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Abstract

Background. Preservation conditions play a crucial role during transport of a bioartificial 
liver (BAL) from the laboratory to the hospital. We assessed the possibility to preserve 
the AMC-BAL loaded with freshly isolated porcine hepatocytes at mild hypothermic 
temperatures. 
Methods. Two laboratory-scale AMC-bioreactors were loaded with one billion freshly 
isolated porcine hepatocytes per experiment (n=6). Bioreactors in the control group were 
kept for three days at 37oC. Bioreactors in the transport group were kept at 37oC during 
day 1, at 15oC during day 2, and again at 37oC during day 3. In addition, long-term mild 
hypothermic preservation periods of 45 and 110 hours at 15oC and 26oC, respectively, 
were assessed. The effect of mild hypothermic preservation on hepatocytes inside the 
bioreactors was tested by determination of cell damage parameters, as well as metabolic 
and hepatocyte-specific functions. 
Results. A 24-hours period of mild hypothermic preservation did not reduce any 
hepatocyte-specific function. LDH release was significantly higher only at day 2. 
Albumin production at day 2 and lidocaine elimination at day 3 were significantly higher 
with glucose consumption and lactate production being significantly lower at both test 
days. Long-term mild hypothermic preservation had a drastic negative effect on cellular 
viability and hepatocyte-specific function.
Conclusions. Mild hypothermic preservation at temperatures as low as 15oC and for a 
duration of 24 hours is a feasible method to preserve BAL systems loaded with freshly 
isolated porcine liver cells and will simplify the logistics of BAL transport from the 
laboratory to the hospital.
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Introduction

Many bioartificial liver support systems have been developed in the last decade with the 
aim of bridging ALF patients to orthotopic liver transplantation or own liver regeneration.1 
We have developed a bioartificial liver (AMC-BAL), featuring an integrated oxygenation 
system and a spirally wound polyester matrix, to which small aggregates of porcine 
hepatocytes are attached.2 The AMC-BAL has shown liver specific detoxification and 
synthesis capacities in vitro3,4, and significantly improved survival time in small and 
large animal models of ALF.5-8 A phase I clinical study was undertaken in ALF patients, 
in which the AMC-BAL proved to be safe. All twelve patients enrolled in this study 
showed clinical and biochemical improvement and were successfully bridged to liver 
transplantation (one patient recovered without needing a liver graft). Transmission of 
porcine endogenous retroviruses (PERV) was not observed in these patients.9-11

Clinical application of a BAL is logistically demanding because patients with ALF will 
urgently require a fully functional bioreactor at their bedsides. Clinical studies of BAL 
systems have been reported in which porcine hepatocytes were cryopreserved and sent 
separately along with the bioreactor to the patient in need of BAL treatment.12-14 However, 
low cell recovery and loss of hepatocyte-specific functions after freezing and thawing 
of hepatocytes reduce efficacy of BAL treatment.15-18 Such procedures also hamper 
widespread application of BAL systems, as experienced teams and special equipment 
are necessary to load and test a bioreactor under standardized, sterile conditions prior to 
use. An alternative strategy is that BAL systems are processed on demand in specialized 
centers from which a cell-charged bioreactor may be delivered to the requesting hospital. 
Consequently, one should provide BAL transport over long distances requiring special 
conditions for transport.

The standard preservation temperature of whole organs and large cell masses is 
4oC.18,19 Recently, however, a study concluded that the effect of eight hours hypothermic 
(4oC) storage of bioreactors loaded with primary human hepatocytes isolated from 
discarded donor livers had a drastic negative effect on cell integrity.20 In parallel, a study 
from our laboratory showed similar effects of 24-hour preservation at 4oC of hepatocytes 
cultured in monolayer using William’s E culture medium or stored in University of 
Wisconsin organ preservation solution.21 Cellular injury of hepatocytes preserved for 
use in BAL systems is caused by cold ischemia and subsequent rewarming of the cells, 
analogous to ischemia/reperfusion (I/R) injury occurring in whole organs preserved for 
transplantation. The underlying mechanisms are related to the production of reactive 
oxygen species and depletion of ATP as a result of mitochondrial failure.22

To reduce ischemic injury during BAL transport, milder hypothermic temperatures 
than 4oC may be more attractive. From a previous study, we concluded that the functionality 
of porcine hepatocytes in monolayer was well preserved after 24 hour culture at mild 
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hypothermic temperatures, i.e. 15oC to 28oC.21 However, the conditions in a bioreactor 
differ considerably from those in monolayer cultures, since the cells grow in aggregates, 
oxygen is supplied by capillaries on site and medium is continuously perfused through 
the cell culture. The current study was, therefore, designed to assess the efficacy of 
24-hour, mild hypothermic preservation (15oC) of the AMC-BAL bioreactor loaded with 
porcine hepatocytes. BAL preparation, transport and treatment phases were simulated 
in a sequence of 18 hours, 24 hours and 18 hours periods, respectively. The effect of 
extension of hypothermic preservation periods (15oC and 26oC) from 24 hours to 110 
hours, was also assessed. 

Materials and Methods 

Hepatocyte isolation

Livers were obtained from young female pigs, weighing 20–24 kg, according to the 
institutional guidelines of the local Animal Ethical Committee. Hepatocytes were isolated 
from the livers by a two-step collagenase perfusion technique according to a modified 
protocol of Seglen23, as previously described.4 Briefly, the in situ heparinized liver was 
excised and perfused with an oxygenated (pO2 300 mmHg) calcium-free buffered solution 
at 350 mL/min for 6 min and subsequently perfused by a recirculating and oxygenated 
(pO2 300 mmHg) digestion solution containing 0.5 g/L collagenase P (Roche Diagnostics 
GmbH, Mannheim, Germany) at 350 mL/min for 20 min. Hepatocytes were collected 
after manually disrupting the digested liver by filtration through a surgical gauze and by 
rinsing with ice-cold Hank’s buffer. Total yield of isolated hepatocytes was estimated 
by determination of the cell pellet volume after three times of centrifugation at 50xg for 
three min. It was assumed that one mL of cell pellet corresponds with approximately 
92 x 106 hepatocytes.4 

Laboratory scale AMC-BAL bioreactor

The laboratory scale, AMC-BAL bioreactor is a ten times downscaled bioreactor of the 
second generation AMC-BAL, which has been described recently in detail by Van de 
Kerkhove et al.4 The general configuration of the bioreactor consists of a polycarbonate 
housing containing a three dimensional non-woven hydrophilic polyester matrix 
circularly wound around a polycarbonate core. Between the matrix layers, hydrophobic 
polypropylene gas capillaries are situated in a parallel fashion of which the ends are 
embedded in polyurethane resin and fitted with gas inlet and outlet caps. In vitro 
functionality of the AMC-BAL and the laboratory scale bioreactor have been tested and 
were confirmed to be fully comparable (data not shown).
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Hepatocyte culture

One billion viable porcine hepatocytes, suspended in ice-cold William’s E medium 
supplemented with 10% (v/v) heat inactivated fetal bovine serum (BioWhittaker, 
Verviers, Belgium), 2 mM glutamine, 1 μM dexamethasone, 20 mU/mL insulin, 2 mM 
ornithine, 100 μg/mL streptomycin, 100 U/mL penicillin and 0.25 μg/mL fungizone, 
were injected under sterile conditions into the bioreactor through three different loading 
ports using a 50 mL syringe. Per experiment, two or three bioreactors were loaded at the 
same time with cells from the same hepatocyte isolation. One bioreactor was used as a 
control and the other bioreactor(s) for transport simulation. The bioreactors were placed 
in a culture cabinet at 37oC and rotated for two hours to ensure optimal cell attachment to 
the matrix and even cell distribution throughout the bioreactor. The integrated oxygenator 
was perfused with sterile 95% air and 5% CO2 at a flow rate of 150 mL/min during 
the attachment period and thereafter. After the 2-hours attachment period, dead and 
unattached cells were removed by flushing 100 mL of fresh culture medium through the 
bioreactor at 15 mL/min. The bioreactors were then continuously perfused with 150 mL 
recirculating culture medium overnight at 15 mL/min.

Experimental design – 24 hours mild hypothermic transport

For each experiment (n=6), two bioreactors were prepared and randomly divided into two 
groups. Cells in the bioreactors of the first group (control group) were cultured for three 
days at 37oC. In parallel, cells in the bioreactors of the second group (transport group) 
were cultured at 37oC during day 1, at 15oC for 24 hours during day 2, and cultured 
again at 37oC during day 3. In each experiment, both bioreactors were tested every day 
simultaneously at 37oC (Fig. 1). 

At day 1, after overnight culture for approximately 18 hours, the first test was 
performed with both bioreactors at 37oC. After the first test, both bioreactors were flushed 

T1 T2 T3C3C1AO - I - L
C2 - 37oC - Control

C2 - 15oC - Transport
W

18 hrs 24 hrs 18 hrs2 hrs

Figure 1. Schematic presentation of the experimental design of the 24-hours mild hypothermic transport study. 
O: operation, I: hepatocyte isolation procedure, L: loading of a pair of bioreactors with one billion freshly 
isolated porcine hepatocytes, A: two hours attachment period, C: culture period, T: test period consisting of 
an oxygen consumption test and a function test, W: two hours warming period. The numbers in subscript cor-
respond to the consecutive culture and test periods.
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with 100 mL fresh culture medium (21oC) to remove all test medium. Cells in the control 
bioreactor were cultured in fresh culture medium at 37oC .The transport bioreactor was 
placed in a temperature controlled cabinet at 15oC under standard oxygenation (culture 
gas, 15oC) and fresh recirculating medium (15 mL/min, 15oC) for 24 hours. After 24 hours 
at 15oC, the bioreactor in the transport group was placed at 37oC. Both bioreactors of both 
groups were then flushed again with 100 mL fresh culture medium (21oC). Switching 
from the 37oC cabinet to the 15oC cabinet, and vice versa, took five minutes and was 
done without oxygenation and medium perfusion. A two-hour period was included to 
allow the bioreactor in the transport group to adjust to the new temperature (37oC) as is 
in accordance with the clinical situation, in which the BAL is connected to the patient. 
Both bioreactors were then tested for the second time at 37oC. The test medium was 
subsequently flushed out again and the bioreactors were kept at 37oC in fresh culture 
medium. The next day, approximately 18 hours after the second test, the last test was 
performed, once more at 37oC.

Experimental design – long-term mild hypothermic transport

Three bioreactors were prepared with one billion viable hepatocytes from one isolate and, 
after overnight culture at 37oC, tested at day 1 (t = 0). Cells in the control bioreactor were 
cultured for six days at 37oC, whereas the other two bioreactors (transport bioreactors) were 
kept for six days in temperature-controlled cabinets at 26oC and 15oC, respectively. After 
45 hours and 110 hours preservation at mild hypothermic temperatures, all bioreactors 
were tested for a second and third time, respectively, at 37oC. Switching the bioreactors 
from the 37oC cabinet to the 26oC and 15oC cabinets, respectively, and vice versa, was 
performed in the same way as described in the previous paragraph. 

Testing of bioreactor function

Each test sequence consisted of an oxygen consumption test followed by a function 
test, as described previously.4 The oxygen consumption test is a simple test to assess the 
general metabolic activity of all cells inside the bioreactor. Briefly, oxygen consumption 
was determined by measuring the decrease in oxygen tension during the first 15 minutes 
after closure of the oxygen supply to the bioreactor. The equation for calculating oxygen 
consumption was described recently by Van de Kerkhove et al.4 After the oxygen 
consumption test, a function test was performed by flushing the bioreactor with 100 mL 
of test medium composed of culture medium supplemented with 500 μg/mL lidocaine, 
2 mM L-lactate and 5 mM NH4Cl followed by recirculation of 100 mL test medium for 
two hours at 37oC. Samples were then taken at 30, 60, 90 and 120 min. These samples were 
analyzed for concentrations of ammonia, urea, lidocaine, albumin, glucose and lactate as 
well as activities of aspartate aminotransferase (AST) and lactate dehydrogenase (LDH). 
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Ammonia and lidocaine clearances, urea and albumin synthesis capacity, AST and LDH 
release, glucose and lactate consumption and/or production rates were determined by 
calculating the changes in concentration in test medium per hour per billion cells. 

Statistical analysis

Statistical analysis was performed by using SPSS 12.0.1 for Windows software (SPSS 
Inc., Chicago, IL, USA). Results are reported as means + standard error of the mean 
(SEM). Paired student T tests were used to compare outcomes between both groups at the 
same test days. Significance was reached if p < 0.05. Graphical presentation of the data 
was performed using Prism version 3.0 (GraphPad Prism Inc, San Diego, CA, USA).

Results

Mild hypothermic transport for 24 hours

The laboratory-scale bioreactors were loaded with one billion hepatocytes that were 
harvested from porcine livers with an average yield (n=6) of 14.9 x 109 ± 3.0 x 109 

hepatocytes per liver and an average viability of 95.9% ± 2.5% as determined by trypan 
blue exclusion. 

Control group versus transport group at day 1

All parameters of both groups at day 1 did not differ significantly per experiment. 
Bioreactors in the transport group and in the control group were therefore comparable at 
day 1 (Figs. 2-5). 

Cellular damage at day 2 and 3

To assess hepatocellular damage, AST and LDH release were determined in the control 
and transport groups. AST and LDH release of both groups at day 1 were higher as 
compared to day 2 and 3. This finding is in accordance with earlier observations and can 
be ascribed to the release of remaining non-attached cells after loading the bioreactors 
at day 0.4 No significant differences were found in AST release between bioreactors of 
both groups at day 2 and 3 (Fig. 2A). In contrast, LDH release was significantly higher 
(2.5-fold) in the transport group as compared to the control group at day 2. When cell 
integrity was assessed using the LDH release as a percentage of the total amount of LDH 
present in the bioreactor, this 2.5 fold difference corresponded to an additional loss of 
0.063% or 6.3x105 hepatocytes in the transport group at day 2 (number of total LDH units 
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per million hepatocytes was taken from van de Kerkhove et al.4 At day 3, no significant 
difference was found in LDH release between the control and the transport group 
(Fig. 2B). 

Figure 2. AST and LDH release of control (black bars) and transport bioreactors (white bars) (n=6). 
A: AST release, B: LDH release. A-B are expressed in U/hour/109 viable hepatocytes (mean ± SEM; 
* = p < 0.05 ).

Figure 4. Hepatocyte-specific functions of control (black bars) and transport bioreactors (white bars) 
(n=6). A: ammonia elimination, B: urea production, C: lidocaine elimination, D: albumin production. 
A-C are expressed in μmol/hour/109 viable hepatocytes, whereas D is expressed in μg/hour/109 viable 
hepatocytes (mean ± SEM; * = p < 0.05).
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Metabolic and hepatocyte-specific functions at day 2 and 3

No significant differences were found in oxygen consumption between both groups at 
day 2 and 3. The oxygen consumption increased by 14% in three days in both groups 
(Fig. 3).

As parameters for hepatocyte-specific detoxification functions, ammonia elimination 
together with urea production as well as lidocaine elimination by cytochrome P450 
activity were determined. The ammonia elimination and urea production of bioreactors 
of the transport group did not differ significantly at day 2 and 3 as compared to the 
control bioreactors (Figs. 4A and 4B). No significant differences in lidocaine elimination 
were found between both groups at day 2. At day 3, however, lidocaine elimination 
was significantly higher (9.9%) in the transport group as compared to the control group 
(Fig. 4C). The albumin synthesis at day 2 was significantly higher (34%) in the transport 
bioreactors as compared to the control bioreactors. However, at day 3, both groups did 
not differ with respect to albumin synthesis capacity anymore (Fig. 4D). These results 
indicate that the hepatocyte-specific functions of the cells are well preserved after a mild 
hypothermic period (15oC) of 24 hours.

Glucose consumption and lactate production were determined as parameters of 
carbohydrate metabolism. During the first day there was a net glucose production in both 
groups, which reversed into a consumption of glucose at day 2 and 3 (Fig. 5A). Glucose 
consumption in the transport group was seven-fold lower at day 2 (p = 0.021) and eleven-
fold lower at day 3 (p = 0.006) as compared to the control group. During the whole 
experiment, the overall conversion rate of glucose in the transport group, calculated by 
the slope over the three days, increased with 13 μmol/hour/billion hepatocytes per day 
(r2 = 0.89), which was markedly less compared to 65 μmol/hour/billion hepatocytes per 
day in the control group (r2 = 0.99).

The same tendency was observed for lactate concentrations (Fig. 5B). A net 
consumption of lactate was observed at day 1 in both groups. At day 2, a production 
of lactate was observed in the control group, whereas lactate was still consumed in the 

Figure 3. Oxygen consumption (mean ± SEM) 
of control (black bars) and transport bioreactors 
(white bars) (n=6), expressed in μmol/hour/109 
viable hepatocytes.
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Figure 5. Glucose consumption and lactate production of control (black bars) and transport bioreactors 
(white bars) (n=6). A: glucose consumption, B: lactate production. A-B are expressed in μmol/hour/109 
viable hepatocytes (mean ± SEM; * = p < 0.05).

Table 1. Long-term mild hypothermic transport experiment.

Parameter T t = 0 45 hrs 110 hrs

Ammonia elimination (μmol/h/bil) 37°C 87  (100) 87   (99) 90    (103)
26°C 70  (100) 42   (61) 18  (25)
15°C 99  (100) 20   (20) 10  (10)

Urea production (μmol/h/bil) 37°C 43  (100) 58   (134) 31  (70)
26°C 54  (100) 51   (71)  3  (8)
15°C 47  (100) 25   (40)  2  (7)

Oxygen consumption (μmol/h/bil) 37°C 47  (100) 57   (122) 69    (148)
26°C 26  (100) 16   (51) 11  (27)
15°C 37  (100) 18   (40)   7  (13)

AST release (U/h/bil) 37°C 4.4 0.5 0.7
26°C 5.7 3.7 0.7
15°C 4.9 1.2 0.5

LDH release (U/h/bil) 37°C 3.0 0.5 1.5
26°C 3.2 3.2 0.9
15°C 3.6 1.1 0.5

Glucose consumption (μmol/h/bil) 37°C 12 38 348
26°C 0 29 21
15°C 4 0 -4

Lactate production (μmol/h/bil) 37°C -54 25 549
26°C -42 0 21
15°C -42 13 12

Absolute values (AV, [parameter]/hour/billion viable hepatocytes) are presented for all parameters, 
whereas the ammonia elimination, urea production and oxygen consumption values of the transport 
bioreactor relative to day 1 (t=0) normalized for those of the control bioreactor are presented 
between parentheses.
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transport group after 24 hours at 15oC. At day 3, lactate production was still negligible in 
the transport group, in contrast to the control group, in which the production had markedly 
increased. Significance was reached between both groups at day 2 and 3. In parallel with 
glucose metabolism, the overall conversion rate of lactate in the transport group increased 
with 26 μmol/hour/billion hepatocytes per day (r2 = 0.84), which was also considerably 
less compared to the increase of 88 μmol/hour/billion hepatocytes per day in the control 
group (r2 = 0.97). 

Long-term mild hypothermic transport

Cellular damage after 45 and 110 hours

AST and LDH release were determined during the two hours function tests to assess cell 
integrity after long-term culturing at mild hypothermic temperatures (Table 1). AST and 
LDH release were higher in the bioreactor preserved at 26oC after 45 hours as compared 
to the control bioreactor. This effect, although lower in absolute values, was also seen in 
the bioreactor kept at 15oC. The increase in LDH of the control bioreactor after 110 hours 
was not seen in transport bioreactors.

Metabolic and hepatocyte-specific functions after 45 and 110 hours

To facilitate interpretation of time-related differences we calculated the relative effect 
for ammonia elimination, urea production and oxygen consumption by normalizing the 
values of the transport bioreactor relative to day 1 (t = 0) for those of the control bioreactor 
(Table 1). These parameters decreased markedly after a period of 45 hours and 110 hours 
at 15oC and 26oC, respectively. These negative effects were more distinct in the bioreactors 
kept at 15oC as compared to the bioreactors preserved at 26oC. The trends observed for 
glucose and lactate metabolism in the control bioreactor were clearly decreased in both 
transport bioreactors, particularly after 110 hours. The control bioreactor showed a strong 
increase in glucose consumption and lactate production, whereas values of the transport 
bioreactor were comparable with the values observed after the first test and after 45 hours. 
These results indicate that mild hypothermic preservation periods of 45 hours and longer 
at temperatures as high as 26oC affect general and hepatocyte-specific metabolism. Due 
to these obvious negative results we did not expand these experiments.

Discussion

Hypothermia plays a crucial role in preservation of hepatocytes for clinical 
applications17,18,24, just as it is an essential factor in the preservation of whole livers for 
transplantation.19,25-30 In general, investigations in these areas focus on the reduction of 
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the adverse effects of hypothermic storage temperatures. In the area of biotechnology, 
temperature is also an important parameter to control and improve mammalian cell based 
systems.31-34

In this study we investigated the effect of mild hypothermic temperatures (15oC and 
26oC) for preservation of the cell-charged AMC-BAL bioreactors during a period of 24 
hours and 110 hours. The study was designed to simulate transport of an oxygenated and 
perfused bioreactor charged with freshly isolated porcine hepatocytes. The results clearly 
showed that cell viability as well as hepatocyte-specific functionality were well maintained 
for a period of 24 hours at 15oC. These findings are in agreement with van de Kerkhove et 
al.21, who reported that porcine hepatocytes could be preserved at temperatures as low as 
15oC in two-dimensional culture plates for 24 hours. Moreover, Wigg et al.35 showed that 
isolated rat hepatocytes maintained cell integrity and function during a period of at least 24 
hours in suspension culture at mild hypothermia (25oC). Despite the different conditions 
for monolayer and bioreactor cultures, no different outcomes related to temperature were 
observed.

Studies investigating the effects of low temperature on function of hepatocytes are 
scarce, but reports, mainly from the biotechnology field, describe positive effects of mild 
hypothermic temperatures on the production of therapeutic proteins by mammalian cell 
lines. This has been shown for recombinant Factor VIII (rFVIII; 27oC; ref. 36), secreted-
alkaline phosphatase (SEAP; 30oC; ref. 37), erythropoietin (EPO; 33oC; ref. 38), tissue 
plasminogen activator (TPA; 33oC; ref. 39), and interferon (IF; 25oC, ref. 40). The finding 
in our study of a higher albumin synthesis after 24 hours at 15oC is in agreement with 
these reports. Commonly, lowering of the culture temperature can lead to suppression 
of cell growth and improvement of cell viability with a concomitant increase in specific 
protein productivity. In addition, the stable oxygen consumption and lower glucose 
consumption and lactate production rates observed in this study are in accordance with 
various other reports showing a stable decrease in glucose consumption and lactate 
production at mild hypothermic temperatures.31,33,34,41-43 However, the combination of a 
diminished carbohydrate metabolism and an increase in albumin synthesis might suggest 
other aspects of albumin turnover, such as stability of the protein itself or its mRNA 
product, or an increase release of pre-formed protein44 play a role as well.

Besides the beneficial effects reported of mild hypothermic temperatures in cell-
based biotechnological applications, studies of whole liver and kidney preservation have 
also reported successful preservation temperatures between 8oC and 15oC.19 In addition, 
several studies have shown liver protective effects of mild hypothermic temperatures 
during whole, partial or topical liver ischemia and subsequent reperfusion, in contrast to 
cooling to 4oC.25-30

The damaging effect of preservation at 4oC hypothermia and subsequent oxygenated 
rewarming, is generally ascribed to the production of reactive oxygen species (ROS) 
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and the depletion of ATP following mitochondrial failure inducing apoptosis22, whereas 
the protective effect of mild hypothermic temperatures on cell integrity and function 
has not been fully elucidated. However, several studies have demonstrated that mild 
hypothermic temperatures inhibit apoptotic -programmed- cell death and lower the risk 
of oxidative -stress-induced- cellular damage.45-47 Proposed mechanisms that explain 
the anti-apoptotic effect of mild hypothermia include the suppression of Fas-mediated 
apoptosis (mouse hepatocytes; 32oC; ref 48), the reduction of cJun N-terminal kinase 
activity (mouse neurons; 33oC; ref 49), increased activity of glutathione peroxidase and 
increased expression of anti-apoptotic protein Bcl-2 (Chinese hamster overy cells; 30oC; 
ref 50). 

It should be noted, however, that the long-term, mild hypothermic transport 
experiments described herein, indicated that culture periods of 45 hours and longer at 
temperatures of 15oC and 26oC, dramatically reduce the viability and functionality of 
hepatocytes. This can be attributed to the wide variety of cellular physiological responses 
of mammalian cells to hypothermia (cf. reviews ref 44 and 51). Important effects are: 
1. inhibition of transcription and translation, leading to a reduced protein synthesis; 
2. reduced cell cycling (G1 phase inhibition); 3. disruption of cytoskeletal elements; 
4. changes in membrane permeability; and 5. alteration of lipid bilayer (e.g. phase 
transitions and fatty acid composition) resulting in changes in membrane-mediated signal 
transduction pathways.44,51-53 If hypothermia is not reversed, cell turnover and repair 
processes will become inefficient, and ultimately, depending on the intensity of cold 
exposure, will lead to loss of cell viability and function, even at 26oC for longer periods 
as observed in this study.

In summary, we have demonstrated that 24-hour, mild hypothermic preservation at 
15oC of the AMC-BAL charged with freshly isolated porcine hepatocytes, has no negative 
impact on hepatocyte-specific functions and viability of the cells in the bioreactor. Our 
data show however, that extension of the hypothermic preservation period to 45 and 110 
hours at 15oC and 26oC, respectively, drastically reduces overall BAL function and cellular 
integrity within the BAL. We therefore conclude that mild hypothermic preservation at 
temperatures as low as 15oC for a period of 24 hours is a feasible preservation method for 
the transport of BAL systems charged with porcine hepatocytes. 
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