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Abstract

Chlorfenvinphos, 2-chloro-1-(2,4-dichlorofenyl)vinyl diethyl phosphate, is an organophos-
phate insecticide widely used in Poland singly or in mixture. The present study was undertaken
to determine chlorfenvinphos-induced lipid peroxidation and to show whether acute intoxication
with chlorfenvinphos alters the antioxidant system in the erythrocytes and serum. The study
was conducted on male Wistar rats divided into two groups. The animals of control group were
given olive oil intragastrically by a stomach tube, the animals of experimental group received
oil solution of chlorfenvinphos (CVP) at a dose of 0.02, 0.1 or 0.5LD . The blood was collected
via heart puncture at the 1st, 24th and 48th hour after treatment. We determined the erythrocytes
concentration of glutathione, the activities of glutathione peroxidase, glutathione reductase and
glucose-6-phosphate dehydrogenase as well as the serum concentration of ascorbic acid, a-to-
copherol and malondialdehyde. We observed the stimulation of enzymatic and nonenzymatic antioxi-
dant system and lipid peroxidation in the erythrocytes and serum of chlorfenvinphos intoxicated rats.
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Introduction

Organophosphate pesticides are extensively used to
control agricultural, household and structural pests. Their
primary toxicological action arises from inhibition of the
enzyme acetylcholinesterase [1]. Since reactive oxygen
species (ROS) are known mediators of many toxin-in-
duced organ injuries, the influence of organophosphate
on ROS generation is worth studying.

Mammalian cells are equipped with both enzy-
matic and nonenzymatic defence system to minimize
cellular damage from action of reactive oxygen spe-
cies. The overproduction of reactive oxygen species
leads to cellular and tissue damage [2]. Free oxygen
unstable radical species that have at least one unpaired
electron in an outer orbital, are by-products of normal
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mitochondrial and endoplasmic reticulum metabolism.
The primary product of oxygen reduction is superoxide
anion, which is a precursor of hydrogen peroxide, and
highly reactive hydroxyl radicals [3, 4]. Mitochondria
are continually exposed to ROS, which cause peroxida-
tion of membrane lipid [5]. An increase in the oxida-
tive stress may be due to a decrease in the antioxidant
defences or due to an increase in the proceses that
produce oxidants [6].

Chlorfenvinphos, 2-chloro-1-(2,4-dichlorofenyl)vinyl
diethyl phosphate, is an organophosphate insecticide
widely used singly or in mixture in Poland. In our ear-
lier works we observed that acute intoxication with
chlorfenvinphos led to the inhibition of serum cholines-
terase activity [7]. In the earlier papers we reported the
increased ratio lactate/pyruvate in the livers reffered to as
an enhancement of the anaerobic glycolysis [8, 9]. The
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increased level of the serum lactate was observed at the
same time of intoxication. Therefore, our results indicate
state of tissue hypoxia.

There is evidence indicating that hypoxia alters in-
tracellular redox status inducing free radicals [10]. We
have also previously reported that acute intoxication
with chlorfenvinphos affected the activity of superoxide
dismutase and catalase in the liver as well as in the eryth-
rocytes [11].

The present study was undertaken to determine
chlorfenvinphos-induced lipid peroxidation and to show
whether acute intoxication with chlorfenvinphos alters
the glutathione level and glutathione-dependent enzymes
system in the erythrocytes as well as vitamins C and E,
and MDA level in the serum.

Experimental Procedures

The present study was conducted on 95 male Wistar
rats weighing on average 200+£10 grams. Rats of all
groups were given standard feed and water ad libitum.
They were divided into two groups. Animals of the con-
trol group were given olive oil intragastrically by a stom-
ach tube, the animals of experimental group received oil
solution of chlorfenvinphos (CVP) at the dose of 0.02, 0.1
or 0.5 LD,,. Blood was collected via heart puncture at the
Ist, 24th and 48th hour after treatment. Red blood cells
and serum were obtained from heparinized rat blood. Our
study was approved by the Local Ethical Commission.

The concentration of erythrocyte glutathione level,
activities of glutathione peroxidase (GPx, EC 1.11.1.9)
and reductase (GR, EC 1.6.4.2) were performed using
BIOXYTECH Assay kits produced by OXIS Interna-
tional, Inc., Portland, USA. The GSH assay method is
based on a chemical reaction which proceeds in two steps.
The first step leads to formation of substitution products
between a patented reagent (OXIS) and all mercaptans
which are present in sample; the second is a B-elimination
reaction which takes place under alkaline solution.

Determination of GPx was done on the basis of oxida-
tion of NADPH to NADP", whichis accompanied by a de-
crease in absorbance. A unit of enzyme is defined as that
which will cause the consumption of one pmol NADPH
per minute at pH 7.6, 25°C.

Determination of GR was done on the basis of the
oxidation of NADPH to NADP" catalyzed by a limiting
concentration of glutathione reductase. One GR activity
unit is defined as the reduction of one umol of GSSG per
minute at pH 7.5, 25°C.

The activity of glucose-6-phosphate dehydrogenase
(G6PDH, EC 1.1.1.49) was assayed using assay kit
produced by Sigma Diagnostics, Inc., St. Louis, USA.
Determination of G6PDH was done on the basis of the
formation of NADPH, which is proportional to the activ-
ity of G6PDH and is measured spectrophotometrically as
an increase in absorbance at 340 nm. One G6PDH activity
unit is the amount of G6PDH activity that will convert
one pumol of substrate per minute.

The serum concentration of ascorbate was assayed by
HPLC, with UV detection at 262 nm [12]. The serum o.-
tocopherol concentration was measured by HPLC using y-
tocopherol (Sigma Chemical Co) as an internal standard.
Peaks were detected and analysed using a Merck-Hitachi
Fluorescence spectrophotometer with detection at 296 nm
[13]. The serum concentration of MDA was determined as
thiobarbituric acid reactive substances (TBARS) accord-
ing to the method of Buega and Aust [14].

Data for the ten groups of animals were compared
using one way analysis of variance (ANOVA). The prob-
ability of p < 0.05 was considered significant.

Results

The rats’ erythrocytes GSH level showed no differ-
ence, in comparison to the control group, after adminis-
tration of chlorfenvinphos at a dose of 0.02 LD, (Tab.
1). Two higher doses of chlorfenvinphos resulted in
reduced glutathione concentration in the erythrocytes of
treated rats. However, there were no differences in GSH
concentration between the control group and the group
of rats examined 48 hours after treatment with the chlor-
fenvinphos at a dose of 0.1 LD,. After intoxication with
chlorfenvinphos at a dose of 0.5 LD, the concentration
of glutathione was higher at the 48th hour than in the ear-
lier period after treatment.

There were no significant differences in the activity of
erythrocyte glutathione peroxidase between the chlorfenvin-
phos at a dose of 0.5 LD, | treated rats and the control group
(Tab. 1). In contrast, in the erythrocytes of rats treated with
lower dose of chlorfenvinphos, the activity of GPx increased
(100-200% over control) during the whole examined period
for the dose of 0.1 LD, and at the 48th hour for the dose 0.02
LD, At the Ist and 24th hour of intoxication with the low-
est dose of insecticide GPx activity decreased. The highest
activity was observed at the 24th hour after intoxication with
chlorfenvinphos at a dose of 0.1 LD, .

The treatment of rats with the lower doses of chlor-
fenvinphos resulted in an enhanced activity of glutathione
reductase in the erythrocytes. The highest value was ob-
served at the 24th hour after intoxication, at the same time
point as it was demonstrated for a glutathione peroxidase.
There was no significant change in an activity of this
enzyme at the 1st and 24th hours after intoxication with
chlorfenvinphos at a dose of 0.5 LD_ , but at the 48th hour
the activity decreased (Tab. 1).

The activity of GOPDH in the erythrocytes of the low-
est dose of chlorfenvinphos treated rats did not change
statistically significantly, (Tab. 2). The activity G6PDH
increased significantly compared with the control group
at the 24th and 48th hours after treatment with chlorfen-
vinphos at a dose of 0.5 LD, and at the 1st and 24th hour
after intoxication at a dose of 0.1 LD, .

The results showed decreased serum concentration
of vitamin C after intoxication with chlorfenvinphos in
comparison to the control group. The concentration of se-
rum vitamin C in the two lower doses of chlorfenvinphos
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Table 1. GSH (mmol/l) concentration , GPx (U/l) and GR (U/1) activity in erythrocytes of rats after acute intoxication with chlorfenvinphos.

GROUP GSH GPx GR
Control 8.46+1.73 685.91+101.79 29.74+5.30
(n=8) (n=9) (n=10)
CVP-0.02LD,,
lh 7.21+1.51 404.41+137.35* 66.64+8.92
(n=8) (n=8) (n=8)
24 h 9.01+0.64 ° 485.17+65.04 ° 34.01+4.70 ®
(n=8) (n=8) (n=8)
48 h 8.20+0.82 1092.18+165.84 64.41+7.91 =
(n=8) (n=8) (n=8)
CVP-0.1LD,,
1h 3.07+0.28 abed 1377.894225.34 #¢ 37.62+13.46 ™
(n=8) (n=8) (n=7)
24 h 2.8840.17 2b«d 2779.334272.3() ede 58.414£19.45%
(n=8) (n=8) (n=8)
48 h 9.03+0.13 1468.74+105.17¢bcder 49.74+15.13¢
(n=8) (n=8) (n=8)
CVP-0.5LD,,
lh 3.09+0.25 abede 777.41+198.45 26.3443.00 bedfe
(n=8) (n=6) (n=7)
24 h 3.56+0.75 abede 586.32+197.80 30.33+6.32 0
(n=8) (n=7) (n=6)
48 h 4.7640.2] tbedefehi 576.22+106.11 17.3446.2 ] 2bedefehi
(n=8) (n=7) (n=6)

values expressed as mean+=SD

statistically significant in comparison with: a- control, b- 0.02 LD50-1h, c- 0.02 LD50-24h, d- 0.02 LD50-48h, e- 0.1 LD50-1h,

f- 0 1ILD50- 24h, g- 01 LD50-48h, h- 0.5LD50-1h, i- 0.5 LD50-24h

Table 2. G6PDH activity (U/1) in erythrocytes of rats after acute
intoxication with chlorfenvinphos.

GROUP G6PDH
Control 29'(8111:86)'64
CVP-0.02LD,
1h 24.02+4.88
(n=8)
24 h 26.31+4.29
(n=8)
48 h 27.62+1.89
(n=8)
CVP-0.1LD,,
1h 79.90£10.31 2bed
(n=6)
24 h 83.21+£13.50 abed
(n=6)
48 h 36.71+£5.87 bedef
(n=6)
CVP-0.5LD,,
1h 44.94410.70 abedef
(n=8)
24h 64.20+£14.68 wede
(n=6)
48 h 54.28+10.32 2bed
(n=6)

values expressed as mean+=SD

statistically significant in comparison with: a- control, b- 0.02
LD50-1h, c- 0.02 LD50-24h d- 0.02 LD50-48h, e- 0.1LD50-
1h, f- 01 LD50- 24h, g- 01 LD50-48h,

treated rats were about 50% lower than those of the high-
est dose of chlorfenvinphos treated rats (at the 1st and at
the 24th hour) (Tab. 3).

There were no significant difference in the concentra-
tion of a vitamin E serum between the control group and
the group of rats intoxicated with the lowest and highest
doses of chlorfenvinphos, except the 1st hour after treat-
ment (Tab. 3). At this time, the serum concentration of
a-tocopherol was lower than in the control group. The
serum concentration of vitamin E in the group at the dose
of 0.1 LD, treated rats was decreased in comparison to
the value observed in control group during the whole
examined period.

As reported in Table 3, the concentration of serum
malondialdehyde was increased during the whole ex-
amined period after intoxication with the lowest dose of
chlorfenvinphos and at the 1st and 48th after treatment at
the dose of 0.1 LD, and 0.5 LD, , respectively. After 24
hours of intoxication with chlorfenvinphos at the dose of
0.1 LD, MDA concentration in the serum decreased (but
not statistically significantly) with recovery to control
within 48 hours. At the earlier period after intoxication
with chlorfenvinphos at the highest dose the MDA con-
centration decreased.

Discussion

Many in vitro and in vivo studies have shown that
several parameters of red blood cells are negatively af-
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Table 3. Ascorbic acid (mg/1), a-tocopherol (mg/1) and MDA (umol/l) concentration in serum of rats after acute intoxication with chlor-

fenvinphos.
GROUP ascorbic acid a-tocopherol MDA
Control 23.82+2.99 5.03+0.36 3.33£0.58
(n=8) (n=7) (n=15)
CVP-0.02LD,,
lh 7.944+2.01° 4.28+0.29 ° 6.14£1.10¢
(n=8) (n=8) (n=8)
24 h 8.05+£1.68* 4.73+0.89 5.62+0.89 ©
(n=8) (n=8) (n=8)
48 h 12.30£2.05 ¢ 4.98+0.87 5.20£1.77 ¢
(n=8) (n=8) (n=8)
CVP-0.1LD,,
lh 8.50+1.18° 4.37+0.34* 4.08+0.55%d
(n=6) (n=8) (n=9)
24 h 8.97+1.10° 3.814+0.69 2.66+0.69b
(n=8) (n=6) (n=8)
48 h 9.83+0.69° 3.84+0.48%¢ 3.51£1.08%¢
(n=7) (n=7) (n=8)
CVP-0.5LD,,
lh 15.03+1.76%c<f 3.45+0.62%c 1.95+0.567cde
(n=6) (n=6) (n=11)
24 h 14.96+0.580ccf 4.96+0.97 2.27+0.4580cde
(n=5) (n=6) (n=9)
48 h 8.9943.350hi 4.90+0.27 4.2141.08cdm
(n=5) (n=6) (n=9)

values expressed as mean+SD

statistically significant in comparison with: a- control, b- 0.02 LD50-1h, ¢-0.02 LD50-24h ,d- 0.02 LD50-48h, e- 0.1 LD50-1h,

f- 01 LD50-24h, g- 01LD50-48h, h- 0.5SLD50-1h, i- 0.5 LD50-24h

fected by increased oxidative stress. Imbalance between
ROS production and antioxidant cell defences has been
reported to occur in several pathological conditions [15].
However, little is known about the influence of organo-
phosphorus compounds on antioxidant systems in eryth-
rocytes.

In the present study the stimulation of nonenzymatic
antioxidant systems as well as enzymes involved in gluta-
thione metabolism were demonstrated in the erythrocytes
and serum of chlorfenvinphos-intoxicated rats.

The reduced glutathione is a key cellular antioxidant
that detoxifies oxygen-reactive species. Reduced glu-
tathione (L-y-glutamyl-L-cysteinyl-glycine, GSH) is a
tripeptide that is present in nearly all animal cells and is
predominant as an intracellular low-molecular-weight thiol
compound [16, 17]. GSH is very important in the protec-
tion of cells against toxic insults, because it participates in
the detoxification of electrophilic metabolites of xenobiotic
and is a very efficient free radicals scavenger [17, 18, 19].

Numerous enzymes participate in glutathione me-
tabolism. The glutathione-dependent antioxidant system
consists of glutathione and two enzymes: glutathione per-
oxidase and glutathione reductase [20, 21, 22].

In this study we reported a decreased glutathione level
in the red blood cells after treatment of rats with the higher
doses of chlorfenvinphos. We also observed the changed
activity of GPx, but only in the erythrocytes of rats in-
toxicated with lower doses of chlorfenvinphos. This GSH-

dependent enzyme detoxicated hydrogen peroxides and a
wide variety of organic peroxides, including lipid perox-
ides. Thus, the increase of an erythrocytes GPx activity
might be a protective response against oxidative stress gen-
erated by lower-doses of chlorfenvinphos. From the data
for GPx activity, it can be concluded that this protective ef-
fect has not been observed after intoxication with the high-
est dose of insecticide. When the activity of GPx increased
the concentration of GSH decreased as it was observed in
the red blood cells of rats intoxicated with chlorfenvinphos
at a dose of 0.1 LD, at the 1st and 24th hours. These data
are in agreement with other authors, who reported that re-
duced glutathione is consumed by peroxidases, and its also
protects protein sulthydryl groups against oxidation [23,
24, 25]. Glutathione peroxidase catalyzes the formation
of oxidized glutathione (GSSG) during the reduction of
hydroperoxides [16, 17, 18].

The activity of erythrocyte GR increased or decreased
after treatment with different doses of chlorfenvinphos.
The increased activity of GR can lead to the enhancement
of GSH level, but in this study such phenomenon was
observed only at the 48th hour after intoxication at a dose
of 0.1 LDy In the erythrocytes of rats treated at the same
dose of chlorfenvinphos, the 24th hour after intoxication,
GR activity increased while GSH level remained low.
This appears to be due to the increased activity of gluta-
thione peroxidase, which has been observed at the same
time. Increase in the activity of GSH peroxidase induces a
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decrease in GSH concentration. The other authors showed
that increased activity of enzymes involved in GSSG re-
duction can lead to an increased GSH concentration [16,
17, 18]. The results seen in this paper are consistent with
this suggestion. Increased activity of GR seems to prevent
the reduced glutathione level after treatment of rats with
the lowest dose of chlorfenvinphos.

Variations of glutathione levels during oxidative stress
may result from modification in its synthesis and/or loss.
The mechanism responsible for maintenance of GSH
homeostasis in different tissues is poorly documented,
especialy in pathological conditions, but the significance
of glutathione redox cycle in the protection against toxic
oxygen compounds is well known [23, 24, 25].

The exact mechanism by which GSH protects against
oxidative stress is difficult to explain. However, it has
been shown that GSH and GSH-dependent enzymes
are affected by acute intoxication with chlorfenvinphos.
Taken together, these results show also that changes of
GSH-dependent enzymes are greater after intoxication
with chlorfenvinphos at the lower doses.

In this study, the effect of acute intoxication with
chlorfenvinphos of different doses on the activity of red
blood cells G6PDH was also examined.

Glucose-6-phosphate dehydrogenase is the key en-
zyme of pentose phosphate pathway that is responsible
for the generation of NADPH. This enzyme plays an
essential role in the regulation of oxidative stress by
regulating NADPH level, the main intracellular reductant.
For this reason, G6PDH is required for the antioxidant
defence system [6, 26].

Glucose-6-phosphate dehydrogenase catalyzes the
first step in the pentose phosphate shunt, oxidizing glu-
cose-6-phosphate to phosphogluconate and reducing
NADP to NADPH [6, 27]. In the case of genetic Go6PDH
deficiency, or other circumstances where NADPH is in
short supply, the reduction of GSSG is impaired, there is a
deficiency of GSH, and hemolytic anaemia [17].

The results obtained in this study show increases in
the activity of G6PDH in red blood cells after treatment of
rats with the higher (0.1 and 0.5 LD,)) doses of chlorfen-
vinphos. It has been recently suggested that the primary
physiological role of G6PDH in mammalian cells is the
defence against oxidative stress injury [26]. The forma-
tion of GSH from its oxidized form, GSSG, is dependent
on NADPH produced by the pentose phosphate path-
way. This pathway can be activated in response to GSH
depletion [26]. This study shows that decreased levels of
GSH are accompanied by increased activity of G6PDH.
Thus, the G6PDH seems to be activated in response to a
decreased level of glutathione, as discussed above.

As is reported by other authors, the activities of
G6PDH and GPx are linked in their capacity to prevent
peroxidative tissue damage from oxidants. GPx converts
toxic lipid hydroperoxides and H,O, using reducing
equivalents generated by G6PDH [28, 29]. However, in
this study the increased activity of these two enzymes was
observed at the same time after intoxication with chlor-

fenvinphos at the dose of 0.1 LD, only. After treatment
with chlorfenvinphos at the dose of 0.5 LD, , the activity
of G6PDH enhanced at the further period but the activity
of GPx did not change statistically significantly whithin
the whole examined period. The lowest dose of chlorfen-
vinphos did not change G6PDH activity at all, probably
because of the unaffected level of GSH. These results sug-
gest that rapid increase in GOPDH activity is a response to
an increased erythrocytes demand for NADPH, however
the method of using of this reductant is due to chlorfen-
vinphos’ dose.

Besides the glutathione level and activity of enzymes
involved in its metabolism, the concentrations of ascorbic
acid and a-tocopherol were determined in the serum of
chlorfenvinphos-treated rats.

These two vitamins are most important among many
low molecular weight compounds which can act as bio-
logical antioxidants [28, 29, 30].

Ascorbate, a well-known antioxidant in biological
systems, is capable of reducing a variety of oxidative
compounds, especially free radicals [31]. Vitamin C is
an electron donor. When ascorbate donates its two high-
energy electrons to scavenge free radicals, much of the
resulting dehydroascorbate is reduced to ascorbate and
therefore can be used repeatedly [28, 32]. a-Tocopherol
is the primary radical scavenger in biological membranes,
and is continously regenerated at the expense of ascor-
bate and GSH oxidation, with ascorbate and GSH being
regenerated by NADH and NADPH respectively, in the
presence of relevant reductases [17].

In the present study were demonstrated decrease in the
serum concentration of ascorbic acid and a-tocopherol
after treatment of rats with chlorfenvinphos. The serum
concentration of vitamin C was lower in the intoxication
with chlorfenvinphos at the two lower doses in compari-
son to the values observed at the 1st and 24th hour after
treatment of rats at the highest dose of chlorfenvinphos.
Simultaneously, the lipid peroxidation index (MDA) was
higher in these experimental groups. The concentration
of vitamin E lowered to the very similar level during the
whole examined period after intoxication with chlorfen-
vinphos of 0.1 LD, dose. After intoxication with chlor-
fenvinphos at the higher and lower doses, the concentra-
tion of vitamin E decreased significantly in comparison to
the control, at the 1st hour only. Accordingly to the other
authors, the consumption of ascorbate can be high, under
oxidative stress [32]. In the present study enhanced lipid
peroxidation was related to depletion of ascorbic acid.
Both decreased levels of vitamin C and increased levels
of MDA suggest the induction of oxidative stress in the
blood of rats acute intoxicated with the lower doses of
chlorfenvinphos. Thus, the change of vitamin C concen-
tration show that the pro- and antioxidant balance moved
toward the prooxidant side, especially after intoxication
with chlorfenvinphos at the two lower doses and at the
further period after intoxication at the highest dose.

Peroxidation of lipids occurs when prooxidant com-
pound reacts with unsaturated fatty acids of biological
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membranes. Their oxidative modification causes changes
in the physical and chemical properties of the membranes
[15, 33]. In this study the index of lipid peroxidation was
measured as thiobarbituric acid reactive substances. The
acute intoxication with chlorfenvinphos affected the con-
centration of MDA serum. Generation of MDA serum was
not related to the dose of insecticide but rather to the time
after intoxication. The increase in the concentration of
malondialdehyde was greater after treatment of rats with
chlorfenvinphos at the lowest dose in comparison to that
observed after treatment of rats at the higher dose. Inactiva-
tion of antioxidative enzyme, such as GPx, probably result
in the enhancement of serum lipid peroxidation in this
group of rats. After treatment of rats with chlorfenvinphos
at the dose of 0.5 LD, , the MDA concentration decreased
at the earlier period of intoxication and increased further. In
the serum of rats treated at the two lower doses of chlorfen-
vinphos, MDA increased as early as at the 1st hour.

This indicates that the prooxidant effect of the highest
dose of chlorfenvinphos becomes significant only after 48
hours of intoxication, while prooxidant effect of the lower
doses of this compound is evident much earlier.

The decrease in MDA level that occurs, at the 48th
hour, in response to treatment with chlorfenvinphos at the
dose of 0.1 LD, may be related to the normalization of
GSH concentration and increased activity of GPx at the
same time point. On the basis of these observations, we
suggest that normalization of GSH level and high activity
of GPx prevent lipid peroxidation.

The results reported here clearly show that acute
intoxication with chlorfenvinphos caused disturbance in
oxidative-antioxidative balance in the erythrocytes and
serum of rats. Enhanced lipid peroxidation and decreased
levels of vitamin C and E, which have been observed after
intoxication with chlorfenvinphos at the two lower doses,
are probably associated with acute oxidative stress. Inter-
estingly, the treatment of rats with chlorfenvinphos at the
highest dose induced the decrease in the concentration of
MDA. These data suggest that the highest dose of chlor-
fenvinphos probably caused hypoxia at an early period
after treatment. The induction of oxidative stress occurs
at the 48th hour.

In conclusion, the results obtained suggest that reoxy-
genation following hypoxia occur in the acute intoxica-
tion with chlorfenvinphos at the highest dose (0.5 LD, )
whereas oxidative stress with tendency to normalization
occur in the red blood cells of rats treated with the lower
doses (0.02 and 0.1 LD,)) of this insecticide.

References

1. POPE C.N., Organophosphorus pesticides: do they all have
the same mechanism of toxicity? J. Toxicol. Environm.
Health 2, 161, 1999

2. HARRIS E.D., Regulation of antioxidant enzymes. FASEB
1. 6,2675,1992

3. CHANCE B., SIES H., BOVERIS A., Hydroperoxide me-
tabolism in mammalian organs. Physiol. Rev. 59, 527, 1979

4. RUTKOWSKI J., PLEWKA A., KAMINSKI M., Study on

10.

12.

13.

14.

15

16.

17.

19.

20.

21.

22.

23.

24.

ischemic/reperfusion damage to the liver: hitherto existing
successes and defeats. Acta Pol. Toxicol. 8, 1, 2000

ARAI M., IMAI H., KOUMURA T., YOSHIDA M.,
EMOTO K., UMEDA M., CHIBA N., NAKAGAWA Y.,
Mitochondrial phospholipid hydroperoxide glutathione per-
oxidase plays a major role in preventing oxidative injury to
cells. J. Biol. Chem. 274, 4924, 1999

ZHANG Z., APSE K., PANG J., STANTON Rt.C., High
glucose inhibits glucose-6-phosphate dehydrogenase via
cAMP in aortic endothelial cells. J. Biol. Chem. 275, 40042,
2000

LUKASZEWICZ-HUSSAIN A., MONIUSZKO-JAKO-
NIUK J., Activity of lysosomal enzymes in acute intoxica-
tion with organophosphorus insecticides. Pol. J. Environm.
St. 6,51, 1997

LUKASZEWICZ-HUSSAIN A., MONIUSZKO-JAKO-
NIUK J., Glycolytical process in rat liver in chlorfenvinphos
intoxication. Medycyna Pracy 5, 579, 1997
LUKASZEWICZ-HUSSAIN A., CHYCZEWSKI L.,
MONIUSZKO-JAKONIUK J., Concentration of lactate
and glucose in blood serum and glycogen in liver in acute
poisoning with chlorfenvinphos. Bromat. Chem. Toksykol.
31,251, 1998

CHOW C.K., TAPPEL A.L., An enzymatic protective
mechanism against lipid peroxidation damage to lung of
ozone-exposed rats. Lipids 7, 518, 1972

. LUKASZEWICZ-HUSSAIN A., Organophosphate insecti-

cide chlorfenvinphos affects superoxide dismutase, catalase
and malondialdehyde in rat liver. Pol. J. Environm. St. 10,
279, 2001

ROSS M.A., Determination of ascorbic acid and uric acid
in plasma by high-performance liquid chromatography. J.
Chromathog. B. 657, 197, 1994

KONNEH M.K., RUTHERFORD C., LI S., ANGGARD
E.E., FERNS G.A.A., Vitamin E inhibits the intimal re-
sponse to ballon catheter injury in the carotid artery of the
cholesterol-fed rat. Atherosclerosis 113, 29, 1995

BUEGE J.A., AUST S., Microsomal lipid peroxidation.
Methods Enzymol. 51, 302, 1978

TAVAZZ1 B., DI PIERRO D., AMORINI A.M., FAZZINA
G., TUTTOBENE M., GIARDINA B., LAZZARINO G.,
Energy metabolism and lipid peroxidation of human eryth-
rocytes as a function of increased oxidative stress. Eur. J.
Biochem. 267, 684, 2000

MALMEZAT T., BREUILLE D., CAPITAN P., MIRAND
P.P., OBLED Ch., Glutathione turnover is increased during
the acute phase of sepsis in rats. J. Nutr. 130, 1239, 2000
PARKE D.V., PIOTROWSKI J K., Glutathione: its role in
detoxication of reactive oxygen and environmental chemi-
cals. Acta Pol. Toxicol. 4, 1, 1996

. PARKE D.V., Nutritional requirements for detoxication of

environmental chemicals. Food Add. Contam. 8, 381, 1991
BEUTLER E., Nutritional and metabolic aspects of glutathi-
one. Ann. Rev. Nutr. 9, 287, 1989

SOPLARICS Z., WU J-X., Role of glutathione and catalase
in H,0, detoxification in LPS-activated hepatic endothelial
and Kupffer cells. Am. J. Physiol. 273, G1304, 1997
GAETANI G.F., GALIANO S., CANEPA S., FERRARIS
AM., KIRKMAN H.N., Catalase and glutathione peroxi-
dase are equally active in detoxification of hydrogen perox-
ide in human erythrocytes. Blood 73, 334, 1994
KAPLOVITZ N., TSUKAMOTO H., Oxidative stress and
liver desease. Prog. Liver Dis. 14, 131, 1996

BABIOR B.M., Superoxide: a two-edged sword. Braz. J.
Med. Biol. Res. 30, 141, 1997

COHEN H.J., AVISSAR N., Molecular and biochemical



Organophosphate Insecticide Chlorfenvinphos Affects... 423

aspects of selenium metabolism and deficiency. Progr. Biol. 29. FREI B., ENGLAND L., AMES B.N., Ascorbate is an out-
Research 380, 192, 1993 standing antioxidant in human blood plasma. Proc. Nat. Ac.
25. FLOHE L., Glutathione peroxidase. Basic Life Sc. 49, 663, Sc. USA 86, 6337, 1989
1988 30. MEISTER A., Glutathione-ascorbic acid antioxidant system
26. SALVEMINI F.,, FRANZE A., IERVOLINO A., FILOSA S., in animals. J. Biol. Chem. 269, 9397, 1994
SALZANO S., URSINI M.V, Enhanced glutathione levels and 31. SIES H., MURPHY M.E., Role of tocopherols in the pro-
oxidoresistance mediated by increased glucose-6-phosphate tection of biological system against oxidative damage. J.
dehydrogenase expression J. Biol. Chem. 274, 2750, 1999 Photochem. Photobiol. B, Biology 8, 211, 1991
27. TIAN W.N., BRAUSTEIN L.D., APSE K., PANG J., ROSE 32. VANDUIIN M.M., TIJSSEN K., VANSTEVENINCK 1J.,
M., Tian X., Stanton R.C., Importance of glucose-6-phos- VAN DEN BROEK P.J.A., VAN DER ZEE J., Erythrocytes
phate dehydrogenase activity in cell death. Am. J. Physiol. reduce extracellular ascorbate free radicals using extracel-
276, C1121, 1999 lular ascorbate as an electron donor. J. Biol. Chem. 275,
28. BUS J.S., VINEGAR A., BROOKS S.M., Biochemical and 27720, 2000
physiological changes in lungs of rats exposed to a cadmium 33. CATHCART R.F.: A unique function for ascorbate. Med.
chloride aerosol. Am Rev. Respir. Desease 118, 573, 1978 Hypotheses 35, 32, 1991

4 Environmental Law Handbook, \
Seventeenth Edition

Government Institutes’ newest edition of its bestseller, Environmental Law Handbook, Seven-
teenth Edition, provides managers, engineers, professionals, and students with a comprehensive
and up-to-date look at the 14 major environmental, health and safety laws affecting U.S. busi-
nesses and organizations.

Using clear language with a minimum of jargon, the Environmental Law Handbook examines
the issues behind the Acts and provide a foundation for understanding the requirements of each.

Professionals and students alike will benefit from the 16 authors’ expertise, the sample and cited
cases, and the straightforward explanations. Special features include a 25-page Table of Contents,
a 35-page index for quick, focused searching, and a new section of “Research Sources” at the end
of each chapter.

Editor: Thomas Sullivan, Editor Emeritus, with contributing authors
Publ Info: Hardcover, approx. 820 pages, May 2003
ISBN: 0-86587-955-9
Price: $99 + $6 S&H Domestic/ $15 S&H Intl Airmail

(@) Government Institutes Y ABS Consulting

MANAGEMENT SYSTEMS DIVISION

tel. (301) 921-2323; fax (301) 921-0264

\ www.govinst.com /






