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Abstract: The aim of this study was to investigate the effects of binge drinking
on paracetamol-induced oxidative stress in mice liver. Male Swiss mice were
divided into groups: control; ethanol-treated group (E) in five sequential doses
of 2 g kg1, administered through an orogastric tube; paracetamol-treated group
(P) in adose of 300 mg kg, intraperitoneally and a group that received para-
cetamol 12 h after the last dose of ethanol (PE). Blood and liver samples were
collected for the determination of oxidative stress parameters 6, 24 and 48 h
after treatment. Prior binge drinking potentiated the paracetamol-induced
increase in the liver malondial dehyde level 48 h after treatment in comparison
with the P and E groups (17.14+1.98 vs. 13.14+0.82 and 12.99+1.18 umol L1,
respectively, p < 0.01). Ethanol and paracetamol in combination induced a
more pronounced decrease in the liver GSH level than either of the individual
substances aone at all time intervals (p < 0.01). Total liver superoxide dis-
mutase (SOD) activity was significantly lower in PE 48 h after treatment in
comparison with the P and E groups (251.73+80.63 vs. 707.62+179.92 and
1179.62+147.94 U mg! protein, respectively, p < 0.01). The lowest MnSOD
activity in the PE group was detected 48 h after treatment (86.52+28.31;
41.13+11.07 and 23.1625.18 U mg! protein in the P, E and PE groups, res-
pectively, p < 0.05). Prior binge ethanol drinking potentiates paracetamol-
induced reduction of antioxidative capacity of hepatocytes due to GSH deple-
tion and SOD activity reduction, simultaneously increasing lipid peroxidation
caused by paracetamol.
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INTRODUCTION

Paracetamol (acetaminophen), a widely used antipyretic and anagetic, is
found to exert hepatotoxic effects in humans and rodents. When used in high
doses, it produces centrilobular hepatic necrosis that can be fatal.1.2 The mecha-
nisms of paracetamol hepatotoxicity are still poorly understood. The main me-
chanism responsible for its toxicity is considered to be its metabolic activation in
the liver.3 The toxic metabolite N-acetyl-p-benzoquinone imine (NAPQI), pro-
duced by the CYP2EL isoenzyme of cytochrome P450-dependent monooxy-
genase, induces liver injury by forming acetaminophen—protein adducts!#4 and by
inducing mitochondrial permeability transition.> A reduced glutathione content in
the liver potentiates the toxic effects of paracetamol since glutathione is a major
component involved in NAPQI detoxication.® Additional mechanisms apparently
involved in paracetamol toxicity are oxidative,’~11 nitrosative stress!2-15 and
activation of Kupffer cells with the release of various pro-inflammatory cyto-
kines.16 It has been postulated that paracetamol increases the production of su-
peroxide anion and hydrogen peroxide, as well as nitrotyrosine formation in the
liver.

Ethanol, when chronically ingested, is known to induce liver injury. Among
various mechanisms involved in ethanol-induced liver injury are the production
of reactive oxygen species, the formation of acetaldehyde—protein adducts that
induce an immune response and the release of gut endotoxin.1’-19 The main
source of reactive oxygen species is CYP2EL, an inducible enzyme involved in
ethanol metabolism.17-19 |n the presence of iron, which isincreased during chro-
nic ethanol consumption, more powerful oxidants, including hydroxyl radicals,
ferryl species and 1-hydroxyethyl radical, are produced.20 An additional source
of reactive oxygen species in the liver are Kupffer cells, activated by increased
release of endotoxin from gut lumen into portal circulation.21 In contrast to chro-
nic effects, the mechanisms of acute ethanol-induced liver injury are still not
fully understood.

It has been suggested that chronic ethanol consumption potentiates parace-
tamol hepatotoxicity.22 Various studies indicated that chronic alcoholics are
more susceptible to therapeutic doses of paracetamol than non-alcoholics.22-24
Most studies regarding these interactions were focused on the metabolic inter-
action between ethanol and paracetamol. It was suggested that ethanol potentiates
paracetamol-induced liver injury by CYP2E1 and CYP3A induction, which are
enzymes involved in NAPQI production,2>26 However, another study did not
confirm these interactions.2’

The effects of acute ethanol intoxication on paracetamol hepatotoxicity are
even more blurred. These effects are of great importance, since it is usua for
adolescents to take paracetamol or other non-steroidal anti-inflammatory drugs
for the treatment of headache caused by binge drinking. Some clinical studies
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suggest a protective effect of ethanol pretreatment on paracetamol hepatotoxi-
city.28 Interactions between paracetamol and ethanol during acute toxicity cannot
be entirely explained by metabolic changes in the liver, since ethanol does not
induce CYP2E1 acutely. Possible interactions should be explained by other me-
chanisms involved in their toxicity. Since reactive oxygen species are postulated
to mediate hepatotoxic effects of ethanol and paracetamol, the aim of our study
was to investigate the effects of binge drinking on paracetamol-induced oxidative
stressin rat liver.

EXPERIMENTAL
Animals

The experiment was performed on adult male Swiss mice weighing 25-30 g, raised at the
Military Medical Academy, Belgrade. The animals were kept under standard laboratory con-
ditions (temperature 22+2 °C, relative humidity 50+10 %, 12/12 light—dark cycle with lights
turned on at 9 am.) and had free access to tap water and standard pelleted LM2 food (Ve-
terinary Institute “ Subotica’, Subotica, Serbia). The diet, which had a metabolizable energy of
at least 11.5 MJ kg1, was composed of a maximum of 7 % cellulose and a minimum of 19 %
protein. On the day prior to sacrifice, the mice were fasted overnight. The study was per-
formed according to the Guidelines for Animal Study No. 282-12/2002 and was approved by
the Ethic Committee of the Military Medical Academy for animal experiments.

All animals (n = 96) were randomly divided into the following groups. 1) control, saline-
treated group (0.9 % NaCl) (n = 24); 2) ethanol-treated group (E; n = 24) in five subsequent
doses of 2 g kg1, administered every 12 h by an orogastric tube; 3) paracetamol-treated group
(P; n=24) in adose of 300 mg kg intraperitoneally (i.p.); 4) group that received paracetamol
and ethanol (PE; n = 24). Ethanol was administered to the PE group in five repetitive doses in
the same manner as it was administered to the E group. Paracetamol was i.p administered to
these animals in adose of 300 mg kg2, 12 h after the last dose of ethanol. Animals from P and
E group received saline instead of ethanol and paracetamol, respectively. For ora adminis-
tration, the ethanol was dissolved in distilled water in concentration of 30 % v/v. Paracetamol
was dissolved in saline (0.9 % NaCl) before i.p. administration.

The mice were sacrificed by cervical dislocation 6, 24 and 48 h after paracetamol admi-
nistration (or saline for E and the control group). Eight animals from each group were sac-
rificed at al time intervals. Blood samples for the determination of the oxidative stress para-
meters were collected from the right side of the heart. For the same purpose, the livers were
excised and stored as described below.

Analysis

Liver samples for biochemical analysis were homogenized on ice, in cold buffered 0.25
M sucrose medium (Serva, Heidelberg, New York), 10 mM phosphate buffer (pH 7.0) and 1
mM EDTA (Sigma, St. Louis, USA). The homogenates were centrifuged at 2000xg for 15
min a 4 °C. The crude sediments were dissolved in a sucrose medium and centrifuged. The
supernatants were transferred into the tubes and centrifuged at 3200xg for 30 min at 4 °C. The
obtained sediments were dissolved in deionized water. After one hour of incubation, the
samples were centrifuged at 3000xg for 15 min at 4 °C, and the supernatants were stored at
—70 °C. The contents of proteins were determined by the Lowry method using bovine serum
albumin as the calibrant.?®
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Biochemical evaluation of liver injury was performed by quantifying the serum activity
of alanine aminotransferase (ALT) and aspartate aminotransferase (AST). Their activities
were determined spectrophotometrically using Sigma test kits (Sigma, St. Louis, USA) on a
BTS-330 photometer, according to the manufacturer’ s instructions.

The total superoxide dismutase (EC1.15.1.1.; SOD) activity in the liver was measured
spectrophotometrically, as the inhibition of epinephrine auto-oxidation at 480 nm. After addi-
tion of 10 mM epinephrine (Sigma, St. Louis, USA), the analysis was performed in sodium
carbonate buffer (50 mM, pH 10.2; Serva, Heidelberg, New Y ork) containing 0.1 mM EDTA
(Sigma, St. Louis, USA). Samples for manganese SOD were previously treated with 8 mM
KCN (Sigma, St. Louis, USA) and then analyzed as previously described.30

Lipid peroxidation in the plasma and liver homogenates was measured as malondial-
dehyde (MDA) production, assayed in the thiobarbituric acid reaction as described by Girotti
et al. 31 The results are expressed as umol L1 in plasma or nmol mg?® protein in the liver
homogenates.

The concentration of nitrites + nitrates (NO,), as a measure of nitric oxide (NO) pro-
duction, was determined using the Griess reagent. After reduction of the nitrates, the tota
nitrites were reacted with sulfanilamide and N-(1-naphthyl)ethylenediamine to produce an azo
dye, which was measured spectrophotometrically at 492 nm.32

Reduced glutathione (GSH) was determined by reaction of aliphatic thiol compounds in
Tris-HCI buffer (0.4 mol, pH 8.9) with 5,5-dithiobis-2-nitrobenzoic acid (DTNB, 36.9 mg in
10 mL of methanol), thereby producing the yellow-colored p-nitrophenol anion that was
measured at 412 nm. The intensity of the formed chemical compound was proportional to the
GSH concentration.33

Chemicals

All reagents and chemicals were of analytical grade or higher purity. Ethanol was pur-
chased from Merck (Darmstadt, Germany). Paracetamol was obtained from Sigma (St. Louis,
MO, USA).
Satistical analysis

Results are expressed as means = SD. Since the normal distribution of the data was
confirmed by the Kolmogorov—Smirnov test, multifactorial analysis of variance (multifacto-
ridl ANOVA) with Tukey’s post hoc test were used for testing the difference among the
groups. The difference was considered statistically significant if p < 0.05. The SPSS15.0 pro-
gram was used for the statistical analysis.

RESULTS

The activities of the serum aminotransferases (ALT and AST) were signi-
ficantly elevated at al times after paracetamol administration (p < 0.01). Addi-
tionally, ethanol induced a significant increase in their activities when adminis-
tered either alone or in combination with paracetamol (p < 0.01) (Table 1). The
study also showed that the serum MDA concentration was significantly higher in
al groups that received either ethanol or paracetamol at all times when blood
samples were collected (Table I). A significant rise in the MDA concentration
was found 6 h after paracetamol administration in the control group (p < 0.01). A
similar increase was found after ethanol administration (4.78+0.69 umol L-1) (p
< 0.01). Concomitant administration of ethanol and paracetamol did not induce a
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significant change in serum MDA concentration in comparison with the ethanol-
and paracetamol-treated groups (p > 0.05). Neither was a significant change
found within 48 h after treatment (p > 0.05). However, a significant increase in
the liver MDA concentration was found in the PE group 48 h after paracetamol
administration, in comparison with the P and E groups (p < 0.01). A progressive
increase in the liver MDA levels was also found within 48 h in al the
experimental groups (Table I). The highest level of liver MDA was measured 48
h after paracetamol or ethanol administration in comparison with the same group
of animals 6 and 24 h after treatment (p < 0.01 and p < 0.05, respectively).

TABLE I. Activities of serum aminotransferases and parameters of lipid peroxidation in the
plasma and liver of the experimental animals. Results are expressed as means + SD. For
statistical evaluation, multifactorial ANOV A with Tukey’s post hoc test were used (*p < 0.05,
**p < 0.01 vs. the control group, “p < 0.05, *p < 0.01 in comparison with the group on the
same experimental protocol 6 (a) and 24 h (b) after treatment); abbreviations: Cg, Cps, Cyg,
control group 6, 24 and 48 h after treatment; Pg, Py, Psg, paracetamol-treated group 6, 24 and
48 h after administration; Eg, E,4, Esg, €thanol-treated group 6, 24 and 48 h after treatment;
PEg, PEo4, PE4g, group that received paracetamol and ethanol 6, 24 and 48 h after treatment

Group Serum ALT Serum AST Conc. serum MDA Liver MDA level
ULt uLt pumol L1 nmol mg* prot.
Cs 41+5 52+10 3.33+0.71 7.67+1.65
Coy 39+3 55+7 3.13+0.64 7.86+0.87
Cus 43+7 51+7 3.86+1.73 7.31+0.82
Ps 1924+74** 2197+102%* 4.83+1.05%* 9.45+0.81*
Py 2025+68* * 2297+97** 5.25+1.39** 11.50+0.38** &
Pas 2028+81** 2274+80** 5.10+1.34* 13.14+0.82** b#
Eg 1789+57** 2562+93** 4,78+0.69** 9.56+0.32*
Exq 1785+78** 2734+107** 4,89+0.94** 11.47+0.80** &
Eug 1702+71** 2672+76%* 5.21+0.50* 12.99+1.18** b#
PEg 1942+134** 2431+86** 5.11+2.04** 9.23+0.30*
PE,,4 2145+101** 2497+94** 4,25+1.66** 11.31+0.77** &
PE4g 2108+96* * 2503+111** 4,95+1.25* 17.14+1.98** bi##

The liver NOy concentration was significantly higher in the paracetamol-
treated group (1.24+0.41 umol L~L) than in the control group (0.34+0.06 umol L—1)
6 h after treatment (p < 0.01) (Fig. 1). After this period, its concentration showed
aprogressive rise and maximal values were attained 48 h after paracetamol admi-
nistration (2.86+0.21 pmol L-1). Similar to paracetamol, ethanol had also in-
duced arise in the liver NOy concentration 6 h after treatment (1.04+0.33 umol
L-1) (p < 0.01). However, this level remained relatively unchanged within 24 h
after administration of the last dose of ethanol (0.97+0.24 umol L-1) (p > 0.05).
After this period, ethanol induced an additional increase in the NOy concentra-
tion, and its level was significantly higher 48 h after treatment (2.90+0.32 umol
L-1) than after 6 h (p < 0.01). When administered sequentially, ethanol and para-
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cetamol also induced a progressive rise in the NOy concentration within the first
48 h with the highest level being observed at the end of this interval (2.98+0.05
umol L-1) (Fig. 1). However, no significant change in the NOy concentration was
found in the PE vs. the P group at all times (p > 0.05).
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Fig. 1. Liver concentration of nitrites and nitrates (NO,) in the experimental groups. The NO,
values were determined at 6, 24 and 48 h after treatment. For statistical evaluation, multi-
factorial ANOVA with the Tukey’s post hoc test were used (**p < 0.01 vs. control group,

#p < 0.01 in comparison with the group on the same experimental protocol 6 (a) and 24 h (b)

after treatment). Abbreviations: C — control group, E — ethanol-treated group,
P — paracetamol-treated group, PE — group that received paracetamol 24 h
after the last dose of ethanol.

The liver GSH content was significantly lower in ethanol- and paracetamol-
treated groups (0.58+0.05 and 0.75+0.06 nmol mg— protein, respectively) in
comparison with control group (1.03+0.12 nmol mg-! protein) 6 h after treatment
(p < 0.01), Fig. 2. Within the next 18 h, its content returned to the control range
in the ethanol-treated group (0.99+0.09 nmol mg-1 protein) and remained ap-
proximately constant within the next 24 h (1.05+0.11 nmol mg=1 protein) (p >
> 0.05). In contrast to ethanol, paracetamol had induced a significant increase in
the liver GSH content 24 h after its administration (1.57+0.18 vs. 1.04+0.10 nmol
mg1 protein in the P and control group, respectively, p < 0.01). After this period,
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a progressive decline in the GSH content was observed in the P group and 48 h
after paracetamol administration, its content (0.56+0.05 nmol mg-1 protein) was
significantly lower in comparison with that of the control group (1.11+0.14 nmol
mgL protein) and P group 24 h after treatment (p < 0.05 and p < 0.01, respecti-
vely). Subsequent administration of paracetamol to ethanol-treated animals in-
duced a more pronounced decline in the liver GSH content than administration of
paracetamol or ethanol alone (p < 0.01). The lowest level of liver GSH in the PE
group was detected 6 h after paracetamol administration (0.12+0.01 nmol mg—1
protein). After this period, its level gradually increased but was still significantly
lower than in P and E groups within 48 h (0.24+0.03 nmol mg-1 protein), Fig. 2.

Fig. 2. The level of the reduced glutathione (GSH) in liver samples of treated animals. The
GSH levels were determined 6, 24 and 48 h after the appropriate treatment. For statistical
evaluation, multifactorial ANOV A with Tukey’s post hoc test were used (**p < 0.01 vs. the
control group, ®p < 0.01 vs. the paracetamol-treated group 24 h after its administration, “p <
0.01 in comparison with ethanol- (a) and paracetamol-treated group (b)
at the corresponding times). Abbreviationsasin Fig. 1.

Ethanol and paracetamol were found to induce a decrease in the liver SOD
activity at all time intervals when administered alone or in combination (Fig. 3).
However, the most intensive decrease was observed in the PE group. Prior
ethanol administration did not significantly potentiate the paracetamol-induced
decrease in SOD activity within the first 24 h after treatment (723.75+102.86 and
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784.61+70.19 U mg1 protein after 6 h, 645.35+70.56 and 768.88+143.31 U mg1
protein after 24 h in the PE and P groups, respectively). However, the total SOD
activity was significantly lower 48 h after treatment in the PE group (251.73%
+80.63 U mg! protein) in comparison with the P (707.62+179.92 U mg1
protein) and E groups (1179.62+147.94 U mgL protein, p < 0.01).

=4=Control
Ethanol
2000 | =dr—Paracetamaol

===DParacetamol + Ethanol

1500 - ]

Z 1000 -

R

Liver SOD activity, Uimg prot
*
L3
—_
*
*
4

%
500 A

wE qu

6 24 48
Time, h
Fig. 3. Total superoxide dismutase (SOD) activity in the liver of treated animals. Liver
samples for measuring SOD activity were collected 6, 24 and 48 h after the appropriate
treatment. For statistical evaluation, multifactorial ANOV A with Tukey’s post hoc test were
used (*p < 0.05, **p < 0.01 vs. the control group, *p < 0.01 in comparison with the ethanol-
treated group (&) and the paracetamol-treated group (b) at the same time intervals).

In contrast to the total SOD activity, the mitochondrial SOD activity was
higher after 6 h in all treated groups in comparison with the control group (Fig.
4). Subsequently, the MnSOD activity began to fall and reached its lowest level
48 h after treatment in al experimental groups. The MnSOD activity was signi-
ficantly lower in the PE group in comparison with the P and E groups at all time
when its activity was measured. The lowest MnSOD activity was detected 48 h
after treatment (86.52+28.31, 41.13+11.07 and 23.16+5.18 U mg~1 protein in the
P, E and PE groups, respectively, p < 0.05).
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Fig. 4. Activity of mitochondrial (manganese) superoxide dismutase (MnSOD) in the liver of
the experimental animals. The MnSOD activity was measured in the mitochondria liver
fraction 6, 24 and 48 h after the experimental protocols. For statistical evaluation, multi-

factorial ANOVA with Tukey’s post hoc test were used (**p < 0.01 vs. the control group,
*p < 0.05, #p < 0.01 in comparison with animals treated with ethanol (a) or
paracetamol (b) alone).

DISCUSSION

The obtained results showed that the serum aminotransferase activity was
significantly elevated after paracetamol or ethanol administration. This indicates
that paracetamol and ethanol induce liver injury in the early phase of acute into-
xication and that this injury persists for at least 48 h. In addition, the serum and
liver MDA concentrations were significantly higher in all groups treated with pa-
racetamol or ethanol in comparison with those of the control group. Based on
these data, it could be suggested that lipid peroxidation may be an important me-
chanism of paracetamol- and ethanol-induced hepatotoxicity, even when admi-
nistered acutely. Lipid peroxidation was confirmed to be an important mecha-
nism of paracetamol-induced liver injury at different doses in various stu-
dies.”8:34-36 Paracetamol was found to increase the serum MDA level 4 h after
administration3S and this elevation persisted for 7 days.34 The role of lipid pe-
roxidation was aso confirmed by the protective effects of L-carnitine and some
medicinal plants on hepatocyte injury caused by paracetamol.83435 This pro-
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tection can, at least partly, be explained by their ability to inhibit MDA pro-
duction. Similarly, earlier studies showed that a vitamin E-rich diet reduces lipid
peroxidation in hepatocytes due to paracetamol toxicity.37 Vitamin E was found
to protect animals on a Wendel diet against paracetamol hepatotoxicity,37:38
while it had no effect on injury in animals on a standard diet.39

It is well known that oxidative stress is a magjor contributor of ethanol-
induced liver injury. Lipid peroxidation, as an important consequence of oxida-
tive stress, was detected in various models of acute and chronic ethanol intoxi-
cation.40-43 Previous binge drinking was found to potentiate paracetamol-in-
duced lipid peroxidation 48 h after paracetamol treatment. These results suggest
that ethanol, when acutely administered, has synergistic effects with paracetamol
related to lipid peroxidation and this can be one potential mechanism of aggra-
vation of paracetamol-induced liver injury by ethanol.

Liver nitrites and nitrates, markers of NO production, were increased in all
groups treated with either paracetamol or ethanol. Their maximal level was
reached 48 h after paracetamol or ethanol administration. These findings suggest
that reactive nitrogen species are also involved in acute paracetamol- and etha-
nol-induced liver injury. The role of nitrosative stress in acute paracetamol in-
toxication, detected as an increase in nitrotyrosine production, was suggested in
various studies.12.14,1544 Nitrotyrosine immunoreactivity was found to be in-
creased 4 h after paracetamol treatment in mouse liver.1244 Similarly, it was
found that ethanol is also an inductor of NO synthesis, 4> although its role in etha-
nol-induced liver injury is not completely understood. In low concentrations NO
exerts hepatoprotective effects, while in high concentrations, NO in the presence
of superoxide anion leads to peroxynitrite formation, which is known to be a
potent oxidant in cells.4146 Normally, peroxynitrite is detoxified by GSH/GSH
peroxidase, especialy in the mitochondria.4 It has been postulated that GSH de-
pletion induced by paracetamol or ethanol leads to peroxynitrite accumulation,
thus aggravating nitrosative stress.48 The present results are in accordance with
these data, since a significant GSH depletion was found in the P and E groups 48
h after treatment, at the same time when the liver nitrite + nitrate level reached its
maximal value. However, the increase in the liver nitrite + nitrate level was ac-
companied by GSH elevation 24 h after treatment. This suggests that ethanol-
and paracetamol-induced NO production surpassed the GSH capacity to detoxify
reactive nitrogen speciesin first 24 h.

In the present study, it was found that the liver nitrite + nitrate concentration
was not significantly different in the PE group to that in the P group. Based on
these results, it appears that prior binge drinking exerts neither a synergistic nor a
protective effect on paracetamol-induced nitrite/nitrate production. On the con-
trary, studies in mice using a chronic alcoholism model found that acohol pre-
treatment increased nitrotyrosine formation induced by paracetamol.2> However,
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within a few hours after treatment, the nitrotyrosine formation was found to be
decreased when the animals had been pretreated with ethanol.2 This indicates
that interaction between ethanol and paracetamol depends on the exposition time.

The liver GSH content was found to be decreased in the ethanol-treated ani-
mals 6 h after its administration. After this period, its level tended to rise and
reached the control level within 24 h. This indicates that GSH depletion could
represent a contributory mechanism to acute ethanol-induced oxidative injury
within a few hours after intoxication. The role of GSH depletion in ethanol-in-
duced liver injury is supported by other studies that confirmed a protective role
of N-acetylcysteine and L-2-oxothiazolidine-4-carboxylic acid in animal models
of alcoholic liver disease. 4950 Recent studies showed that silymarin and betaine,
also exerted protective effects on binge-drinking mice.4942 Among the various
mechanisms involved in their protective effects, reduction of GSH depletion was
suggested to play an important role.

In the present study, paracetamol was found to have decreased the GSH con-
tent in the liver 6 h after its administration. Various studies suggested that GSH
depletion plays a contributory role in paracetamol hepatotoxicity.1351 N-Acetyl-
cysteine, a GSH precursor, was found to reduce paracetamol toxicity in mice and
this effect was pronounced in the first hours after paracetamol treatment.®2 Si-
milarly, pretreatment with a-lipoic acid reduced GSH depletion induced by high
doses of paracetamol (2.5 g kg-1) and protected markedly against its hepatotoxi-
city.®3 Studies in mice showed that the GSH level was decreased by approxi-
mately 90 % at 1- and 2-hour intervals after paracetamol treatment.13 In addition,
in vitro studies confirmed a profound GSH depletion after a paracetamol over-
dose.> This is not surprising since the major mechanism involved in early para-
cetamol hepatotoxicity is inactivation of sulfhydryl groups of various cellular
compounds due to NAPQI detoxification.#4 Glutathione-Stransferase (GST) is
an enzyme that enables detoxification of NAPQI, as well as other electrophilic
substrates (products of xenobiotic metabolism) by binding to GSH.%® However,
the contribution of this enzyme to GSH depletion and liver injury in paracetamol
intoxication remains controversial. In vitro studies suggested that = class GST
consumes the majority of GSH for NAPQI detoxication in mice and possibly
ameliorates liver injury.%® Although = class GST was found at high levelsin mice
liver, mGstpl/2-/- mice (knockout mice for n-GST gene) challenged with an
overdose of paracetamol exhibited a markedly decreased, not increased hepato-
toxicity when compared to mGstp1/2+/+ mice.>’ The role of GST in mediating
the toxic effects of paracetamol in humans is even more blurred, since = class
GST is absent or expressed at low levelsin the human liver.®

After an initial decline, the GSH level returned or became closer to the nor-
mal values depending on the administered dose within the next few hours.13 in
the present study, a significant increase in the GSH level in the liver was found
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24 h after paracetamol administration in comparison with the control group. Higher
doses of paracetamol were found not to induce any rise in the liver GSH con-
tent.58 The increase found in the present study may possibly be explained by an
increased expression of glutamate cysteine ligase, the key enzyme in the syn-
thesis of GSH, which is known to be induced by oxidative stress via the nuclear
factor kappaB (NF-xB), activator protein-1 (AP-1) and other transcription fac-
tors.29 After this period, GSH level fell again and within the following 24 h
reached its lowest level, even lower than in the first 6 h. This decrease may be a
result of GSH consumption in ROS/RNS detoxification in the liver. According to
the results of the present study, it could be suggested that paracetamol induces a
triphasic change in the liver GSH level. This finding is supported by the two-
phase theory of paracetamol hepatotoxicity. According to this theory, in the first
metabolic phase, NAPQI, a reactive metabolite of paracetamol, leads to GSH
depletion and covalent binding to various proteins.f0.61 This mechanism may
have been involved in the initia fall in the GSH level. In the second oxidative
phase, a mitochondrial permeability transition occurs that contributes to the toxic
effects of paracetamol. The ROS involved in mitochondrial permeability transi-
tion may also be involved in the late GSH consumption.62

It was found in some studies that prior ethanol binge drinking in five doses
of 4 g kg1 potentiated paracetamol-induced GSH depletion in mice liver.62 Ac-
cording to the present study, even smaller doses of ethanol (5x2 g kg—1) appeared
to potentiate this effect of paracetamol. This potentiation was clearly observed at
al time intervals. Additionally, an adaptive increase in GSH level was not ob-
served in the PE group. This indicates that paracetamol and ethanol exert syner-
gistic effects on the liver GSH level.

Liver SOD activity was decreased after administration of either paracetamol
or ethanol at al time intervals. Paracetamol was found to induce a more pro-
nounced decrease in SOD activity than ethanol. However, this effect was not the
same for both fractions of SOD. While Cu/Zn SOD activity was lower in both
paracetamol- and ethanol-treated groups, the activity of mitochondrial MnSOD
was higher in the P and E groups 6 h after treatment compared with the control
group. After this period, the MnSOD activity progressively decreased and reached
its lowest level 48 h after treatment. According to other studies, the effects of
ethanol on the SOD activity are inconclusive and depended on dose and route of
administration. Some studies found that ethanol induced MnSOD after acute ad-
ministration.63.64 A single dose of ethanol was found to increase liver MnSOD
activity by about 30 % three hours after administration, with a further increase up
to about 50 % in the subsequent 6 h.63 In the present study, an even more pro-
nounced increase in its activity of approximately by 150 % six hours after binge
drinking was found. This increase may be aresult of an adaptive response to the
increased production of ROS. Since mitochondria are the major source of ROS,41
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it is not surprising that mitochondrial SOD isoenzyme activity was increased
after binge drinking. The subsequent decrease in the MnSOD activity indicates
the consumption of this enzyme in the detoxification of ROS. Similar to the pre-
sent results, the Cu/Zn SOD activity and its immunoreactivity in the liver were
found to decrease in various studies using the enteral alcohol mode!.65:66

Paracetamol was found to decrease liver SOD activity in various experi-
mental models.34.67 Even smaller doses (150 mg kg1) were found to reduce its
activity by about 30 % sixteen hours after paracetamol administration.” The pre-
cise role of SOD in paracetamol-induced hepatotoxicity is not completely under-
stood. Although it is to be expected that SOD overexpression would have a pro-
tective antioxidant effect in the liver, some studies found that deletion of Cu/Zn
SOD (SOD1) genes decreased susceptibility to paracetamol .68 This finding was
explained by the fact that SOD1 deletion reduces hepatic protein nitration and
CYP2EL1 activity by approximately 50 %.98 In the present study, paracetamol in-
duced a drastic decrease in Cu/Zn SOD activity, which could represent a possible
autoprotective mechanism in acute paracetamol overdose. However, many stu-
dies suggest a protective role of SOD in acetaminophen-induced liver in-
jury.67.69,70 |n contrast to the total SOD activity, paracetamol had induced a sig-
nificant increase in the MnSOD activity 6 h after treatment, thus suggesting an
adaptive response of the hepatocyte mitochondria to increased production of
ROS. On the other hand, Agarwal et al.”! found that the MnSOD activity was
decreased 1 h and remained significantly decreased at 2 h in mice that had been
treated i.p with 300 mg kg1 of paracetamol. These decreases in MnSOD activity
were explained by an increased production of ROS in the mitochondria, which
react with nitric oxide, leading to increased levels of reactive nitrogen species.

Paracetamol and ethanol were found to have synergistic effects on the SOD
activity in the present study. Within the first 24 h, the liver SOD activity in the
PE group was similar to its activity in the P group, thus indicating that prior
binge drinking did not potentiate paracetamol-induced reduction in the total SOD
activity at this time interval. However, within the next 24 h, ethanol and parace-
tamol induced a more pronounced decline in the SOD activity when administered
together than either of the substances alone. This suggests that reduction in hepa-
tic SOD activity is not an early event in possible synergistic hepatotoxic effects
of ethanol and paracetamol. Within the first 6 h, the MnSOD activity was in-
creased to a lesser extent in the PE group than in the P and E groups. Addi-
tionally, subsequent administration of paracetamol after ethanol caused a more
pronounced decrease in the MnSOD activity than either of these substances alone
within 48 h after treatment. This indicates that ethanol and paracetamol induce
oxidative stress synergistically and the more pronounced decrease in MnSOD
and SOD activity may be explained by increased consumption of this enzymein
ROS detoxication.
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CONCLUSIONS

According to this study, it can be concluded that prior binge ethanol drinking
may potentiate the paracetamol-induced decrease in the antioxidative capacity of
hepatocytes due to GSH depletion and reduction in SOD activity. In addition,
paracetamol-induced lipid peroxidation is aggravated by prior ethanol adminis-
tration within 48 h. However, the formation of reactive nitrogen species is not
influenced by paracetamol ingestion. Based on the obtained results, a possible
protective effect of ethanol on paracetamol hepatotoxicity cannot be attributed to
aleviation of oxidative stress. Other mechanisms involved in this possible pro-
tective effect should be further investigated.
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H3BO[J

HOEJCTBO ETAHOJIA HA OKCUIATHUBHO OIITEREE JETPE MUIIIEBA
N3A3BAHO [TAPALIETAMOJIOM

IYIIAH MIATEHOBUR', MATMIIA HHHKOBUE', TAHHJE/IA BYYEBUR', MUOJIPAT YOJTUE,
MAPJAH MHIIEB®, BEPA TOZIOPOBUR', MHJIEHA CTAHKOBHR' u TATJAHA PAIOCAB/HEBUR'
1I/Iucmuu7.yuu7. 3a Gamwonowxky Gusuonoiujy, Meguuyuncku paxynieid, Ynusepsuieii y Beoipagy,

Ap Cybomuha 9, “Hnciliuttiywi 3a Meguurcka uciipaxusarad, Bojuo meguyuncka axagemuja, Beoipag,
L[Z}mompaecxa 17, "Hnctmutuyin 3a donectuu guieciiusHol cuctiema, Knunuuxu yenitap Cpduje, beoipag u
Cwomatnonowru Gaxynitein [Tanuego, Ynusepsuiiein [Ipuspegna axagemuja y Hogom Cagy, ITanuego

Lwmp Hawe cryguje je Mo ma ce ucnuTa edekaT BUKEH] NHMjaHCTBA Ha OKCHIATUBHO
omrehewe jeTpe MHIIEBA M3a3BaHO MapalleTaMOJIOM. Y eKCIIEpUMEHTY Cy KOpHUIIheHH MU-
IIeBH, My’Kjall Swiss coja mojesbeHu y ciaenehe rpyme: 1. KoHTposa; 2. ’)KUBOTHIE TPETHPaHe
eranonoM (5 mojemuHaunux mosa ox no 2 g kg™l myrem oporactpuune connme) (E); 3. rpyna
TpeTHpaHa TapaieTamosom (rmojenuHadda nosa ox 300 mg kg™! uaTpanepuroneanno) (I1); 4.
JKUBOTHHE KOje Cy Mpumuie napaneramon 12 catu nocie nocienwe fose eranona (ITE). 3a
onpehuBame napaMeTapa OKCUAATUBHOT CTPECA Y3UMaHH Cy Y30pLH KPBH H jeTpe, 6, 24 u 48
CcaTH HaKOH TpeTMaHa. Kaja cy agMHUHHCTpUpaHH y KOMOWHALMjH, €TaHOI W MapaleTamo
W3a3MBajy 3HauajHo nosehamwe HUBOa ManoHpuangexuna (MDA) y jerpu 48 caTu HaKkoH Tpe-
TMaHa y nopehewy ca I1 u E rpynom (17,14+1,98 vs. 13,1410,82 u 12,99%1,18 nmol mg'1
protein, p < 0,01). Takohe, eTaHON U MapaneTaMmos y KOMOHWHALIKjU JOBOJIE 10 3HAYAjHOT CMa-
HEHha HUBOA INIyTaTUOHA Y jeTpH Y CBUM BPEMEHCKHUM HHTepBanuMa, y nopehemwy ca I1 u E
rpynom (p < 0,01). YKkynHa akTUBHOCT Cynepokcun-gucmytase (SOD) Ouna je 3HauajHO cMa-
mweHa y I1E rpynu 48 catu HakoH TpeTmaHa y nopehemy ca I1 u E rpynama (251,73+80,63;
707,62+179,92 i 1179,621147,94 U mg’1 protein, p < 0,01). HajHm:ka akTUBHOCT MaHraH
SOD (MnSOD) HaheHna je y ITE rpymnu 48 catv HakoH TpeTMmaHa (86,52+28,31; 41,13+11,07 u
23,16%5,18 U mg™! protein y I, E u IIE rpynmama, p < 0.05). Ha ocHOBY Hamux pesynTara
MOJXKE Ce 3aK/by4YHTH Jla aKyTHa aJMHUHHUCTpalija €TaHo/a NOTEeHIMpa [ejCTBO napaleTamosna
NyTEM CMamemha aHTUOKCUIATUBHOT KalalUTeTa XEeNaToluTa, YCIel CMabeha HUBOoa IIyTa-
THOHa U akTHUBHOCTU SOD, y3 ucroBpemeHo NoBehame MUNHUOHE NEPOKCHAALIMje K3a3BaHe
napaneTamosIOM.

(ITpumibero 24. jyna, pesuaupano 21. Hoemdpa 2012)
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