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Recently hepatocyte-based bioartificial liver (BAL) and hepatocyte transplantation have been actively investigated to treat
acute hepatic failure. The BAL acts as a bridge to provide patients with more time until a donor organ becomes
available for transplantation or until their own liver can be regenerated. In this study, we manufactured a polyurethane
foam (PUF) using 15% NCO-prepolymer with a pore opening that allows it to be used as a hepatocyte immobilizing
material. Cubes of PUF (3 mm dim.) were seeded with rat primary hepatocytes at a density of 55+1.1x
10%cells/cm®PUF by centrifuging them together. The cell laden PUF cubes were packed into a prototype reactor and
perfused with a hormonally defined medium for a week. Hepatocytes in the pores of the PUF formed spheroids that
showed stable ammonia removal and urea synthesis activities. The albumin production level was comparable to other
BAL systems. The PUF packed hepatocyte bioreactor has the potential to be used as a BAL.
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Polyurethane foam (PUF)
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1. Media bottle
3. Micro tube pump

2. Oxygenator

4. Bubble trapper
5. PUF hepatocyte biorecator

6. DO analyzer

Figure 1. Schematic diagram of PUF bioartificial liver support
system for in vitro performance test.
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Figure 2. Scanning electron microscopic pictures of PUF manufactured
by 15%(A) and 20%(B) NCO-prepolymers. PUF from 20% NCO-
prepolymer have more thin membranes (bright areas) between adjacent
potes so called "windows’ than that from 15% NCO-prepolymer. This
means that the PUF from 20% NCO-prepolymer showed more closed
windows. Arrows indicate windows and the bar indicates 500 ym.
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Figure 3. Hepatocyte cell densities inoculated in polyurethane foams
by agitation and centrifugation methods. Data are shown as the mean
+ the standard deviation for three independent set of experiments.

o 28 7hEe 4= 9.6+08x10° cellsjem’ PUFE 1}
EbstchFigure 3). ©] HEFET Lﬂj— wol AQAFR] 2F



Lee, D.-H., In vitro performance of a bioartificial liver

He o 1x10°709) HEE S8 E wgr)e] Bzt
Ui AXA "ok g 448 o 52 4% 57 275
m ol& 3ty YR WHE Almsdch FYd Foe
PUFZZE0] Sojgls 50 mL QAlRe BB 5% 10%ells/mL
1) 7“1]& S92 10 mL Y3 F2E EFF F 500 pm
oz 287 AARTsle 7HAE7} PUFQ pored] Soirlm
£ %Es}ﬁit}. H4EE § PUFY HEHA o3 71k
AZE oA 2HAA 5L

A=)
U

Zz7iog A gAEEIge
™ PUFE A% & FEO dolsle AR £8 FHstd
Rag S 2359wl o% Wde s s
Bl o] =& HZE Fxol 55+1.1x10° cellsfem’ PUFE <

AE HEA 2858 Q=
2 % ek web g4y
$ EIHH PHOE BHEH
O, HEHE L sEE
o wet tig %+ o

=9l
S 4 Y (Figure 3) &
A7 102 A2 dEAY
25 o83 THAX HEL vf
o olE A4 *}%oP‘KiE’r e
PUFS] =7} Y4dEE)ef s
2} geEch

THEE Ao LX) vl &8 MTolr) 53] =
ol A A7 v Be 4 AiE AR
e Ao® 4 o 27| Hu L2FHL 0
s+ 10%ells A% Aoz RuErHle). Ao 2 208
0.4 nmolfs - 10%ells), HEH AT 4:(2.2x 107cells), ¥HS
7] 9] DOM ppm)9}t k&7 &< DO} 1.5 ppm ©}3}
2 7 45E werle WA #5458 AT An
6.8 mL/min.& AYct webr], ¥-&-7] viA] {48 7.0 ml/min. 2.
B e A= 9] E79 DOE %7] oS Al
9Jslale 2 ppmo] g o FAHUEH olv F4 AE 3
U Ak ARSE Vo2 7] Wiz AzhEd. Ay
o2 AAFL AzEHde dFRIEZ YT ¢§mr A E
wk
2

3}
s
-
=

glHojglor A&3 a4 FHEE sk

9] zelE Fol7l A3l A FF FAE 7“1]1 Hh3-7] 9}
A Fejo] AYdEztol MEHVIE SFHHThIT). £ AT
M HeE FHE o]§3to wjAld AE FFEAL
A Aolzzh A A8 e membrane oxygenatorE AR8-5}
o Bh3-7] ol R EE EAEs (X FE3 o 4t
&8 FEsteol & Aotk

A s4, 84 &Y 59 4
A S &Rl BHlgH gL o] oA nf 7
& FATeEA AUFNo A AHeg FAHIHAC
Figure 49 Zile= 55 24410 F<F o wiAE A3}
of dojdl AREM 10749 AE7}L SFELd ElE &
Aoltk. wiAe] H7lE | mM(14 pg RV} AiymL)e) 9
suoks Z7)lE 90% o4 AAHUL HlF UFY Fol
% 75% ol AZsh: 58S dehhol 21 Bl g
of 3 grUols ARHoE AAY 5 AL B
THFigure 4(a)). WY C]EAFEH dRUoLE HletH Y
W&ol Figure 4(2)9] AIAE Aie 3dRRE BAHAC

27

30

20 |
15

10

Ammonia removal rate
(g /10° cells / day )

wib

20

10

Urea secretion rate
(png/ 10° cells / day )

30

20 r

Albumin secretion rate
(png / 10° cells / day )

-
N
(2]
F S
oF
o
~
-]

Time (day)

Figure 4. The profiles of liver specific activities ie., ammonia

removal rate (a), urea secretion rate (b), and albumin secretion rate
(C) of a PUF hepatocyte bioreactor are shown. Data are obtained the
mean T the standard deviation for three independent experiments.
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Figure 5. Light microscopic pictures of hepatocyte spheroids formed
in PUF (A) and detached hepatocyte spheroids (B). Photographs were
taken from the sample after 14 days of perfusion culture. Spheroids
in (B) stained with trypan blue 4% solution to observe a viability of
the hepatocytes qualitatively. Since only a few spheroids were stained
by the dye solution (dark spheroids), it was shown that most of the
spheroids were viable. Bar indicates 200 ym.
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