Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/16/11
For personal use only.

Free Rad. Res., Vol. 27(4), pp. 369~375
Reprints available directly from the publisher
Photocopying permitted by license only

© 1997 OPA (Overseas Publishers Association)
Amsterdam B.V. Published under license in

The Netherlands under the Har wood

Academic Publishers imprint, part of

The Gordon and Breach Science Publishers Group
Printed in Malaysia

Decreased Antioxidant Defense Mechanisms
in Rat Liver after Methanol Intoxication

ELZBIETA SKRZYDLEWSKA and RYSZARD FARBISZEWSKI*

Departments of Instrumental Analysis and Analytical Chemistry, Medical Academy, 15-230 Bialystok 8, P.O. Box 14, Poland

Accepted by Prof. H. Sies
(Received 02 May 1997; In revised form 26 May 1997)

The primary metabolic fate of methanol is oxidation to
formaldehyde and then to formate by enzymes of the
liver. Cytochrome P-450 and a role for the hydroxyl
radical have been implicated in this process. The aim
of the paper was to study the liver antioxidant defense
system in methanol intoxication, in doses of 1.5, 3.0
and 6.0 g/kg b.w., after methanol administration to
rats. In liver homogenates, the activities of Cu,Zn-
superoxide dismutase and catalase were significantly
increased after 6 h following methanol ingestion in
doses of 3.0 and 6.0 g/kg b.w. and persisted up to
2-5 days, accompanied by significant decrease of glu-
tathione reductase and glutathione peroxidase activi-
ties. The content of GSH was significantly decreased
during 6 hours to 5 days. The liver ascorbate level was
significantly diminished, too, while MDA levels were
considerably increased after 1.5, 3.0 and 6.0 g/kg b.w.
methanol intoxication. Changes due to methanol
ingestion may indicate impaired antioxidant defense
mechanisms in the liver tissue.

Keywords: Methanol intoxication, antioxidant enzymes, ascor-
bate, GSH, lipid peroxidation, rat liver

INTRODUCTION

The main pathway for methanol degradation
involves hepatic cytosolic alcohol dehydrogenase,
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the microsomal oxidizing system and catalase,
which catalyses the conversion of methanol to
formaldehyde. Subsequently aldehyde dehydro-
genases and oxidases, including xanthine oxi-
dase, metabolize formaldehyde to formate. These
processes are accompanied by formation of super-
oxide anion that may be involved in lipid peroxi-
dation.)

Methanol intoxication is associated with mito-
chondrial damage, especially with regard to the
respiratory chain; partial inhibition may cause
increased autoxidation of a redox carrier, result-
ing in increased production of oxygen radi-
cals.?3] Increased microsomal proliferation with
elevated NADPH-cytochrome P-450 reductase
activity could yield increased superoxide anion
and H,O,. Moreover, oxidation of methanol can
be followed by released leukotrienes, resulting in
PMN infiltration of the liver, presumably associ-
ated with an oxidative burst and production of
reactive oxygen mediators. These factors with the
excess of aldehydes formed during acute
methanol intoxication are of importance in lipid
peroxidation, too. Products of this process are
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harmful to the liver cell. ¥ The toxicity of methanol
after oral intake is well documented, and acci-
dental intoxication in human with this com-
pound still take place.

The aim of this work is to evaluate the anti-
oxidant defense status of the liver consisting of
superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GSH-Px) and gluta-
thione reductase (GSSG-R) and glutathione
(GSH) and ascorbate concentration in methanol
intoxication in doses of 1.5, 3.0 and 6.0 g/kg b.w.
in rats. In addition, total antioxidant status (TAS)
and the level of MDA, as a major index of lipid
peroxidation were also measured.

MATERIALS AND METHODS

Chemicals

Superoxide dismutase (SOD) from bovine eryth-
rocytes, catalase (CAT), glutathione reductase
(GSSG-R), epinephrine, nicotinamide adenine
dinucleotide phosphate reduced sodium salt
(NADPH), reduced and oxidized glutathione,
natrium wolframate and butylated hydroxy-
toluene (BHT)(Sigma Chemical Co., St. Louis Mo,
USA); GSH-400 test (Bioxytech 5.A., France); total
antioxidant status kit (RANDOX Laboratories,
Aldmore, UK). All other chemicals of the highest
quality were from POCH (Gliwice, Poland).
Deionized water was used throughout.

Animals

Young male Wistar rats (230-250 g body wt) fed
on a standard diet were used. All procedures
were in strict accordance with the guide lines for
the care and use of laboratory animals and were
approved by the local Animal Care Committee.
Animals were given (by the intragastric route)
50% methanol (sixty each received 1.5, 3.0 or
6.0 g/kg b.w.) in isotonic NaCl solution by
syringe through a plastic tube. These quantities
of methanol are used in the experimental acute

methanol intoxication.®! An equivalent volume
of saline was given to ten control rats. The rats
intoxicated with one dose of methanol were
divided into six groups (ten rats in each).

Tissue Preparation

6, 12, 24 h and 2, 5 and 7 days after alcohol
administration the animals were sacrified under
ether anaesthesia, then livers were removed
quickly and placed in iced 0, 15 M NaCl, perfused
with the same solution in order to remove the
blood cells, then blotted on filter paper, weighed
and homogenized in 9 vol of ice-cold 0.25M
sucrose and 0.15 M NaCl with addition of 6 pl of
250 mM BHT in ethanol to prevent formation of
peroxides during the assay. The homogenization
procedure was performed under standardized
conditions. 10% Homogenates were centrifuged at
10,000 x g for 15 min at 4°C, and the supernatant
was kept on ice until was assayed.

Biochemical Analyses

Cu,Zn-SOD activity (EC.1.15.1.1) was assessed
by the method of Misra and Fridovich!® as modi-
fied by Sykes et al.”) which measures the activity
of cell cytosolic SOD. Manganese SOD of the
mitochondria is known to be removed during the
procedure. One unit of SOD activity was defined
as the amount of the enzyme required to inhibit
the oxidation of epinephrine to adrenochrome by
50% during 1 min and the activity is expressed in
U per mg of protein.

CAT activity (EC.1.11.1.6) was measured in the
initial supernatant after adding Triton X-100, a
30 min preincubation and centrifugation at
9,000 g for 30 min at 4°C. The activity was assayed
as described by Aebi.l®! Rates were determined at
25°C using 10 mM hydrogen peroxide, and one
unit of activity is defined as the amount of the
enzyme catalysing the decomposed of 1 pmole of
H,0,/min and the activity expressed in U per mg
of protein.
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GSH-Px activity (EC.1.11.1.9) was measured
spectrophotometrically using a technique deseribed
by Paglia and Valentine,"” wherein GSSG forma-
tion is assayed by measurement of conversion of
NADPH to NADP*. One unit of activity is
defined as the amount of the enzyme catalysing
the conversion of 1 pmol of NADPH/min and
the activity is expressed in U per mg of protein at

125°C at pH 7.4.

GS55G-R activity (EC.1.6.4.2) was determined
using the method of Mize and Langdon.”! The
reaction was initiated with the addition of
NADPH to a final concentration of 0.1 mM. One
unit of GSSG-R oxidizes 1 nmol of NADPH/min
and the activity is expressed in U per mg of pro-
tein at 25°C at pH 7.0

Glutathione (GSH) was measured using
Bioxytech GSH-400 test. Ascorbate was mea-
sured according to Kyaw.!!]

Total antioxidant status (TAS) was measured
with ABTS reagent (2,2"-azino-di-[3-ethylbenzthi-
azoline sulphonate]) that is incubated with a per-
oxidase (metmyoglobin) and H,O, to produce
the radical cation ABTS*, measured spectropho-
tometrically at 660 nm. Antioxidants in the
added sample cause suppression of the colour
production. The total antioxidant capacity con-
centration is compared to equivalent antioxidant
capacity of Trolox and is expressed in umoles of
Trolox/g of tissue. This method was elaborated
by Miller et al.l"”l Lipid peroxidation products
was measured as a MDA by HPLC according to

Esterbauer et al.!”® Protein was determined in
diluted aliquots of the tissue homogenates by
the method of Lowry et al.l'¥ The diagnostic
Cormway test was used for assessment of blood
serum aspartate aminotransferase (AST) activity.

The results were expressed as means * S.D
(n = 6). Data analysis was performed with stan-
dard statistical methods (analysis of variance
ANOVA) and values less than 0.05 were con-
sidered significant.

RESULTS

Table I shows the antioxidant parameters of the
liver after methanol intoxication at a dose of
1.5 g/kg b.w. The activity of Cu,Zn-50OD was not
changed during the 7 days of observation, while
the activity of CAT was significantly increased
after 6 and 12 hours and then returned to normal
values. GSH-Px and GSSG-R activities were sig-
nificantly decreased after 6 to 24 hours. The GSH
level was significantly lowered after 12 hours to
2 days. The level of the ascorbate was also
diminished after 12 hours and then restored to
normal values. Total antioxidant status was
lowered from 12 h to 5 days, while the level of
MDA increased considerably.

After methanol intoxication at 3.0 g/kg b.w.
the activity of Cu,Zn-SOD and CAT was increased
from 6 h to 2 days and then restored to normal
(Table II). GSH-Px and GSSG-R activities were

TABLEI Anioxidant Parameters in the Liver from Control Rats and Animals Treated with Methanol (1.5 g/kg b.w.)

Intoxication time

Parameters
analysed control 6h

12h 24h 2 days 5 days 7 days

Cu,Zn-SOD U/mg of protein  12.0£05 124+07 123+£08 11.9+0.7 119+0.7 118+07 116x06

CAT U/mg of protein 232+16 | 275415* 260 £ 23% 231+22 233+19 230+18 226 +17
GSH-Px, U/mg of protein 133+11 133+£12 122+12 103+ 10* 114 £12* 122+11 131+6
GSSG-R, U/mg of protein 383+3.1 33.7+3.6* 324+34% 29.0+34* 358+34 374+£32 381%31
GSH, pmol/g of tissue 437+£0.23 4.07£0.35 3.80+0.32% 3.62+030* 4.04+027* 421+025 4331024
Ascorbate, pg/g of-tissue 81.0+4.7 79.0+6.9 71.6+75% 763+6.1 79.0+6.2 79.7+54  804%63
TAS, pmol/g of tissue 117.9+7.7 112.9£8.0 108.1£71*%  991+£72* 91.1%71* 1005%6.8% 1149+6.6
MDA, nmol/g of tissue 62.3+3.8 66.9+4.3 69.8+4.7* 72.0%+47% 709+45% 674142 619%40

* Significantly different from control value (p < 0.05).
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TABLE1l Antioxidant Parameters in the Liver from Control Rats and Animals Treated with Methanol (3g/kg b.w.)

Intoxication time

Parameters
analysed control 6h

12h 24h 2 days 5 days 7 days,

Cu,Zn-SOD U/mg of protein  12.0£0.5 126 £0.7 13.2+0.7*  13.0+£0.6* 123x0.7 11.8+05 11.9+0.6

CAT U/mg of protein 232+ 16 297 £15* 311 +£20% 290 +£19* 256 +£18* 234+19 230+ 15
GSH-Px, U/mg of protein 133 11 128+14 115 +12* 92 + 8% 93 +10* 112+12* 128+9
GSSG-R, U/mg of protein 383+3.1 32.7+£3.7% 269+28% 209%+24* 224+3.0% 288+33* 371%32
GSH, umol/g of tissue 437025 3.80+0.27% 3.24+0.28% 3.35+0.25% 353+023* 4.02+0.24% 432+0.25
Ascorbate, pg/g of tissue 81.0+£4.7 80.8+£6.0 75.1+7.0%* 722+64* 723+60% 742166 786+6.0

TAS, pmol/g of tissue

1179477 105.6£7.9% 1001%x73* 84.7+68* 63.7+£59* 887+52* 1068+7.3*

MDA, nmol/g of tissue 623 +3.8 66.7t4.1 71.4+45*%  79.8+47* 826+49% 73.4+42% 639140

* Significantly different from control value (p < 0.05).

significantly decreased during 5 days after intoxi-
cation. GSH level was reduced at 12 h to 5 days
after methanol ingestion. The concentration of
ascorbate was also diminished significantly after
24 h and 2 days of intoxication. Total antioxidant
status of the liver was diminished for all the time
after methanol intoxication. The concentration
of liver MDA was increased during the 7 days of
methanol intoxication.

As would be expected, the most pronounced
changes in the liver antioxidant parameters were
observed after methanol intoxication at 6.0 g/kg
b.w. Table Il shows that activity of SOD and CAT
was significantly increased after 6 h following
methanol ingestion and maintained through 2-5
days after intoxication. At the same time GSH-Px
and GSSG-R activities were significantly de-
creased. The liver GSH level was significantly

lowered after 6 h to 5 days following acute
methanol ingestion, while the concentration of
ascorbate was also diminished significantly from
24 h to 5 days. Total antioxidant status was sig-
nificantly diminished throughout. An significant
increase in hepatic MDA was noted in the intoxi-
cated rats.

The AST activities, as marker of liver damage
were moderately increased after 1,5 3.0 and
6.0 g/kg b.w. methanol intoxication (Fig. 1).

DISCUSSION

In rats, the catalase-peroxidase system is consid-
ered to be responsible for oxidizing methanol to
formaldehyde." The latter is then oxidized by
formaldehyde dehydrogenase, an enzyme that

TABLE [II Antioxidant Parameters in the Liver from Control Rats and Animals Treated with Methanol (6g/kg b.w.)

Parameters

Intoxication time

analysed control 6h

12h 24h 2 days 5 days 7days

Cu,Zn-SOD U/mg of protein = 12.0+0.5 14.4+0.6* 13.8+0.6% 132+£05% 12305 12.0£05 120405

CAT U/mg of protein 232+ 16 324+ 14%
GSH-Px, U/mg of protein 133+ 11 119+ 11*

320+ 16* 311+13* 283 £13* 260 + 14* 235114
85+ 13* 74 £10* 88 £ 8* 108 £ 9* 117+ 7%

GSSG-R, U/mg of protein 383+3.1 28.0+3.3* 242+32%  17.1%£23* 220%26* 33.1£29* 348+27*

GSH, umol/g of tissue

437%0.25 3611029 3.02+028% 283x0.27* 321+0.24* 3.6810.26% 4.02+0.24*

Ascorbate, ug/g of tissue 81.0+4.7 80.6+4.6 782150 711+£4.8% 705+4.6% 735+£43% 789+47

TAS, umol/g of tissue

1179+ 7.7 99.1+8.0* 91.5+79* 778+7.7% 583x62* 774166* 97.8+7.0%

MDA, nmol/g of tissue 62.3+3.8 71.0 + 4.4* 799148 88.0+£53* 89.8+£52% 83.4+53* 734148

* Significantly different from control value (p < 0.05).
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FIGURE 1 Serum aspartate aminotransferase (AST) activities in control rats and animals treated with different doses of methanol,
W 1.5 (130, and 8 6.0g/kg b.w. * Significantly different from control value (p < 0.05).

requires glutathione as a cofactor."® Other dehy-
drogenases play also a role in oxidation of alde-
hydes in the liver cytosol and mitochondria./?!
This process involves the augmentation of
NADH and leads to manifesting oxidase activity,
including xanthine oxidase, which is principal
source of superoxide anion formation. When the
amount of superoxide produced overwhelms
the SOD/catalase system, the superoxide can
damage cell membranes, DNA and cell pro-
teins.!'718! The superoxide can cross membranes
via anion channels and may assume a protonated
form, the peroxyl radical, in a more acid environ-
ment. The peroxyl radical is more reactive than
the superoxide and is particularly dangerous to
membrane proteins and lipids. A high concentra-
tion of lipid peroxides is toxic to cells.*!

The damage to liver cells is confirmed by histo-
logical examination of liver specimens, showing
diffuse microvascular fatty infiltration with
swollen hepatocytes. After application of 6.0 g of
methanol/kg b.w. these changes were more
intense (unpublished data).

Production of H,0O, in methanol-induced
liver injury results from increased dismutation
of superoxide. The removal of H,0, is mainly

performed by CAT. The liver of rats after
methanol ingestion shows increased CAT activ-
ity. The mechanism of increasing CAT and
Cu,Zn-S0OD activities is not understood. Oxi-
dants such as hydrogen peroxide activate gene
expression through the antioxidant responsive
element.?%

GSH-Px and GSSG-R were diminished in the
liver of rats treated with methanol. Formaldehyde
readily reacts with the alpha-amino, epsilon-
amino, hydroxyl, sulthydryl, guanidyl, imidazole
and amide groups of proteins,?’??! leading to
hydroxymethyl derivatives and intra- and inter-
molecular methylene bridges in proteins.
Superoxide anions and hydroxyl radicals formed
during formaldehyde oxidation to formate can
oxidatively modify amino acids residues of pro-
teins, aromatic and sulfhydryl amino acids.!*!
Oxygen radicals can also cause formation of the
protein peroxides.!*! These changes may resultin
denaturation, aggregation and fragmentation of
protein,?® altering physico-chemical pro-
perties!®?! and potentially losing in enzymes
activity.””?! Lipid peroxidation products, such
as malondialdehyde and 4-hydroxynonenal can
also modify proteins,™ e.g. cathepsin B.[?’!
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Changes in enzymatic activities are different
for methanol with ethanol intoxication. During
acute ethanol intoxication in rats a decrease in
SOD, CAT, GSH-Px and GSSG-R activities takes
place!®! while methanol ingestion causes signifi-
cant loss only in GSH-Px and GSSG-R activities.
In addition to their involvement in oxidative
metabolism, depression of liver GSH and or SH
groups are observed, enhancing the susceptibil-
ity to peroxidative injury.® Fifty to eighty percent
of endogenous formaldehyde occurs as adduct

with glutathione.®? Glutathione is the cofactor of

formaldehyde dehydrogenase and is responsible
for formaldehyde metabolism.[*®! A decrease in
the glutathione level reduces the formaldehyde
metabolism, thereby increasing its toxicity. GSH
plays a major role in the cellular defense against
endogenous and exogenous oxidant.?

The combined deficiency of intracellular GSH
and GSH-Px may potentiate methanol toxicity by
simultaneously increased oxidative stress, while
decreasing oxidative defenses. The hydroxyl,
superoxide, and peroxyl radicals and hydrogen
peroxide in anaerobic conditions can transform
formate ions into further radicals, which, in turn,
react with proteins and finally lead to membrane
lipid peroxidation and to non-protein and pro-
tein sulfhydryl compounds oxidation.[356]

The effect of ascorbate is complex and the rela-
tive contribution of antioxidant and prooxidant
effects may depend on a number of factors,
including transition metal status.*’*®! Ascorbate
restores the antioxidant properties of fat-soluble
o-tocopherol. Therefore, it interrupts the radical
chain reaction of lipid peroxidation. The decrease
of ascorbate concentration observed in our study
can diminish the cellular resistance of liver cells
to oxidative damage. This phenomenon is asso-
ciated with parallel increase in lipid peroxidation
products. These data are in agreement with results
of other authors on the interrelationship between
ascorbate and lipid peroxidation products.?

Our results suggest that intoxication in rats
with one dose of methanol leads to some impair-
ment of the antioxidant defense system in the

liver. In conclusion, we hypothesized that oxida-
tive stress induced by metabolism of methanol in
the liver creates changes in the liver leading to
the impairment of some enzymatic and nonenzy-
matic antioxidant defense system. During these
processes it comes to the lipid peroxidation
causing attenuation of membrane functioning,
decreased fluidity and increased nonspecific
permeability to ions.
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