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Z. Kovacikova Antioxidant status in vegetarians

D. Cerhata . . . .

J. Kadrabové and nonvegetarians in Bratislava region

A. Madarit .

E. Ginter (Slovakia)

Der Antioxidative Status bei The group consisted of 78 vege- (32 Manner und 46 Frauen) und

Vegetariern und Nichtvegetariern  arians (32 men and 46 women) and118 Nichtvegetarier (61 Manner

der Region Bratislava (Slovakei) 118 nonvegetarians (61 men and und 57 Frauen). Ziel dieser Arbeit
57 women). The aim of the study war es den Antioxidationszustand
was to compare the effect of the  der Vegetarier und der Nichtvegeta-

Summary The level of anti- diet on the antioxidant status in rier zu vergleichen. Die signifikan-

oxidant vitamins (C, A, E) and the vegetarians and nonvegetarians. testen Unterschiede wurden beim

activity of a selenium-dependent =~ The most important differences Askorbinséaurespiegel und der

glutathione peroxidase as indicators were found in the level of ascorbic Selen-abhéngigen Glutathion-

of antioxidant status and lipid acid and in the activity of Peroxidase gefunden; im Serum

peroxides as markers of oxidative selenium-dependent glutathione war der Askorbinsaurespiegel

damage were investigated in blood peroxidase; the ascorbic acid in statistisch signifikant erhoht,

of 196 healthy middle-aged serum was significantly higher, wahrend Selen und die Selen-

inhabitants of Bratislava region. while the selenium and the activity abhangigen Glutathion-Peroxidase
of selenium-dependent glutathione in Plasma und auch in der
peroxidase was lower both in Erythrozyten der Vegetarier
plasma and erythrocytes of erniedrigt war.

vegetarians.
Key words Vegetarians —

Zusammenfassung Im Blut von antioxidant status — vitamins —
Received: 26. April 1996 196.gesund(_en Bewphne_rn der selenium — lipid pexoxides
Accepted: 23. October 1997 Region Bratislava, im reifen Alter,

wurden der Spiegel der Antioxida- Schlisselworter Vegetarier —

- tionsvitamine (C, A, E) und der Antioxidationszustand — Vitamine —

Z. Kovatikova (J) [D. Cerhata Selen-abhangigen Glutathion- Selen — Lipidperoxide
J. KadrabovdlA. Madaric(E. Ginter Peroxidase als Indikatoren fur den
:\ESEF“FE of Preventive and Clinical Antioxidationszustand festgestellt, ~Abbreviations GSH-Px = gluta-
Liﬁ'\l::gl\?:l4 und der Spiegel der Lipidperoxide thione peroxidas&Hb = hemoglobin
833 01 Bratislava als Zeichen fur die Oxidationsscha- PO = lipid peroxides 0 MDA =
Slovak Republic digung untersucht. Die Teilnehmer malonedialdehydé&TBA = thiobarbi-

E-mail: kovacik@enigma.upkm.sanet.sk dieser Gruppe waren 78 Vegetarier tyric acid

Introduction process has provided aerobic organism with antioxidant,
defense system formed by some vitamins (A, C, E) glu-

According to our today’s knowledge we assume that thethione, uric acid, and antioxidant scavenging enzymes

reactive oxygen radicals play an important role in th@lutathione peroxidase, superoxide dismutase, catalase)

pathogenesis of cardiovascular diseases and cancer. Tfiy

are derived from normal physiological and metabolic The epidemiological data from Slovakia and the for-

processes that are essential to the cell. The evolutionamgr Czechoslovakia show a short life expectancy and one
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of the highest premature mortality from “free radicabf Paglia and Valentine (12). Lipid peroxides (LPO) were
diseases” (cancer, cardiovascular diseases) in Europe @jtimated as the amount of malondialdehyde (MDA), a
The cause of this unpropitious phenomenon has not belereakdown product of lipid peroxidation, after the reac-
clearly identified. Usually three main casual factors aréon with thiobarbituric acid (TBA) (11) and after the
considered: nutritional imbalances, wrong life style, andhromatographic separation of the MDA-TBA adduct
environmental pollution. The insufficient supply of(19).
Slovak population with vitamin C (5) and the extremely The results were statistically evaluated by the analysis
low selenium status (selenium is an integral part of glwf variance and the regression analysis (Statgraphics 5.0).
tathione peroxidase) in plasma (7) have been actually
proved.

Man can regulate his antioxidant intake through higesults and discussion
diet. Questions about optimal dietary patterns in this

regard are interesting scientifically and have important ) .
dietetic and economic implications. The aim of this study N€ total sample consisted of 239 individuals. After con-

was to ascertain the effect of vegetarian diet on teulting the practitiongr and evaluating the questionnaires,
antioxidant status of the Slovak population. 43 persons were rejected because of a health problem.

196 subjects were left in the study. The participation in
this study was voluntary. The subjects, who proclaimed
Materials and methods themselves vegetarians, formed a heterogenous group
with respect to dietary practice. The majority of vegetari-
Recruitment of the subjects was carried out in the sprirghs were actually semivegetarians, only some of them
of 1993 with the cooperation with Slovak Vegetariarwere pure vegetarians or vegans. The semivegetarians
Society among its members and other volunteers, mostiynited their consumption of red meat, but they eat sel-
employees in the medical sphere with a medical educdem fish and chicken (maximum once a week), eggs or
tion. All participants of this study were inhabitants ofdiary products. The consumption of diary products was
Bratislava and its surroundings or they were studyingestricted to low-fat ones; they use only vegetable fat.
there and living at a college. Everybody signed an ifffFhe eating pattern of the whole vegetarian group con-
formed-consent form before taking part in the search. fained significantly greater amount of fruits, fresh, and
questionnaire was used to collect information concernirigbiled vegetables than was the practice in the nonveg-
health history and dietary habits, amount, and frequenefarian group. Table 1 gives the number, age, body mass
of food consumption. All participants were examined byndex, educational level, and number of smokers sepa-
the practitioner. The study protocol was approved by thately for vegetarian and nonvegetarian men and women,
Ethical Commission of the Institute of Preventive andespectively. The differences between average age of
Clinical Medicine. vegetarian and nonvegetarian men and nonvegetarian
Fasting blood samples were drawn from the forearsyomen were not statistically significant. Mean body mass
between 8.00 and 9.00 a.m. One part of the blood wasdex was significantly lower both in vegetarian men and
collected in tubes containing sodium heparin as an antiromen than in their nonvegetarian counterparts. The edu-
coagulant. The blood was promptly centrifuged for 1%ational level was higher in vegetarian subjects.
min at 4 °C (800-850 xg) to separate the plasma. The Table 2 summarizes the levels of some antioxidant
erythrocytes were rewashed three times in PBS. The sdaetors in the blood. The concentration of ascorbic acid
ond part of the blood was allowed to clot for about 2Qvas significantly elevated in the serum of vegetarians and
min. Serum was separated after centrifugation at roothis enhancement was more pronounced in women than
temperature. The samples were analysed immediatély men. The relation was similar in the study of Millet

(lipid peroxides) or they were refrigerated (-2C). et al. (8) in French vegetarians and nonvegetarians. Their
absolute values were higher (from 65.9 in nonveg-etarian
Chemical analyses men to 88.0umol/l, U/g in vegetarian women), but it is

difficult to draw any conclusions from this fact, since a

Vitamin C (ascorbic acid), vitamin Eattocopherol), and different analytical method for ascorbic acid determina-
vitamin A (retinol) were determined by high-performancéion was used Plasma concentration of about 4fol
liguid chromatography, the lipophilic vitamins by theAA/l, U/g corresponds to half-saturation of the body.
methods of Nierenberg and Lester (10) and Taylor et arhis degree of saturation gives a healthy person a resis-
(17), vitamin C by the method of Cerhata et al. (2)tance against scurvy for about 60 days. Full-saturation of
Hemoglobin was estimated using the Drabkins’ reagerthe body means plasma concentration of aboupu8®l/I
Selenium was determined by atomic absorption spetdg (4). Accepting these data we have to state that even
trometry in plasma and erythrocytes (7). the vegetarians, whose vitamin C intake and level in

Glutathione peroxidase activity (GSH-Px) was estierganism is higher, are only in the lower region of AA
mated in plasma and erythrocytes according the methedturation.
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Table 1 Characteristics of the study subjects

Men Women
vegetarian nonvegetarian vegetarian nonvegetarian
n =32 n =61 n =46 n =57

age (year) 322+ 1.7 359 + 1.2 33.6 £+ 1.7 371+ 1.2
BMI (kg/m-2) 21.77 + 0.40 24.29 + 0.40 21.93 + 0.5% 23.48 + 0.5@
educational level*
primary 0 (0) 1 (1.63) 1 (2.17) 3 (5.26)
secondary 9 (28.12) 24 (39.34) 18 (39.13) 26 (45.61)
graduated 23  (71.87) 36 (59.01) 27 (58.69) 28 (49.12)
smokers 0 16 3 12

Data represent meah standard error; BMI = body mass index; * = percent of subjects for the category in parenthesedifferent
superscripts indicate significantly different means (P < 0.05) in the same line

Table 2 Mean levels of antioxidant factors in vegetarians and nonvegetarians

Men Women
vegetarian nonvegetarian vegetarian nonvegetarian
n =32 n =61 n =46 n =57
Vitamin C 58.56+ 2.79 46.96+ 2.94b 64.23+ 3.08 49.64+ 2.98°
umol/l, U/g
Vitamin E 17.77+ 1.08= 20.67+ 0.83° 20.80+ 0.84° 18.69+ 0.762
umol/l, Ulg
Vitamin A 1.22+ 0.08%« 1.32+ 0.062 1.10+ 0.05 0.99+ 0.04°
umol/l, U/g
Se in plasma 49.53 2.47a 57.42+ 1.17° 48.65+ 1.29« 57.15 £ 1.18°
ug/l, Ulg
Se in erythrocytes 248.71 14.91» 296.61+ 8.08° 240.27+ 6.102 286.74+ 7.53°
ng/g, U/g Hb
GSH-Px in 241.37+ 14.132 333.01+ 9.48° 245.69+ 13.072 339.54+ 8.81°
U/l, U/g plasma
GSH-Px in erythrocytes 28.0¥% 1.01a 35.55+ 0.97¢ 2845+ 1.21a 37.20+ 0.98°
U/g, U/g Hb

Data represent meat standard error; GSH-Px = glutathione peroxidase; Hb = hemoglobin;= different superscripts indicate
significantly different mean (P < 0.05) in the same line

The level of ascorbic acid in plasma is negativelyo long as the liver reserve is sufficient. In adults, a
influenced by smoking (4). Deleting the smokers fronplasma (serum) level of less thanuimol/l, U/g is indica-
the studied set did not change the relation between ttiee of an inadequate liver reserve of the vitamin A (18).
tested groups. Our results show sufficient vitamin A store in studied

The level of vitamin A was higher in men, which issubjects.
in concordance with the study from Finland (13). The Vitamin E is the major lipid-soluble antioxidant in
concentration of retinol in vegetarian women was erplasma protecting lipids against peroxidative damage.
hanced comparing to their nonvegetarian counterparts bGibncentration of vitamin E was lower in serum of veg-
there was no effect of the eating pattern in men. It differstarian men comparing to nonvegetarian men and veg-
from the French study about vegetarians (8), where raiarian women. The level ofi-tocopherol in human
difference was found. The plasma vitamin A concentrgslasma varies between 15—4nol/l, U/g (15). The vit-
tion is subject to homeostatic regulation; therefore, it iamin E concentration estimated in participants of our
nearly constant and is independent on vitamin A intaketudy was in the lower part of this interval, but according
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11— the guidelines for interpreting vitamin E status (14), the

600 . . . .

1 protective role of vitamin E becomes optimal when the

e 1 plasma concentration odi-tocopherol is> 11.6 umol/l,

500 n i -+ U/g. In our study the effect of the eating pattern in

o o -~~~ 4 women was lacking but the level in nonvegetarian men

LI 8 o ° -~~~ _~—"1 was significantly higher than in vegetarians. There is a

400 - S 8g g a— .- | high degree of correlation between plasma (serum) level

o P sz'é’ﬁ‘ 1 of tocoph_erol and the total plasma_\ lipids _(4). Accord?ng

o e o S 1 the questionnaires our nonvegetarian subjects had higher
%
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5 ofg & o .1 intake of fat than vegetarians. This could be the reason

% PE e 1 for lower serum vitamin E concentration in our vegetarian
o e participants.
go_.--i"g ] Selenium was decreased both in vegetarian men and
a ] women comparing to their nonvegetarian counterparts.
100 1 The tendency was the same for selenium in plasma and
1 in erythrocytes. The activity of glutathione peroxidase, a
selenoenzyme, was correlated with the selenium concen-
e e — tration both in plasma and in erythrocytes (Figs. 1 and 2).
33 43 B3 63 T3 83 93  Lower selenium level in lactovegetarians (6) and 40 %
Se [ng/1l] decrease in plasma selenium after the diet shift from
mixed to lactovegetarian (16) were already reported. The
Fig. 1 Correlation between plasma selenium and GSH-Px actiprimary source of selenium is wheat and the secondary
itFy (”I_”e_at“ model, r = 3%388' P = Q-OOOIO?)- C&”ﬁde_”cef zn‘t’t p(;e”drqu meat. The mean Se concentration in wheat in Slovakia
1on IImits appear on the regression plot as tne pair or dotte H
closest to aﬁg farthest fromgthe regrgssion Iine,?espectively. 18 2_1 ug/!(g’ U/g, which represents the I_ower range com-
paring with the wheat from other countries. The Se status
of the organism is reflected in its level in the blood.
Plasma Se responds rapidly to the changing of Se status,
while erythrocyte Se responds more slowly. It is due to
the time required for the erythropoieses and due to eryth-
rocyte halflife time of about 120 days (9). The selenoen-
zyme GSH-Px plays a role in protection from lipid per-
oxidation. Our results show clear correlation between the
Se status and GSH-Px activity both in plasma and ery-
throcytes.

e ; The level of lipid peroxides was significantly higher
-7 o { in serum of nonvegetarians than in vegetarians. After
50 e St S --="=..]  dividing subjects according to sex we have found out the
% / same tendency, but the differences between the LPO-
40 [bones N 0O A e ] levels in vegetarians_, a_nd non_veg(_atarians_of the same sex

”%:é'@%"cngﬁsx 0.~ 1 Were no longer statistically significant (Fig. 3). Regard-
od®. - o o @ i less of eating patterns, the concentration of MDA was
30 I e e iy e higher in men than in women. 31 participants of the study
) nDD " ENEPE aal were smokers; 28 of them declared they were smoking
{1 from 1 cigarette in a week to 5 cigarettes daily. Deleting
o gl o 1 them from the study did not significantly change the
beEL D 1 relation between the tested groups. This result is in con-
18 S— cordance with that mentioned above that deleting the
smokers did not change the differences in ascorbic acid
level in plasma between the tested groups.
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Fig. 2 Correlation between erythrocyte selenium and GSH-P@ .
activity (linear mode, r = 0.419, P = 0.00000). Confidence an®n the whole, we have found a positive effect of the

prediction limits appear on the regression plot as the pair of dottagegetarian diet on serum ascorbic acid level, but vitamin
lines closest to and farthest from the regression line, respectivel{C saturation was still not achieved. Previous results (7)
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Fig. 3 The level of lipid per-
oxides in plasma

0.5

indicate a low selenium status in Slovak populatioreffect of vegetarianism on the
Vegetarianism even enhanced this nutritional disbalanaexamined population.
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The level of lipophilic vitamins A and E was sufficient

in both vegetarians and nonvegetarians. The concent

ALL

antioxidant status in the
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