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TRANSPORT PROPERTIES OF

ARTTFICIAL ORGANS.

COMPOSITE POLY}IERIC NEHBRANES FOR

1 p, Giusti,lG Przzrranr, 2G soldanr, 2tt Paila, 3w. Harconl,

]Chemicaì Engrneer rnq Deodftment, Facuìty of tngrneerrng-Unìversrtv of Pisa, ltaly.

lCentre for study of Tecnopolymers anC Blomateriels, CNR-Pisa, ltaìy.
.1Chem jstry Depor',ment, llnrversìty of Ronne, Rome, ltaly.

Polymenic membranes represent a f undamentaì component of many arlrf ioai ongans,

e g. artrfrciaÌ kidney and antificraì ìung; of ibrid artificial ongans, e.q., parrcreas and

ìrver, and 0f enclcprOstheses such as vascuiar pfostheses and nerve guidance channels for
neural neqeneratron

Tlrr:, fact should rr0l worìden at all rf we considen the mass tnansDorl Dnenomena

r)ccu[nnr rn the bloìogical syslems, where natulal membnanes play a roìe of vital
tmporlarrce rn reoulatinq the exchangÈs betweeir celìs of vanìous organs, ancl fìurds or
gases in tne bobv l'1oreover, the memorane transport phenomena have a dete[mining fole,
not nierejy wnen they are nomrnated l0 perlorm rmpontant tasks such as filtration
(iilcjneis) 0i geses permeability (ìung), bui also when lhey act as fìuid or tissue
r:ontainens rvossÉì, Sneath)

it ls als0 lnterestìng t0 nole lhat ev0lutì0n in artifrcial 0rgans, durìng trre iasi
twenty-five years, was dependent 0n advarìces nrade rn pe[mseiective ancl microporous
poìymers wìth the nequrred characteristjc fon tne critìcaì membnane portion 0f lhe
dev i ce

ln the design 0f a ìdeal membrane for artificral organs the foìlowinq characleristics
musl De taken rnlo considenation:
l)Tne brOc0mpatibÌìrty, and the hernocomoalìbìlity speciiicaìly for^ devices t0 be

placed rrr contacl with bìood
2) The mechanicaì pnoperties
3ìTha macc irancnnrf n. vroperiles

!t is therefore diffrcult lo realize such ideal membnane starljng from a sirrgle
material, aìso using fabrication pfoccsses able to get membranes with drfferent deqnee

oí p0r0srty and thei'eîore wilh different Inanspor^t propenties.
we pnopose lhe fabnìcalron of comDosite membranes using a novel technol0gy that

involves blends of synthetjc and 0r natural poìymers whtch are made porous through a
combined sprayinq and pnase inversì0n lechnìque. In oun approach, a poìymer soluti0n and
a n0ns0ì\'ent (steam or water) are simultaneously deposrted through two separate
ldenticaì eJectOrs onto a stainìess steel rotattng cilìnder, nesulling rn a ìocal
pnecìpjtati0n 0f the poìymerrc material t0 form mernbnanes with structunal
charactenist jcs which may be vanìed over a wide nange

As wonking malerials we seìected 00lymethyìmetacryìate-poìyurethane (PH|1A-pU)
bìends and p0ìyunetfìane-poìydimethylsii0xane (PU-PDf15) blends. Tnree difîerent kinds 0î
flat membranes wene produced using the folìowing bìends: pflf1A(30%)-ptJ(7jn/ò,

Pf1f1A(50%)-PU(50%), pf1t1A(80%)-pU(20%) in 2;l THF-1,4 Dioxane ptus acetone, anrl
sleam as non-solvent Cilindricaì membranes with diffenent structunal charactenistics
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were aìsú produced using a bìend of pu(90%)-pDlf5(10%) in 2:l THF-1,4 Dt0xane, and
water as n0rì-s0ìvent

The present work reports of some ''in-vitr^o" transport measunements oDt.atned wttn
sucn composlte membranes potentiaìly utilizabìe in anliflcial lungs and antif ìr_:rai kìdney
(Pfll1A-pU), and jn ìbrid artificial pancreas (pU-pDf1S)

flembna rr,es fon artjf jciaì ìung and artìf iciaì kidney

we studied the gases transport properties across membnanes by an aprlaratus
consisting of lwo pneumatic cìr'cuits connectecl with a celì separated by the testtng
'"nembnane Temperatures and pressures were monìtored in each circuit anct
transmembnane pressures were balancerj fcr^ permeabiìity determinations we used
heìtum as canrief gas and oxygen 0r carbcln dioxicie for permeaDiltty measunemerrts The
tnree PNHA-pU membcanes wer"e compared with sonle commencial membnanes ìn order
t0 detefmine the tnfluence of pf'1HA content 0n the penmeabiiity coefiilent p=

N--l/(A-p) [measuned at AD.rr,= 0, where; N_= Steady fìux conclitr0n {cm3/s);
l=llembratie thickness 1gm); fi=Exchanqe surface (cm2); p= Pnessure of O" or COrJ, on the
drffusivity D (cm2zs), and on the seìectìv1ty parametens Ko=pCor/po, ?nr,r

KD=Dc02/D02.

The resuìts oî these measunements are sh0wed in Tabìe l:
TARI F I

Penmeabilrty dato, diffusivity doto, and selectivity porameters of commercial and pNflA-pi,j
membtranes (T=25'C)

flembranes PC02.l0ro P02.1010 Dc02.107 D02.107 KP KD

t)
a)

6)
7)

Teflcn
Cardìothane 5 I @

P DIlS
P11l1A( 30)-Card ( 70)
Pf1f1A(50)-Cand (50)
PNNA( 80)-Card.( 20)

0 36 t.e
0.12 2.78
018 061
0.86 1 14
r 06 0.98
092 1 04

4.?
284
609
24
153

152
1.03
18.2
2,1
45
l, to

0.95
037
30

4.6
198

117
23.2
3354
28
145
38

8y the examinatlon of the resuìts neponted in Tabìe l, rve can derìve the followjnc
cons i denatrons:

- For apo,1=0 the pf1xA-pu membranes snow botn permeablì1ty and ditfuslvÌty
hiqher than Teflon and cardtothane 5 I @ but lower than pDfls which rs
consideRJthe oest materiaì in thjs applìcati0n

- The PMXA-pU membranes dif f er f nom alì the othen examrned membranes stnce
they d0 not show any selectivrty chanacteristìc wrth nespect to c0, and 0,

- The vanìation 0f the tfansp0rt properties with the rati0 pllHA/pU leaves open
tne possjbiìity cf utillzing these membnanes jn aftiîjctat tungs.
We aìso studied the solute transport pfoperties across the same membranes by a

dialysis appanatus consjsting in a two hydraulic circuits connected with a celì separated
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by the testing membrane. Temperatures and pressures were monìtored in each cit'cuit and
transmembrane pressures were balanced for ììquids enc, 50lui.es permeabìlity
determinations we used water as solvent and Nacl ancl vitamrne 8," as solutes.
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For each kind of membrane, both commercial and produced by us, we derived
characteristic diagrams in whicn we reported the Lp , Dex, Jvx, and Jvx- ; values as a
function of Àp. These parameters are normally used to describe tne transport properties
0f nomogeneous membranes and according to the theoreticat consioeralions rep0rted in
literature, their meaning is : Lp= Hydraultc permeabilir-y = Jvl Dp (cm3/s cm2 mmHg); Jv
= Volumetric flux (cm5/s); Dex= Apparent effective diffusivity = Js-l/C,(crn2lsi.ls=
Solute íìux (g/s); Ct= Solute concentration (g/cm3); l= î"lembrane thickness (cm); Jyx=
Jv-l (cmzls); g = Js/Jv-cr(adimensional). As an example in Figures t(a-b) and 2(a-b)
we reported Dex v.s. Ap and v.s. the t of pl1t1A, for NaCl and Vitamine Bt2.

The results of the transport properties measurements reìative to oun pfîlA-pu
membranes, compared wlth two commerclal membranes lcuprophane@ anct AN 69,

3 ùtProphrÉ.
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polyaffyìonitriìe (PAN)I show how the % c0mposition oÎ the membranes can markedl-v

affects the membrane transp0rt propentìes. it ìs possible t0 moduìate tn A wtde range,

above and bel0w the value of the commencial membranes, the vaiue o1 Dax

Consequenteìy such new membranes can be easely formuìate in order t0 presen-L nlgher

Dermeabilìtv to small solutes and middle molecuìes in companison witfi i-uprourianeoanrj

AN 69, panticulanìy rn convective diffusi0n

flembranes for ibrid artif ìciaì oanffeas.

pU-PD|1S membranes were processed in order to obtain asymmetric slruclures wìth
a thin skln 0n the luminaì side and an open trabecuìar gtructure in the nemainrng part 0f
the wall. These mernbranes were used as tubes, with a 25 mm l.d and a 150 um walì
thickness. Segments ol tubes, l5 mm long were îinst pìugged at one end using a poÌynren

soìution of the same type as the membranes ìtseìf The cnanrben so obtairred was fìlìed
with I ml of soìution t0 be tested. The open extremity was then pìugged wìth the same

technique. TranspOrt measurementS were Carried out îor D-glucoSe,rrrl-insuìin,
albumin, immunoglobuìin and white bl00d cells
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Fig. 4. Diff'Jsion0f 125 l-tnsulinacrossthe PU-PDfîs" ltpmbrim. Th amouni of insulin diffused out
tfE flEmbrsrc i9 exFre3sert as 0 F 0f itr initi0l
contcnt (240 mU rnrl 282.451 com).

Difîusion patterns of D-glucose and l2sl-insuìin from the chamber to the incuDati0n

medium are showed in Fig. 3 and Fig 4. The diflusion equilibrìum of glucose out of the
chamber was 85 95 % oî the inner concentration, The diffusion eguiìibrium of l2sl-rnsuìin

was 48.95 % of the ìnner concentration The glucose diffuses much faster, reachlng the

equìlibrium at l0 min with respect to the 45 min 0f insuìin Albumin, immunoglobuìin

and white blood cells remained inside the chamber
The hi0h diffusion rate of D-olucose, t0oether with the qood diffusr0n rate 0f

l2st-insuin across the walÌ, lnoucé us to prop-ose these permiseíective membranes as a

potentiaì tool for aììo- and xeno-lranspìantation of islets of Langerhans,
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