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The study was designed to assess the antioxidant defense mechanisms, either enzy-

matic or non-enzymatic, in a group of sixteen centenarians (one male and fifteen fe-

male subjects aged 101 to 105 years) living in the Upper Silesia district (Poland) in or-

der to evaluate the potential role of antioxidant defenses in human longevity. The re-

sults of our preliminary study showed that in comparison with young healthy female

adults the centenarians had significantly higher red blood cell glutathione reductase

and catalase activities and higher, although insignificantly, serum vitamin E level.

The network theory of aging postulates the

existence of a variety of cellular defense mech-

anisms enabling to maintain a balance be-

tween the processes favouring and counter-

acting senescence. Among these intercon-

nected and integrated cellular defense sys-

tems is the mechanism of antioxidant defense

(Franceschi et al., 1992). Free radical theory

of aging, first presented by Harman (1992),

implies that aging changes are caused by free

radical reactions leading to oxidative damage

of multiple cellular components. A statisti-

cally significant inverse correlation was found

between a spontaneous autooxidation of aero-

bically incubated tissue homogenates of many

different mammalian species and their maxi-

mum lifespan potential. Human tissues

appeared to have unusually low sensitivity to

autooxidation, most likely due to their rela-

tively high antioxidant defense capacity (Cut-
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ler, 1985). These findings encouraged numer-

ous researchers to undertake studies on the

contribution of peroxidation defense pro-

cesses to human longevity.

Our study aimed at the evaluation of the an-

tioxidant defense mechanisms, either enzy-

matic or non-enzymatic, in centenarians liv-

ing in the Upper Silesia district (Poland), as

an attempt to appraise the potential role of

these mechanisms in human aging.

METHODS

Subjects. Sixteen centenarians (15 females

and 1 male), aged from 101 to 105 years, gave

their consent to be examined within this

study. The medical examination by a physi-

cian (specialist in geriatry) included evalua-

tion of functional health, 12-lead electrocar-

diogram (ECG) record and taking measures of

body mass and height to assess Body Mass In-

dex (BMI). The subjects were then asked to an-

swer a questionnaire specially elaborated for

this study (Mini-Mental State Examination,

MMSE). They were also supposed to answer

questions dealing with their previous and ac-

tual nutritional habits, state of health, physi-

cal activity, life-span of their close relatives

and other general questions that enable to

evaluate their cognitive function, coping be-

haviour and social integration. The final

MMSE score < 24 was interpreted as indicat-

ing a certain degree of impairment of cogni-

tive function. The characteristics of the sub-

jects is presented in Table 1.

As the analyses of blood samples for the ac-

tivities of antioxidant enzymes and low molec-

ular mass antioxidants were performed only

for twelve female centenarian subjects and
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Table 1. Basic characteristics of subjects

Initials Gender Age BMI MMSE Level of physical activity* Cardiac rhythm

JN F 105 29.5 24 B sinus

KK F 103 19.8 21 B sinus

PS F 103 27 17 B sinus

WA F 102 20 8 A atrial fibrillation

WB F 102 18.6 8 A sinus

UA F 102 27.5 18 C sinus

HA F 102 30.2 30 B sinus

BA F 102 18.2 21 A sinus

LE F 102 21.8 2 A atrial fibrillation

GJ F 101 23 21 B sinus

JW F 101 15.1 11 A sinus

MM F 101 20.5 19 A sinus

DM F 101 33.2 0 A sinus

MJ M 101 23.8 12 B sinus

SM F 101 19.5 3 A SVPBs**

JZ F 101 20.1 30 B sinus

Mean 101.9 23.15 15.3

±S.D. 1.1 5.21 9.4

n 16 16 16

*Physical activity: A, bedridden but able to sit on the bed; B, unable to go outside without help; C, free living; **SVPBs,

supraventricular premature beats.



the reference range for the parameters of the

antioxidant defense system is still lacking, a

group of 9 young healthy females aged 20 to

22 years volunteered to give their blood sam-

ples in order to assess the antioxidant status

in young female adults as reference.

Analytical methods. Blood for biochemical

assays was withdrawn from the antecubital

vein after an overnight fast. Blood hemoglo-

bin concentration (Hb), hematocrit values

(Hct), red blood cell count (RBC), and white

blood cell count (WBC) were determined by

standard procedures. In whole blood samples

the activity of glutathione peroxidase (GSH-

Px; EC 1.11.1.9) was assessed by the method

of Flohe & Gunzler (1984) with t-butyl

hydroperoxide as substrate. The concentra-

tion of selenium in whole blood was deter-

mined spectrofluorometrically according to

Danch & Dró¿d¿ (1996) with 2,3-diamino-

naphtalene used as complexing agent. In

hemolysates of red blood cells the activity of

catalase (CAT; EC 1.11.1.6) was determined

according to Aebi (1974), that of superoxide

dismutase (SOD; EC 1.15.1.1) by using com-

mercial RANSOD kits (Randox, England) and

glutathione reductase (GR; EC 1.6.4.2) activ-

ity by the method of Glatzle et al. (1970). The

activities of antioxidant enzymes were ex-

pressed per gram of hemoglobin. In plasma

samples uric acid and glucose concentrations

were assessed by using commercial kits

(Analco, Poland), vitamin E by HPLC

(Sobczak et al., 1999) and reaction products of

malondialdehyde (MDA) with thiobarbituric

acid (TBA) by the method of Buege-Aust

(1978) with extraction of chromogen with

n-butanol and addition of butylated

hydroxytoluene (BHT — 0,01 %) to the TBA re-

agent to lower the metal-catalysed auto-

oxidation of lipids. In serum the advanced

glycation end products (AGEs) concentration

was determined by ELISA (Papanastasiou et

al., 1994), homocysteine by HPLC (Young et

al., 1994) and that of insulin by immuno-

radiometric (IRA) method (Casesnoves et al.,

1998).

RESULTS AND DISCUSSION

Medical examination of our centenarians,

which included 12-lead electrocardiogram re-

cord, revealed that a majority of them (13 out

of 16 subjects) had normal sinus rhythm of

the heart — this means that the heartbeat was

paced by the normal pacemaker — the

sinoatrial (SA) node. Only in one subject

supraventricular premature beats (SVPBs)

were observed and in two other — atrial fibril-

lation was diagnosed (Table 1). The normal

heart rhythm enables a proper supply of oxy-

gen to all tissues, thus preventing ischemia of

the brain and the apoptotic death of neuron

cells, one of the major factors implicated in de-

velopment of senile dementia. Moreover,

rhythm disturbances can play role in enhance-

ment of oxidative stress developed in the

ischemic reperfused myocardium, which, as it

was revealed by Maulik et al. (1998), induces

apoptotic cell death. It is worthy to note that

in the case of atrial fibrillation the supply of

blood (and thus oxygen) is diminished by

about 30%. This might be one of the causal fac-

tors responsible for low cognitive function

and very low MMSE score evidenced in our

subjects with arrhythmias. There was only

one exception of a patient with normal sinus

rhythm and nul MMSE score, but it seems

likely that in this case a very low cognitive

function could be attributed to the state of to-

tal blindness acquired late in the patient’s life.

Our findings seem to be in agreement with

those of Roberts (1998), who reported that

none of 6 patients aged 100 to 103 years had

apparent clinical evidence of myocardial

ischemia or congestive heart failure during

life, and those of Cobler et al. (1989) who

found that ischemic heart disease as an under-

lying pathology necessitating pacemaker im-

plantation was rare in centenarians.

The hematological and selected biochemical

parameters in our subjects are presented in

Table 2. Levels of hemoglobin, hematocrit,

RBC, WBC and white blood cell morphology

(not shown) were within the reference range
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for adults (Jakubowski et al., 1995). Our re-

sults do not support the contrary observation

of Caprari et al. (1999) of a significant de-

crease in RBC, Hb and Hct in centenarians; it

seems that origin of this discrepancy might be

a more advanced age (103 years) and possibly

worse nutritional status of their subjects.

The parameters that characterize enzymatic

and non-enzymatic antioxidant defenses are

presented in Tables 3 and 4 for centenarian

and young female adult subjects, respectively.

As to antioxidant enzymes, characteristic was

a lower (P < 0.05 by Mann-Whitney U-test) ac-

tivity of superoxide dismutase in centenari-

ans as compared with young healthy female

subjects (716.9 vs 872.6 U/g Hb, respectively),

whereas the catalase activity was higher

(P < 0.05 by Mann-Whitney U-test) in cente-

narians (245.9 vs 198.4 k/g Hb, respectively).

Well documented is the view that the level of

oxidative stress increases with advancing age,

but it is still not clear whether it is due to a de-

cline of antioxidant defense system capacity

or an increase in the rate of prooxidant pro-

duction. Data from the literature obtained

from studies on different animal species are

not consistent. An age-related decline in SOD

activity was observed by Sohal & Orr (1992) in

housefly as well as in liver and heart of

Sprague-Dawley rats but not in Drosophila. In-

terestingly, these authors did not found any

clear association between the enzymatic anti-

oxidant defense in six different mammalian

species and their maximum life span poten-

tial. Therefore, their suggestion is that the

major factor implicated in the age-related in-

crease in oxidative stress is the enhanced rate

of mitochondrial superoxide radicals O2
�–
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Table 2. Selected hematological and biochemical parameters in centenarians

Initials
Hb

(g/dL)
Hct
(%)

WBC
(1/�m

3
)

RBC
(10

6
/�m

3
)

Glucose
(mg/dL)

Insulin
(mIU/L)

AGE-s
(U/L)

JN 15.00 41 7500 4.305 119 10.4 14.22

KK 15.20 40 7900 4.200 138 1.1 3.25

PS 15.19 44 8000 4.620 92 3.3 14.36

WA ND ND ND ND 90 0.2 24.58

WB 15.57 43 8000 4.515 88 0.3 14.29

UA 12.92 36 7400 3.780 92 2.4 18.79

HA 15.29 42 8200 4.410 92 6.5 3.12

BA 14.42 38 7300 3.990 121 4.6 14.58

LE 14.20 40 7950 4.200 107 49.3 31.09

GJ 11.87 33 7100 3.465 203 21.65 26.84

JW 14.35 42 7900 4.410 104 30.3 49.50

MM 14.97 43 7500 4.515 ND ND ND

DM ND ND ND ND 118 24.3 15.10

MJ ND ND ND ND 72 6.91 8.70

SM ND ND ND ND 98 2.6 ND

JZ ND ND ND ND 72 6.9 27.48

Mean 14.44 40.3 7704 4.22 107.9 11.3 19.7

S.D. 1.11 3.3 355 0.35 31.3 14.1 11.9

n 11 11 11 11 15 15 13



and hydrogen peroxide (H2O2) generation.

There are many reports from animal experi-

ments which evidenced the age-related in-

crease in activity of antioxidant enzymes

(Fielding & Meydani,1997; Sohal & Orr,

1992). Less conclusive are results of human

studies on aging and oxidative stress. Some

authors underly the anti-aging action of di-

etary restriction being an effective modulator

of oxidative stress (Yu, 1996) or dietary

supplementation with antioxidants (Cao et al.,

1998). However, almost two decades of re-

search on correlation between superoxide

dismutase activity and aging or life span, ei-

ther in animals or humans, failed to elucidate

the role of SOD in aging (Warner, 1994). It

seems likely that a compensatory balance ex-

ists among various components that contrib-

ute to the overall antioxidant defense system

in tissues and blood.

In this respect interesting seems the effect of

aging on the erythrocyte glutathione system,

especially the activity of glutathione reduc-

tase (GR) and glutathione peroxidase (GSH-

Px). Glutathione peroxidase activity in cente-

narians appeared to be very close to the values

found in young female subjects, although sele-

nium concentration in whole blood was lower

in the aged group (37.3 ± 15.7 �g/L) as com-

pared to young female subjects (54.5 ± 8.3

�g/L) (Tables 3 and 4), the difference was not

significant. A decline in blood selenium con-

centration with age was also observed by

other authors (Olivieri et al.,1994). Compara-

ble values of GSH-Px activity in centenarians

and young adults, independent of differences

in selenium levels, may be interpreted in the

same terms as in the case of very young in-

fants, having lower selenium level than older

children but similar GSH-Px activity

(Lombeck et al., 1977).

Glutathione reductase activity in centenari-

ans was significantly higher (P < 0.05 by

Mann-Whitney U-test) as compared to the val-

ues found in female adults (Tables 3 and 4).

Our observations are in a good agreement

with those reported by Rodriguez-Martinez &

Ruiz-Torres (1992), Rodriguez et al. (1996)

and Toh et al. (1994). Rodriguez-Martinez &

Ruiz-Torres (1992) reported a clear gluta-

thione reductase increase with age, which

they interpreted as a positive feedback mecha-

nism in response to rising lipid peroxidation.

It is worth to underly that Lopez-Torres et al.

(1993) revealed, in an animal model, that si-

multaneous induction of superoxide dismu-

tase, glutathione, vitamin C and especially

glutathione reductase could increase the

mean life-span of vertebrate animal.

A determination of glutathione reductase

(GR) activity may also be useful in assesse-

ment of the riboflavin status. Erythrocyte

glutathione reductase activity coefficient

(EGRAC), which is a functional test indicative

of metabolic availability of riboflavin, could be

determined by measuring GR activity in the

absence and then in the presence of FAD

(Glatzle et al., 1970). According to the fre-

quently used criterion that an EGRAC value

�1.20 is indicative of inadequate vitamin B2

status, we found that only two our subjects

showed riboflavin deficiency.

We may presume that the increase in the ac-

tivities of antioxidant enzymes in blood of our

subjects, mainly glutathione reductase and

catalase (to a lesser extent), could be inter-

preted as favorable response of the organism
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Table 3. Selected parameters of the antioxidant

defense system in young female subjects aged

20 to 22 years

Parameter Mean S.D.

SOD, U/g Hb 872.6 151.2

CAT, k/g Hb 198.4 39.5

GSH-Px, U/g Hb 18.39 5.81

GR, U/g Hb 16.73 3.35

MDA, �mol/L 4.45 1.73

Se, �g/L 54.48 8.34

�-Tocopherol, mg/L 11.59 2.11

Uric acid, mg/dL 3.46 0.95



to oxidative stress which enables to maintain

the balance between the production of reac-

tive oxygen species (ROS) and efficacy of anti-

oxidant defenses in normal aging. Here, it is

worthy to recall interesting results of recent

research of glutamate toxicity (via enhanced

accumulation of ROS which leads to apoptotic

cell death) on HT-22 mouse nerve cell

subclones extremely resistant to ROS, in

which the antioxidant enzyme catalase, but

not glutathione peroxidase nor superoxide

dismutase, was more highly expressed in the

resistant than in the parental cells. In addi-

tion, the resistant cells had enhanced rate of

glutathione (GSH) regeneration due to higher

activities of GSH metabolic enzymes, i.e. GSH

reductase and gamma-glutamylcysteine

synthetase as well as GSH-S-transferase

(Sagara et al., 1998). This experiment proved

that resistance to oxidative stress potentially

leading to apoptosis may be acquired by coor-

dinated changes in the antioxidant defense

pattern. A similar trend was found in cente-

narians examined in our study.

There is a common view that vitamin E com-

pounds (tocopherols) can retard the aging pro-

cess. Vitamin E is considered as the only

lipid-soluble, chain-breaking type of antioxi-

dant present in human blood. It appears in

plasma and platelets mainly in two forms as �-

and �-tocopherol, the mean �-tocopherol con-

centration usually constitutes about one-

fourth of that of alpha (Vatassery et al.,

1983a). Mean serum �-, and �-tocopherol con-

centrations, as found in 451 healthy human

male and female subjects aged 19 to 70 years

by Behrens & Madere (1986), were 8.82 ± 2.84

�g/mL (20.5 �mol/L) and 1.35 ± 0.70 �g/mL

(3.25 �mol/L), respectively. Plasma or serum

�-tocopherol concentrations of < 11.6, 11.6–

16.2 and >16.2 �mol/L are normally regarded

as indicating deficient, low and acceptable vi-

tamin E status, respectively (Morrissey &

Sheehy, 1999). In this respect all but one our
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Table 4. Activity of antioxidant enzymes in whole blood (GSH-Px) and erythrocytes (SOD, CAT, GR)

of centenarians

Initials
SOD

(U/gHb)
CAT

(k/gHb)
GSH-Px
(U/gHb)

GR (–FAD)
(U/gHb)

GR (+FAD)
(U/gHb)

EGRAC*

JN 674.5 237.2 14.59 48.39 61.14 0.790

KK 614.9 216.7 17.70 34.46 41.24 0.835

PS 677.7 203.0 25.91 37.16 48.02 0.774

WA 735.5 194.6 ND 41.36 41.05 1.008

WB 724.2 222.2 12.62 35.35 39.47 0.895

UA 663.9 274.9 14.49 45.22 29.54 1.531

HA 729.0 197.9 17.54 46.30 43.38 1.020

BA 753.2 249.0 16.09 45.68 49.08 0.931

LE 620.8 356.8 10.49 36.62 29.1 1.258

GJ 928.8 310.1 21.99 43.12 50.26 0.858

JW 704.9 226.8 23.43 37.35 40.13 0.931

MM 775.4 262.2 23.25 46.43 56.15 0.827

Mean 716.9 245.9 18.01 41.45 44.05 0.971

S.D. 83.18 48.8 4.98 5.01 9.5 0.22

n 12 12 11 12 12 12

*EGRAC (Erythrocyte Glutathione Reductase Activity Coefficient) = (GR+FAD)/(GR–FAD)



centenarians had adequate vitamin E levels. It

is noteworthy to underly that the mean

�-tocopherol concentration in centenarians

was by about 30% higher (15.05 �g/mL) than

in young female adults (11.59 �g/mL) (Tables

3 and 5), however the difference was not sig-

nificant. Our results agree with those of other

authors (Elmadfa et al., 1986) who reported

increased and age-dependent plasma toco-

pherol concentration in elderly of 62–98 years

of both sexes. Similar were the observations

of Paolisso et al. (1998) who found that vita-

min E concentration was more elevated in

centenarians than in aged subjects (29 vs 24

�mol/L) and those of Hallfrisch et al. (1994)

who revealed that older people from a group

of 200 women and 231 men aged 20 to 95

years had higher plasma tocopherol levels. Al-

though other authors reported that �- and to-

tal tocopherol concentrations did not change

significantly with age, they found that plasma

�-tocopherol decreased significantly with age

in patients aged 21 to 91 years (Vatassery et

al., 1983b). A similar trend was observed in

our study as the mean �-tocopherol level in

our centenarians was only about one-third of

that regarded as normal (0.40 vs 1.35 �g/mL)

(Behrens & Madere, 1986). A comment is nec-

essary on the finding that one of our patients

(PS) had very low serum level of vitamin E; a

possible cause of such a major deficiency

could be fat malabsorption or genetic abnor-

mality in lipoprotein metabolism in this sub-

ject, but the true reason of this deficiency can-

not be resolved without additional biochemi-

cal analyses.

As to mean retinol content it was close to the

lower limit of the reference range (0.34–0.75

mg/L) (Jakubowski et al., 1995), which means

that some centenarians (3 persons) had inade-

quate level of this vitamin. It seems likely that

this fact might contribute to sight deteriora-

tion recorded in these subjects.

Another low molecular mass antioxidant

present in plasma is uric acid. Urate is known

to be fast-reacting peroxyl scavenger in the
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Table 5. Vitamin E and vitamin A status and other parameters of the antioxidant defense system in

centenarians

Initials
�-Tocopherol

(mg/L)
�-Tocopherol

(mg/L)
Retinol
(mg/L)

Se in whole blood
(�g/L)

Uric acid
(mg/dL)

Homocysteine
(mg/L)

MDA
(�mol/L)

JN 20.86 0.14 0.57 40.00 4.91 1.265 1.25

KK 22.96 0.42 0.50 82.40 4.48 0.928 2.35

PS (<0.5) (<0.02) 0.43 38.30 4.49 1.240 2.51

WA 11.49 0.61 0.33 30.30 ND 1.468 ND

WB 9.80 0.25 0.29 34.60 3.87 0.765 1.64

UA 11.37 0.37 0.45 21.50 6.41 (4.862) 2.04

HA 11.04 0.32 0.41 27.60 3.13 0.873 1.96

BA 22.96 0.11 0.54 39.20 ND 1.026 ND

LE 9.98 0.29 0.18 33.60 5.45 1.493 1.49

GJ 10.12 0.28 0.28 21.60 6.36 0.944 2.28

JW ND ND ND 36.70 3.89 ND 1.96

MM 19.93 0.58 0.40 41.90 4.58 0.727 1.41

Mean 15.05 0.34 0.40 37.3 4.76 1.073 1.89

S.D. 5.79 0.16 0.12 15.7 1.06 0.277 0.42

n 10 10 11 12 10 10 10



plasma, capable of scavenging 2 peroxyl radi-

cals per molecule (Rice-Evans et al., 1991).

Urate in normal physiological concentration

efficiently protects hemoglobin and erythro-

cytes against oxidation by ROS and

peroxidative damage of membrane lipids. It

can also react with singlet oxygen and

hydroxyl radicals acting as a potent antioxi-

dant. It should be noted that urate concentra-

tions recorded in the present study were, in all

but one case, within the physiological range

(3–5.7 mg � dl–1) (Prencipe et al., 1978). In-

terestingly, the mean plasma urate concentra-

tion in centenarians was significantly higher

(P < 0.05 by Mann-Whitney U-test) than in

young female adults (Tables 3 and 5), which

might be interpreted as a positive mechanism

enabling better protection of erythrocytes

from peroxidative damage (Ames et al., 1981).

The degree of oxidative stress may be ap-

proximately evaluated based on plasma con-

centration of malondialdehyde formed from

the breakdown of lipid hydroperoxides and re-

acting with thiobarbituric acid to give a pink

coloured adduct. The reaction is not very spe-

cific, but its reliability and specificity may be

improved by extraction of the chromogene

with n-butanol and by using butylated

hydroxytoluene (BHT) as antioxidant prevent-

ing autooxidation of lipids, the procedure that

we used in our study. Unexpectedly, we found

that the degree of oxidative stress was lower

in healthy centenarians (1.89 ± 0.42 �mol/L)

as compared to young female subjects (4.45 ±

1.73 �mol/L) (Tables 3 and 5). Similar phe-

nomenon was reported by Paolisso et al.

(1998) who found that the degree of oxidative

stress as measured by levels of thiobarbituric

acid reacting substances (TBARS) and lipid

hydroperoxides (LPO) was lower in healthy

centenarians than in aged subjects. They also

reported that plasma vitamin E concentration

and reduced to oxidized glutathione (GSH/

GSSG) ratio were more elevated (P < 0.05 and

P < 0.01, respectively) in centenarians than in

aged subjects.

One of the major causes of death and disabil-

ity in industrialized nations is atherosclero-

sis. To some degree atherosclerosis is found in

almost all aged subjects, which may suggest

that it can be regarded both as a normal aging

process and a disease. Among many inde-

pendent risk factors for atherosclerotic dis-

ease one should mention homocysteine (Hcy),

which is an intermediate formed during the

metabolism of essential sulfur-containing

amino acid methionine. It is usually noticed

that homocysteine concentration rises pro-

gressively with age both in men and women.

The age-related rise in plasma Hcy level is ex-

plained by a decline in glomerular filtration

rate (GFR) in aged patients, therefore, the

hyperfiltration occurring in diabetes mellitus

may explain the lower than normal mean

plasma total homocysteine (tHcy) in diabetic

patients (Wollesen et al., 1999). Some authors

(e.g. Gottfries et al., 1998) link elevated levels

of serum-homocysteine with decline in cogni-

tive function and consider it as an early and

sensitive marker for cognitive impairment.

Therefore, they suggest that homocysteine

may represent a metabolic link between the

pathogenesis of atherosclerotic vascular dis-

eases and old-age dementias (Parnetti et al.,

1997); Hcy is also considered as being a reli-

able marker of vitamin B12 and folate defi-

ciency, which is the case frequently reported

in demented geriatric patients. However, in

our subjects no significant correlation be-

tween the Mini-Mental State Examination

score and Hcy level was present (P = 0.38, R

Spearman = –0.308), although interesting

was our finding that MMSE score correlated

significantly (P < 0.05, R Spearman = 0.705)

with erythrocyte glutathione reductase activ-

ity. Serum total Hcy concentration in our

group of centenarians varied from 0.727 to

1.468 �g/ml (Table 5), only in one case (UA) it

attained the level of 4.862 �g/ml. With except

of the latter result the mean serum Hcy con-

centration was 1.073 ± 0.277 �g/ml, which

was within the reference range for an elderly
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population (0.958 to 2.092 �g/ml, with mean

equal 1.404 �g/ml) (Clarke et al., 1998). It is

worthy to stress that among most important

risk factors for increased total Hcy concentra-

tion are daily lifestyle, namely high protein

diet, low folate and vitamin B12 intake, smok-

ing and high coffee consumption (Nygard et

al., 1998).

Progression of atherosclerosis is accelarated

in diabetes mellitus. High glucose may exert its

deletorious effect by pathogenic mechanisms

involving enzymatic metabolism of glucose as

well as non-enzymatic pathways. One such

mechanism is the non-enzymic glycation of

intra- and extracellular proteins, lipoproteins

and possibly also nucleic acids. Advanced

glycation end products are known to accumu-

late during aging and they might contribute to

the development of micro- and macroangio-

pathy (Bierhaus et al., 1998). Enhanced

glycation may have direct effects (e.g. causing

changes in the physico-chemical properties of

proteins or stimulating AGEs receptor-me-

diated pathologic changes in gene expression)

or may amplify the effects of oxidative stress

on lipoproteins, mainly low density

lipoproteins (LDL) thus increasing chemo-

tactic property of LDL. Glycation is also

known to induce simultaneous losses of anti-

genicity and inactivation of antioxidant en-

zymes: catalase and superoxide dismutase

(Yan & Harding, 1997). In our group of cente-

narians about 70% of patients suffered from

advanced retinopathy, which was the main

cause of disability. This might be interpreted

as being indicative of severe microvascular

complications. It is very difficult to interprete

the results of glucose, insulin and AGEs con-

centration. Of the fifteen centenarians in 3

subjects a minor and in one case a major

hyperglycemia were found, but in all these

cases the insulin level was within the refer-

ence range. In two patients the insulin level

was below the reference range, however glu-

cose concentration was normal; in two other

subjects the insulin level exceeded the upper

limit of the reference range, but as previously,

the glucose level was normal. Instability in in-

sulin level, the phenomenon usually observed

in elderly patients, might be explained in

terms of a diminished insulin uptake by liver

in response to a lower rate of insulin synthesis

by pancreas, which seems to be typical in ad-

vanced age. Anyway, it seems very unlikely

that subjects suffering from diabetes mellitus

could attain very old age.

As to the serum levels of AGEs in our group

of patients they showed high variability and

ranged from 3 to about 50 U/mL. Those not

exceeding 12–15 U/ml might be considered as

normal as it was evidenced by Papanastasiou

et al. (1994) in healthy adults. Only 6 of 14 cen-

tenarians had low and moderate AGEs levels;

in remaining eigth subjects the levels were ele-

vated with maximum of about 50 U/ml. It is

interesting to find out that subjects with ele-

vated Hcy and AGEs had very low MMSE

score which was indicative of higher degree of

dementia, however the low number of subjects

examined within the frame of this project and

a lack of significant correlation between

MMSE and AGEs (P = 0.22, R Spearman =

–0.35) do not qualify us to make any general-

izations.

In conclusion, our preliminary study re-

vealed that among the independent factors

contributing to human longevity are in-

creased capacity for antioxidant defense

mainly due to relatively high activity of antiox-

idant enzymes: glutathione reductase and

catalase acting in concert with �-tocopherol as

low molecular masas antioxidant.
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