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ABSTRACT - Purpose: The aim of this work was to investigate the hypothesis that catechol inhibits FADH -linked basal respiration
in mitochondria isolated from rat liver homogenates. Moreover, catechol ability to induce peroxidation of biomolecules in liver
nuclear fractions was also studied. Methods: Rat liver homogenates were incubated with ImM 1,2-dihydroxybenzene (catechol) at
pH 7.4 for up to 30 minutes. After that, mitochondrial fractions were isolated by differential centrifugation. Basal oxygen uptake was
measured using a Clark-type electrode after the addition of 10 mM sodium succinate. Nuclear fractions were incubated in the
presence of 1 mM catechol for 17 hours at room temperature and the peroxidation of biomolecules was investigated by the reaction
with thiobarbituric acid, which was determined spectrophotometrically at 535 nm. Results: Catechol induced a time-dependent
partial inhibition of FADH -linked basal mitochondrial respiration, however this substance was unable to induce a direct peroxidation
of biomolecules in hepatic’nuclear fractions. Conclusion: Catechol produced an inhibition of basal respiration associated to FADH,
in isolated liver mitochondria that could lead to cytotoxicity, ROS generation and cell death.
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Introduction

Benzene is an ubiquitous environmental chemical that is used
as a precursor in the synthesis of numerous products
including drugs, dyes, insecticides, and plastics. This
compound is also found iIll unleaded gasoline, cigarette smoke
and industrial emissions . Based on epidemiological studies,
human exposure to benzene causes bone marrow depression,
acute myelogenous leukemia, acute lymphocytic leukemia,
myelotoxicity, non—Hodgzkin’s lymphoma, lung cancer and
nasopharyngeal cancer ~. The liver is the primary site of
benzene metabolism and the major metabolic enzyme system
is cytochrome Paso (primarily CYP2E1). This involves the
formation of a series of reactive metabolites like phenol,
hydroquinone and 1,2-dihydroxybenzene (catechol) .

Catechols are constituted by a large group of compounds from
natural or synthetic origin, all them containing the common
1,2-dihydroxybenzene ring. They are used in a variety of
applications, such as a reagent for photography, dyes, rubbe}r
and plastic production, and in the pharmaceutical industry .
Catechols are intermediary products from the degradation of
aromatic compounds. In humans and other mammals, catechols
can occur as metabolites in the degradation of benzene and
estrogenss .

Catechols readily undergo oxidation to form semiquinone
radicals and quinones, which are more reactive than catechols.

The mechanisms most frequently cited to explain the toxicity
of catechols are: (i) the generation of reactive oxygen species
(ROS) by redox reactions; (ii)) DNA damage in the form of
oxidative damage or DNA arylation; (iii) protein damage by
sulfhydryl arylation or oxidation; and (iv) interference Witsh
electron transport in energy transducing membranes

Moreover, catechol releases iron from t{:erritin inducing lipid
peroxidation in brain homogenates . When catechol is
oxidized enzimatically or in the presence of oxygen and heavy
metals, one electron is transferred to the molecular oxygen,
and consequently superoxide (O ) is formed. In the presence
of heavy metals (e.g. copper, iron), superoxide is further
reduced to hydrogen peroxide (H O ) and hydroxyl radicals
(*OH). These ROS can b7e harmful to cells and organisms if
they are not eliminated . Catechol can act as pro-oxidant
damaging macromolecules such as DNA and proteins, and
destroying membrane functioning due to their redox cycling
activity. Our laboratory recently reported that catechol-
induced cytotoxicity towards glioblastoma cells in vitro igs
due to the production of superoxide and reactive quinones .

Although the exact mechanism for benzene-induced toxicity is
unknown, it seems that catechol plays an important role regarding
the effects of the exposure to this molecule. The lethal human
dose of catechol is 454 - 4540 mmol/kg or one teaspoon given
once for a 70 kg person. Therefore, in the present study we
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investigate the toxic effect of 1 mM catechol towards liver
subcellular fractions since this organ is responsible for xenobiotic
metabolism. This concentration is in the range of the catechol
level found accumulated gn people exposed to action of this
compound (90 - 9000 mM) . The hypothesis that catechol inhibits
mitochondrial state 2 FADH -linked respiration that could be a
mechanism of toxicity was fested. Furthermore, the ability of
catechol to induce an oxidative stress and a direct peroxidation of
biomolecules due to its autoxidation was assessed.

Methods

Animals

Adult Wistar rats weighing 250-350 g were obtained from the
Department of Physiology of the Health Sciences Institute of
the Federal University of Bahia (Salvador, BA, Brazil). All
experimental protocols were conducted according to
regulations suggested by the Federal University of Bahia
Ethical Committee.

Mitochondrial isolation

Mitochondria were isolated from liver of adult rats by
differential centrifugation. Liver was homogenized in 0.5 M
mannitol, 1 M sucrose, 0.2 M ethylene glycol-bis[b-aminoethyl
ether]-N,N,N’ N’-tetraacetic acid (EGTA), 0.05% (w/v) bovine
serum albumin (BSA) and 1 M Tris buffer (pH 7.4) using a
teflon pestle tissue homogenizer. Homogenates were
incubated in the absence (controls) or in the presence of 1
mM catechol for 0, 15 or 30 minutes at 37 °C before
centrifugation. Two independent experiments were done for
each incubation. Whole cells, nuclei, cytoskeletons and plas-
ma membranes were removed by centrifugation at 550 g for 10
minutes at 4 °C, followed by centrifugation of the supernatant
at 7,100 g for 10 minutes at the same temperature. The
mitochondrial pellet was resuspended in the same buffer and
washed twice at 6,400 g for 10 minutes at 4 °C. Finally,
mitochondria were resuspended in 1 ml of the same isolation
buffer. Il;rotein determinations were performed according to
Lowry .

Oxygen electrode measurements

Oxygen consumption was carried out at 37 °C in a closed
chamber containing a Clark type oxygen electrode connected
to a YSI model 53 monitor (Yellow Springs Instrument Co.
Inc., OH, USA). Isolated mitochondria were suspended in 3
ml of 10 mM KCI, 0.2 mM ethylenediamine tetraacetic acid
(EDTA), 0.25 M mannitol, 0.025% (w/v) BSA and 10 mM Tris,
5 mM phosphate buffer (pH 7.4) at a final concentration of 0.4
mg protein/ml. Sodium succinate was added to a final
concentration of 10 mM in order to induce mitochondrial basal
respiration (state 2). Oxygen uptake in resting conditions was

monitored for 12 minutes. Four assays were analyzed for each
mitochondrial fraction.

Isolation of nuclear fraction

Nuclear fraction was isolated from liver of adult rats. To isolate
nuclei, liver was weighed and suspended (0.3g/ml) in 0.25 M
sucrose, 10 mM EDTA and 50 mM phosphate buffer (pH 7.4).
The tissue was homogenized on ice using a teflon pestle
tissue homogenizer. Cells were lysed with 8 up-and-down
pestle strokes. Tissue homogenate was centrifuged at 400g
for 10 minutes at 4 °C and the supernatant was stored at 4 °C.
The pellet was resuspended in the same buffer and
centrifuged again in the same conditions. Supernatants were
combined and centrifuged at 1,500g for 10 minutes at 4 °C.
Nuclei were resuspended in 1 mM EDTA, 20% glycerol and
100 mM phosphate buffer (pH 7.4). Protein concentrations
were determined as described for mitochondrial isolation.

Peroxidation assay

Nuclear fractions (1 mg/ml) were incubated with 1 mM catechol
in I mM HCl and 50 mM phosphate buffer (pH 7.4) at room
temperature for 17 hours. Negative controls were incubated
in the absence of catechol and positive controls were
incubated in the presence of 5 mM FeSO and 500 mM
ascorbate. Peroxidation was assessed by 4rneasulring the
formation of thiobarbituric acid-reactive substances (TBARS)
as described previously . A great variety of oxidized
substances form pink TBA complel)ges, such as malonaldehyde,
oxidized sugars and amino acids , and all these compounds
can be found in nuclear fractions submitted to an oxidative
stress. After addition of 2 ml 0of 0.67% (w/v) TBA, 15% (w/v)
trichloroacetic acid in 0.25 M HCI, samples were boiled in
capped tubes for 10 minutes and cooled on fresh water. The
reaction mixture was centrifuged at 1,500 g for 10 minutes.
The optical density was measured against a blank without
TBA in a Micronal B 382 spectrophotometer at 535 nm .

Statistics

Samples and controls were compared by the Student’s ¢ test.
Significant differences were considered for P<0.05. Pearson’s
test was used to correlate catechol-induced inhibition of
mitochondrial respiration with time.

Results

Catechol inhibited mitochondrial state 2 FADH -linked
respiration when liver homogenates were incubated in the
presence of this compound (Table 1). The inhibition (11.5%)
was evident even when mitochondrial fractions were isolated
just after the addition of 1 mM catechol (Time 0). The inhibition
increased when homogenates were incubated with this
molecule for 15 minutes (25 %) or 30 minutes (37.3%) before
mitochondrial isolation. Moreover, the inhibition linearly
correlates with time (Pearson’s correlation, 0.96458; P<0.002;
Figure 1).
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Table 1. Inhibition of liver mitochondrial state 2 FADH -linked respiration by 1 mM catechol. Liver homogenates were incubated
in the absence (controls) or in the presence of 1 mM catechol for times ranging between 0 - 30 minutes prior to mitochondrial
isolation. Two independent experiments were carried out for each incubation. Four assays of oxygen uptake were analyzed in
each experiment. Data are expressed as mean = SD.

TIME (min) Catechol Catechol % P
0 mM ImM Inhibition
Exp. 1 [8.48+0.45 7.49+0.34 11.7 <0.02
Time 0
Exp. 2 |8.01+£0.44 7.11+0.5 11.2 <0.05
Exp. 1 |2.50+0.09 1.95+0.15 22 <0.01
Time 15
Exp. 2 |4.55+0.24 3.28+0.3 27.9 <0.001
Exp. 1{4.9+0.16 3.27+0.24 333 <0.0001
50
Exp. 2 {6.47£0.15 3.80+0.20 41.3 <0.0001
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FIGURE 1 — Correlation between the inhibition of liver mitochondrial state 2 FADH -linked respiration and the time of incubation of
liver homogenates in the presence of 1 mM catechol prior to mitochondrial isolation (Pearson’s correlation, 0.96458; P < 0.002)
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FIGURE 2 — Peroxidation of biomolecules that are present in liver nuclear fractions. Nuclear fractions were incubated in the absence
(C-) or in the presence of 1 mM catechol (PC) for 17 hours at room temperature. Positive controls (C+) were incubated in the presence
of 5 mM FeSO and 500 mM ascorbate at the same conditions. Afterward, peroxidation was assessed by measuring the formation
TBARS which absorbs light at 535 nm. Data are expressed as mean + SD. *, P < 0.05 compared to C-.

In order to investigate if catechol could induce a direct
peroxidation of biomolecules, nuclear fractions were incubated
with this substance at 1 mM for 17 hours at room temperature
and TBARS were measured after this. Catechol did not induce
peroxidation of biomolecules present in nuclear fractions (Fi-
gure 2). On the other hand, a marked peroxidation was
observed in samples incubated in the presence of ascorbate
and F eSO4 (positive controls).

Discussion

Data from the present study demonstrate that catechol inhibits
liver mitochondrial state 2 FADH -linked respiration. These
data suggest the inhibition of mitochondrial respiration by
catechol as a potential mechanism of its cytotoxicity. Other
laboratories have shown that endogenous catechols and
exogenous molecules bearing a catechol moiety are also
inhibitors of mitochondrial respiration. Endogenous
cysteinylcatechols are potent inhibitors of mitochondrial
complex [ activity in vitro . Dopamine and its metabolite 3,4-
dihydroxyphenylacetic acid can 1nh1b1t brain mitochondrial
state 3 NADH-linked resp1rat10n ! Flavonoids with a catechol
on their rings were 1nh1b1tors of state 2 FADH - and NADH-
linked respiration A previous Study about
catechol-O-methyltransferase inhibitors demonstrated the
effects of 3,4-dihydroxy-4'-methyl-5-nitrobenzophenone
(tolcapone) in decreasing respiratory control ratio in
mltochondrlal preparations at low micromolar concentrations

. Tolcapone has been associated with hepatotoxicity.
Furthermore, tolcapone reduclgzd ATP synthesis in human
neuroblastoma SH-SYS5Y cells

Excessive generation of reactive oxygen species (ROS) is
presumed to be a significant factor in tissue injury observed
in many disease states. There are numerous sites of ROS
production within cells including cytochrome P450 enzymes,
xanthine oxidase, and the mitochondrial electron transport
chain. It has been shown that mitochondria generate

superoxide and hydrogen peroxide during state 4 respiration
at levels which constitute about 2% of total mitochondrial
oxygen uptake. Mitochondrial production of ROS is due to
reduction of molecular oxygen by an electron that “leaks”
from the unstable ubiquinone semiquinone anion that is
formed during redox cxgling of ubiquinone present in
mitochondrial complex Il . Furthermore, mitochondrial ROS
may inhibit one or more of the components of the respiratory
chain, further accelerating the rate of superoxide formation.
The molecular targets of mitochondrial-derived ROS have not
been clearly established, although lipid peroxidation, ion
channel modification and DNA damage have all been
demonstrated in models where the effects of exogenous
oxidizing agents have been studied '

Catechol leads to the formation of ROS and reactive quinones
during its autoxidation. Quinones may contribute to increase
H O production in mitochondria, as reported in subcellular
fractions treated with estrone 3,4-quinone and NADPH
Oxidative stress increases the opening of m1tochondr12al
permeability transition pore (mPTP) and depolarisation
suggesting that this mechanism may be important in cell death
induced by catechol.

In our experiments catechol did not induce a direct peroxidation
of biomolecules in liver nuclear fractions. Indeed, other authors
showed that catechols such as catechol estrogens,
catecholamines, catechins and caffeic acid strongly inhibit
lipid peroxidation . However, catechol releases iron from
ferritin inducing lipid peroxidation in brain homogenates .
Although the pro-oxidant or antioxidant properties of
catechols rests a controversial subject, our data show that
the inhibition of mitochondrial respiration induced by catechol
is more important than the peroxidation of biomolecules in
liver subcellular fractions.

Benzene is metabolized in the liver to catecho}lzby hepatic
cytochrome P450 enzymes, particularly CYP2E1 ~ . Exposure
to benzene has been associated with perisinusoidal fibrosis,
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histological evidence of cholestasis, and non-alcoholic
.. 25 . .
steatohepatitis . Overall, the results from this study permit
us to propose that benzene toxicity is related to formation of
catechol which kills hepatocytes by inhibiting FADH -linked
mitochondrial respiration. :

Conclusion

The catechol level found accumulated in people exposed to
action of this compound is in the range of 90 - 9000 mM. This
study showed that catechol at I mM inhibits state 2 FADH -
linked mitochondrial respiration. However, this molecule did
not induce peroxidation in nuclear fractions. These data
suggest that catechols may exert hepatotoxicity by inhibiting
mitochondrial respiration. This mechanism may be related to
benzene-induced non-alcoholic steatohepatitis, since
catechol is one of its main metabolites.
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RESUMO - Objetivo: Testar a hipotese do catecol inibir a respiragao basal associada ao FADH em fragdes mitocondriais hepaticas
de rato. Além disso, estudou-se também a capacidade do catecol de induzir peroxidacao de biomoléculas nas fracdes nucleares.
Métodos: Os homogeneizados de figado de ratos foram incubados com catecol a I mM em pH fisiologico. Depois disso, as fragoes
mitocondriais foram isoladas por centrifugacao diferencial. O consumo basal de oxigénio foi medido com um eletrodo do tipo Clark
apo6s injegdo de succinato a 10 mM. Fragdes nucleares foram incubadas com catecol por 17 horas a temperatura ambiente ¢ a
peroxidagdo de biomoléculas foi investigada pela reagdo com o acido tiobarbitirico e mensurada espectrofotometricamente. Resul-
tados: O catecol induziu uma inibigao parcial da respiragdo basal mitocondrial associada ao FADH de forma dependente do tempo,
contudo essa substancia ndo induziu peroxidacio direta das biomoléculas presentes nas fragdes rucleares hepaticas. Conclusio:
O catecol produz inibi¢do da respiragdo basal associada ao FADH, em mitocondrias isoladas de figado, o que pode levar a
toxicidade, produgdo de espécies reativas e morte celular.

DESCRITORES: Catecol. Respiragdo mitocondrial. Peroxidagao.
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