208 Simanungkalit Med J Univ Indon

Effects of Ethanol on Isolated Hepatocytes : Alteration in Cell Surface and
Intracellular ATP

Nelson Simanungkalit

Abstrak

Ethanol merupakan salah satu toxin yang sangat berbahaya terhadap hati. Walau studi tentang keracunan ethanol telah banyak
dilakukan, namun mekanisne keracunannya masih mengundang banyak pertanyaan. Tujuan penelitian ini ialah pertama menunjukkan
pengaruh ethanol terhadap permukaan sel hati dan kedua terhadap konsentrasi ATP intrasel. Pemaparan ethanol terhadap sel hati

tikus yang diisolasi menimbulkan terbentuknya penonjolan di permukaannya, sedangkan konsentrasi ATP intrasel menurun secara
bermaknu (p < 0,05).

Abstract

One of the most serious hepatotocix agents to the liver is ethanol. Although its toxiciry has been investigated, the toxic mechanism
itself remains controversial. The aims of the present work are to investigare the effect of ethanol on the surface of freshly isolated
hepatocytes after incubation with ethanol, and its influence on cytosolic ATP-concentration. Incubation with ethanol led to the specific
formation of reversible blebs on the surface of hepatocytes and a significant decrease (p < 0,05) of cytosolic ATP-concentirarion.
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Liver is the main organ which metabolizes ethanol.
Although the liver is at the beginning resistant against
the influence of ethanol, the continous uptake of
ethanol in high doses can damage liver cell producing
a pathological state such as “cirrhosis”. Many studies
on ethanol-toxicity has been carried out, however its
mechanism is still not clear, The present paper will
describe two studies about the influence of ethanol on
hepatocytes. Firstly, its influence to the cell surface as
pictured by scanning electron microscopy and second-
ly its influence on the intracellular ATP concentration.

MATERIALS AND METHODS

Sprague-Dawley rats (ca. 220 g) were obtained from
Savo, medizinische Versuchstierzuchten GmbH,
Kisslegg/Allgaeu, Germany.

Isolated hepatocytes were prepared by col-
lagenase perfusion.l Cell viability, as judged by trypan
blue exclusion,2 was between 85 to 95% for all
preparations. Following isolation, a suspension of

hepatocytes containing 1 - 1.5 million cells/ml was
transfered to plastic vials (10 m!l). Ham’s F-12 medium
and ethanol of different concentrations (0.3 - 2.6 mol/l)
were added, so that the final volume was 1.0 ml in all
experiments. The contents were mixed gently, and the
vials were kept in a waterbath at temperature of 25° C
for 30 min.

Scanning electron microscopy

1 to 1.5 million hepatocytes for electron microscopic
scanning were fixed in 1% glutaraldehyde in 0.1 mol
cocodylate-buffer, washed washing (2 times) with
cocodylate-buffer for 15 min each, followed by the
fixation with 0.5% Os (VII)-oxide for 1h. Dehydra-
tion was carried out using 50-, 70- and 100% alcohol
for 5 min each. The air dried samples were then put on
“leit-Tabs” (Plano), evaporated with gold-palladium
(Sputter coater, Bio-Rad) and examined with JSM, U3
- scanning electron microscope.
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Determination of the ATP content of hepatocytes

The ATP content of isolated hepatocytes was
measured>* using Auto-CliniLuminat (LB 952T/16)
from Berthold, Wildbad. A 100 pl aliquot was taken
from the cell suspension (1 ml) for the viability deter-
mination. The remaining vials content 900 ul was put
incrushed ice for 5 minutes to enhance the sedimention
of the cells. To remove the supernatant, the cell suspen-
sion was washed 3 times each with 1 ml physiological
saline. After centrifugation for 5 min (200 x g) at 4°C,
the supernatant was carefully pipetted out and 900 pl
TCA (5%) was added to the cells. The cell suspension
was then homogenized using a Branson Sonifier. After
centrifugation at 3000 x g for 15 min at 4°C, 50 ul of
supernatant was diluted 1:41 (vol/vol) with physiologi-
cal saline.

The measurement was done 5 seconds after 60 ul
of the diluted solution was mixed with ATP-reagent.

Figure 1. Scanning electron micrograph of a normal, freshly
isolated hepatocyte
Magnifications : 3000
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Diluted 5 mmol/l ATP-NasH> .3H20 was used as
ATP-standard. During the measurement, the sample
were stored at cold temperature.

RESULTS

Freshly isolated hepatocytes were examined with a
scanning electron microscope. The shape of a normal
hepatocyteis mostly round or oval with a rough surface
(Figure 1).

Freshly isolated hepatocytes, exposed to ethanol
of a dose ranging from 0.3. to 2.6 mol/l, produced blebs
on the cell surfaces. Observation by scanning electron
microscopy showed blebs of various sizes on the cell
surface, with large sized blebs resembling cucumbers
(Figure 2).

Figure 2. Scanning electron micrograph of a freshly isolated
hepatocyte in the presence of 0.65 mol ethanol/!

Sfor 30 min ar 25°C.

Magnifications: 3000 x
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As shown in Figure 3, the blebbing caused by
ethanol were dose dependent. At concentration 2.6
mol/l the formed blebs reached 93.3 + 1,2%. The
BDso-value, the concentration of ethanol, where 50%
of the hepatocytes formed blebs is 0.35 mol/l.

Measurement of intracellular ATP of normal,
freshly isolated hepatocytes showed a concentration of

Med J Univ Indon

22.3 + 2.2 nmol ATP/mg cell protein (Figure 4). If
freshly isolated hepatocytes were exposed to 0.65
mol/l ethanol for 30 min at 25°C, the ATP concentra-
tion decreased significantly (p < 0.05,n=3)to 15 + 1,2
nmol ATP/mg cell protein.
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Figure 3. Blebs formation and cell death after exposure of hepatocytes to various concentration of ethanol

(0.3 to 2.6 mol/l, 25°C, 30 min).
Data represent means + SD (n=5).
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Figure 4. ATP depletion after exposure 10 0.65 mol/l ethanol (25°C, 30 min).

Data represent means + SD (n=3)
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DISCUSSION

Cell surface blebbing is an early indication of hypoxic
and oxic injury to hepatocytes. 25.87 Ethanol caused
blebbing on the surface of freshly isolated hepato-
cytes. In comparison to blebs caused by phal-
loidin,>!° d|c0umarol plus manadione® and extra-
cellular ATP,'! the blebs caused by ethanol were dif-
ferent. Scanning electron micrograph showed large
sized blebs resembling to cucumbers. It seemed that
the blebs are typical depending on the hepatotoxic
agent.

Another important observation was the revers-
ibility of the blebs. The blebs dissapeared within 30
minutes.

Ethanol interact with biological membranes.
This interaction affects physical and chemical proper-
ties of membranes and may cause inhibition of trans-
membrane signaling processes.

Other authors considered that acetaldehyde an
intermediate product during ethanol metabolism, and
alteration of NAD/NADH ratio were responsible for
the cell damage. 13:1415,16 geveral authors suggested
that the blebs formation was associated with the rise in
cytosolic ca®* 717 Since exposure of freshly isolated
hepatocytes to ethanol caused blebbing it was sug-
gested that ethanol may also cause a rise m cytosolic
Ca®". In our experiments cytosolic Ca®* was not
measured, but there was an evidence of an increase of
cytosolic Ca2* due to ethanol tox101ty Further, it was
reported that the rise was tempora*y ¥ Observations in
this study showed that the blebs were reversible. There
scems to be a relationship between the blebs formation
and the rise in cytosolic Ca**

12

As the concentration of the cytosolic Ca®* was
increased, ATP consumption can be expected to in-
crease too since it is known that transportation of 2 mol

" from intra to extracell consumes 1 mol of ATP.
The results of this study confirmed this expectation;
the ATP concentration decreased significantly (p <
0.05, n=3) from 22.3 + 2.2 nmol ATP/mg cell protein.
Whether this ATP depletion was only caused of Ca®*-
ATP-ase-Pump or not still need further investigation,
since ethanol inhibits glycolysis. '

CONCLUSIONS

In vitro exposure of freshly isolated hepatocytes ex-
posed to ethanol cause blebbing at the surface of the
hepatocytes. The produced blebs were reversible and
some of them had a typical shape, resembling a cucum-
ber. Exposure to 0.65 mol ethanol/l for 30 min caused
a significant decrease (p < 0,05) of intracellular ATP.
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