4 (

appl 1 cati

OITiexsTebe)

15 MDCK cel

s were

yat ed_f [
Jetme%ﬂ§§as
sted of hydr
di 20 nmmter

cul ti
984)

consi
i nner
used,
fiber
| ayer

t on@-days
chemcally
ophiTized

ofwgia nm

ing fiber-pnfiher biorgactar (seg EP, 490
di fferent hglfbm/fiﬂerg. The outefifPBeP
DOl ySul' T oN 938l dond-i SISUE conpatijbi ITty)y W th

Asgipner fiber,_an ANNVPS hol llow fiber S
whoB¥NYF48 e conpatib Iit@‘?s ConB%%%%Fe mﬁt#ysﬁgedoubr%ﬂ15§%?%%m
descri bed ijn exanple 2 (500 ctom egtcdbnthis potymer—mthe—outet

. 25 The resu J.ndi cat hat| t he cel | s, adhere |preferab to

the i hner @N%%MAandk%g}n1there é%ter 8 aay2'a conf | U&A ela)erﬁ%?pﬁ%¥¥6rw
hexagonakGEL LS WM Thy fTgge tie MBCK=typrtatnorphotogy (Fig:—7)—TEM
pi ctures show a close contact of the cells with the ANNVPS5 fiber (Fig. 8).
Nurrerous™® PV Y &0Vl | BEFradidees (MW, Fig. 9) as well as cell-cell contacts
(tight junethoRs prdovyimELS )aRk8eVisible and well devel oped. These
findi ngs indicatepg ?%n%tio%g%Qe%@tﬁglial, whi ch confirns the high

conpatibility of the nenbrane surface with kidney epithelial cells. 16
The good blood compatibility of the ANNVP 20 copolymer

used herein i1s described and documented in DE 100 30 307.2.

ow

10 The excellent tissue compatiblity of polyacrylnitril and its
copolymers ANNVP5 for kidney epithelial cells is documented in
the publication “Morphological studies on the culture of kidney
epithelial cells in a fiber-in-fiber bio-reactor design using
(F. Fey Lambrecht, W. Albrecht, Th.

Gross, J. Mat. Res). (entered

hollow fiber membranes*
Groth, Th. V.
2001) .

15 Weigel, Biomed.

Example 1,

20 A polymer consisting of 8 parts PAN, 8 parts ANNVP 5-
(DMF)

by dissolving the polymers and stirring for 2 hrs at 80°C,

copolymer and 84 parts N,N-diemthylformamide was prepared

11



NI 160 PCT PATENT CLAIMS What is clained is: 1. Menbrane with a double

| ayer nenbrane wall whose | ayers consist of different polyners or,
respectively, polyner m xtures and whose one surface is bl ood-conpatible
whereas the other surface is tissue-conpatible, obtainable in that a first
. pol.yner sol ution which contains a bl ood-conpatible polyner and a second

© polynmer solution which contains a tissueconpatible polyner are prepared

Separate%MeféQﬁ)e@ﬁhaOEH%%tb%t@b%s0E%bn@P&h$uﬁ£$ﬁﬁ§§dﬂ“éd“lﬁ”ﬁﬂe'ébf%ent
sol vent such that both pol yner solutions remain_ in the form of pol yme

m xt ure 3BFutiién FPPECHOhDERNEBAENSt ffe, ANnEoPRbYRBFy s safided ons pa‘?teer
brought £gb0isgnt %ﬁis"\’pbl‘ﬂyﬁ@‘fh s8R ohn el MaazheOf ﬁa@@f %erusa%agasa to

forma Iayered tion conmpound arrang enent’ are extrude

t he sameftih@ri rf:thlgléftdm a§0§s|é§ltyﬁﬁr <33) mqldﬁsct@#poﬁﬁﬁaiﬁbﬂft heSardzrt e
of the extnuder;the p@awllerﬁ@uaéw@r&ﬁm%n%@ér%ﬂ%ﬂﬁﬁedsaéxt g nto

a coagul ation bath and subjected to a phase inversion and the torne ouble
| ayer mﬁﬁ#éﬂéel§Q%Uq¥%btf9érﬁhﬁI9u£¢ée@@mh¥&¥3mmﬁ¥ﬁrMQﬁmtbérdﬂ#bﬁiom

al | non- pngpbraneraMend COAPRRRNt S, @y |t %e%ﬁ%yonfgegéhgtiﬁg%%d 8

Menbrane according to claim 1, obtainable™in that ore
extrusi oparkso RM% cBadgeazlts oANNPh, 29 heopehprene ek std aerdis @MEcewa$

Merbr aney, 2660r g-88a184ChaM,Lear a2 & APl adoHble |ayer vl e
P}

nenbrane, obtainable in that as ext a spin extrusion nozzle is use
4. Méhbraes BetpRdrngaverel afwm 3umebt :fldé@Ire aingl tatsatc oy e oy dekerh norz| e

a multi-ghanpgl heldOw o POZFhEr ! Ri¥EEle solutions were combined us-

ing a multi-channel hollow core nozzle with the dimensions 190

um/360um/560um/760um/ (narrow pin diameter) inner slot diame-
ter/diameter of the combining structure of the two polymer mix-
15 ture solutions 1in the nozzle/outer slot diameter) to form a
stabilized polymer solution compound, and extruded directly
into a coagulation bath. Under the influence of the lumen
filler and the coagulation bath the polymer solution compound
is fixed and is pulled off at a speed of 8m/min at the end of
20 the coagulation bath, is washed by means of a washing drum and
wound onto coils. In this way, a discontinuous washing occurs
for more than 12 hrs. Subsequently, the double layer hollow
membrane was continuously stabilized thermically at 98°C for
about 5 sec., fixed at 4°C for about 3 sec. treated with 15 wt%
25 aqueous glycerol solution, wound onto a spool and dried at room
temperature. A double layer hollow membrane was obtained whose

morphology is represented in Figs. 1 and 2.

The double hollow membrane according to the invention

30 formed had a structural integrity over the membrane cross-
section composed of a blood-compatible inner layer and a tis-
sue-compatible outer layer. Both polymer layers are fully

joined to each other. 1Inspite of a large magnification, no in-

12



5. Menbrane according to claim3 or 4, obtainable in that the polyner
sol ution conpound arrangenent at the exit of the extrusion nozzle is
stabilized in its formby the concurrent extrusion of a lunen filler
formng the hollow core. 6. Menbrane according to one of clainms 3 to 5,
- characterized in that the inner surface of the holl ow nenbrane is

- bl oodconpati ble and the outer surface is tissue-conpatible. 7. Menbrane

accor di ngeE?a@QeaQEat B@t%gﬁe%ag oA iRy Al R L ddh tdale a.»%éé@ za&ij a

second polynmer solution are used which both include the sanme so
Menbr anelBcddvedi BEcEerene t@fketnheb)br Ec et ekl &llﬁéltr@bt A ECope ¢ hatThae

first and:arsecaed eBohy iy Saluldiqaree uskd wahoh, i gelude.gn Addidd anal

pol ymer which 1s the sane | pol yrer solutl
accordlnéeﬁélélaﬁnﬁge(ﬂﬁﬁﬁqﬁﬂﬂﬁaﬁhﬁﬁ%alnvﬁésh@@soéoﬁb@nKW@fpolymer s0-

bl 0ods Coﬂﬁélbﬁéehéﬂgvekeéﬂ‘é%' ‘6% BE thle$3UE-C

addi tional polyner in the total polymer content 0 f%e 3Lspect|ve pé?yﬁ%r
sol uti onthe MEMPEageyucrogrd seaitiiosul arThe 402t 50600. the. thentpodneeat darwti ng

to one ofyLhe, pr eeedi agyph el MRy Obt ahlsd neibAt Lhie congent Lati o ofy the

polymer 1n the first an secon pol ymer so utions ea 11. A
met hod fbhrickeesanufagbonk bf a nmenbrane according to one of the preceding
clainms, characterized in that

10 Further characteristic data of this hollow membrane are

presented below:
Inner diameter [um]: 508

Total wall thickness {um]: 78
Water permeability [1lm™*h'kPa™']:0.05
15
Example 2:

As in the Example 1 a double layer hollow membrane was
prepared with the difference that it was thermally stabilized
20 at 30°C.

The morphology of this double layer hollow membrane is
shown in Fig. 3 and a highly enlarged picture of the interface
layer between the two polymer layers of this membrane is pre-

25 sented in Fig. 4.

A double layer hollow membrane in the context of the pre-
sent invention was formed with a structural integrity over the
membrane cross-section consisting of a blood-compatible inner

30 layer and a tissue-compatible outer layer. In Fig. 4, the in-
terface layer between the two layers is indicated. The struc-
tural integrity of the cross-section is so ideal that the pres-

ence of the interface layer can be assumed in the lower part of

13



t he net hod procedures described in the preceding clains are perforned. 12.
Use of a nenbrane according to one of the clains 1 to 10, as a carrier
menbrane for bio-hybrid organs. 19
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y%do%& ($h&M in Fig. 5 and that of the interface area between the two

polymer layers of this double layer hollow membrane is repre-

25 sented in Fig. 6.

A double layer hollow membrane was formed in accordance
with the invention with an amino group-containing inner layer,
which can be functionalized with heparin so as to be well blood

30 compatible and with a tissue compatible outer layer. Fig. 5
shows the high structural integrity between the two polymer
layers. 1In Fig. 6, the interface between the two polymer lay-

ers can be clearly identified by clearly differentiated struc-
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5 Further characteristic data of this hollow membrane are

presented below:

Inner diameter [um]: 530

Total wall thickness [um]: 76
10 Water permeability [lm’h™‘'kPa™]: 0.70

Average pore diameter [nm]: 6.4

Cut-off [kDal: 42.7

The presence of amino groups in polymer materials can be

15 determined qualitatively by colorization with trinitrobenzene
sulfate (TMBS-assay, color change from white to yellow) as is
known to a person skilled in the art. With the use of this
color test the color of the inner layer of the two-layer hollow
membrane changed in the example 3 from white to yellow-orange

20 which qualitatively indicates the presence of amino functions.
At the same time, the intense color change from white to yel-
low-orange indicates that the free available amino groups are
reactive 1in an aqueous environment, that 1is, that they are
suitable for a heparinization. Free amino groups can be func-

25 tionalized with heparin as is known to the person skilled in
the art which results in an improved blood compatibility of the
polymers (for example: K.G. Al-Lamee, Y. Taktak: New methods

for surface modification and covalent attachment of heparin.
Med. Device Technol. 9 (1998): 24-27; W. Marconi, F. Benvenuti,

30 A.Piozzi: Covalent bonding of heparin to a vinyl copolymer for
biomedical applications. Biomaterials 18 (1997): 885-890; C.H.

Bamford, K.G., Al-Lamee: Chemical methods for improving the
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&10%s<& (Rrd1 ;RIS (LosiTerp¥@@re into a solution which con-

tained 10 mg/ml heparin and a coupling agent in the mole ratio
40:1 based on heparin. The heparinized and intensively water-
washed double layer hollow membrane was subsequently colored by
toluidin blue; whereby the color of the inner polymer layer of
10 this double layer hollow membrane changed from white to dark
blue which qualitatively indicates large amounts of bonded

heparin.

Example 4 (application example)
15
MDCK cells were cultivated for up to 8 days in a fiber-in-
fiber bioreactor (see EP 1 090 984) between two chemically dif-
ferent hollow fibers. The outer fiber consisted of hydrophi-
lized polysulfon (small tissue compatibility) with an inner di-
20 mater of 818 nm. As inner fiber, an ANNVP5 hollow fiber was
used, whose tissue compatibility is comparable with the double
layer hollow fiber described in example 2 (50% content of this

polymer in the outer layer).

25 The results indicate that the MDCK cells adhere preferably
to the inner fiber and form there after 8 days a confluent
layer of uniform hexagonal cells which have the MDCK-typical
morphology (Fig. 7) TEM pictures show a close contact of the
cells with the ANNVP5 fiber (Fig. 8). Numerous microvillosi-

30 ties (MV, Fig. 9) as well as cell-cell contacts (tight Jjunc-
tions - T.J. Fig. 10) are visible and well developed. These
findings indicate a functional epithelial, which confirms the
high compatibility of the membrane surface with kidney epithe-
lial cells.
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a first polymer solution which contains a blood~compatible
polymer and a second polymer solution which contains a tissue-
compatible polymer are prepared separately from each other by
dissolving the respective polymer in a solvent such that both
polymer solutions remain in the form of polymer mixture solu-
tion in a homogeneous state,
the two polymer solutions are brought into contact with
each other in the nozzle of an extruder so as to form a layered
polymer solution compound arrangement and are extruded at the
same time in this form as a polymer solution compound from the
nozzle of the extruder,
the polymer solution compound arrangement is extruded into
a coagulation bath and subjected to a phase inversion and
the formed double layer membrane is at least partially
freed, in a manner known per se, from all non-membrane forming

components and, 1f necessary, finally treated.

2. Membrane according to claim 1,
obtainable in that,
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obtainable in that

as extruder a spin extrusion nozzle is used.

4. Membrane according to claim 3,
obtainable in that
as an extruder nozzle a multi-channel hollow core nozzle

is used.

5. Membrane according to claim 3 or 4,

obtainable in that

the polymer solution compound arrangement at the exit of
the extrusion nozzle is stabilized in its form by the concur-

rent extrusion of a lumen filler forming the hollow core.

6. Membrane according to one of claims 3 to 5,
characterized in that
the inner surface of the hollow membrane 1is blood-

compatible and the outer surface is tissue-compatible.

7. Membrane according to one of the preceding claims,
obtainable in that
a first and a second polymer solution are used which both

include the same solvent.

8. Membrane according to one of the preceding claims,

obtainable in that

a first and a second polymer solution are used which in-
clude an additional polymer which is the same in both polymer
solutions.,
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total polymer content of the respective polymer solution is 10
to 90%, and particularly 40 to 60%.

10. Membrane according to one of the preceding claims,

obtainable in that

the concentration of the polymer in the first and second
polymer solutions each is 10 to 30%.

11. A method for the manufacture of a membrane according
to one of the preceding claims,
characterized in that

the method procedures described in the preceding claims

are performed.

12. Use of a membrane according to one of the claims 1 to

10, as a carrier membrane for bio-hybrid organs.
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