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AbSTrAcT

Female sex hormones, estrogens, have an antioxidant activity. In all probability, this fact 
should bring to sex-dependent specificity of pro-/antioxidant system functioning. In the current 
paper the results of investigation on the final part of system regulating generation and neutral-
ization of reactive oxygen species are reported. Data on proteins and lipids oxidative modifica-
tion level in blood plasma and red blood cells membranes of male and female rats are provided. 

The levels of carbonyls and malonic dialdehyde in male rats blood plasma were higher than 
in female rats. The total protein content in male rats blood plasma was lower compared to that 
of female rats. This phenomenon allowed us to assume that, apart from estrogens, neutralization 
of reactive oxygen species mediated by antioxidants of protein nature occurred in blood plasma 
of female rats more effective than in blood plasma of male rats. 

No statistically reliable difference of mentioned parameters in red blood cells membranes was 
observed between male and female organisms. Nevertheless, the analyses of aromatic amino 
acids (tryptophan, tyrosine) fluorescence in red blood cells membranes allowed revealing lower 
level of tryptophan fluorescence in male animals. This might be ascribed both to higher level of 
oxidative processes in erythrocyte membranes of male rats and to sex-dependent specificity in 
physical parameters of membranes and membrane-bound proteins. 
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fense mechanism of females from ROS-dependent 
damage of tissues [Diaz-Flores M. et al., 1999; 
Persky A. et al., 2000]. On the other hand, lower 
activity of superoxide dismutase (SOD; EC-
1.15.1.1), catalase (CAT; EC-1.11.1.6) and gluta-
thione peroxidase (GSH-Px; EC-1.11.1.9) was ob-
served in males; this latter was reflected in in-
creased level of lipid peroxidation [Chainy G. et 
al., 1997; Fonsart J. et al., 2008; Kamper E. et al., 
2009; Çakatay U. et al., 2010]. Hence, from the 
standpoint of provided information, higher degree 
of oxidative damage of proteins, lipids, etc. in 
male organism seems obvious. Nevertheless, lit-
erature data on sex-dependent specificity of pro-/
antioxidant homeostasis are contradictory. In par-
ticular, some authors did not observe difference in 
oxidative modification of proteins and catalase ac-
tivity between female and male organisms 
[Bloomer R., Fisher-Wellman K., 2008; Çakatay 
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introduction

Nowadays, the role of reactive oxygen species 
(ROS), as the pathogenetic factor of different patho-
logies development, is highly emphasized. In some 
cases sex-dependent specificity of the disorder 
course is also reported, which is generally ascribed to 
differences in pro-/antioxidant homeostasis in male 
and female organisms [Ojeda N. et al., 2012].

The antioxidant activity of estrogens was estab-
lished. In all probability, this phenomenon should 
be reflected in diminishing the oxidative damage 
of macromolecules and in lower risk of some dis-
orders development in females [Gomez-Zubeldia 
M. et al., 2000; Tiidus P., 2000]. Antioxidant prop-
erties of estrogens are considered as the main de-
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U. et al., 2010]. Moreover, the increased superox-
ide anion radical production by mitochondria in a 
consequence of estrogens action was shown, which 
means that estrogens exert prooxidant activity 
[Kumar S. et al., 2010].

Thus, an ambiguous and sometimes contradic-
tory data are reported in literature on sex-depen-
dent specificity of the pro-/antioxidant system 
functioning. We set a problem to study the final 
part of this system, namely: the oxidative modifi-
cation of proteins and peroxidation of lipids in 
blood plasma, as well as to study the oxidation 
level of these compounds in red blood cells (RBC) 
membranes of male and female rats. 

Material and MethodS

Animals: The experiments were carried out with 
a total of 22 mature adult albino rats (male/female 
ratio: 11/11; body weight: 160-180 g). The work 
was approved by the Ethical Committee of the Yere-
van State Medical University after M. Heratsi. The 
rats were housed in plastic boxes under similar con-
ditions of temperature, illumination, acoustic noise, 
ventilation and received the same diet. 

Blood Sampling and Processing: Blood was ob-
tained through cardiac puncture using heparinised 
syringes (by 3 ml). For plasma separation the blood 
sample was centrifuged for 10 min at 2800 g on 
“K-23” centrifuge (“Janetzki”, Germany). The 
RBCs isolation and preparation of their membranes 
was carried out by the method of Dodge [Dodge J. 
et al., 1963]. Measurements were carried out during 
the first two days after blood collection. 

Lipid Peroxidation: Lipid peroxidation in the 
blood plasma and RBC membranes was deter-
mined by measuring the amount of malonic dialde-
hyde (MDA) in the reaction with thiobarbituric 
acid as described by M. Uchiyama and M. Mihara 
(1978). The results were expressed as MDA nmol/
mg of protein.

Quantification of Protein Carbonyls: The pro-
tein carbonyl content in blood plasma and samples 
of RBC membranes was measured using the reac-
tion with 2,4-dinitrophenylhydrazine by the 
method of Levine [Levine R. et al., 1990]. The car-
bonyl content was expressed in terms of nmol/mg 
of protein. 

Assay of Aromatic Amino Acids Oxidation: 
Bityrosine production and tryptophan oxidation 
were measured in samples of RBC membranes 
ghosts using “MPF-4” spectrofluorometer (“Hita-
chi”, Japan). Bityrosine production was assessed 
at 325 nm excitation and 415 nm emission [Prütz 
W. et al., 1983]. Tryptophan oxidation was moni-
tored by loss of protein fluorescence at 295 nm ex-
citation and 340 nm emission [Teale F., 1960]. Re-
sults were expressed in relative fluorescence units 
(RFU) per mg of protein (RFU/mg).

Assay of total protein content: Total protein 
content in plasma was measured by the biuret reac-
tion and in samples of RBC membranes – by Louri. 
The results were expressed as mg/ml.

Statistical Analysis: The statistical analysis of 
the results was done using statistical functions of 
the GrafPad InStat software (GraphPad Software, 
Inc., San Diego, California, USA, www.graphpad.
com). The Independent Group t-test was per-
formed. The results were expressed as mean ± 
standard error of mean (SEM). 

reSultS and diScuSSion

The level of proteins/lipids oxidation and pro-
tein content in blood plasma: Carbonyl groups 
content and MDA levels in blood plasma of female 
rats were by 56.6% and 46.4%, respectively, lower 
than those parameters of male rats (Table 1). In the 
same time, slightly increased (by 9.3%) protein 
level was observed in plasma of female rats. 

The results obtained for oxidative modification 
of proteins and lipids are in accordance with litera-

TAble 1.
Carbonyls, MDA, and protein content in blood plasma of male and female rats (n=11)

Parameters
Female rats Male rats

M m M m P
Carbonyls, nmol/mg 9.94 0.47 4.31 0.31 <0.0001
MDA, nmol/mg 0.0188 0.0013 0.0101 0.0010 <0.0001
Protein, mg/ml 61.94 0.79 67.68 2.53 <0.05
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ture data showing the prevalence of antioxidant 
processes in female rats, which might be condi-
tioned, on the one hand, by antioxidant activity of 
estrogens in female rats, and, on the other hand, by 
lower content and/or activity of antioxidant en-
zymes in male rats. To a certain extent, our data on 
protein content in blood plasma emphasize the sec-
ond assumption. 

It is known that some plasma proteins, in par-
ticular, albumin and fibrinogen, may also exert an-
tioxidant activity [Halliwell B., 1988; Olinescu R., 
Kummerow F., 2001]. Taking into account the great 
value of albumin and fibrinogen in blood plasma 
and our earlier data [Harutyunyan H. et al., 2013], 
the increased content of total protein and at the 
same time better defense against ROS in female 
rats might be ascribed exactly to those proteins. 
Nevertheless, this assumption in no way excludes 
the impact of estrogens and ROS neutralizing en-
zymes on the system of antioxidative defense of 
the female organism. 

The level of proteins/lipids oxidation and pro-
tein content in RBC membranes: We did not ob-
serve statistically reliable differences between 
male and female rats in carbonyl groups, MDA, 
and protein content in RBC membranes (Table 2).

This observation seems rather paradoxical in 
the light of above-mentioned data on a high sex-
dependent difference in parameters of proteins and 
lipids oxidation in blood plasma.

The equal level of ROS production by the cells 
of male and female organisms might be assumed 

under physiologic conditions probably responsible 
for equal value of oxidative modification of plasma 
membranes in both sexes. The differences in oxi-
dation of proteins and lipids in plasma might be 
ascribed to differences in antioxidant defense of 
blood plasma itself, which was detailed above. On 
the other hand, due to specific structural nuances, 
the antioxidant system of biological membranes is 
much stronger than such of plasma, which might 
overlap/mask the sex specificity.

Probably, structure functional differences in 
composition of RBC membranes of male and fe-
male rats are indeed responsible for the observed 
phenomenon: the absence of significant sex-de-
pendent difference of oxidation in RBC mem-
branes at high differences of studied parameters in 
blood plasma. With the goal of presenting a de-
tailed elaboration of oxidative processes in RBC 
membranes in male and female rats we studied ad-
ditional parameters of protein oxidation. 

Tryptophan and bityrosine content in RBC mem-
branes: The ROS-dependent destruction of aro-
matic ring of tryptophan or cross-linking of tyrosine 
residues in protein molecules is well known. These 
processes might be detected during ROS attack by 
registration of fluorescence diminishing and in-
creasing for tryptophan and bityrosine, respectively. 
The fluorimetry allowed us to observe a higher (by 
37.9%) content of tryptophan in RBC membranes of 
female rats as compared with the same parameter in 
male animals (Table 3). The sex-dependent differ-
ence in tyrosine oxidation was not detected. 

TAble 2.
Carbonyls, MDA and protein content in RBC membranes of male and female rats (n=11)

Parameters
Female rats Male rats

M m M m P
Carbonyls, nmol/mg 3.39 0.85 3.42 0.29 >0.05

MDA, nmol/mg 4.14 0.34 3.70 0.25 >0.05

Protein, mg/ml 4.24 0.39 4.34 0.21  >0.05

TAble 3.
Tryptophan and bityrosine fluorescence measurements in RBC membranes 

of male and female rats (n=11)

Parameters
Female rats Male rats

M m M m P
Tryptophan, RFU/mg 9.36 0.59 12.91 0.34 <0.0001
Bityrosine, RFU/mg 4.45 0.17 4.55 0.27 >0.05
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Thus, taking into account data of tryptophan 
fluorescence, one may assume the specific manner 
of oxidative modification of membrane-bound 
proteins. This supposition allows establishing pre-
dominance of proteins oxidation in RBC mem-
branes of male rather than in female rats, which is 
in а good concordance with data for blood plasma. 
Nevertheless, due to the absence of differences in 
bityrosine characteristic fluorescence between 
male and female rats we cannot affirm this with 
confidence. One should also take into account the 
specific character of fluorescence of tryptophan 
residues: dependence from the microenvironment 
in the protein molecule. The dependence of trypto-
phan fluorescence from the polarity of its environ-
ment is well known [Burstein E. et al., 1973]. In 
that case, the fact of diminished fluorescence of 
tryptophan in RBC membranes of male rats might 

be ascribed to conformational differences of pro-
tein molecule and/or differences in physical pa-
rameters of the membrane itself and not to the rup-
ture of aromatic ring as a result of ROS attack. 

concluSion

The high difference in parameters of proteins and 
lipids oxidative modification in blood plasma of male 
and female rats was shown. This signifies the higher 
protection of female rats against ROS attacks. On the 
other hand, such differences were not observed in 
RBC membranes. Nevertheless, in RBC membranes 
the sex-dependent difference was shown in fluores-
cence of tryptophan residues. This phenomenon 
might be a consequence of both enhanced oxidative 
destruction of membrane-bound proteins in male 
rats, and of gender-dependent differences in physical 
parameters of RBC membranes as such. 
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