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Effects of a bioartificial liver support system on
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Abstract

AIM To evaluate the safety and efficacy of the
bioartificial liver support system in canines with
acute liver failure (ALF).

METHODS Nine canines with acute liver failure
by acetaminophen -induced received TECA-I
bioartificial liver support system (BALSS) from
Hong Kong TECA LTD Co. Blood was perfused
through a hollow fiber tube containing (1-2)x
10'° the porcine hepatocytes. In contrast,
another 10 canines with a cute liver failure by
Acetaminophen received drugs. Each treatment
lasted 6 hours.

RESULTS BALSS treatment resulted in
beneficial effects for acetaminophen-induced
ALF canines with survival and with the recovery
of the liver functions and tissues, and plasma
ammonia decreased from 135.9 umol/L +
17.5 ymol/L to 65.7 pmol/L + 22.0 umol/L,
32.5 umol/L + 8.8 umol/L, GPT from 97.8U/L &
8.7U/L to 64.8U/L + 11.9U/L, 19.0U/L £
6.3U/L, GOT from 103.0U/L £ 16.7U/L to
75.7U/L £ 19.6U/L, 26.5U/L £ 5.0U/L, and
AKP from 158.3U/L + 12.1U/L to 114.5U/L+
19.8U/L, 43.8U/L £ 5.6U/L during and after
the treatment. In contrast, 10 ALF canines in
both the drug and control groups died 1 or 2 days
after treatment.

CONCLUSION TECA-1 artificial liver support
system is safe and efficacious for canines with
acute liver failure.
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INTRODUCTION

Acute liver failure (ALF) is a well-known
complication in clinical diseases and the current
comprehensive treatment is not satisfactory. The
recent developed artificial liver support systems,
especialy the bioartificial liver support systems
(BALSS), which perfuse the ALF blood with the
exotic hepatocytes to temporarily replace the
complex functions of illed liver such as synthesis,
detoxication and biotransformation, provide a
brand-new approach to treat the ALF*®. But the
difficulties in acquiring high-density culturing of
hepatocytes, lack of a stable and well-reproducible
big anima model of ALF impededed the
development of BALSS researches. In the present
study, we have introduced the basic techniques of a
hollow fiber bioartificia liver system, used the
Chinese experimental miniature swines as the donor
of hepatocytes, improved the culturing conditions of
porcine hepatocytes in the bioartificial liver system
and developed an acetaminophen-induced ALF
canine model so as to assess the efficacy, safety and
feasibility of the BALSS in treating the ALF
canines.

MATERIALS AND METHODS

Animal

The headlthy adult hybrid caninesweighing 15kg and
adult Chinese experimental miniature swines
weighing 10kg, the male or female, were provided
by the Experimental Animal Center of PLA General
Hospitd.

Reagent
All chemicals were obtained from Hong Kong
TECA LTD Co. or SigmaChemical Co.

The development of a canine model of ALF

The canines received multi-subcutaneous injections
(sc) with acetaminophen (115mg/kg) to induce the
ALFmodels.

The isolation and culturing of porcine
hepatocytes

Hepatocytes were isolated from Chinese
experimental miniature swines by collagenase
digestion. Viability of the cells was assayed by
trypan blue exclusion and AO/PI fluorescence
daining.
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The procedure of BALS treatment

Freshly isolated hepatocytes were cultured in the
TECA-I BALSS from Hong Kong TECA LTD Co.
and used to treat the ALF canines. The porcine
hepatocytes were circulating through the exterior
gpace of capillary hollow fibers in the BALSS. A
circuit was developed between the femora artery
and vein on one side of the ALF canine and
connected to the hollow fibers of BALSS. The
canine’ s blood circulated through the inner space of
capillary hollow fibers and the substances exchanged
through the membrane of hollow fibers with the
porcine hepatocytes to achieve the perfusing
function.

Experimental groups

Nineteen ALF canines were randomly divided into
three groups. (U BALSS perfusion group (n= 9):
perfused with the hollow fiber tube BALSS; 2 drug
group (n= 5): intravenous injection with arginine,
sodium glutamate and acidi amino chaini branchi;
@ control group (n=5): intravenous injection of
5% dextrose solution. Each treatment lasted six
hours.

Biochemical assays

The plasma levels of ammonia, GPT, GOT, AKP
and BUN were measured before and 2, 4, 6 hours,
1, 3,5, 7,14, 30 days after treatment.

Morphological observation

The liver, kidneys, heart, lungs were taken out
when the canines died or survived for 30 days for
paraffin section and HE stained and examined
under light microscope.

Statistical analyses

The values of blood biochemical parameters were
expressed as means+SD. Data between the three
groups and pre-and post-treatment were compared
using t test. Statistical significance was considered
when P<0.05.

RESULTS

The development of a canine model for
acetaminophen-induced ALF

After injected with acetaminophen, the thirty-eight
hedlthy canines (21 mae, 17 female) demonstrated
a dgnificantly increased level of NHs, GPT, GOT
and AKP at 48 hours (P<0.01, Figure 1) while
plasma concentration of BUN had no change. In the
mean time, symptoms appeared such as vomiting,
food refusal and listlessness. Histologic examination
showed massive necrosis of the hepatic tissues.
Sixty-three per cent had ALF, in which the plasma
levels of NH3; and GPT were higher than
100 pmol/L and 60U/L respectively.

The porcine hepatocytes
Using the modified enzymatic digestive method,
each liver yielded approximately 0.8 - 5x10%
hepatocytes. Viability of the final suspensions
averaged 60% - 80% by trypan blue excluson and
AO/PI fluorescence staining.

The liver function recovery of ALF canines after
treatment with BALSS

All ALF canines in the control group, with
increasing levels of plasma ammonia, GPT, GOP
and AKP died 2- 30 hours after treatment. All the
five ALF canines in drug group died 6- 36 hours
after treatment. The plasma levels of ammonia,
GPT, GOT and AKP declined slightly during the
treatment, but it had no significant difference
compared with that in the control group (P>
0.05). In BALSS perfusion group, al nine ALF
canines showed remarkable liver function recovery.
During BALSS treatment, the levels of plasma
ammonia, GPT, GOT and AKP began to decline at
the 2nd hour and the declination was even more
obvious compared with pre-treatment at the 4th
hour and 6th hour (P< 0.01) (Figures 2, 3, 4, 5).
The levels of these biochemical parameters had
significant differences at the 6th hour of treatment
between BALSS perfusion group and the drug group
(P<0.01). Except three caninesin BALSS perfusion
group who died 6 and 12 hours and 5 days after
treatment because of narcotization and wound bleeding,
the other 6 canines survived more than 30 days.

The morphological changes of liver in ALF
canines after treatment with BALSS

The liver, heart, kidneys and lungs were taken out
for pathologica examination when the canines died
and survived for 30 days after treatment. The liver
tissues of the dead ALF canines showed massive
necrosis in the drug and control groups . Thirty days
after treatment, the liver tissue of ALF canines in
BALSS perfusion group had no obvious hepatocyte
necrosisbut adight cholestasisand fibrosis.
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Figure 1 The changes of canines’ biochemistry param eters before
and after injections of acetaminophen.
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Figure5 Effects of the BALS on AKP of acetaminophen-induced

ALF canines.

reversibility, a reproduction can occur if we replace
the hepatic functions by artificial methods. Since
the liver has more than 500 complex physiological
functions, the current non-biological ALS such as
activated charcoa absorption can not replace the
liver functions completely although it can clear some
middle and small molecular weight substancesin the
circulation. In BALSS the exotic hepatocytes were
used to exchange the substances with the ALF
blood, so that it can temporarily replace the
complex liver functions of ALF patients directly
from the exotic hepatocytes. Now there are severa
types of BALSS and afew small animal experiments
and clinical study reports with various therapeutic
effectd?”*1, The studies of BALSS in China are
till in the initial stage and the BALSS techniques
are not mature. This experiment studied the main
problems such as the source and culturing of
hepatocytes, the development of ALF canines
model and a ssessment of the efficacy and safety of
BALSS treatment based on the advanced techniques
of hollow fiber tube BALSS introduced from
abroad.

A large quantity of hepatocytes with a well-
functioned condition and high-density in culture in
the BALSS is akey factor in success. Some authors
used the human liver tumor cell lines, human
embryo hepatocytes and porcine hepatocytes as the
sources of hepatocytes®!l., But the possible
dangers of the tumor cells to the receptors and the
scarce of the embryonic cell hampered the studies of
BALSS. Our experiment selected the quarantined
pure strain Chinese experimental miniature swine as
the source of hepatocytes. Using the modified
enzymatic digesting and culturing method, we
acquired alarge quantity of porcine hepatocytes that
can meet the needs of BALSS. The development of
alarge animal ALF model, especially with high-
reproductivity, stablity and a similar pathological
changes to ALF patients, is still a maor difficulty.
Some peopl e established the ALF canine models by
surgical operation to occlude the blood supply for
liver temporarily!*?. But this kind of models can
not suit the studies of ALF or drugs because of the
multiple organs failure induced by ischemic-
reperfusion injury and the variability of death time.
We used the multiple injections of acetaminophen to
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induce the ALF canines. Forty-eight hours after
injection, the blood hepatic biochemistry
parameters had obvious changes. The canines’ liver
tissues manifested massive necrosis. The ALF
canines would die within 56 - 84 hours without
treatment. This disease model had a good
reproductivity and the changes of blood biochemical
parameters were similar to ALF patients except the
plasma BUN. The death time of ALF canines is
relatively stable and suits the studies of BALSS and
drugs.

In our experiment, we developed an ALF
canine model induced by acetaminophen and then
treated with the clinical routine drugs, BALSS and
infusion of dextrose solution for evaluating the
efficacy, safety and feasibility of BALSS to treat
the ALF canines. The biochemical parameters
related to hepatic functions of the ALF canines in
the control group were elevated except for the
plasma BUN. The canines died within 2 days. The
drug therapy could partly correct the changes of
biochemical parameters of the ALF canines, but
with a very limited efficacy, and the canines died 2
days after treatment. The perfusion treatment with
the B ALSS of cultured Chinese experimental
miniature porcine hepatocytes lasted 6 hours. The
blood biochemical parameters of hepatic functions
of the ALF canines were corrected obvioudy at the
4th hour of perfusion. The effect was significantly
superior to which used in the other two groups.
ALF canines can survive more than 30 days after
perfusion therapy. The pathologica changes of liver
were also recovered obvioudly. The results showed
that the porcine hepatocytes in this kind of BALSS
could temporarily replace the hepatic functions of
ALF canines by perfusion through the membrane of

the hollow fiber tube, and then offered a chance for
regeneration and repairment of the canine liver. It
is suggested that the BALSS could temporarily
replace the hepatic function of ALF patients safely
and effectively, and may become a brand-new
method for the treatment of ALF.
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