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Reactive Oxygen Species (ROS)

We have evaluated the effects of an oral treatment of mice with fraxetin (25 mg/kg for 30
days) on the glutathione system (GSH, GSSG, and GSSG/GSH ratio as stress index), gluta-
thione reductase (GR) and glutathione peroxidase (GPx) in liver supernatants from male
C57BL/6J mice (18-month old). A significant antioxidant effect in vivo was found under this
treatment by a decrease in the GSSG/GSH ratio and an increased activity of GR compared
with the control mice. GSSG rate and GSSG/GSH ratio were correlated with the decline of
GPx activity. Our results of increased GR activity could be considered as a supercompensa-
tion in glutathione redox status that involves a decrease in the accumulation of GSSG, as
well as, in GSSG/GSH ratio. Finally, we suggest that this possible mechanism of supercom-
pensation could lead to an enhancement in the average life span.

Introduction

In the last few years, a wide spectrum of natural
phenolic compounds has been screened as poten-
tial reactive oxygen species (ROS) scavengers,
since this is a possible approach in the therapy of
ROS-mediated cell and tissue damage (Paya et al.,
1993; Paya et al, 1994; Montesinos et al, 1995).
Fraxetin belongs to the coumarin group, phenolic
antioxidants characterized by a benzopyrane nu-
cleus and wide distribution in Nature (Murray et
al., 1982; Egan et al., 1990; Kruedener et al., 1995).
Fraxetin (6-Methoxy-7,8-dihydroxycoumarin) has
low toxicity in mammals and presents a wide range
of pharmacological actions. Therefore, it has been
described as a potent inhibitor of superoxide gen-
eration in activated neutrophils (Paya et al., 1993)
as well as an inhibitor of microsomal lipid peroxi-
dation (Paya et al., 1992a).

Glutathione, together with glutathione peroxi-
dases (GPx), glutathione reductase (GR), and the
ancillary NADPH supplying reactions, form a key
defense system against oxidative stress and ROS
damage in the cell. The impaired reducing poten-
tial of the cell in terms of added bioconversion of
oxidized (GSSG) to reduced glutathione (GSH)
has been implicated in the pathogenesis of a
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number of degenerative conditions and disease
states (Richie, 1992). If the GSH cellular status
is manipulated by pharmacological and nutritional
correction, the life span of organisms is expected
to be changed (Vogt and Richie, 1993).

In this paper, we have evaluated the effects of
an oral treatment with fraxetin (for 30 days) on
the glutathione system (GSH, GSSG, and GSSG/
GSH ratio as stress index), glutathione reductase
(GR) and glutathione peroxidase (GPx) in liver
supernatants from male C57BL/6J mice aged 18
months under normal conditions. The present
study was intended to evidence an influence of
fraxetin on the average life span, consistent with
the data provided from previous references on bu-
tylated hydroxytoluene (BHT) treatment and
other phenols which allow to establish a correla-
tion between the glutathione redox status and the
average life span.

Materials and Methods
Drugs

Fraxetin was purchased from Aldrich Chemical
Co. (Milwaukee, WI, U. S. A.). All other chemicals
were of the highest purity commercially available.

Animals and experimental design

Male C57BL/6J mice of 18 months of age were
obtained from IFFA CREDDO (Lyon, France).
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The animals were maintained in a well-controlled
environment: natural lighting conditions at a tem-
perature of 22 = 3 °C. They were fed with the nor-
mal laboratory diet as pellets and water ad libitum.
The animals were used after an acclimatization
period of at least 15 days to the laboratory envi-
ronment. The mice were randomized in groups of
12 each and divided into two groups of treatment.
One group served as control only receiving the ve-
hicle and the other group was given fraxetin. Each
treated mouse received daily 25 mg/kg of fraxetin
for 30 consecutive days. For dosing, fraxetin was
suspended in Tween 20 (10%, v/v in water) and
was orally administered with an intra-gastric ca-
nula. At the end of treatment, mice were decapi-
tated and liver samples were inmediately dissected
and stored at -80 °C until analysis.

Glutathione assays

Liver tissue samples were homogenized in glass
homogenizers in 20 volumes of cold 5% trichloro-
acetic acid containing 0.01 N HCL. This solution
was previously deoxygenated by bubbling it with
N,. The homogenates were centrifuged at 3200 xg
during 5 min under a N, atmosphere. The superna-
tants were divided in two aliquots. One was used
for the measurements of total glutathione. To the
second aliquot 4 ul of 2-vinylpyridine were added
per each 0.1 ml of supernatant. This procedure de-
rived GSH and at the same time neutralized the
samples (Griffith, 1980). After at least 1 h in the
presence of 2-vinylpiridine GSSG was measured.
Total glutathione and GSSG were assayed (Tietze,
1969) by following the change in absorbance at
412 nm in the presence of 0.6 mm 5,5°-dithiobis-(2-
nitrobenzoic acid), 0.21 mm NADPH and 0.5 TU
of GR per ml of assay mixture in 50 mm phosphate
buffer pH 7.4, at 25°C. GSH values were obtained
after subtracting GSSG from total glutathione.
GSH and GSSG values were corrected for sponta-
neous reaction in absence of sample. The GSSG/
GSH ratio was calculated as an estimator (indica-
tor, marker or parameter) of tissue oxidative
stress.

GR and GPx activities

Liver tissue samples were homogenized in glass
homogenizers in 20 volumes of cold 50 mm phos-
phate buffer (pH 7.4). The homogenates were son-
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icated at 38 watts for 30 s and centrifuged at
3200 xg for 20 min at 4°C and the supernatants
were immediately used for enzymatic assays.

A part of the supernatants was dialyzed over-
night the 50 mm phosphate buffer (pH 7.4, 4°C)
and was used to measure GR activity. GR was as-
sayed in liver supernatants (Pérez-Campo er al,
1990) by following NADPH oxidation at 340 nm
in presence of 4 mm GSSG and 0.3 mm NADPH in
50 mm phosphate buffer (pH 7.4). The enzymatic
assay was carried out at 25°C.

Total GPx activity was measured in liver super-
natants (Lawrence and Burk, 1976) by monitoring
NADPH oxidation at 340 nm in presence of 10 IU
of GR per ml of assay mixture, 1 mm GSH, 0.2 mm
NADPH and 1.5mMm cumene hydroperoxide as
substrate in 50 mm phosphate buffer (pH 7.4). To
inhibit possible remnant catalase activity after the
freezing of the samples, 4 mm sodium azide was
added to the reaction mixture. The enzymatic re-
action was carried out at 37°C.

GR and GPx activities were corrected for spon-
taneous reaction in the absence of enzyme. Protein
concentrations were measured by the Biuret
method.

Statistics

All results are expressed as means = SE. New-
man-Keuls test of multiple comparation was ap-
plied to determine the difference between any two
groups of mice for each parameter evaluated. P
values lower than 0.05 were selected to be sig-
nificant.

Results

The results show that hepatic GSH levels did
not change under the treatment with fraxetin,
whereas GSSG levels were significantly lower in
fraxetin mice than in control group. The GSSG/
GSH ratio was also significantly lower in treated
mice than in control group (P < 0.05). GR activity
was enhanced significantly by the fraxetin treat-
ment (P < 0.05). The increase of this enzyme activ-
ity was not reflected by elevated GSH levels in
treated mice. Total hepatic GPx activity was lower
in liver who underwent fraxetin treatment than in
those of control-mice, although it was not statistic-
ally significant. Data were indicated in Table 1.
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Table I. Effects of fraxetin treatment on the redox status glutathione from liver from male mice C57BL/6J (18-

month old).

Oral treatment GSH GSSG GSSG/GSH GR GPx

Control (vehicle) 3.61 = 041 0.11 + 0.01 0.031 + 0.003 17.18 £ 1.66 416.49 * 38.52
Fraxetin 3.45 £ 0.39 0.09 + 0.01* 0.028 + 0.002* 19.51 + 1.71* 324.48 + 37.21

GSH and GSSG values are expressed in um of GSH equivalents per gram of tissue. GSSG/GSH are non-dimensional
values. GR and total GPx activities are expressed in nmol-! NADPH -min~!-mg protein~!. Asterisks represent
significant differences to control group, * p < 0.05. N = 12 per mean.

Our results of GR activity obtained with this
fraxetin treatment showed that the increased GR
activity was not accompanied by significant
changes of GSH levels. However, GSSG rate and
GSSG/GSH ratio were lower in liver who un-
derwent the fraxetin treatment than in those of
control mice. The changes experienced in GSSG
levels and this GSSG/GSH quotient (Pérez-
Campo et al, 1990) correlated with the increase
experienced by the GR activity and the decline
suffered by the GPx activity (although it was not
statistically significant in treated mice). Thus, this
diminished peroxidase activity involves a de-
creased GSH oxidation (Sastre er al, 1992), as
shown here.

Discussion

Changes in GSH levels are not decisive to deter-
mine a potential antioxidant effect of a compound.
Furthermore, the GSSG/GSH ratio evaluated
which is widely regarded as an indicator of the
redox status of tissue (Sohal et al., 1990) expresses
more suitably the antioxidant effect of fraxetin.

The induction of GR activity has also been
proven with fraxetin in mice of 12-month old
(Martin-Aragén et al., 1996) and with other anti-
oxidants like butylated hydroxyanisole, propyl gal-
late, alfa-tocopherol (Khanna et al., 1992), and lo-
benzarit (disodium 4-chloro-2,2-iminodibenzoate)
(Armesto et al., 1993).

It is plausible that large quantitaties of stable
free radicals of fraxetin produced by hydrogen ab-
straction could provide GR activity induction re-
sulting in an elevation of GSH or a decline of
GSSG levels, as reported for BHT (Cha and
Heine, 1982). Moreover, a favourable electronic
distribution of fraxetin has been described: (6-Me-

thoxy-7,8-dihydroxycoumarin possesses an ortho-
dihydroxyl function characteristic of catechols, and
the loss of a hydroxyl group by methoxylation in
6 position. These structural features are optimal in
order to interact favourably with peroxyl radicals
in both aqueous and hydrophobic environments.
Thus, this compound possesses sufficient lipid sol-
ubility to partition effectively in lipid bilayers.
Fraxetin acts as electron donor to quench radical
species and generate a stable phenoxyl radical. Be-
cause phenoxyl radicals are resonance-stabilized,
in general they do not continue the chain but are
eventually destroyed, e.g., by a reaction with a se-
cond peroxyl radical) which allows it to quickly
react with intermediate peroxyl radicals (Paya et
al., 1992b). This could suggest that this coumarin
is indeed able to inactivate peroxyl radicals by for-
mating stable radical species. In addition, this radi-
cal inactivation may explain the decreased GPx
activity.

In previous studies, the cause of the GSH defi-
ciency in the aging C57BL/6J mouse has been in-
vestigated and it has been found an aging-specific
decrease in the activity of GR in the liver (Hazel-
ton and Lang, 1985). Furthermore, experiences of
Loépez-Torres et al. (1993) have proved that phar-
macological inductions of endogenous antioxi-
dants such as GR and GSH could be estimated as
a global increase in tissue antioxidant capacity to
increase the resistance to factors causing early
death, leading to an enhancement in the average
life span, since treated animals exhibited a higher
survival than controls.

According these reports, our results of increased
GR activity could be considered as a supercom-
pensation in glutathione redox status which pro-
tects against an increased production of hydroper-
oxides during different dissorders, and this
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increased production of peroxides involves an
increase in GSH consumption (GSH oxidation)
via GPx (Sastre et al., 1992).

Many studies have shown that addition of one
of a number of different antioxidants in the diet
can increase the average life span (Heidrick et al.,
1984). These increases are attributed largely to in-
hibition by antioxidants of aging associated with
the environment and diseases (Harman, 1993; Yu,
1994). These findings could support our data in
order to suggest a correlation between the gluta-
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thione redox status (to respond to ROS-mediated
diseases) achieved under the fraxetin treatment in
mice, and the average life expectancy. Thus, finally,
this possible mechanism of supercompensation in
glutathione status could lead to an enhancement
in the average life span, as described in mice under
BHT diet (Clapp ez al., 1979).
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