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Summary:

In this study the authors analyzed ethanol (Et-OH) and acetaldehyde (Ac-CHO) metabolism in

cultured hepatocytes isolated from chronic alcoholic rats. Hepatocytes were isolated and cultured from two
groups of rats, one was fed with a liquid diet containing Et-OH and another was pair-fed with a control diet
for 4 weeks. After 48 hours of the primary culture, Et-OH was added to the culture medium at a final concen-
tration of 5 mM with or without 2 mM 4-methyl pyrazole (Py). Serial changes of Et-OH and Ac-CHO levels
in the medium for 48 hours were determined in 4 groups of the alcohol alone, alcohol-Py, control and control-
Py groups. In the alcohol alone and control groups, Et-OH disappearance rates (EDR), which are roughly
equivalent to Et-OH oxidation rates in the hepatocytes, were significantly higher than those in the corre-
sponding Py treated groups. In the two alcoholic groups, the EDR was significantly higher than those in the
corresponding control groups. In cultured hepatocytes, 75-80% of Ac-CHO produced from Et-OH was
oxidized. The increasing rates of Ac-CHO (AcICR), a function of Ac-CHO production and oxidation rates
in the hepatocytes, increased in parallel with the increase in the EDR. However, the AcICR/EDR rate,
which is a parameter of the Ac-CHO oxidation rate in the hepatocytes, was not different among the 4 groups.
These results indicate that the cultured cells maintain the characteristics of Et-OH metabolism in chronic al-
coholic rats and may also be used for the study of Et-OH and Ac-CHO metabolism as an in vitro model.
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Introduction

Almost all ingested ethanol (Et-OH) is metabo-
lized by the liver; only a trace of Et-OH is me-
tabolized by other organs'-2, Acetaldehyde (Ac-
CHO) produced in the liver is also oxidized
mainly in the liver. It was supposed that the he-
patic share of Ac-CHO metabolisms may be
smaller than that of Et-OH?**. The metabolism
of Ac-CHO in the liver, however, is not as well
understood as that of Et-OH.

Culture of hepatocytes has recently become
common. When cultured hepatocytes are used for
a study, Et-OH and Ac-CHO metabolism in the

acetaldehyde metabolism, chronic alcoholic rats; cultured hepatocytes; ethanol metabolism

liver can be analyzed, excluding the effects of the
extrahepatic organs. Such studies, however, are
relatively few” ™, especially on Et-OH metablism
in chronic alcoholic animals and Ac-CHO metab-
olism. In the present study, Et-OH and Ac-CHO
metablihsm in cultured hepatocytes obtained
from chronic alcoholic rats were analyzed to de-
termine the usefulness of cultured cells for the
study of Et-OH and Ac-CHO metabolism.

Materials and Methods

One group of male Wistar strain rats, weighing
150-200g, was fed with a liquid diet containing
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Et-OH (36% of total clories, alcohol group) and
another group of rats was pair-fed with a control
diet (Et-OH replaced by isocaloric sucrose; con-
trol group) for 4 weeks. In each diet 35% of the
total calories were fat calories. The regimens and
caloric composition of the diets were previously
reported’’.

Hepatocytes were isolated from rats of both
groups using the collagenase digestion method of
Seglen'!. The isolated cells were suspended in a
medium containing a 3:7 mixture of Ham F-10
and L-15 (Flow Laboratories Inc., Md.), 10%
fetal calf serum, insulin, dexamethasone and
penicillin G, according to the description of Oda-
shima et al'?, and cultured in Corning plastic cul-
ture flasks (25 cm?, 70 ml) precoated with fibro-
nectin, at a seeding density of 1 x 10° cells per
flask. Culture was carried out at 37°C in a hu-
midified atmosphere consisting of 5% CO, in air.
The culture medium was changed every 2 days.
Usually, two culture flasks were obtained from
one rat.

At 48 hours of the primary culture, the culture
flasks were tightly sealed with rubber caps, imme-
diately after inflow of 95% oxygen gas at a speed
of 0.5 1/min for 5 minutes into the air space of
the flasks. Then Et-OH was added to the cultured
medium at a final concentration of 5 mM through
the rubber caps. Into half of the culture flasks, 4-
methyl pyrazole (4-MP) at a final concentration
of 2 mM was also added at the same time. Conse-
quently, the experimental groups counted of 4
groups of alcohol alone, alcohol-pyrazole, con-
trol, and control-pyrazole.

An aliquot of the culture medium was obtained
at 0, 3, 6, 12 and 24 hours after the addition of
Et-OH by a needle through the rubber caps from
each culture flask. Et-OH and Ac-CHO levels
in each sample were measured by the method of
Eriksson et al'?, using gas chromatography. And
the partial pressures of oxygen and carbon diox-
ide (PO, and PCO,) and pH of each sample,
except for 3 hours, were measured using a pH/
blood gas analyzer (IL system 13036; Instrumen-
tation Laboratory, Boston). Pyruvate and lactate
concentrations of the medium at 0 and 24 hours
were measured by the method of Olsen'®. Serial
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changes of PO,, PCO, and pH of the medium
were also determined in non-sealed control cul-
tures without oxygen in-flow and Et-OH addition.

In the isolated and cultured hepatocytes from
the control group, alcohol dehydrogenase
(ADH), aldehyde dehydrogenase (ALDH) and
p-nitrophenol hydroxylase (PNPH) which is a
specific marker for the induction of microsomal
P450 IT E1'°1 were determined by the methods
of Bonnichen and Brink'’, Sugata et al'®, and
Koop!®, respectively. The isolated cells and cul-
tured cells which were scraped off at 24 and 48
hours of the primary culture after washing with
ice-cold phosphate buffered saline at pH 7.2
(PBS) were sonicated in PBS at 0°C for 30 seconds
using an Ultrasonic Disrupture, Model UR-200
(Tomy Seiko Co. Ltd, Tokyo). After centrifuga-
tion at 9,000 xg for 30 sec at 4°C, the supernatants
was used for measurement of enzyme activity. In
an aliquot of the sonicated cell fraction, DNA and
protein contents were measured by the methods
of Labarca and Paigen'® and Lowry et al?°, respec-
tively. Activities of the enzymes per ug DNA and
per mg protein were calculated.

All experimental values were expressed by
the mean * standard deviation. Student’s t-test
was applied for group comparisons.

Results

The enzyme activities in hepatocytes from rats
of the control group, are shown in Table 1. The
ADH and ALDH activities expressed both per
ug DNA and per mg protein tended to be lower in
the cultured cells than in the isolated cells. How-
ever, the changes were not significant statistically.
On the other hand, the PNPH activity in cultured
cells, except for the activity per mg protein at 24
hours, were significantly lower than that in the
isolated cells.

Serial changes of PO,, PCO, and pH of the
medium are shown in Table 2. The PO, in the ex-
perimental groups was high compared to the
physiological condition (non-sealed, no oxygen
and no Et-OH control), because of the in-flow of
oxygen gas. The PO, tended to decrease in ac-
cordance with the time of incubation in all groups.
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Table 1 Alcohol dehydrogenase, aldehyde dehydrogenase and p-nitrophenol hydroxylase activities in cultured hepatocytes

isolated cells

cultured cells

24 hr 48 hr
alcohol dehydrogenase
(p mole NADH/min/u. gDNA) 11.76+£2.95 10.10+£2.59 9.14+2.09
(p mole NADH/min/mg protein) 0.73+0.35 0.57+0.09 0.56+0.05
aldehyde dehydrogenase
(p mole NADH/min/u. gDNA) 52.88+9.99 4417+14.74 36.54+8.00
{p mole NADH/min/mg protein) 3.32+1.15 248+ 0.76 2.36x+0.44
p-nitrophenol hydroxylase *
—— . 7
(n mole PNC/min/u gDNA) 0.88+0.13 0.47+0.04 0.47+0.13
(n mole PNC/min/mg protein) 0.45+0.06 0.29+0.05 0.28+0.12
- * 1
PNC: p-nitrocatechol. (n=4)
* P<0.05
Table 2 Serial changes of partial pressures of oxygen and carbon dioxide and pH in the medium of cultured hepatocytes
groups Ohr 6 hrs 12 hrs 24 hrs
Alcohol alone (n=10) PO, 272+30 267+54 254138 239+45
PCO, 19+ 4 20+ 4 24+ 3 29+ 3*
pH 6.81+0.06 6.81+0.07 6.76+0.05 6.81+0.05
Al-pyrazole (n=10) PO, 299+25 30917 291+23 289+45
PCO, 22+ 2 24+ 2 24+ 2 24+ 2
pH 6.79+0.01 6.76+0.03 6.76+0.03 6.81+0.05
Control (n=10) PO, 286+25 271+30 269+31 255+43
PCO, 20+ 1 21+ 2 21+ 2 24+ 3
pH 6.80+0.03 6.79+0.08 6.78x0.09 6.76+0.21
Cont-pyrazole (n=10) PO, 383423 281429 28631 276+33
PCO, 21+ 1 21+ 2 21+ 2 22+ 3
pH 6.79+0.03 6.80+0.06 6.79+0.08 6.77+0.12
Non-sealed control# (n=5) PO, 157+ 4 140+ 6 142+ 6 144+ 1
PCO, 16+ 4 33+ 4 32x 2 34x 5
pH 6.82+0.07 6.64+0.03 6.68+0.02 6.69+0.02
Sealed control# (n=5) PO, 151+ 5 149+ 1 144+ 3 144+ 5
PCO, 21+ 1 19+ 2 19+ 1 23+ 2
pH 6.74+0.03 6.80+0.03 6.81+0.01 6.78+0.02

PO, (mmHg): partial pressure of oxygen.

PCO, (mmHg): partial pressure of carbon dioxide.
#: no oxygen, no ethanol.

**: P<0.01 vs 0 hour

However, the decrease was very slight and the
concentration was still high even at the 24 hour
period. PCO; and pH did not change significantly
during the experimental period in all groups,
except for PCO, of the alcohol alone group. In
that group, PCO, significantly, but slightly, in-

creased at the 24 hour period. However, the value
was not higher than that in the non-sealed control
medium at the 24 hour period. Lactate and
pyruvate levels in the medium at the 0-hour and
24-hour periods are shown in Table 3. Lactate
levels increased and pyruvate levels decreased
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Table 3 Lactate and pyruvate levels in the medium of cultured hapatocyte
groups 0 hr 24 hr
lactate (mM)  pyruvate (mM) /P lactate (mM) pyruvate (mM) L/P
Alcohol alone (n=10) 2.82+0.13 0.45+0.01 6.27+0.24 3.82+0.13*+* 0.13+0.03*+7 30.0+5.33**+
Al-pyrazole (n=10) 2.71+£0.20 0.44%+0.01 6.18+0.52 3.11+0.90" 0.37+0.04* 8.40+4.02*"
Control (n=10) 2.83+0.26 0.42+0.01 6.76+0.48 4.73+0.63"** 0.29+0.04**+* 16.4+3.72*F+
Cont-pyrazole (n=10) 2.81+£0.71 0.44+0.01 6.42+1.74 3.17+1.03 0.39+0.07 8.70+5.11*
L/P: lacatate/pyruvate ratios.
**: P<0.01, *: P<0.05 vs 0 hour.
++: P<0.01 vs corresponding pyrazole treated group.
bR
10004
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Fig. 1 Serial changes of ethanol levels in the medium of cul-
tured hepatocytes.
++: P<0.01 vs corresponding pyrazole treated group.
*: P<0.05, **: P<0.01 vs corresponding control group.

significantly at the 24 hour period in all groups,
except for the control-pyrazole group. Conse-
quently, lactate/pyruvate ratios significantly in-
creased in all groups. This increase was prominent
in the alcohol alone and control groups and the
ratios at the 24 hours in these groups were sig-
nificantly higher than those in the corresponding
4-MP treated groups.

Serial changes of Et-OH levels in the medium
are shown in Figure 1. The levels decreased grad-
ually with a nearly linear curve in all groups. The
decreases were faster in the order of the alcohol-

Cont-Py:Control -Pyrazole
Al:Alcohol alone
Al-Py:Alcohol-Pyrazole

4o

Acetaldehyde levels in the medium

Cont-Py

Fig. 2 Serial changes of acetaldehyde levels in the medium of
cultured hepatocytes.
++: P<0.01 vs corresponding pyrazole treated group.
**: P<0.05 vs corresponding control group.

alone, control, alcohol-pyrazole and control-
pyrazole groups. The Et-OH levels in the alcohol
alone and control groups were significantly lower
from the 3-hour period to the 24-hour period
than those in the corresponding pyrazole treated
groups. In the pyrazole treated groups, the al-
cohol-pyrazole group showed significantly lower
Et-OH levels than the control-pyrazole group
throughout the experimental period. The differ-
ence in Et-OH level between the alcohol-alone
and control groups was significant only at the 12
hour period.
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Alcohol alone Al-pyrazole Control Cont-pyrazole
EDR (uM/hr) 161+20.4*+* 81.3+4.6** 124459+ 30.5+2.4
AclCR (uM/hr) 376+ 3.2t 19.7+2.9** 27.6+3.7% 6.1+£0.9

EDR: ethanol disappearance rate, AclCR: acetaldehyde increase rate.
++: P<0.01 vs corresponding pyrazole treated group.
**: P<0.01 vs corresponding control group.

Table 5 The ratios of AcICR/EDR, differences between EDR and AclCR, degradation percentage of Ac-CHO

Alcohol alone Al-pyrazole Control Cont-pyrazole
AcICR/EDR 0.24+0.04 0.24+0.06 0.22+0.04 0.20+0.04
EDR — AcICR (uM/hr) 123.4+21, 10 61.6+6.5" 96.8+9.6%" 24.5+2.0
degradation % of Ac-CHO 76.2+ 41 75.6+4.4 77.6+3.9 80.2+2.6

EDR: ethanol disappearance rate, AcICR: acetaldehyde increase rate.
++: P<0.01 vs corresponding pyrazole treated group.
**: P<0.01 vs corresponding control group.

Serial changes of Ac-CHO levels in the medium
are shown in Figure 2. The levels increased lin-
early in all groups. The increases were greater in
the order of the alcohol-alone, control, alcohol-
pyrazole and control-pyrazole groups. The Ac-
CHO levels in the alcohol-alone and control
groups were significantly higher from the 3-hour
period to the 24-hour period than those in the
corresponding pyrazole treated groups. In the
pyrazole treated groups the alcohol-pyrazole
group showed significantly higher Ac-CHO levels
than in the control-pyrazole group throughout the
experimental period. The difference in Ac-CHO
level between the alcohol-alone and control
groups was significant only at 24 hours.

Disappearance rates of Et-OH (EDR) from
the medium, which is roughly equivalent to the
ethanol oxidation rate (EOR) in the hepatocytes
and increasing rates of Ac-CHO (AcICR) in the
medium for 24 hours, which is a function of the
balance between Ac-CHO production and oxida-
tion rates in the hepatocyte and may be equivalent
to the accumulation rate of Ac-CHO outside hep-
atocytes, were calculated from the linear sections
of the decreasing and increasing curves, respec-
tively. The EDR in the alcohol-alone and control
groups was significantly higher than those in the
corresponding pyrazole treated rats. In the two

alcohol groups, the EDR was significantly higher
than those in the corresponding control groups.
The AcICR in the groups increased in parallel
with the increase in EDR. The rates in the two
pyrazole non-treated groups and those in the two
alcoholic groups were significantly higher than
those in the corresponding pyrazole treated
groups and than in the corresponding control
groups, respectively (Table 4). The ratio of
AcICR/EDR, which may be a parameter of Ac-
CHO degradation in the hepatocytes, did not
differ among the 4 groups. The amounts of Ac-
CHO that were oxidized in the hepatocytes may
be calculated by subtracting AcICR from EDR.
The differences between EDR an AcICR were
greater in the alcohol and pyrazole non-treated
groups than in the corresponding control groups
or corresponding pyrazole treated groups (Table
5). The percent degradation of Ac-CHO to its
production in the hepatocytes were calculated
by the following formula: AcICR — EDR/EDR
X 100. The percentages were not different among
the 4 groups.

Discussion

Et-OH and Ac-CHO easily evaporate at tem-
peratures for culturing. Therefore, in the present
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study, cultured flasks were tightly sealed after
saturation of oxygen in the culture medium.
Despite the fact that the flasks were sealed, PO,
did not decrease and PCQO, did not increase sig-
nificantly, except for the alcohol-alone group,
throughout the experiment. PO, was higher and
PCO, was lower than in the non-sealed control
culture at 24 hours in all experimental groups.
These results indicate that hypoxia for hepato-
cytes may not develop under the present experi-
mental conditions.

In the hepatocytes isolated from chronic alco-
holic rats, Et-OH metabolic rates increased. The
increase in Et-OH metabolic rates was also clearly
observed in the alcohol-pyrazole group, suggest-
ing that the 4-MP insensitive system, namely
microsomal ethanol oxidizing system (MEOS),
activity increases even in the cultured cells from
chronic alcoholic rats. It is well known that Et-
OH metabolism increases in chronic alcoholic
rats, mainly due to the increase in MEOS activi-
ty'®2!. The present results in the cultured cells
were similar to those of an in vivo study in chronic
alcoholic rats'®2!, Matsuzaki et al*? reported that
the rates of Et-OH oxidation increased in the
isolated hepatocytes from chronic alcoholic rats,
compared to those from normal rats. These re-
sults suggest that cultured cells maintain the char-
acteristics of hepatocytes in chronic alcoholics
for the Et-OH metabolism and that cultured hep-
atocytes may be able to be used for the study of
Et-OH metabolism in chronic alcoholic rats as an
in vitro model.

Recently, it has been reported that ADH ac-
tivity in cultured hepatocytes decreased markedly
during the early days of the primary cultrue®®-°.
Grunnet et al’ reported that the decrease in ADH
activity was related to the concentrations of
glucose, amino acids and hormones in the cul-
tured medium and that a decrease in ADH activi-
ty was not observed in the medium containing 25
mM glucose. In the present study, ADH and
ALDH activities decreased slightly, but not sig-
nificantly, at 24 and 48 hours of primary culture.
The culture medium used in the present study
contained 35 mM galactose, instead of glucose.
This may be the reason for the slight decrease in
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enzyme activities in the present experimental
system. On the other hand, PNPH activity in the
cultured cells decreased significantly and the ac-
tivity was about 60% of that in isolated cells, sug-
gesting that the mechanism to keep the MEOS ac-
tivity in cultured cells may be somewhat different
from that in ADH and ALDH. However, met-
abolic analysis of Et-OH in the present study sug-
gested that the difference of the MEOS activity
between chronic alcoholic rats and normal rats
was still kept in the cultured cells.

It has been proposed that Ac-CHO produced
from Et-OH may be mainly metabolized in the
liver, because very low blood Ac-CHO levels
were observed compared to its Et-OH levels®*.
However, the hepatic share of Ac-CHO oxidation
is less well known. There is no report on direct
evaluation of the rate of Ac-CHO oxidation in the
liver. Lindros* tentatively calculated that over
90% of Ac-CHO from Et-OH might be metabo-
lized in the liver, based on the results of Forsander
et al’>, which determined the difference of Ac-
CHO and Et-OH levels between the portal and
hepatic veins, and the results of Ross™, which
determined hepatic blood flow. In the present
study, the degradation percentages of Ac-CHO
were 75 to 80%. These values were compatible
with the values calculated indirectly in in vivo
studies®*?3, suggesting that cultured hepatocytes
may also be able to be used for studies on Ac-
CHO metabolism.

Ac-CHO in the medium accumulatd in parallel
with the amounts of Et-OH oxidation. Therefore,
accumulation of Ac-CHO was greater in the al-
cohol groups and the pyrazole non-treated groups
than in the corresponding control and pyrazole
groups. However, AcICR/EDR ratios, which are
a parameter of Ac-CHO oxidation, were not dif-
ferent among the 4 groups. Moreover, the calcu-
lated degradation percentages of Ac-CHO in the
hepatocytes were also not different among the 4
groups. These results indicate that the oxidation
rates of Ac-CHO in the hepatocytes were the
same in all groups under the present experimental
conditions.

We reported that the degradation of Ac-CHO
produced by the non-alcohol dehydrogenase



714 Y. Ueshima et al.

(non-ADH) pathway, probably by MEOS, may
be slower than that produced by the ADH path-
way in the in vivo study®*. However, these results
were not supported by the present in vitro study,
because the degradation percentages of Ac-CHO
in the hepatocytes were not different between the
4-MP treated and non-treated groups. We have
reported that Ac-CHO added to the culture me-
dium of hepatocytes metabolized quickly®.
Therefore, the possibility that in the present ex-
perimental system Ac-CHO flowed out into the
medium, and was perhaps re-utililized for oxida-
tion, should be considered. Another possibility
that the decrease in PNPH activity in the cultured
cells may make unclear the difference between
Et-OH metabolism through the ADH and non-
ADH pathways, should be also considered. In the
present study, no difference of oxidation of Ac-
CHO produced by the two different pathways was
detected, indicating that some device to prevent
re-utilization of Ac-CHO for its oxidation in the
hepatocytes, such as trapping of Ac-CHO in the
medium, and prevention of the decrease in PNPH
activity in cultured hepatocytes may be needed to
detect such a delicate difference.
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