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Estrogens play multifunctional role in the
body. The last decades research were focused on its
free radicals processes participation (1ñ3). The
antioxidative, but also the prooxidative properties of
estrogens were the subject of interest (1). The aim of
our research is to investigate whether the estrogens
participate in detoxification processes in exposure to
xenobiotics, particularly free radicals pathway. The
presented study examines the influence of ethanol
and estradiol on natural enzymatic antioxidative bar-
rier of superoxide dismutase (SOD) and glutathione
peroxidase (GPx). In order to evaluate the interac-
tion and the role of estradiol in detoxification the
joint effect is examined. It could be helpful in the
evaluation of women sensitivity to xenobiotics,
especially in post-menopausal period, and also in
finding the differences of sex-dependent reaction.
Our previous research showed that 17-β-estradiol
(E2) inhibits lipids peroxidation caused by the fluo-
ride and that the mechanism is connected to higher
extent with thiol groups protection than hydroxyl
radical scavenger (4). There are only very few
reports on estrogen-xenobiotics interaction. One is
about harmful effect of smoking on hormonal
replacement therapy (HRT) (5, 6). The second
reports that alcoholic drink increases the level of
estrogens in human blood (7).

EXPERIMENTAL

The material was the rest fresh blood received
from Academic Hospital. The research was per-
formed in vitro on human blood erythrocytes isolat-
ed from blood taken on EDTA (SOD) or blood taken
on heparine (GPx). The SOD activity was measured
with RANSOD test (Randox Laboratories). Blood

samples were centrifuged for 10 min at 3000 rpm,
plasma was rejected and erythrocytes were washed
with 0.9% sodium chloride making dilutions 4
times. The suspension of 10% blood corpuscules in
PBS was prepared. Assay principle was based on the
ability of SOD to accelerate the dismutation of the
superoxide radical. This method employs xanthine
and xanthine oxidase to generate superoxide radicals
which react with 2-(4-iodophenyl)-3-(4-nitrophe-
nol)-5-phenyltetrazolium chloride (INT) to form a
red formazan dye. The superoxide dismutase activi-
ty is measured by the degree of inhibition of this
reaction. One unit of SOD causes a 50% inhibition.
Absorbance was measured on Spectrophotometer U-
2900 at 37OC at the wavelength λ = 505 nm. The
GPx level was evaluated by commercial test
RANSEL (Randox Laboratories) with method
described by Paglia and Valentine (8).

The ethanol (96% pure p.a., Chempur) in con-
centrations of 0.4, 0.5, 0.8, 2.0, 2.4 and 4.0 mg/mL
and 17-β-estradiol (FW = 272 g/mol, Sigma-
Aldrich) in the concentrations of 0.75 nM, 1.0, 5.0
and 10.0 µM were used. The results were evaluated
by statistical analysis (program Statistica 8.0) with
ANOVA or Studentís t-test.

RESULTS AND DISCUSSION

It was observed that ethanol in conc. 0.5 and
2.0 mg/mL significantly (p < 0.05) increased the
activity of SOD in erythrocytes in comparison to the
control (Fig. 1). The effect of ethanol acute intoxi-
cation is quite different than one observed in long-
lasting exposure, specially the addiction (decrease)
(9, 10). 17-β-Estradiol at physiological level (0.75
nM) didnít influence on SOD activity, but at higher
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conc. (1.0 and 5.0 µM) significantly (p < 0.001)
decreased enzyme activity (Fig. 1). The joint effect
of ethanol and estradiol on SOD (every concentra-
tion of ethanol with every concentration of estradi-
ol) didnít differ from the control (Fig. 1). The com-
parison of joint effect with single ethanol action
points on estradiol inhibition of oxidative stress
caused by ethanol, because ethanol itself increased
SOD activity. The conclusion is confirmed by sta-
tistical analysis (p < 0.05) (Fig. 1). 

The research on ethanol influence on GPx
activity showed the significant increase (p < 0.05) in
comparison to the control (Tab. 1). Estradiol in
every examined concentration decreased the GPx
activity in erythrocytes (Tab. 1). The joint effect
didnít show the interaction (Fig. 2). The action of
ethanol with every concentration of estradiol was

comparable with the control. Because ethanol itself
increased the GPx activity, the inhibiting effect of
estradiol on oxidative stress caused by ethanol is
noted. It is known that oxidative stress stimulate the
activity of natural defense system SOD and GPx.
The lack of stimulation could be the result of oxida-
tive stress inhibition, however, the direct effect of
xenobiotics on enzyme canít be excluded. In sum-
mary, it seems that estradiol partly reduces oxidative
stress caused by ethanol in the influence on natural
enzymatic barrier activity.

There are many reports discussing how ethanol
induce oxidative stress in the body (11ñ13). The
higher level of lipids peroxidation and lower con-
centration of natural antioxidants were noted in
alcoholics [9, 10]. The SOD activity measured in 1
h of acute intoxication of rats with ethanol (2.4 and

Figure 1. The influence of ethanol, estradiol and ethanol with
estradiol on SOD activity. ■ p < 0.05 compared to control, ▲ p <
0.001 compared to control, ● p < 0.05 compared to EtOH; K =
control

Figure 2. The influence of ethanol with estradiol on GPx activity.
K = control

Table1. Influence of ethanol (EtOH) and estradiol (17β-E2) on GPx activity.

EtOH  GPx [U/L] p value

EtOH 0.4 mg/mL 81.538 ± 3.338 < 0.01

EtOH 0.8 mg/mL 114.26 ± 3.044 < 0.00001

EtOH 2.4 mg/mL 97.59 ± 3.288 < 0.0001

EtOH 4.0 mg/mL 89.916 ± 3.991 < 0.001

ControlEtOH 73.942 ± 1.625

17β-E2

17β-E2 0.75 nM 56.9 ± 9.7 < 0.001

17β-E2 1.0 µM 41.9 ± 5.32 < 0.001

17β-E2 5.0 µM 21 ± 5.6 < 0.001

Control17β-E2 92.8 ± 8.16   
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6 g/kg b.w.) wasnít changed in lung and kidney but
decreased in liver (12). The reports confirmed tis-
sue-specific changes of activity and its dependence
on the type of intoxication (acute or long-lasting).
The majority showed the SOD decrease in long-term
ethanol intoxication. Such decrease was noted in
rats erytrocytes in 8 and 12 weeks intoxication with
1/10 LD50 (13). The are no reports how SOD activi-
ty is changed in erythrocytes in acute intoxication.
Our investigation showed that ethanol in conc.
0.4ñ4.0 mg/mL increases SOD activity in human
erythrocytes (Fig.1). It correlates with reports on
SOD activity in serum. In serum of rats treated intra-
gastrically with 50% ethanol in a dose of 5 mL/kg
b.w., the increase of SOD activity was noted in 2 h,
maximum in 12 h and a decrease after 24 h (14). The
other research (15) also reports the increase of SOD
activity in plasma of rats in 4 and 6 h after acute
intoxication with doses 2, 4 and 6 g/kg b.w., howev-
er, the decrease in 1 h. It seems that direct answer for
oxidative stress is the mobilization of natural barri-
er, what means an increase of SOD activity. The
very interesting research on SOD activity in brain
(16) points on the role of isoenzymatic form. In the
acute ethanol intoxication, the decrease of CuZn-
SOD was noted in cytosolic and microsomal frac-
tion of brain but the decrease of Mn-SOD in mito-
chondria. The research on alcohol-addicted people
showed even 85% decrease of SOD activity in
serum (28 men). The low SOD activity was
observed still in 14 days of abstinence (9).

The research of estradiol influence on SOD
showed the decrease of its activity in brain, heart,
liver and vagina of female rats in aging process (17,
18). The increase after hormonal replacement thera-
py (estradiol in dose 0.1 µg/g b.w. (17) and estradi-
ol in dose 40 µg/kg/day (18)) was noted. The vari-
ous results were obtained for SOD isoenzymatic
form (19). The treatment of ovariectomized rats
with single dose of 5 µg of estradiol 17β-benzoate
caused a decrease of mitochondrial Mn-SOD in the
brain but no changes in cytosolic CuZn-SOD. The
examination of 80 Polish women didnít show the
differences in SOD activity in erythrocytes after
menopause (2). The other research (Brasilian
women) reported the decrease of SOD at post-
menopausal period (3, 20). Our study showed
inhibiting effect of estradiol in conc. of 1.0 and 5.0
µM on SOD in erythrocytes (Fig. 1). This inhibition
is also observed in the presence of ethanol (Fig. 1).
Ethanol itself stimulate SOD activity, but in the
presence of estradiol it didnít. The combined effect
is comparable to the control and no interactions
were noted (Fig. 1).

The influence of ethanol on GPx activity
depends on kind of intoxication (acute or long-
term). In the first case, changes were organ-specific,
e.g., acute intoxication of rat at doses 2 ,4 and 6 g/kg
b.w. induced an increase of GPx activity in lungs, a
decrease in kidneys and no significant changes in
the liver (12). In other studies, there was no influ-
ence on GPx activity in plasma of rats in 1 hour after
intoxication with ethanol 2, 4 and 6 g/kg b.w., what
could suggest the low level of hydrogen peroxide
and lipid peroxide (15). However, there was an
increase of GPx activity in 2 hours after stomach
tube administration with 50% solution of ethanol in
a dose of 5 mL/kg b.w. A decrease of GPx after
12ñ24 hours of intoxication could be related to low
availability of glutathione, used by ethanol (14). 

The significant (p < 0,02) decrease of GPx
activity in liver and kidneys of Fisher-rats was the
result of chronic ingestion, with 20% solution of
ethanol at a dose of 2 g/kg b.w. during 6.5 weeks.
Significant changes were not observed in lungs and
testes of the animals (21). Investigation on patients
with alcohol dependence demonstrated that activity
level of GPx in serum were significantly (p < 0.05)
lower in the alcoholic patients than in control sub-
jects (9).

The researches about the influence of estradiol
on GPx activity are very rare. The study with 80
postmenopausal women (2) found that erythrocyte
GPx activities were lower than in the control group.
The GPx activity diminished with aging processes.
The hormonal replacement therapy (HRT) caused an
increase of GPx (estrogen and progesterone treat-
ment) (2). Different results were obtained in the
research on 48 Brasilian women (3). The level of
enzyme activity (GPx) was measured in two groups
of these women: before (control group) and after
menopause. Post-menopausal women were catego-
rized into group with or without HRT treatment. The
results showed no significant changes in the post-
menopausal group and HRT treated.

In summary, the influence of ethanol on SOD
and GPx activity is tissue-specific and depends on
the type of ingestion. The increase of SOD and GPx
activity in erythrocytes caused by ethanol is partly
reduces with estradiol.

CONCLUSIONS

Ethanol in all investigated concentrations
increased SOD and GPx activities in erythrocytes.

Estradiol in physiological concentration (0,75 nM)
didnít show influence on activity of SOD and GPx, but
in doses 1.0 and 5.0 µM decreased SOD as well as GPx.
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Combined effect of ethanol and estradiol didnít
show the interaction but the inhibiting effect of
estradiol on oxidative stress caused by ethanol. 

Acknowledgment

The investigations are a part of the project (no.
1785) financed by the Silesian Piasts University of
Medicine in Wroc≥aw.

REFERENCES

1. Thibododeau P.A., Kachadourian R., Lemay R.,
Bisson M., Day B.J., Paquette B.: J. Steroid
Biochem. Mol. Biol. 81, 227 (2002).

2. Bednarek-Tupikowska G., Tworowska U.,
Jedrychowska I., Radomska B., Tupikowski K.,
Bidzinska-Speichert B., Milewicz A.: Clin.
Endocrinol. 64, 463 (2006).

3. Unfer T.C., Contentrato G.M.M., da Silva
J.C.N., Duarte M.M.M.F., Emanuelli T.: Clin.
Chim. Acta 369, 73 (2006).

4. D≥ugosz A., Roszkowska A., Zimmer M.: Basic
Clin. Pharmacol.Toxicol. 105, 366 (2009).

5. Paszkowski T., Wrona W.: Przeglπd
Menopauzalny 4, 68 (2005).

6. Mueck A., Seeger H.: Curr. Med. Chem.
Cardiovasc. Hematol. Agents 3, 45 (2005).

7. Ginsburg E.S.: Steroid Biochem. Mol. Biol. 69,
299 (1999).

8. Paglia D.E., Valentine W N.: J. Lab. Clin. Med.
70, 158 (1967).

9. Peng F.C., Tang S.H., Huang M.C., Chen C.C.,
Kuo T.L., Yin S.J.: J. Toxicol. Environ. Health
68, 1497 (2005).

10. Huang M.C, Chen C.C, Peng F.C., Tang S.H.,
Chen C.H.: Prog. Neuropsychopharmacol. Biol.
Psychiatry 33, 66 (2009).

11. Lecomte E., Herbeth B., Pirollet P., Chancerelle
Y., Arnaud I., Musse N., Paille F., Siest G.,
Artur Y.: Am. J. Clin. Nutr. 60, 255 (1994).

12. Scott R.B., Reddy K.S., Husain K., Schlorff
E.C. Rybak L.P., Somani S.M.:
Pathophysiology, 7, 25 (2000).

13. Jurczyk A.P., Ga≥ecki P., KÍdziora J.,
Jankowska B., Meissner E., åmigielski J.,
Berent J., Szram S.: Arch. Med. Sπdowej
Kriminol. UM £Ûdü, 54, 117 (2004).

14. Lutnicki K, Szpringer E., Marciniak A.:
Medycyna Wet. 62, 683 (2006).

15. Schlorff E.C., Husain K., Somani S.M.: Alcohol
17, 97 (1999).

16. Reddy S.K., Husain K., Schlorff E.C., Scott
R.B., Somani S.M.: Neurotoxicology 20, 977
(1999).

17. Moorthy K., Sharma D., Basir S.F., Baquer
N.Z.: Exp. Gerontol. 40, 295 (2005).

18. Kiray M., Ergur B.U., Bagriyanik A., Pekcetin
C., Aksu I., Buldan Z.: Acta Histochem. 109,
480 (2007).

19. PajoviÊ S., NikeziÊ G., MartinoviÊ J.V.:
Experientia 49, 73 (1993).

20. Krstevska M., Dzhekova-Stojkova S.,
Bosilkowa G.: Clin. Chem. Lab. Med. 39, 641
(2001).

21. Husain K., Scott B.R., Reddy S.K., Somani
S.M.: Alcohol 25, 89 (2001).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


