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INTRODUCTION

OXYGEN-DERIVED RADICALS are involved in the pathogen-
esis of liver injury during ethanol intoxication (11, 28)

and reperfusion after hepatic ischemia (22). The liver is a rich
source of proinflammatory mediators, primarily due to the
large number of resident macrophages or Kupffer cells in this
organ (8). The extracellular releases of reactive oxygen
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ABSTRACT

This work tests the hypothesis that withdrawal from an acute ethanol binge regulates the production of reac-
tive oxygen species (ROS) and chemokines by Kupffer cells, and as a result compromises or protects the liver
from injury. Male Sprague–Dawley rats received an intravenous ethanol bolus (1.75 g/kg), followed by an in-
travenous infusion of 200–300 mg/kg/h for 12 h. At 12 h, ethanol infusion was stopped and replaced by saline.
At 18 h, rats were subjected to 45 min of partial hepatic ischemia, followed by 0–24 h of reperfusion (I/R). At
specific time points, Kupffer cells were isolated for superoxide anion assay and CINC (cytokine-induced neu-
trophil chemoattractant) and MIP-2 (macrophage inflammatory protein-2) production in vitro. Alanine
transferase (ALT) activity, endotoxin, CINC, and MIP-2 were measured in serum samples taken at appropri-
ate intervals. Results show that at 3 h post reperfusion, serum ALT was significantly elevated in the ethanol-
treated group + I/R, compared with the saline + I/R group. ROS production by Kupffer cells at this time was
also significantly increased compared with the saline + I/R group. However, ethanol withdrawal + I/R did not
significantly alter CINC and MIP-2 production at 3 h of reperfusion. After 24 h, serum ALT was lower in the
ethanol + I/R group than in the saline + I/R group. Superoxide anion and MIP-2 releases by Kupffer cells were
not statistically significantly different between these two groups at this time. CINC production by Kupffer
cells from the ethanol-treated + I/R group was significantly lower than in the saline + I/R group. Concomi-
tantly, CINC and nuclear factor-kB (NF-kB) mRNAs and NF-kB translocation and binding in Kupffer cells
in this treatment group were down-regulated. Moreover, the number of polymorphonuclear neutrophils
(PMNs) sequestered in the liver was significantly lower in the ethanol + I/R group than in the saline-treated
group. ROS and chemokine productions in sham animals with or without ethanol were lower than in the I/R
group. These data suggest that acute ethanol binge followed by withdrawal may compromise the liver to in-
jury during the early phase, whereas in the later phase it may be protective. Furthermore, these results sup-
port the notion that Kupffer cells are involved in hepatic injury in the early phase, whereas PMNs participate
more actively during the later phase of reperfusion. Antioxid. Redox Signal. 4: 721–731.



species (ROS) by Kupffer cells, and to a lesser extent endo-
thelial cells, contribute to the initiation of hepatocyte injury
during ethanol intoxication and reperfusion after ischemia.
Hepatic sequestration of neutrophil occurs during reperfusion
after hepatic ischemia (24, 25), endotoxemia (6), and chronic
ethanol intoxication (2). As a result, polymorphonuclear neu-
trophils (PMNs), as well as resident Kupffer cells in the liver,
are considered to play an important role in the initiation of
hepatic injury under these pathological conditions, because
of their ability to produce potent cytotoxic mediators. Acute
ethanol infusion for 3–12 h does not enhance the migration of
PMNs into the liver (4). In fact, acute ethanol intoxication
suppresses lipopolysaccharide (LPS)-mediated sequestration
of PMNs in the liver (10).

During chronic ethanol intoxication, endotoxemia, and
reperfusion after hepatic ischemia, adhesion molecules and
chemotactic cytokines or chemokines mediate migration of
inflammatory leukocytes in the liver. Among these chemo-
kines are the a and b chemokines. a or CXC (cysteine–
variable amino acid–cysteine) chemokines generally attract
PMNs to the site of inflammation, whereas b or CC
(cysteine–cysteine) chemokines are chemoattractant for
mononuclear cells (31). During reperfusion after partial he-
patic ischemia, enhanced neutrophil emigration into the liver
is presumably due in part to the local production of 
a-chemokines by hepatic nonparenchymal and parenchymal
cells. In the rat, cytokine-induced neutrophil chemoattractant
factor (CINC) and macrophage inflammatory protein-2
(MIP-2) are implicated in the sequestration of PMNs in the
liver (5). These chemokines are produced by macrophages
and hepatocytes in response to endotoxin, ethanol, tumor
necrosis factor-a (TNFa), and interleukin-1b (15, 34, 37).

We have previously demonstrated that acute ethanol intoxi-
cation enhances the production of ROS in a time-dependent
manner (4). Withdrawal of ethanol after an acute ethanol
binge for 12 h also enhances the release of ROS and induces
mild hepatic injury (4). This condition does not enhance neu-
trophil migration into liver (4). During the early phase of
reperfusion after hepatic ischemia, Kupffer cells (but not he-
patic PMNs) are primed for enhanced ROS production (25).
Thus, this work examines the effect of the combined impact
of ethanol withdrawal and reperfusion after partial hepatic
ischemia on free radical release, hepatic injury, and chemo-
kine release. This work is based on the rationale that, in hu-
mans, ethanol consumption for several hours followed by
withdrawal and trauma (as a result of accident or assaults)
may compromise or even protect the host from enhanced
morbidity and even mortality.

MATERIALS AND METHODS

Preparation of experimental animals

Acute ethanol binge followed by withdrawal: The day be-
fore the experiments, arterial and venous catheters were im-
planted in male Sprague–Dawley rats (250–300 g; Charles
River Breeding Laboratories, Cambridge, MA, U.S.A.) using
aseptic surgical techniques. A group of rats received an
ethanol bolus [20% (vol/vol) in sterile saline intravenously]
at a dose of 1.75 g/kg of body weight followed by continuous

infusion at a rate of 200–300 mg/kg/h for 12 h. Control rats
received a similar volume of saline. Infusion was stopped at
12 h, and the animals were allowed to recover from ethanol
for another 6 h. This phase is termed the ethanol withdrawal
phase.

Partial hepatic ischemia followed by reperfusion: At 6 h
after the infusion was stopped, the rats were subjected to par-
tial hepatic ischemia followed by reperfusion. This procedure
has been described previously (25, 26). In brief, after the rats
were anesthetized with pentobarbital (35 mg/kg i.p.), an ab-
dominal incision was made to expose part of the liver. The
blood vessels supplying the median and left lateral hepatic
lobes were occluded with an atraumatic Glover bulldog clamp
for 45 min. Reperfusion was initiated by removing the clamp.
The abdominal incision was surgically closed, and the ani-
mals were allowed to recover. Other groups of saline- and
ethanol-treated rats were subjected to sham surgery. These
procedures were performed under aseptic conditions. Blood
samples were collected 1 min before the initiation of is-
chemia, at 0–24 h of reflow or reperfusion. These samples
were used for the determination of serum alanine transami-
nase (ALT), endotoxin, and chemokines. Figure 1 shows the
outline of the experimental protocol described above.

Measurement of serum ALT, endotoxin, 
and chemokines

Serum ALT and endotoxin were measured using diagnos-
tic kits from Sigma (St. Louis, MO, U.S.A.). Chemokines
(MIP-2 and CINC) were measured using enzyme-linked im-
munosorbent assay (ELISA) kit and antibody pairs from
BioSource (Camarillo, CA, U.S.A.).

Isolation of Kupffer cells and neutrophils

At 3 and 24 h after reperfusion, the rats were anesthetized
with pentobarbital (35 mg/kg i.p.) and subsequently sub-
jected to liver perfusion with Hanks’ balanced salt solution
containing collagenase (250 µg/ml), CaCl2 (550 µg/ml), and
bovine serum albumin (1 mg/ml) for 15 min at 37°C. The
liver was cut into small pieces, suspended in Gey’s buffer, and
shaken for 5 min. They were further digested in Hanks’ con-
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FIG. 1. Experimental protocol used in this study. Rats
were given an intravenous bolus and infusion of ethanol for 12 h.
At this time, ethanol was replaced with saline (ethanol with-
drawal phase). Rats were subjected to hepatic ischemia for
45 min at 6 h of ethanol withdrawal. Reperfusion was induced
for 24 h. I/R, ischemia/reperfusion.
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taining Pronase E (20 mg/g of liver). The cell suspensions
were subjected to centrifugal elutriation to isolate the Kupffer
cells and PMNs sequestered in the liver. Kupffer cells were
collected at 45 ml/min fraction. PMNs were separated from
Kupffer cells by density gradient centrifugation (Nycoprep,
1.077 Animal, Accurate Chemicals). Using this method, cell
viability was >95%.

Superoxide anion assay on isolated cells

Superoxide anion assay on isolated cells was performed ac-
cording to the procedures described previously (6). Isolated
Kupffer cells and hepatic PMNs in Hanks’ balanced salt solu-
tion were each layered onto a 35-cm sterile petri dish (Costar)
at a final cell density of 0.75–1.0 2 106 cells/plate. Ferricy-
tochrome c (50 µmol; Sigma) was added to the reaction mix-
ture. Superoxide dismutase (SOD; 300 units/well) was added
to the negative controls. Each assay was performed in tripli-
cate. Superoxide anion was measured based on a change in
absorbance (difference in absorbance with or without SOD)
against a cell-free blank. Delta absorbance was converted
to nanomoles using the molar extinction coefficient of
21.1 mM21 cm21. Superoxide anion is expressed in nanomoles
per 106 cells per hour.

Primary culture of Kupffer cells

Isolated Kupffer cells were suspended in Dulbecco mini-
mum essential medium (Sigma) containing 10% fetal bovine
serum and antibiotics. They were cultured for 24 h in a hu-
midified environment containing 7.5% CO2. At the end of the
incubation period, culture supernatants were assayed for
CINC and MIP-2 using commercially available antibody
pairs (CINC) and ELISA kits (MIP-2) from BioSource.

Reverse transcription–polymerase chain reaction

To determine the regulation of chemokine mRNA and TNF
signaling protein mRNA in Kupffer cells, these cells were sus-
pended in RNAlater (Ambion, Austin, TX, U.S.A.) and stored
at 4°C until assayed. Cells in RNAlater were washed in
phosphate-buffered saline and their RNAs extracted using TRI-
chloroform mixture (Sigma). From this preparation, first
single-stranded cDNA was transcribed using the cDNA kit (In-
vitrogen, Carlsbad, CA, U.S.A.). cDNA was amplified in a
PCR reaction containing 2.5 U of Taq DNA polymerase
(Sigma), 0.08 mM dNTP, and 0.1 pM primers KC and
RANTES. Primers for CINC and TNF signaling proteins
(CytoXpress Multiple cDNA amplification kit) were obtained
from BioSource International. Thermocycling conditions for
PCR were 94°C (1.5 min) for denaturation, followed by 35 cy-
cles at 94°C for 30 s, annealing at 60°C for 45 s plus another
45 s at 72°C, and a final 7 min at 72°C (Bio-Rad GeneCycler,
Bio-Rad Laboratories, Hercules, CA, U.S.A.). b-Actin mRNA
(457 bp) was used as housekeeping gene. PCR products were
electrophoresed on 2% agarose (Invitrogen). The gels were
stained with ethidium bromide (5 µg/ml) and analyzed using
GelDoc 8000 (UVP).

Electrophoretic mobility shift assay (EMSA)

Nuclear extracts of Kupffer cells were obtained by homog-
enizing cell lysates with buffer A containing 10 mM HEPES,

pH 7.9, 1.5 mM MgCl2, 10 mM KCl, 1 mM dithiothreitol and
1 mM phenylmethylsulfonyl fluoride in a Dounce homoge-
nizer. The cell lysate was kept in ice for 10 min and cen-
trifuged at 850 g for 10 min at 4°C. The supernatant was re-
moved, and the cell pellet was resuspended in buffer A
containing 0.1% Triton, incubated for 10 min at 4°C, and
spun at 850 g for 10 min. The cell pellet was washed twice
with buffer A and was resuspended in 100 µl of buffer C
[20 mM HEPES, pH 7.9, 25% glycerol (vol/vol), 0.42 M
NaCl, 1.5 mM MgCl2, 0.2 mM EDTA, 0.5 mM dithiothreitol,
and 1 mM phenylmethylsulfonyl fluoride]. Nuclear proteins
were recovered after centrifugation at 20,000 g for 15 min at
4°C. 32P-end-labeled double-stranded nuclear factor-kB (NF-
kB) consensus oligonucleotide (0.1 ng/10,000 cpm; Santa
Cruz Biotechnology, Santa Cruz, CA, U.S.A.) was added to
the nuclear extracts and incubated for 20 min at 20°C. The
samples were electrophoresed on 4% polyacrylamide gel. Ra-
dioactivity was measured using an Ambis Radioactive Imag-
ing System (San Diego, CA, U.S.A.). The gels were dried and
subjected to autoradiography. These procedures were based
on the methods described previously (7, 17).

Statistics

Data presented in this article represent means ± SEM of
five to seven rats per treatment group. Statistical significance
at p < 0.05 was assessed by ANOVA followed by Student–
Neuman–Keuls multiple comparisons test. Different letters
indicate statistical significance. Thus, columns with the same
letters were not statistically significantly different, whereas
those with different letters were.

RESULTS

Serum ALT

Figure 2 shows that ethanol withdrawal after an acute
ethanol binge slightly elevated serum ALT level compared
with that of the parallel control group. At 0 h of reperfusion
after 45 min of partial hepatic ischemia [ischemia/reperfu-
sion (I/R)], serum levels of ALT were increased in both
ethanol withdrawal and saline-treated groups. At 3–5 h of

HEPATIC INJURY DURING ETHANOL WITHDRAWAL 723

FIG. 2. Effect of ethanol withdrawal on serum ALT activ-
ity during reperfusion after hepatic ischemia (I/R). The as-
terisks indicate statistical significance at p < 0.01 vs. saline +
I/R, n = 7 per group (Student’s t test). AIcW, alcohol withdrawal.
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reperfusion, the level of this enzyme was significantly ele-
vated in the ethanol plus I/R exposed rats compared with the
saline-treated I/R control. After 24 h, serum ALT level was
significantly lower in the ethanol plus withdrawal-treated rats
than the saline control. Serum ALT at 24 h was <25 U/L in
rats treated with ethanol (plus withdrawal) or saline-treated
rats subjected to sham surgery (Fig. 2).

Serum endotoxin

At 0 h of reperfusion after hepatic ischemia, serum endo-
toxin concentration in both ethanol- (68 ± 10 pg) and saline-
treated rats (73 ± 8 pg/ml) increased fourfold compared with
the preischemic level (<15 pg/ml). Serum endotoxin level re-
mained above 60 pg/ml through 24 h of reperfusion in both
treatment groups (saline and ethanol) subjected to I/R. In
ethanol and saline + sham animals, serum endotoxin re-
mained the same.

Serum chemokines

CINC and MIP-2 were measured in sera during reper-
fusion after hepatic ischemia. Figure 3 shows that CINC
(<150 pg/ml) was present in sera before partial hepatic isch-
emia was initiated. Serum CINC remained elevated during
the first 3 h and was significantly reduced at 24 h of reperfu-
sion, compared with saline + I/R (Fig. 3). Serum MIP-2 was
present in sera in very small amount (<25 pg/ml). This value
did not significantly increase during reperfusion in the
ethanol + I/R and saline + I/R groups. The values obtained in
these groups were similar to those that were subjected to
sham surgery with or without ethanol (Fig. 3).

Superoxide anion release

Figure 4 shows that at 3 h of reperfusion after hepatic
ischemia, Kupffer cells were primed for enhanced basal
release of superoxide anion. Superoxide release (6.5 ±
0.5 nmol/106 cells/h) was significantly increased in Kupffer
cells from rats that were subjected to ethanol infusion fol-
lowed by withdrawal and I/R. This value was significantly
higher compared with that of the parallel group previously

exposed to saline and I/R (4.2 ± 0.7 nmol/106 cells/h)
(Fig. 4A).

At 24 h after reperfusion, basal superoxide anion releases
by Kupffer cells from saline + I/R and ethanol +I/R groups
were still elevated (5.5 ± 0.5 nmol and 4.7 ± 0.9 nmol, respec-
tively) (Fig. 4B). These values were not statistically different
from each other. Spontaneous superoxide production by
Kupffer cells from rats subjected to sham surgery with or
without ethanol was <0.5 nmol/106 cells/h (Fig. 4B).

CINC production by Kupffer cells

Kupffer cells were isolated from four treatment groups de-
scribed above. They were cultured for 24 h in the absence of
stimuli to determine spontaneous production of CINC in
vitro. Figure 5 shows that Kupffer cells from saline + I/R
(3,300 ± 500 pg/106 cells/24 h) released a large amount of
CINC compared with those obtained from rats subjected to
ethanol withdrawal and I/R (750 ± 65 pg). The amount of
CINC produced by Kupffer cells from ethanol withdrawal and
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FIG. 3. Effect of ethanol withdrawal on serum CINC dur-
ing reperfusion after hepatic ischemia (I/R). The asterisk in-
dicates statistical significance at p < 0.01 vs. saline + I/R, n = 7
per group (Student’s t test).

FIG. 4. Effect of ethanol withdrawal on superoxide anion
production by Kupffer cells at 3 h (A) and 24 h (B) of reper-
fusion after hepatic ischemia. Kupffer cells were isolated at 3
h of reperfusion. Superoxide anion was measured by SOD-in-
hibitable reduction of cytochrome c in the absence of stimuli.
Data were analyzed by ANOVA followed by Student–
Neuman–Keuls multiple comparisons test. Different letters in-
dicate statistical significance at p < 0.05. (n = 7 per group).
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saline-treated rats subjected to sham surgery was <300 pg
(Fig. 5).

CINC mRNA expression was also analyzed in freshly iso-
lated Kupffer cells. Results show that CINC mRNA (0.8 ±
0.06 CINC mRNA/b-actin mRNA, mean ± SEM from four
independent experiments/group) was endogenously ex-
pressed in normal Kupffer cells. After hepatic I/R, CINC
mRNA expression (1.5 ± 0.09; p < 0.001 vs. all treatment
groups) was significantly enhanced. After ethanol withdrawal
followed by I/R, CINC mRNA (0.52 ± 0.02) was down-
regulated. Ethanol withdrawal alone did not have any signifi-
cant effect on CINC mRNA expression (0.68 ± 0.032) in
Kupffer cells. Representative gels are shown in Fig. 6.

MRNA expression for TNF signaling proteins

Figure 7A shows the effect of alcohol withdrawal and I/R
on mRNA expression for TNF signaling proteins in Kupffer
cells. Ethanol withdrawal + I/R was associated with the
down-regulation of mRNAs for NF-kB, LICE, and TNFa

compared with saline + I/R. Figure 7B shows representative
gels from three independent experiments.

NF-kB binding

Figure 8A shows that nuclear NF-kB binding (to the NF-
kB consensus oligonucleotide) in the Kupffer cells from rats
treated with saline and subjected to I/R was significantly en-
hanced. In the ethanol withdrawal + I/R group, NF-kB bind-
ing was suppressed by >55%. A small amount of NF-kB
binding in the saline + sham and ethanol withdrawal + sham
groups was detected (Fig. 8A). Representative EMSA gels
from saline + I/R and ethanol + I/R groups are shown in
Fig. 8B.

Superoxide release by hepatic neutrophils

Basal superoxide production by hepatic PMNs after 24 h
of reperfusion was <0.2 nmol/106 cells/h. In the presence of
phorbol 12-myristate 13-acetate (PMA), superoxide release
was significantly increased to 20 ± 3 nmol/106 cells/h in the
saline + I/R group. In the ethanol withdrawal + I/R group,
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FIG. 5. Effect of ethanol withdrawal on CINC production
by Kupffer cells at 24 h of reperfusion after hepatic isch-
emia. Kupffer cells were isolated at 24 h of reperfusion. CINC
in 24-h culture supernatant was measured by ELISA. Data were
analyzed by ANOVA followed by Student–Neuman–Keuls
multiple comparisons test. Different letters indicate statistical
significance at p < 0.01 (n = 7 per group).

FIG. 6. Effect of ethanol withdrawal on CINC mRNA ex-
pression in Kupffer cells at 24 h of reperfusion after hepatic
ischemia. Representative gels from from independent experi-
ments are shown. Sh, sham; Aw, alcohol withdrawal.

FIG. 7. Effect of ethanol withdrawal on mRNA expression
for TNF signaling proteins in Kupffer cells at 24 h of reper-
fusion after hepatic ischemia. The expression of mRNA for
TNF signaling proteins was analyzed using the CytoXpress
Multiple cDNA amplification kit from BioSource. Units are
based on the ratio of mRNA for TNF signaling proteins versus
mRNA for glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(A). Data were analyzed by Student’s t test. The asterisks indi-
cate statistical significance at p < 0.05 versus alcohol with-
drawal + I/R (n = 3 per group). Lower panel (B) shows repre-
sentative gels from three independent experiments.
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this spontaneous superoxide release by PMNs was 19 ±
2.25 nmol/106 cells/h (Fig. 9). PMA-induced superoxide
anion releases by blood PMNs from saline and ethanol
(+ withdrawal)-treated rats subjected to sham surgery were
12 ± 1.5 and 10 ± 2 nmol/106 cells/h.

In the absence of liver injury, the number of PMNs se-
questered in the liver was <2 2 106/liver. Figure 10 shows
that after 24 h of reperfusion, 150 ± 25 2 106/liver PMNs
were isolated from the livers of saline-treated + I/R group.

The number of PMNs was significantly less in the ethanol
withdrawal + I/R group (20 ± 5 2 106/liver) (Fig. 10). These
values were still higher than in those rats subjected to sham
surgery with or without ethanol (Fig. 10).

Histopathological alterations in the liver

Although hepatic injury at 3 h of reperfusion as assessed
by elevated serum ALT was observed, profound pathological
changes were not seen in the ischemic hepatic lobes of both
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FIG. 8. Effect of ethanol withdrawal on NF-kB
binding of nuclear extracts from Kupffer cells to
NF-kB consensus oligonucleotide at 24 h after he-
patic ischemia. Nuclear extracts from Kupffer cells
were obtained after 24 h of hepatic ischemia or sham
surgery and were subjected to EMSA (A). Data
were analyzed by ANOVA followed by Student–
Neuman–Keuls multiple comparisons test. Different
letters indicate statistical significance at p < 0.05 (n
= 4–5 per group). 32P was measured using a Phos-
phorimager. Lower panel (B) shows individual
EMSA from saline + I/R (lanes 1–5) and alcohol
withdrawal + I/R (lanes 6–9).

FIG. 9. Effect of ethanol withdrawal on superoxide anion
production by hepatic PMNs at 24 h of reperfusion after he-
patic ischemia. Hepatic PMNs, from rats subjected to saline +
I/R and ethanol withdrawal + I/R, were isolated 24 h after
reperfusion. Superoxide anion release was measured by SOD-
inhibitable reduction of cytochrome c in the presence or ab-
sence of 1 µM PMA. Data were analyzed by ANOVA followed
by Student–Neuman–Keuls multiple comparisons test (n = 7
per group).

FIG. 10. Effect of ethanol withdrawal on neutrophil se-
questration in the liver at 24 h of reperfusion after hepatic
ischemia. These data refer to the number of PMNs isolated
from the livers after pronase digestion and centrifugal elutria-
tion. Data were analyzed by ANOVA followed by Student–
Neuman–Keuls multiple comparisons test. Different letters in-
dicate statistical significance at p < 0.05 (n = 7 per group).
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treatment groups. However, Fig. 11A shows severe necrosis
and neutrophil infiltration in the hepatic sinusoids and paren-
chyma of the ischemic hepatic lobes obtained from saline +
I/R rats after 24 h of reperfusion. In contrast, there was mild
neutrophil influx and necrosis in the ischemic lobes of the
livers obtained from rats subjected to ethanol withdrawal and
I/R (Fig. 11B).

DISCUSSION

These results demonstrate that withdrawal after an acute
ethanol binge elicited differential effects on hepatic injury in
a time-dependent manner. At 3–5 h of reperfusion, hepatic
injury was manifested more profoundly in rats previously

subjected to ethanol binge and withdrawal. Concomitantly,
Kupffer cells were also primed for enhanced production of
oxygen-derived radicals. These radicals are known to play a
major role in hepatic injury in a number of pathological con-
ditions, i.e., ethanol intoxication, sepsis and endotoxemia,
and hepatic ischemia and reperfusion.

The mechanism by which Kupffer cells are primed for en-
hanced ROS release is due in part to complement activation
(26). Enhanced activation of complement by endotoxin may
play an important role in this process during reperfusion after
hepatic ischemia. As shown in results, superoxide anion re-
lease by Kupffer cells was enhanced during the early phase of
I/R. ROS formation was greater in Kupffer cells from the
ethanol + I/R group. Another important factor during the
early phase of reperfusion during withdrawal is glucose
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FIG. 11. Histological sections of livers
from rats treated with saline (A) or
ethanol followed by withrawal (B) and
subjected to hepatic ischemia and reperfu-
sion. Hematoxylin and eosin stain.
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uptake. We have shown previously that acute ethanol with-
drawal is associated with enhanced glucose uptake and con-
comitant up-regulation of ROS formation (4). Enhanced glu-
cose use by phagocytic cells is also associated with free
radical formation through the hexose monophosphate shunt.
The up-regulation of ROS production under this condition is
not associated with TNF production. Thus, at this time point
(3 h of reperfusion or 9 h of ethanol withdrawal), the com-
bined impact of enhanced glucose use and complement prod-
uct may contribute to further increases in superoxide release
by Kupffer cells. Ethanol-induced hypoxia (18) may also con-
tribute to the priming of Kupffer cells for enhanced ROS pro-
duction during the early phase of reperfusion after hepatic
ischemia. Others have also demonstrated activation of Kupf-
fer cells for enhanced ROS (1) and early acetaminophen-
induced centrilobular injury during ethanol withdrawal (33).
Enhanced release of ROS under this condition may compro-
mise the liver to injury. Results show that serum ALT was
greater in the ethanol + I/R group at 3–5 h of reperfusion. At
this time, significant sequestration of PMNs into the liver
was not observed. Although elevated serum CINC was ob-
served during the early phase of reperfusion, Kupffer cells are
likely to play a more important role in hepatic injury than
PMNs at this point.

CINC and MIP-2 are members of the CXC chemokine sub-
family that primarily attract PMNs to the site of inflammation
or injury. Chemokines are also implicated in liver injury dur-
ing reperfusion after hepatic ischemia (13). Long-term expo-
sure to ethanol has also been shown to up-regulate MIP-2 and
CINC production in the liver (2, 37). Results show that serum
CINC was elevated during the f irst 5 h of reperfusion in sa-
line and ethanol-treated rats. After 24 h, serum CINC was
lower in the ethanol + I/R group than in the saline + I/R
group. Concomitantly, PMN migration to the liver after 24 h
of production by Kupffer cells was significantly lower than in
the saline + I/R group. ROS production by Kupffer cells at
this time was also slightly lower in the ethanol + I/R than in
the saline + I/R group. Thus, ethanol intoxication (or binge)
for 12 h followed by withdrawal still induced an attenuating
effect much later. The attenuating effect of acute ethanol has
been shown in numerous studies. In most cases however,
ethanol has to be present to induce liver injury as observed
during the early phase of reperfusion after hepatic ischemia.
These results suggest that significant increases in CINC may
contribute to enhanced migration of PMNs in the liver after
24 h of reperfusion. CINC is produced by a number of cells,
including Kupffer cells and hepatocytes. Results show that at
24 h of I/R (saline), Kupffer cells were primed for enhanced
CINC production at the protein and mRNA levels. In the
ethanol withdrawal + I/R group, CINC in the circulation was
reduced. We have shown that ethanol infusion attenuates
LPS-induced TNFa, chemokine, and ROS production in the
rat (6, 10, 16). Under these conditions, ethanol concentration
is maintained at 170 mg/dl. However, in another study, the
presence of ethanol in the circulation is not required to elicit
its down-regulatory activity on Kupffer cell activation. Single
oral ingestion of ethanol also attenuates HIV-1 gp120-
induced chemokine production by murine splenocytes and
Kupffer cells (36). The attenuating effect of ethanol in this
condition is observed at 24 h after HIV-1 gp120 treatment,

whereby ethanol in the circulation is not present. The long-
lasting effect of ethanol on immunocompetent cells has also
been demonstrated after ethanol has been removed from the
circulation (30). In human studies, acute ethanol consump-
tion also suppresses chemokine and cytokine production by
mononuclear cells treated with LPS ex vivo (32, 35). The
mechanism for ethanol-mediated attenuation of LPS-induced
chemokine or cytokine production is attributed to the ability
of ethanol to inhibit the translocation and activation of NF-
kB in monocytes and macrophages (32). This is also sup-
ported by the current results that show ethanol withdrawal
plus hepatic I/R was associated with the down-regulation of
mRNA expression for NF-kB and CINC in Kupffer cells.
CXC chemokines, i.e., KC, IL-8, and CINC, are considered
redox-responsive chemokines because their production may
be regulated by free radicals that act as secondary messengers
for the activation of nuclear transcription factors (12, 29).
NF-kB is an important transcription factor that regulates the
synthesis and secretion of various cytokines and chemokines
in response to immunological stimuli (12, 21). This study
shows that after 24 h of reperfusion in rats subjected to
ethanol withdrawal, there was a slight down-regulation of su-
peroxide release by Kupffer cells compared with those that
received saline + I/R. The observed down-regulation may
contribute in part to reduced nuclear translocation and bind-
ing of NF-kB, CINC mRNA expression, and secretion during
the later phase of I/R during ethanol withdrawal. Thus, based
on these observations, the initial insult by ethanol during
ethanol infusion (in spite of the withdrawal phase) may be
sufficient to induce its down-regulatory activity on Kupffer
cells. Acute ethanol intoxication is likely to suppress inflam-
mation, whereas chronic alcohol consumption exacerbates
such condition after a secondary endotoxin challenge (3).

Figure 12 shows a schematic diagram of the proposed in-
flammatory response during reperfusion after hepatic is-
chemia and alcohol binge followed by withdrawal. The down-
regulatory action of ethanol on inflammatory response may
involve acetaldehyde production. Cytochrome P450–2E1 is
the only ethanol-metabolizing system in Kupffer cells. Ac-
etaldehyde is a known by-product of ethanol metabolism. It
has been shown that preexposure of Kupffer cells to acetalde-
hyde suppresses NF-kB activation (27). This may explain in
part the ethanol-induced down-regulation of NF-kB translo-
cation and binding in Kupffer cells. Figure 12 also shows the
interaction between Kupffer cells, neutrophils, and hepato-
cytes and the role of chemokines, adhesion molecules, free
radicals, and chemokine receptors in liver injury.

Taken together, these data demonstrate that ethanol with-
drawal may compromise the liver to injury during the early
phase of reperfusion. The potentiating action of ethanol on
injury has been reported elsewhere (9, 14, 19). However,
ethanol withdrawal was protective during the later phase of
hepatic I/R. This protection may be due in part to reduced
production of CINC, which could result in less migration of
PMNs into the liver following reperfusion. This aspect is crit-
ical because PMNs are implicated in injury during the later
phase of reperfusion after hepatic ischemia (23, 24). During
ethanol withdrawal and trauma, the most usual causes of mor-
bidity and mortality are not the injuries, but infections associ-
ated with wounds. These conditions are observed in patients
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with penetrating abdominal trauma (20). Furthermore, these
results highlight the significance that acute and sustained ex-
posure to ethanol (binge) followed by withdrawal, in the ab-
sence of trauma or physical injury, may have a potent antiin-
flammatory effect on the immune system. As a result, the
susceptible individual may develop an enhanced propensity
to develop acute infections. Free radical formation and
chemotaxis by phagocytic cells, i.e., macrophages, neu-
trophils, may allow the persistence of pathogenic microorgan-
isms. These processes are important for the elimination of in-
fectious agents. Although injury or trauma is minimized by
ethanol, immune su5ppression, associated with attenuated in-
nate immune responses by Kupffer cells and neutrophil, may
still compromise the host to infectious diseases.
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