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Kratak sadr`aj: Cilj studije bio je da se odredi antioksi -
dantni kapacitet u krvi kod mu{karaca i `ena u odnosu na
njihovu starost. Ispitano je 19 mu{karaca (YM) i 19 `ena
(YW) starosti 25–32 godine, kao i 11 mu{karaca (OM) i 11
`ena (OW) starosti 63–71 godine, koji su svi bili neaktivni.
Odre|eni su slede}i faktori: aktivnost superoksid dismutaze
(SOD), glutation-reduktaze (GR), glutation-peroksidaze
(GPX), katalaze (CAT), ukupni antioksidantni status (TAS) u
eritrocitima, kao i retinol, alfa-tokoferol, mokra}na kiseli na i
ukupne koncentracije proteina u plazmi. Izra~unat je zbir
standardizovanih aktivnosti antioksidantnih enzima ka ko bi
se uporedile promene u ukupnom kapacitetu anti oksi dantne
odbrane u eritrocitima vezane za starosno doba. Nisu uo~e -
ne zna~ajne promene vezane za starosno doba u aktivnosti
SOD; srednja aktivnost CAT bila je vi{a kod starijih `ena i
mu{karaca nego kod mla|ih ispitanika. Srednja aktivnost
GPX bila je vi{a a aktivnost GR ni`a kod starijih ispitanika u
pore|enju s mla|ima. Izra ~u nati ukupni antioksidantni
enzimski kapacitet u eritrocitima dao je sli~ne vrednosti kod
mla|ih i kod starijih ispitanika. Nisu uo~ene zna~ajne razlike
u koncentracijama retinola i alfa-tokoferola u plazmi u
odnosu na pol ili starosno doba. Ukupni nivo proteina u
plazmi bio je zna~ajno ni`i kod mladih `ena i mu{karaca u
pore|enju sa starijim ispitani cima. Zaklju~eno je da se
ukupni enzimski antio ksidantni kapacitet u eritrocitima ne
menja s godinama. Dobijeni rezultati jasno pokazuju da u
procesu starenja u~estvuje vi{e faktora. 

Klju~ne re~i: antioksidantni enzimi, neenzimski antioksi -
danti, mu{karci, `ene, starenje

Introduction

The reactive oxygen species (ROS), both exo -
 genous and endogenous, affect all organisms inclu -
ding human beings. The mitochondrial electron
trans port chain is the main source of endogenous
ROS, especially superoxide radicals (1, 2). The rate of
ROS production in cells is physiologically balanced
with the activities of antioxidant systems. When that
equili brium becomes affected and an overproduction

Summary: The aim of the study was to assess the blood
antioxidant capacity in men and women in relation to age.
The subjects were 19 men (YM) and 19 women (YW) aged
25–32 years, and 11 men (OM) and 11 women (OW) aged
63–71 years, all sedentary. The following factors were deter -
mined: the activity of erythrocyte superoxide dismutase
(SOD), glutathione reductase (GR), glutathione peroxidase
(GPX), catalase (CAT), total antioxidant status (TAS), as
well as plasma retinol, a-tocopherol, uric acid and total
protein concentrations. The sum of standardized activities
of antioxidant enzymes was calculated to compare age-
related changes in the total capacity of the erythrocyte
antioxidant defense. No significant age-related changes in
SOD activity were observed; mean CAT activity was higher
in older women and men than in younger subjects. Mean
activity of GPX was higher and that of GR lower in older
subjects compared to the younger ones. The calculated
total erythrocyte antioxidant enzyme capacity in younger
and older subjects rendered similar values. No significant
differences in plasma retinol and a-tocopherol concentra -
tions in relation to sex or age were noted. The plasma total
protein level was significantly lower in younger women and
men compared to their older mates. It was concluded that
the total erythrocyte enzymatic antioxidant capacity did not
change with age. The results obtained clearly show that
multiple factors may contribute to the ageing process. 
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of ROS takes place, the symptoms of oxidative stress
are observed (3). 

Antioxidative defense of the organism includes
enzymatic and non-enzymatic systems. The enzy matic
system consists of antioxidant enzymes such as super -
oxide dismutase (SOD; EC 1.15.1.1), catalase (CAT;
EC1.11.1.6), glutathione peroxidase (GPX; EC1.11.1.9)
and glutathione reductase (GR; EC1.6.4.2). The low-
molecular, non-enzymatic system contains reduced glu -
tathione, uric acid, and exogenous antioxidants, mainly
b-carotene, retinol, vitamin C and a-tocopherol (4).
Reactive oxygen spe cies can affect macromolecules of
amino acids, proteins, lipids, carbohydrates and DNA,
progressively leading to physiological cell dys function
(3). Ery thro cytes are particularly susceptible to the
damaging action of ROS, due to the autooxidation of
haemo globin and high content of polyunsaturated fatty
acids in cell membranes (5). 

It is accepted that reactive oxygen species are
responsible for age-related damages at the cellular
and tissue levels (6). Free radical theory of ageing
comprises several hypotheses which take into account
the role of cellular organelles in that process and the
type of cell damage (7, 8). One of such hypotheses
involves the impact of reactive oxygen species on the
mutations of mitochondrial DNA which brings about
changes in the activities of enzymes of the electron
transport chain (9). It is also generally accepted that
the efficiency of the electron transport chain de cre a s -
es with age. This is related to an increased gene ration
of superoxide radicals which initiates the chain of free
radical reactions and becomes the source of highly
reactive hydroxyl radicals. Another hypothesis points
to the accumulation of oxidized forms of proteins in
cells (10) since the capacity to degrade them declines
with age (11). The main ageing factor seems to be an
increased oxidation of cell membrane lipids which
brings about an increased permeability and cell
damage and, eventually, cell death (12). It was
demonstrated that ROS affect the rate of ageing by
reacting with the cell genome (13) and Beckman and
Ames (7) found that the frequency of DNA damage is

increased in elderly people. It was noted that genetic
mutations of Drosophila melanogaster, shown to
greatly increase the lifespan over the wild type strain,
result in increased SOD and CAT activities (14). The
effects of ROS on ageing of organisms were con -
firmed in studies on mice with a mutated gene res -
pon sible for SOD synthesis; these mice lived shorter
than those without this mutation (13). Other studies
showed a high association between high superoxide
dismutase activity and the onset of the ageing process
(15). 

The existing data on age and sex-related chan -
ges in antioxidant enzyme activities and non-enzy -
matic antioxidant concentrations in blood are contra -
dictory. The present study is an attempt to contribute
to the understanding of this issue by comparing blood
antioxidant capacity in women and men in relation to
their age. 

Material and Methods 

Four groups of subjects were studied: young
men and women aged 25–32 years (YM and YW
respectively, n = 19 each) and old men and women
aged 63–71 years (OM and OW respectively, n = 11
each), all of them sedentary. All subjects gave their
written consents to participate in the study, which was
approved by the local Ethics Committee according to
the Declaration of Helsinki. Body mass and height
were measured and the body mass index (BMI) was
calculated. Body fat content was determined from 4
skinfolds according to Durnin and Womerslay (16).
Physical characteristics of all groups are shown in
Table I. 

Blood samples were collected in the preprandial
state from the antecubital vein into heparinized tubes.
Part of the collected blood was centrifuged at 3000 g
for 15 min at 4 °C, and the erythrocytes were washed
3 times with cold saline. Whole blood, erythrocytes
and plasma were frozen at –70 °C until assayed. 

The activities of superoxide dismutase (SOD),
glutathione reductase (GR) and catalase (CAT) were
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Group* 
Variable

YW
(n=19)

YM
(n=19)

OW
(n=11)

OM
(n=11)

Age (years) 28.8 ± 2.3 28.8 ± 2.4 67.1 ± 4,5 66.7 ± 4.9

Body height (cm) 160.5 ± 9.1A 179.4 ± 7.5 160.0 ± 6.8A 172.0 ± 5.8

Body mass (kg) 60.5 ± 9.1A 83.7 ± 14.4 72.6 ± 9.5 78.0 ± 9.1

BMI 22.3 ± 3.6A,C 25.9 ± 3.0 28.1 ± 6.1 26.4 ± 5.4

Fat content (%) 27.6 ± 4.1A,C 19.6 ± 5.6A 43.8 ± 4.2B 26.9 ± 5.2

Table I Physical characteristics of studied groups of women and men (mean ±SD).

Legend: 
* YW – Young women; YM – Young men; OW – Old women; OM – Old men 
A Significantly (p<0.01) different compared to the respective male group 
B Significantly higher (p<0.001) compared to older men 
C Significantly lower (p<0.01) compared to older women



determined in erythrocyte hemolysates using
commercial kits (SOD and GR: Randox, Great Britain;
CAT: Oxis, USA). Glutathione peroxidase (GPX)
activity was determined in whole blood hemolysates
using commercial kits (Ransel, Randox, Great
Britain). Haemoglobin concentrations in whole blood
and in erythrocyte hemolysates were determined
using Drabkin’s method. Enzyme activities were
expressed in U/mg Hb or U/g Hb. Commercial kits
were used to determine plasma concentrations of
total protein and of uric acid (Alpha Diagnostics,
Poland), and of total antioxidant status (TAS; Randox,
Great Britain). Retinol and a-tocopherol were deter -
mined using the HPLC (Varion, USA) method. Sam -
ples, blanks and reference substances (ChromaDex,
USA) were applied onto C18 DB 150x4.6 mm column
with 5 mm particle size (Restek, USA). The mobile
phase was acetonitrile-methanol (70:30, v/v) and the
flow rate was 1.4 mL/min. Fluorescence was read at
280 nm. The retention times for retinol and a-toco -
pherol were 2.3 and 7.8 min, respectively. 

The sum of standardized values of antioxidant
enzyme activities was computed to compare the age-
related changes in the total capacity of the ery thro -
cyte antioxidant defense (17). The distributions were
assessed graphically by correlating the group SD’s
with the respective means and by correlating
combined sorted values with the »Normal SD’s«
(NORMSINV function in MS Excel™). Except GPX
the values of SOD, CAT and GR required logarithmic
transformation. Since the mean values for YM and
YW groups were fairly alike, the means of individual
variables computed for both groups combined served
as a reference, reference standard deviations being
computed from combined variances for both groups.
Data from all groups were standardized using refe -
rence means and standard deviations. Since the
contributions of individual enzymes to the sum of four
standardized variables (18) were alike, no weighting
factors were applied to the mean standardized values
of enzymatic variables. The data were then subjected
to two-way ANOVA (gender x age) with the post-hoc
t-test, the level of significance being set at p<0.05. 

Results

Body height and mass as well as BMI were signi -
ficantly lower in young women compared to young
men but percent of body fat was significantly higher
in women, reflecting typical sex differences (Table I).
Old women had lower body height and significantly
higher percent of body fat than old men. Young
women had lower BMI and body fat content than
older ones while the BMI in young and old men was
similar but percent of fat was higher in the latter
group. 

The activity of erythrocyte superoxide dismutase
(SOD) was significantly lower in old women com -
pared to old men (Table II). There was no difference
in SOD activity between the young groups. Catalase
activity (CAT) was significantly lower in young men
compared to the older ones, but between young and
old women only a tendency to lower values was seen
in Group YW. Glutathione peroxidase (GPX) activity
was significantly lower and that of glutathione redu c -
tase (GR) significantly higher in both young groups
than in the respective older ones. Additionally, gluta -
thione reductase (GR) activity was significantly higher
in young women compared to young men. Plasma
total antioxidant status (TAS) and concen trations of
selected non-enzymatic antioxidants are presented in
Table III. A significantly higher TAS level was noted in
the young men group compared to both young
women and old men. There were no significant
gender- or age-related differences in plasma retinol
and a-tocopherol concentrations. Plasma concen tra -
tions of uric acid were significantly lower in young
women compared to both young men and old women.
The total protein level in plasma was significantly lower
in young women and men compared to respective
groups of older subjects but no significant differences
between men and women were noted within the
given age category. 

Mean standardized values of enzymatic variables
are shown in Figure 1. ANOVA revealed no significant
differences in SOD activities; in case of CAT and
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Group* 
Variablex

YW
(n=19)

YM
(n=19)

OW
(n=11)

OM
(n=11)

SOD (U/g Hb) 1338.5 ± 301.7A 1374.3 ± 509.8 1143.5 ± 148.6B 1331.6 ± 242.8

CAT (U/mg Hb) 222.2 ± 38.9 213.1 ± 49.4B 267.8 ± 79.3 266.5 ± 59.2

GPX (U/g Hb) 49.3 ± 16.5C 49.7 ± 16.7B 71.0 ± 12.9 69.2 ± 14.4

GR (U/g Hb) 11.8 ± 2.3A,D 10.2 ± 1.6E 7.9 ± 1.2 6.5 ± 1.2

Table II Erythrocyte antioxidant enzyme activities in studied groups of women and men (mean ±SD).

x SOD – superoxide dismutase, CAT – catalase, GPx – glutathione peroxidase, GR – glutathione reductase 
* See Table I
A Significantly higher (p<0.05) compared to older women 
B Significantly lower (p<0.001) compared to older men 
C Significantly lower (p<0.05) compared to older women 
D Significantly higher (p<0.001) compared to younger men 
E Significantly higher (p<0.001) compared to older men 



GPX, old subjects attained significantly (p<0.001)
higher values than the young ones; in case of GR
women had higher values than men and old subjects
had higher values than the young ones (p<0.001
each); in case of the combined enzymatic variables
(Sum Enz.) all means were practically identical. 

Discussion

The ageing process is accompanied by pro gres -
sive impairment of a variety of physiological systems.
One of the theories of ageing, although controversial,
claims that reactive oxygen species are responsible for
cellular oxidative damage and increasing homeostatic
imbalance. The data concer ning the antioxidant
capacity of blood including erythrocyte activities of
antioxidant enzymes, as well as concentrations of
non-enzymatic plasma anti oxidants in relation to age

are incon sistent. In a study on men and women aged
20–70 years, Kasapoglu and Ozben (19) demon -
strated that ery throcyte SOD and CAT activities were
higher and GPX activity lower in old subjects than in
the younger ones. On the other hand, Jozwiak and
Jasnowska (20) noted lower SOD activity in old blood
donors than in the younger ones, and Ho et al. (21)
demonstrated that old healthy Chinese adults had
higher erythrocyte SOD activity than younger
subjects. Contrary results were reported by Jozwiak
and Jasnowska (20) who indicated that CAT and GPX
were increased in old blood do nors compared to
younger ones. Age-related increase in glutathione
reductase (GR) activity and decreased GPX activity in
healthy individuals were demonstrated by Erden-Inal
et al. (22), but Ho et al. (21) noted in healthy Chinese
adults an age-related increase in CAT activity while
GPX activity was similar in all stu died subjects
independent of age. However, Men do za-Nunez et al.
(23) found no age-associated chan ges in SOD and
GPX activities in healthy subjects. This result was
confirmed by Bogdanska et al. (24) who stressed no
significant effect of age on the ery throcyte antioxidant
enzyme activities in men. In this study no significant
age-related changes in SOD activity in men were
noted; however, SOD activity was lower in older
women compared with the younger ones. On the
other hand, CAT activity was higher in old women and
men than in younger subjects. Activity of GPX was
higher and GR activity lower in old women and men
than in the younger ones. These data show that there
are no one-way changes of antioxidant enzymes
activity associated with ageing. A lower SOD activity
observed in older women compared with the younger
ones is difficult to explain in the light of the report of
Lutosławska et al. (25) who found that decreased
estra diol concentrations were associated with incre -
ased SOD activity in erythrocytes. On the other hand,
Massafra et al. (26) found no differences in SOD
activities in both phases of the menstrual cycle. The
decreased GR activity noted in older subjects may be
indicative of a diminished capacity to pro duce red -
uced glutathione (GSH), an important endo genous
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Group* 
Variable x

YW
(n=19)

YM
(n=19)

OW
(n=11)

OM
(n=11)

TAS (mmol/L)x 1.31 ± 0.2A 1.50 ± 0.2B 1.22 ± 0.3 1.26 ± 0.2

Retinol (μg/mL) 0.79 ± 0.2 0.90 ± 0.3 0.90 ± 0.2 0.92 ± 0.1

a-Tocopherol (mg/mL) 7.43 ± 1.6 7.32 ± 1.8 8.44 ± 2.3 7.23 ± 2.7

Uric acid (mmol/L)  0.23 ± 0.05A,C 0.38 ± 0.1 0.31 ± 0.1 0.34 ± 0.1  

Total protein (g/L)  70.9 ± 5.6C 75.4 ± 8.5D 85.1 ± 5.5 87.5 ± 8.6

Table III Plasma antioxidant capacity in studied groups of women and men (mean ±SD).

* See Table I 
x TAS – plasma total antioxidant status 
A Significantly lower (p<0.01) compared to younger men 
B Significantly higher (p<0.01) compared to older men 
C Significantly lower (p<0.001) compared to older women 
D Significantly lower (p<0.001) compared to older men 

Figure 1 Mean (±SE) standardized values of enzymatic
variables obtained for 4 groups of subjects. 
Legend: YM – Young men (n = 19); OM – Old men (n = 11); YW
– Young women (n = 19); OW – Old women (n = 11); L –
Logarithmic transformation; Sum Enz. – Mean value of all
enzymatic variables 
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antioxidant. Gil et al. (27) suggested that GSH
concentrations in blood were lower in older women
than in the younger ones or in men. Also, Rizvi et al.
(28) showed an age-de pen dent decrease in
intracellular reduced glutathione and in membrane
sulphydryl groups. On the other hand, higher GPX
activity in the elderly subjects com pared with the
younger ones may represent an adaptive response to
intensified oxi dative stress like in the case of CAT. The
total antioxidant enzyme capa city of erythrocytes was
in the young and old subjects alike, indicating the
existence of compen satory changes in antioxidant
enzyme activities (29, 30). 

It follows from our results that the total anti -
oxidant status was higher in the young than in the old
men, but no such difference was found for women.
Men doza-Nunez et al. (23) demonstrated age-related
TAS levels in healthy women and men, the values in
old individuals being lower than in the young ones.
This is contradicted by Kostka et al. (31) who noted
that in young (21.1 years) and old (71.0 years) men
TAS levels were alike. The total antioxidant status is
refle cted by plasma concentrations of all non-enzy -
matic antioxidants which depend on diet and, pro ba -
bly, on metabolic disturbances in old subjects.
Habdous et al. (32) emphasized that plasma albumin
and uric acid levels were the main TAS determinants.
It is well known that a high uric acid level increases
the plasma antioxidant capacity (33). In this study, the
rela tio n ship between TAS and uric acid concen tra -

tions was seen only in young men. However, the
possibility that the high level of total protein in old
subjects, found in this study, reflects a compensating
mechanism to main tain appropriate plasma anti -
oxidant capacity, can not be ruled out. The con cen -
trations of retinol and a-tocopherol depend mainly on
their contents in the diet (34). The lack of age-related
differences in the concentrations of those compounds
suggested their intakes being in all groups alike.

In conclusion, the total erythrocyte enzymatic
antioxidant capacity was not related to age, although
young and old subjects differed in CAT, GPX and GR
activities. Age- and gender-related differences bet ween
subjects in the non-enzymatic antioxidant levels can be
interpreted in various ways. The data obtained in this
study clearly show that many factors may contri bute to
the ageing process, and further research is needed to
confirm the oxygen stress hypothesis of ageing. 
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S, Pilis W, Szołtysek-Bołdys I, Chmura J, Kimsa E,



Kempa K. Evaluation of the blood antioxidant capacity
in two selected phases of the training cycle in profes -
sional soccer players. J Human Kinet  2008; 19: 93–
108. 

18. Stupnicki R, Tomaszewski P, Milde K. Contributions of
age, body height and body mass to the total variance of
an example physical fitness variable. Papers Anthropol
2007; 16: 266–72. 

19. Kasapoglu M, Ozbez T. Alterations of antioxidant en -
zymes and oxidative stress markers in ageing. Exp
Gerontol 2001; 36: 209–20. 

20. Jozwiak Z, Jasnowska B. Changes in oxygen-meta -
bolizing enzymes and lipid peroxidation in human
erythro cytes as a function of age of donor. Mech
Ageing Dev 1985; 32: 77–83.

21. Ho SP, Chan-Yeung M, Chow KK, Ip MS, Mak JC.
Antioxidant enzyme activities in healthy Chinese adults:
influence of age, gender and smoking. Respirology
2005; 10: 305–9. 

22. Erden-Inal M, Sunal E, Kanbak G. Age-related changes
in the glutathione redox system. Cell Biochem Funct
2002; 20: 61–6. 

23. Mendoza-Nunez VM, Ruiz-Ramos M, Sanchez-Rod ri -
guez MA, Retana-Ugalde R, Munoz-Sanchez JL. Ageing-
related oxidative stress in healthy humans. Tohoku J Exp
Med 2007; 213: 261–8. 

24. Bogdanska JJ, Korneti P, Todorova B. Erythrocyte
superoxide dismutase, glutathione peroxidase and
catalase activities in healthy male subjects in Republic
of Macedonia. Bratisl Lek Listy 2003; 104: 108–14. 

25. Lutosławska G, Tkaczyk J, Panczenko-Kresowska B,
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