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Abstract : This paper 1s fundamental study to develope the extracorporeal liver support system for patient with fulminant hepatic failure
(FHF) or being expected for orthotopic liver transplantation. The polyurethane foam, which is composed of the density of 33kg/m3, the
average pore diameter of 500um, the closed window of 60-70%, was manufactured with the prepolymer of 15% NCO-. Hepalocytes were
inoculated to form spheroids in polyurethane foam. The time of spheroid formation in BSA(Bovine Serum Albumin) coated polvurethane
foam was shorter than that in raw polyurethane foam. To verify the function of hepatocyte spheroids, we measured ammonia removal
rate, urea and albumin secretion rate. Polyurethane foam was suitable for culture of hepatocyte spheroids. And culture of hepatocyte
spheroids in polyurethane foam has high possibility in using as an extracorporeal liver support system.

Key words : Extracorporeal liver support system, polyurethane foam, hepatocyle spheroids
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Two-compenent #H -2 NCO7]&€ 714 isocyanateE A 2]
5= JE—‘;—(polyol, H,0, catalyst, surfactant : polyol mixture
g} g)& 400rpme g WA EFAIZ $4 polyol € H, 09 gt
£ —T— A Adete] isocyanate® A7}t 5000rpmo.E
mixingdted F& A Za= e A7 24 & Axsaz
e Fdl wet 288 4 v FHolvh NCO-ze)Zey %

#.e. MDI(Diphenylmethane-4-4'-diisocyanate) & ZztA o
Y3 polyol& MAS] 7FEIH A 70-807C 9 2FolA 44175 %
zZ&sir}, oy MDIE #og Yo 238 & NCOZI7E &

A ") AA7)A dojA Zg]Ze)md| surfactant, catalyst, H,
0% ¥ %02 FHste] et Zeledd &% ¢&
% ¢t} £43 diphenylmethane-4-4’-diisocyanatet= Pure
MDIZ w3py ar2da Pure MDIZ} 3tAjo]7] wj&d) carbo-
dimides}sied AF A2 wHEOl Hdo] LoldE
Liquid MDIe]t}. Crude MDI= vHE théj<l phenylmethane
isocyanate7} shuteld ¢le MDIE wétrh % 18 g
AR B ek Fo Az Eed NCO-Ze| Eeo| B &
vhebdl Aolth polypropylene glycol(M.W. : 3000, 4 3ldh)
1€ Crude MDI 9.138& ¥H3A1AH WA 16% 9 NCO#7|&
e ZeEenE Azt e 70~80CE A 5HHA
Crude MDId polypropylene glycold& ZE% H7}stdA
200rpmo.2 4AIZE T A stelM Al FHE 15%
NCO-zg] Z¢e]vjo] AW &4 (B-4113, TH. Goldschmidt, Ger-
many) & 1.5%, & (Kao-1, Kao, Japan):= 1.0%, &2 7.5
% & d7hsted, 5000rpm91 ERF o 102%F¢ wiAl7 3

)5k wEHc) Al 2e & phase contrast microscoped A}

2 3 Aol
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Polymerization of Polyurethane

o y = Foaming = y
15% NCO-Prepolymer foam

+ Polyol 1mol & MDI 9.13 mol  15% NCO-Prepolymer

+ Reaction Temp. : 70~80 C - B-4113 : 1.5%

. L - Kao-1 © 1.0%
- Reaction Time : 4hours - H,0 © 75%

- Agitation speed : 200rpm

a8 1. E2ReEt & H=E &M
Fig. 1. The manufacturing processes of polyurethane foam
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Felode & X% 3B/mm, F4 2mmel 9P HEW
g FFL A ohE 3% FFFE AW A H P
el PBS(Phosphate Buffered Saline)d# % Xg|$get
&9 3oy Fede & Jde 71 AAE g8 4y 2ads
o HE ulYg A2 chA] ShH Al He & AIE el ol AR
stk wa TN @Ad MR TH AW AHNS o5 =
g ¢g g g BSA(Bovine serum albumin) & coating3d}sdt.
2 1A 33 FHRFA v FdY & UM
glede & W 712E AAGG VX E AA
gl e F& BSALIA(600ug/mho] aHFFt W71
5_8}9‘;5}. th& PBSZE 28 AH & vacuum$ Zof
B F Yol v 7|25 AAT o A E ui o H
A2 ‘ﬂi—@} T ZH R wf ool AREstE T

2. 7 Zthzo B2

ﬂlm

7} A 29 Hels Seglen-method[ 1070 7128 %1 WEd
W o Aaisidrh o= in situ AEHAA co lagenasei 7re]
714 & Fasle] 29z AlETH[19,20]. F8ke] 180-200g9]
Sprague-Dawley ratg F&%& vl3Ad¢l 1mg/100g HF(Xy-
lazine, wholdRelob(F))3 5.8mg/100g A eI (FAHAEN],
AsAAEF 104g/100g, Fettd) g FAlste vlHA7 2
He] BRE or} 7 E9(portal vein)g ZHo} catheterE 4T
& t}& perfusion buffer 894 (NaCl 8 g/L, KCI 0.4 g/L,
NaH,PO, 2H,0 0.078 g/L, Na,HPO,- 12H,0 0.151 g/l,,
HEPES (4-(2-HydroxyEt-hyl)-1-Piperazinekthane-Sulfonic
acid, Sigma Chem Co.) 2.38 g/l,, EDTA(Ethylenediaminete-
traacetic Acid, Gibco BRI, Co.) 0.19 g/L, Sodium bicarbon-
ate 0.35 g/L, Glucose 0.9 g/L, Penicillin 100 Unit /mlL,
Streptomycin 10 mg/mL, Amphotericin B 25 ug/mL)& 25
mlL/min®] £52 104 %<t 227 3d FE3) MAd. o
u perfusion buffer &9 2% 37°C7F AAH4 3t 4
E FEE BAA7IUA 0% 0,/10% CO, o &§rtr2
YARow o F7] WEo] Eol/kr] 4uF ztoz o7}
7] vlg R B bubble trapperZ XUt} 29AZE

- Mixing speed : 5,000rpm

Collagenase &9 (Collagenase(Gibeco BRL) 0.5 g/L, Trypsin
inhibitor(Gibco BRL) 0.05 g/L, NaCl 8 g/I,, KCl 0.4 g/L,
CaCl, 0.56 g/L, NaH,PO, - 2H,0 0.078 g/L, Na,HPO, - 12H,0
0.151 g/l,, HEPES 2.381 g/L, Sodium bicarbonate 0.35 g/L,
Penicillin 100 Unit/mL, Streptomycin 10 mg/ml, Amphoter-
icin B 25 pg/mL)& catheter® E3&)4 20 mL/mine §&o
2 108 B 1dA e} e Wiog KEHI gtt}, Perfusion
buffer &-e] 327 AlZsld A Mo 7+ Fojo] x| THA
82 =27 W3l collagenaser} %0%0 + collagenase £-o)
5371 AlgstE e 7] Hol B3 Al el zho] ZEA4

£7] A &g, AF7 22 %‘)ﬂ* g B} o 211}17}3L
ﬂzlﬂl "ot ol2] g 7hg wofo] petri dishell &7 & WA
2 79 capsuleg 29 7 E7} EoA o] AR
Foja 7t 23& Willam's Medium E(Gibco BRL)& *ﬂ"ﬁ.ﬁ}
o Az AZ3, 100 mn pore?] UUE dd A £ 4T
A4 QA& (500rpm, 50g, 24)dch ol YNER 27
M HEE HREE vieekey o] fE nAFAEE ‘:H'r

 EHAdz A o 9o dAEHE 33 BEsw 14
IS 48 F AUk A £ viabilityE trypan blue staining
Hhid) ofsted st 2% 200 go) HREEH o 2-3x10%
N Az NEE 34 5
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Willilams” Medium E(Gibco BRL)% ALg-3lg o of 7)o epi-
dermal growth factor(20 g/, Gibco BRL), insulin(10 mg/L,
Gibco BRL), CuSO, 5H,0(0.1 M, Sigma Chem. Co), ZnSO,
7H,0(50 pM, Sigma Chem. Co.), H;Se0;(3g/L, Sigma Chem.
Co.), Linoleic acid(50 mg/L, Sigma Chem. Co.), NaHCO,(1..
05 g/L, Gibco BRL), HEPES(1.19 g/L, Sigma Chem. Co),
Penicillin(100 Unit/mL, Gibco BRL), Streptomycin(10 mg/
mL, Gibco BRL), Amphotericin B(25 wpg/ml, Gibco BRL)
g H7isted dEY AHE-FATh

FE g AHEEHE Aol 3bmmel HF well(6 well
plate, Nune Co.)& 0.5 mg/mL %9 collagen(Type 1 calf
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skin, Sigma Chem. Co.) £ o & njgts %= ﬂﬂ‘l ot}
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kit(Sigma diagnostics 535)2 2% 3}91%13] I e el
#th Bun acid(ferric chloride in phosphoric and sulfuric
acids)¢} Bun color (diacetyl monoxime 0.18(w/v)}% and
thiosemicarbazide) & 3:2 F3v|2 42 &9 3mlo] afz)s}
S840 HESAE 36pL 4 YT FEEA 1087 WA d
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500 # m

J2 2. 15% NCO-=g2|Z2|HZ M=x8t E2|elE & AHD(408))
Fig. 2. Light microscopic picture of polyurethane foam. Arrow in-
dicates 500:m(40 x, Manufactured by 15% NCO-prepolymer)
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B BH5E EAsY AT SHRE AFEH. 24
W e rhem Zt} Bicarbonate coating buffer(Na,CO; 0.04
M, NaHCO, 0.06 M)& A}&-38bo] 12+ (1gG fraction to rat
albumin, Cappel 55727)& 2pg/mLe TEZ A3l 96
well plate(Nunc-Immuno plate, Maxisorp)e] well & 1004,
A g3 4 16~18A7F T8t R ete] 12} &3 & wieto
E2A171 & PBST(0.05% Tween20(Polyoxyethylene Sorbi-
tan Monolaurate, Sigma Chem Co.)/PBS(phosphate buffered
saline)) 2004L2 AW A &dd), 1435 499 PBS 3% Ca-
sein §4-& well B 10048 Y3 1417 AedA 4 &
PBST A% #4< wEsih. PBSZ 100w A% =] A
Sz PBSZ 349 standard albumin(purified rat albumin,
Cappel 55952)& welld 10048 Y1 AL A 147+ B A&}
o gh3Al713L ohA] PBST A% & gt o7l 221 &4 (per-
oxidase-conjugated IgG fraction to rat albumin, Cappel
55776)E PBSZ 5000u] 3lA&te] welld 100444 €1 A&
dAlA 1Az AR F} o7)d) 0.4 mg/ml. OPD(o-phenylenedi-
amine)9} 0.440,/ml H,0.(30%)E ¥%3 Cilrate-phosphate
buffer(0.1M C:H0,.H,0 48.5mL + 0.2M NazHPQ, 51.5mL)
g welld 1004 Wa HEolM 1087F weA171 & 2M H,
SOE welld 1004 ol & FAAFH oM, %1‘5
ELISA reader(Ceres UV900 HDi, Bio-Tek Instruments) &
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A B 200 um

O 3. ch5 vjoll Mo ZEM 2 Helo| 51008, A 1e, B:5Y )
Fig. 3. Light microscopic pictures of hepatocyte monolayer. Arrow indicates 200m(100x, A : 1day, B : bdays)
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wE TAS BILO . 53 = =
S oAs Zelode o Puy] WSs o 33kg/me]dl +& W FEEA &b agld Crude MDIS) 29 window
e BIRERT ol ns o8 9k 2ue W 890 w9 NCO-xzelEel
poree] Hit H7Ae o 500umelon), T WA §u N
TR NCO-% & st50] ¥hg AlZbg 248 4 9ol Ay
BAEH L 228l windows AA poreF 60-70% & 275 - N - =TT erh
o} /'\_EHX 2o 744 BAL s WolBor) 2o oz ks Felvdw #& Az Fol folaitt
O w49 ]j 40 94 FF FUSUG Bo) B4S Gl T TN P4
ﬂxﬂoz ?AliﬂOﬂL 93 £7]9 E%]EP xo r7] el A HA A AR FATAY B2 DI & R0
(SAg] = =) ¢ =l TUIY o= JUE ol
A7 Ed FE o] two-component HIH O 2 Zg) o e 2. ZtH|Z Q| Tl
Zg Azsle U5 E gEq 7o ofs‘}%%orjg sla )
=3t H;T'L C} d] iD]I as ;B% ;}Z N £ K-&o)24 (anchorage dependent) HXEZ A ujx
vt Two-component '8 . ruae BR8] 52 AR Wt tia zpol7) 9lont in vitrool A A ZAL FA
2% A 9 windows: % 28 it} Liquid MDI - ~ . B
e M e g . “} = o ' e Ao geA drH21] duide FEAE g 4
Pure MDI& 982 3l ni= £% window7} € on} & % ) - -
Co] o oJoJ:VLEE Pure MDI& $18 2 3}o l: Eo 27 Ve R polystyrene flaske] W4 L2 BFAA ARAZE ¥
O mE T A o \_'\_‘UT_T =7 - . - -
B 7] L= ”H; 7}#t}. Pure MDI- Abe.o| Al a1 o] 7] & AR WP @ AT A2 $0R e drdAE
;1? twoico:npjoient }:m:.oi Za)oye £ uiEay 7}0;6‘_} A Aot wetd, D)ol AH8-@ 6-well plate A5
of A AE 2 HE 0{0 E34 o} 6;11} ;a;:al;; *EH ae R 4R At 2ol collageno.z AE 3] AHEEHY
. PR th 19 38w shdelMe] Azhe) @ i o] F s
& W4 gl Pure MDIE Jhddled A7 ng dhgol R
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a8 4. Z2jeaE E HollMe] ZHZ gelof 431 (1008], A :

Aol H g T

C 200 4 m

19, B:2g, C:4g)

Fig. 4. Change of hepatocyte morphology in polyurethane foam. Arrow indicates 200pm{100 %, A : 1day, B : 2days, C : 4days)

A

72| 5. Bovine Serum Albumin©2 TEIBH ZAT} 31X 242 Z49| ZMME SEH(1008), 1Y, A : SEHD| RE/E E

B 200 g m

getxl g2 E)

B:
Fig. 5. Morphology of hepatocytes inoculated in polyurethane foam with and without BSA(Bovine Serum Album ) coating. Arrow indi-

cates 200pm(100 x, 1day, A : Albumin coating, B : No coating)

gh 947338] spreadingo] H#™ &% HE Ao} gt 35 mm

ar)e] welld 1x10° o] HEE HE %}ﬁ%ﬂl g 27 B
& 9 A7 Yehdrn 2~390] AU 2 E7 95 BA
HA W} gHe] BF HolA drh 2y dFd F=® A

s ook BRle Falel] Adeis A EE ddad oA ul
melo] 4717 AAse, HEE et Og 24 Sl A
FAE Vs AT AR A% DA ojgh Lo| v

W THEE B ¥Hg tE aEyg AEs ds §
3t Qe in vivo HEH.,] DA E TR Ao]d T2 7%
A "t

o) Fats)a L A194, 3%, 1998
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How, HF 447 & FeHe £& 4E welld &7 o
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