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SUMMARY
DMA – dimethylarsinic acid (cacodylic acid) – used as an herbicide, is the major metabolite formed after the exposure to inorganic arsenics 

in mammals. It is considered to have an important role in arsenic carcinogenesis through the induction of oxidative damage in various tissues. 
Estradiol, apart from its main hormonal effect, displays both prooxidative and antioxidative action depending on the condition of the treatment. The 
oxidative stress plays a crucial role in estrogen-induced carcinogenesis. In the experiments performed in female Wistar rats receiving drinking 
water ad libitum with 0.01% DMA for 10 weeks, one half of rats was treated with 17β-estradiol (0.1 mg/rat s.c., twice a week) starting the 3rd week. 
One more group received estradiol only and last group served as controls receiving drinking water without treatment. The DMA enhanced lipid 
peroxidation in the liver, estradiol treatment potentiated this effect of arsenic. The GSH level was enhanced in DMA+estradiol treated group. In 
estradiol-only treated group both the lipid peroxidation and GSH content were increased. The administration of estradiol caused an enhancement 
of several trace element concentrations in the liver, mainly that of iron and copper. The critical role of estrogen on the development of oxidative 
stress was thus proved.
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INTRODUCTION

Arsenic and its compounds represent one of the most dangerous 
environmental contaminants (1). The mode of action of arsenicals 
has been studied intensively in the last years (2).

The main metabolite of both trivalent and pentavalent arsenic 
compounds in human body is considered dimethylarsinic acid 
(DMA, cacodylic acid)(3). This compound, used also as herbicide, 
exerts expressive prooxidative effects and is considered to be a 
complete carcinogen (1). However, the contaminants are not isola-
ted in their effects on living organism. Special positions among the 
contaminants have hormone steroids, mainly estrogen derivates. 
These compounds are denominated as endocrine-disrupting che-
micals (4,5, 6,7). Among these estrogen chemicals belong nature 
hormones, their analogs and a group of phytoestrogens.

Estrogens are important not only from the point of view of their 
physiological and endocrinological role but they can also exhibit 
prooxidative or antioxidative effects, according to the conditions 
of action (8). They exert neuroprotective effects but on the other 
hand can cause liver damage. Long-term exposure to low level 
of estrogens is associated with carcinogenicity where oxidative 
stress may be the plausible mode of action (9).

In this paper we present the study on the effect of co-exposure 
of natural estrogen 17β-estradiol and dimethylarsinic acid on the 

liver, one of the target organs of their toxicity. The influence of 
these compounds on oxidative damage and trace elements status 
has been estimated. 

METHODS

Female Wistar rats (Anlab Prague, CZ) weighing 260 ± 30g have 
been drinking distilled water containing dimethylarsinic acid (ca-
codylic acid, Sigma Chemical Co.) 214 mg/l (0.01% arsenic solu-
tion) ad libitum for 10 weeks. Control animals received distilled 
water only. Starting the third week of the experiment the half of 
DMA-treated and control rats was injected s.c. with 17β-estradiol 
(Agofollin, Biotika) 0.1 mg/rat twice a week, remaining animals 
received the equivalent amount of vehiculum (sunflower oil). The 
animals were kept under standard laboratory conditions with free 
access to standard pellet diet in a controlled temperature room 
(21-23 °C) and 12 h light/dark cycle. At the end of experiment the 
rats were killed in ether anesthesia by decapitation. The liver and 
kidneys were quickly excised, washed in ice-cold saline, weighed 
and stored frozen at -70 °C until analysis. The level of reduced 
glutathione (GSH) was determined by Ellman’s reagent in fresh 
liver homogenates in the same day. Peroxidation of lipids (LP) was 
estimated in liver homogenate using thiobarbituric acid test and 
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expressed as malondialdehyde (MDA) production. Tissue of liver 
was analyzed for arsenic and essential elements – zinc, copper, 
iron, calcium and magnesium – content using atomic absorption 
spectrometry (SpectrAA 220 FS instrument, Varian Australia Ltd.). 
Data are presented as means ± SD; the statistical significance of 
differences between the groups was determined using Student’s 
unpaired t-test. Numbers of animals (N) are stated in the Tables.

RESULTS

The results in Fig. 1 demonstrate the effect of estradiol adminis-
tration on lipid peroxidation in the liver of DMA-exposed and 
control rats. Arsenic treatment alone as well as estradiol treatment 
increased lipid peroxidation (both by 15%) compared to control 
group. DMA and estradiol co-exposure produced a further increase 
in lipid peroxidation by 38% as compared to controls and by 20% 
as compared to DMA-treated group. 

Figure 2 shows the level of glutathione in the liver of rats. DMA 
treatment alone had no effect on glutathione level. An elevated 
level of GSH was observed in estradiol treated group (by 21%) 
and also in DMA+estradiol co-treated group (by 27%).

Table 1 demonstrates the accumulation of arsenic in the liver of 
both DMA and DMA+estradiol treated rats. Estradiol co-treatment 
had no effect on total arsenic concentration in the liver. 

The results presented in Table 2 show the effect of DMA and 
estradiol treatment on bioelements level in the liver of rats. The 
results indicate the significant increase in copper (by 52%), zinc 
(by 31%), iron (by 38%), magnesium (by 29%) and calcium (by 
15%) when compared to control level. The administration of DMA 
alone or in combination with estradiol exerted no effect on hepatic 
bioelements concentration.

DISCUSSION

The 17β-estradiol at the dose used in our experiment exerted 
a prooxidative effect which was synergistic with the effect of 
DMA. Since it is known that both chemicals can induce carcino-
genesis on the basis of induction of oxidative stress we consider 
this finding to be highly important. By this time no experimental 
data on this matter are available in the literature. These findings 
deserve further experimental studies. Since the hormone repla-
cement therapy in postmenopausal women exerts a prooxidative 
effect (10), a further exposure to another prooxidative agent, e.g. 
DMA, might significantly increase the oxidative tissue damage. 
Relating to the global anthropogenic arsenic contamination and 
endemic occurrence of high level of arsenic in some parts of the 
world this problem is actual.

However, in our similar preliminary experiment in rats exposed 
to cadmium we were not able to demonstrate the synergistic effect 
of estradiol with this metal regarding to the oxidative damage. 

In our experiments the 17β-estradiol caused a significant eleva-
tion of trace elements concentration in the liver. This finding is in 
agreement with the study of the impact of the hormonal replace-
ment therapy on the trace mineral status in postmenopausal wo-
men (11). By now the problem was not studied experimentally. 

Our results demonstrate the need to study the effects of coex-
posure to different contaminants on the organism.

Fig. 1. The influence of estradiol on lipid peroxidation in the liver of DMA-trea-
ted Wistar rats
** p<0.01 versus control,  * p<0.05 versus control,  # p<0.05 versus DMA.

Fig. 2. The influence of estradiol on glutathione level in the liver of DMA-trea-
ted Wistar rats
* p<0.05 versus control, ** p<0.01 versus control,  # p<0.05 versus DMA.

Treatment N As
Control 10 <0.3
DMA 9 13.1 ± 1.8
DMA+estradiol 10 12.0 ± 4.5
Estradiol 10 <0.3

Table 1. Arsenic concentration in the liver of DMA- and estradiol-treated Wistar 
rats (mean±SD;  µg/g of wet tissue weight)

Liver N Ca Mg Zn Cu Fe
Control 10 23.8±2.3 137±17 18.6±2.9 3.21±0.31 186±46
DMA 9 22.1±2.5 136±16 17.9±2.4 3.21±0.40 203±47
DMA 
+estradiol 10 23.1±3.6 132±16 17.5±2.7 3.55±0.54 188±46

Estradiol 10 27.4±2.9↑ 176±19↑ 24.3±2.6↑ 4.87±0.66↑ 257±54↑

Table 2. The effect of DMA and estradiol treatment on trace elements level in 
the liver of Wistar rats  (mean±SD; µg/g of wet tissue weight)

↑p<0.05 versus control group
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