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ABSTRACT

The aim of this study was to evaluate the effect of multivitamin-mineral supplementanon during pregnancy on plasma levels of
antioxidants, erythrocyte antioxidant enzyme activities, and lipid peroxidation. A controlled, semi-randomized, prospective trial was
performed by comparing the supplement group, which received multivitamin-mineral tablets once daily for 10 weeks, with the control
group. Plasma levels of B-carotens, tocopherol, coenzyme Q10, ascorbarte, folate, zinc, and seleninm and malondialdehyde (MIDA), as well
as the activides of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) in erythrocytes werc measured initially (20 wk
gestation) and at the end of the intervention (34 wk gestation). In the control group, plasma ascorbate and sclenium levels decreased and
tocophercl levels increased. In the supplement group, a significant increase in plasma P-carotene (46%), coenzyme Q10 (42%), and zinc
{24%) was obscrved after 10 weeks of supplementation. No changes were observed in the plasma levels of MDA, and erythrocyte GSH-Px
activity, while SOD actwvity increased in both control group and the supplement group during the intervention. These data suggest that
multivitamin-mineral supplementation during pregnancy produced maoderate increases in plasma B-carotene, coenzyme (310, and zinc
concentrations but the enhancement of these plasma andoxidants had no direct effect on the plasma level of MDA, erythrocyres SOD or

GSH-Px activiues
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INTRODUCTION

Interest in maternal nutritional status as a critical factor
tor prenatal development has increased.” Although an ade-
quate intake of most nutrients can be obtained from a
well-balanced diet, such diets do not typically provide
pregnant women with all nuotrients, especially some vi-
tamins and minerals {vitamins B6, D, E, and folate, iron,
calcium, zinc and magnesium), at current RDA Jevels?
So, 1t 15 often recommended for women with childbearing
potential to take multivitamin-mineral preparadon. There
is a significant body of evidence that vitamin-mineral sup-
plement use can be associated with a reduced risk of preg-
nancy complications, and also of birth defects.™. Another
potential supplementation benefit includes improved an-
tioxidant and immune defense systems.”

Lipid peroxidation and oxygen radicals are reactive and
damaging compounds involved in the etiology of a wide
variety of diseases including atherosclerosis and cancer.?
To control lipid peroxidation and oxygen radicals there is
Accepted © April 4, 2000
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a defensive system in ouor body that consists of endogenous
antioxidant defenses such as superoxide dismutase (SOD},
glutathione peroxidase (GSH-Px), and diet-derived antio-
xidative free radical scavenging molecules such as vitamin
C, E, and various carotenoids.” Lipid peroxidation has
been suggested as a caunsative factor in pregnancy-induced
hiypertension, and pre-cclampsia 1 pregnant women.*”
Serum lipid peroxidation breakdown products are elevat-
ed with the advancement of normal pregnancy, this be-
ing associated partly with the increasing content of lipo-
protens.'™ Uotila et al'® have reported that in normal
pregnancy lipid peroxidation process seems to be control-
led by adaquate anwoxidative process. However, scanty
and controversial information is available on the antioxi-
dative capacity in normal pregnancy. Moreover, little is
known about the effect of multivitamin-mineral suppleme-
ntation on the antioxidative system and lipid peroxidation
during pregnancy.

Therefore, we evaluate the changes in the antioxidative
system and lipid peroxidadon with the advancement of
normal pregnancy and the effect of a 10 week-multivi-
tamin-mineral supplementation during pregnancy on the
antioxidative system and lipid peroxidation. For the an-
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tioxidative system, we measured the concentrations of j-
carotene, tocopherol, coenzyme 10, ascorbic acid, folate,
zinc, and selenium in plasma, as well as the actwity of
SOD and GSH-Px in erythrocytes. With regard to the
lipid peroxidation, malondialdehyde (MDA) was measur-
ed in plasma.

MATERIALS AND METHODS

1. Subjects

The total study population consisted of 35 healthy, non-
smoking pregnant women who were recruited from lg-
naz-Semmelweis Frauenklinik, Vienna. They were in their
15— 20 weeks of gestation and the age of the participants
ranged from 21 to 39. Information on individual charac-
teristics and lifestyle factors were obtained by question-
naire.

2. Intervention design

The design adopted was a controlled, semi-randomized,
prospective trial. Thirty-nine subjects participated in the
intervention study. They were assigned at random to the
control (16 subjects) or supplement group (19 subjects).
The supplement group rock multivitamin-mineral tablets
once daily for a period of 10 weeks {from 24 to 34 wecks
gestation). The composition of the multivitamin-mineral
tablet is shown in Table 1. Dictary information provided
by the subjects was recorded using a 7-d weighed dietary
intake, 24h-recall, and food-frequency questionnaire, on
the basis of which, and by means of database, the dietary

Table 1. Compasition of preparation

German recommended

Content substances Amount. per dietary allowances for
tablet {(mg) pregnancy (mg/d}
Vitamin
C 95.0 100.0
Niacin 20.0 17.C
E 12.0 14.0
Pantolhenate 7.0 6.0
Ba 2.2 26
B2 1.8 18
B1 1.6 15
Folic acid 04 0.6
Biotin 0.1 0.003-0.1
B12 0.0026 0.0035
B-carotene 3.0
Mineral
Calcum 1300 1200.0
Magnesium 750 300.0
iron 15.8 30.0
Zinc 106 15.0
[odine 0.1 0.23

intake of nutrients ncluding vitamins and trace elements
was calculated.

3. Blood parameters

Blood samples (9 ml in heparinized plastic tubes) were
collected at the 20th and 34th gestational week from all
participants. Plasma was obtained from heparinized blood
samples by centrifugation {1000 epm, for 10 min). An ap-
propriate portion of platelet-rich-plasma was collected for
cstimation of ascorbic acid. The rest of the platelet-rich-
plasma was centrifuged at 3000 rpm for 15 min and the
supernatant fraction (platelet-poor-plasma) was separated.
The plasma was diwvided in appropriate aliquots and stor-
ed at — 80 untl further analysis. Erythrocytes were wa-
shed three times with isoosmotic phosphate buffered sa-
line (PBS), pH 7.4, and resuspended to the orginal volume.
The erythrocyte-suspensions were filled with nitogen gas
and frozen at — 807 before final analysis.

B-Carotene, tocopherol and coenzyme (310 were deter-
mined by a reversed-phase HPLC method.™® Plasma pro-
teins were precipitated with cthanol and lipids were cx-
tracted with n-hexane. After evaporation, residues were re-
consttuted with the eluent (dichloromethane and metha-
nol, 15 : 85 and 150 jl were injected into a gnard-column
{Merck LiChrospher 100 RP-18, 250x4.0 mm id., 5
pm). Saroples were run at a flow rate of 0.8 ml/min on a
Merck Hitachi Pump L-7100 and detected on a Merck
Hitachi UV Detector 7400 with an Integrator I-7500
(all from Merck, Germany}. Absorpton was monitored at
295 nm for tocopherol, at 450 nm for B-carotene and at
270 nm for coenzyme Q10. Concentrations were calcula-
ted from areas under the curve using an external calibra-
ton curve.

Total cholesterol in plasma was measured by the method
of Siedel et al." photometrically as an increase in the ab-
sorbance at 546 nm, using a colorimetric method from
boehringer-mannheim GmbH.

Plasma ascorbic acid was measured photometrically by
the method of Denson and Bowers.
acid is vsed to precipitare the protein in the samples and

(ki)

Trichloroacetic

to stabilize the ascorbic acid. Copper-sulfate catalyzes the
oxidation of ascorbic acid to dehydroascorbic acid. The
dehydroascorbic acid is then hydrolved to diketogluconic
acid, which when dissolved in sulfuric acid and treated
with 24-dmitrophenylhydrazine, forms an osazone. The
osazone forms a stable reddish-brown product that can
be measured photometrically at 520 nm.

Folic acid was measured using an Amersham Dual Ra-
dio Immuno Assay (RIA) kit from the Johnson & John-
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son Clinical Diagnostics Ltd (Amersham, UK).

Plasma zinc and selenium concentration were determi-
ned by atomic absorption spectrophotometry and by clec-
trothermal atomic absorption spectrophotometry, respec-
tively, according to Speitling ef al.'® All measurements were
performed on a Perkin-Elmer Model 5100 ZI. (Zeeman
Furnace Module) spectrometer equipped with Zeeman ef-
fect background correction, transversely heated graphite
tubes, hydride generator {Perkin Elmer FIAS 400), AS-70
and AS-90.

MDA was determined by HPLC using the method of
Wong et al.'” Plasma samples were diluted in phosphate
buffer and heated together with a TBA solution in a boil-
ing water bath for 60 min. The tubes were then cooled,
and 20 pl of sample injected into HPLC column (Merck,
LichroCART 250-4 Lichrospher 100 RP-18). Samples
were run at a flow rate of 1.3 ml/min and detected with
fluorescence detector. Absorption was monitored at 532
nm and 1,1,3,3-tetracthoxypropane was used as a stan-
dard.

The SOD activity was assayed in erythrocyte-suspen-
sion by the procedure of Marklund and Marlklund.”® To

Table 2. Characteristics of subjects”

Contra! group  Supplement group

{n = 1) n =19
Age (yrs) 28481 £ 1.05 28.16 + 0.85
Height {cm) 1671 =+ 1.1 1654 + 1.4
BMI (kg/m%) at 20 wk 2422 + 0.80 23.21 + 0.52
Y% ncrease in BMIL at 34 wk 12 12

1) Values represent mean + SE

500 pi of the hemolysate were added 3.5 ml of water, 1
m] of ethanol and 0.6 ml chloroform. After the cen-
trifugation at 3000 Unit/min for 2 min, various dilutions
were prepared from the supernatant. 20 p pyrogallol
were added to cach dilution after incubation at 377 for
10 min. The reaction was monitored spectrophotometri-
cally ar 320 nm for 2 min. The unit of the enzyme was
defined as the amount which inhibirs the autoxidation of
pyrogallol by 50%.

The GSH-Px was determined using the method des-
cribed by Beutler.” To 10 pl of a 1: 20 dilution of the
hemolysate /blank (H.O) were added 100 pl of 1 M Tris-
HCI-5 mM EDTA buffer (pH 8.0), 20 pl of glutadhione,
100 pl of glutathione reducrase, 100 1l of NADPH and
filled with H.O up to 1 ml. After the incubation at 377
for 10 min, 10 pl of t-butyl hydroperoxide was added to
that solution. The rcaction was run for 90 scc, and the
loss of NADPH was monitored at 340 nm by the change
in Auy ./ min. GSH-Px was expressed as [.U. (internatienal
units) /g of hemoglobin.

4. Statistical analyses

The statstdcal significance of differences between the con-
trol and supplement group was determined by the nop-
parametric Mann-Whitney U-test and comparisons for re-
sults within a group at 20 and 34 weeks gestation were per-
formed using the Wilcoxon matched pairs test. All sta-
tistical analyses were conducted using SPSS for Windows.
Values were expressed as mean &+ SE and differences were
considercd as significant at a value of p < 0.05,

Table 3. Plasma antioxidant concentrations and lipid peroxidation levels of pregnant women of control and supplement group at 20 wk gestahion

{befare intervention) and 34 wk gestation {after intervention}"

Control group (n=16)

Suppiement group (n=19)

20 wk 34 wk % change” 20 wk 34 wk % change”

Plasma antioxidant status

B-carotene (umol/L) 0.65 & 0.08 0.53 + 0.05 -18 059 + 0.08 086 £ 0.12° +46*

Tocopherol {(pmol/)” 3469 & 2.40 4017 + 1.72 +16% 3338 + 2.54 37.50 + 2.02 +12

Tocopherol/Cholesterol 6.20 £ 0.48 5.62 &+ 0.30 -9 597 £ 049 5.27 £ 0.29 =12

Coenzyme Q10 (pmalfL} 1.91 + 015 1.78 + 0.15 -7 1.39 + 0.22” 1.97 + 018 +42*

Ascorbic acid (umol/L) 96,77 £ 5.22 77.54 £ 522 — 22w 88.65 + 4.02 7745 £ 6.54 -13

Fohe acid (unmol/L) 19.09 £+ 2.60 21.78 £ 2.14 +14 2136 £ 2.21 2460 + 1.28 +15

Zinc (pmoli) 17.38 = 1.11 15.78 + (.64 -9 16.00 = 1.05 19.85 + 1.39 +24*

Selemum (pmal/L) 0.72 + 0.04 0.62 £ 0.03 - 14% 096 £ 0.03 0.72 + 0.06 — 2HHF
Plasma lipid peroxidation

MDA (pmol/L}* 1.75 + 0.09 1.56 + Q.12 =11 1.67 £ 0.14 147 £ 0.11 -12

1) Values represent mean + SE

2} Values represent the percentage of change of the mean baseline {20 wk gestation) concentration after inlervenstion (*p < 0.05, **p < 0.01}
3} Tocopherol was calculated as a-tocapheral + 025 X tocopherol

4) Malondialdehyde

5) Significant difference between control and supplement group at the haseline {20 wk gestation)

6) Sigmificant difference between control and supplement graup at the end of the study {34 wk gestation}

Normal ranges for micronutrients: B-carotene > 0.4 pmold,™ tocopherol > 163 pmolA,™ coenzyme Q10 0.5 2.1 pmol/L,
46 pmallL,™ folic acid 3> 13.6 nmol/L,*® zinc 12— 26 pmolA," selenium 0.8 — 1.5 pmol/L™

# ascarbic acid >
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RESULTS

The characteristics of subjects in the control and sup-
plement group are shown in Table 2. There were no sig-
nificant differences between the two groups with respect
to age, height, and body mass index at 20 wk and 34 wk
of gestation.

Plasma concentrations of various antioxidants are listed
in Table 3. Plasma B-carotene, tocopherol and coenzyme
Q10, ascorbic acid, folate, and zinc levels were within the
normal range during the intervention in both groups.
Plasma sclenium level was lower than published normal
values of between 0.8 and 1.5 pmol /L. Plasma concentra-
tions did not differ significantly between two groups at
the baseline, except for coenzyme (Q10. The bascline plas-
ma concentration of coenzyme Q10 was significantly hig-

35
e 20 wk
0 1 34wk
LA T T
=)
T
VIS
=
&
= 15 -
o
]
10 -
5 -
0
Control Supplement

Fig, 1. Activity of erythrocyle glulathione peroxidase of control and sup-
plement group at 20 wk (M) and 34 wk () gestaton. Error bars
represent the standard error of the mean. n = 16 {controll, n = 19
(supplement group).
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Fig. 2. Activity of erythrocyte superoxide dismutase of control and sup-
plement group at 20 wk (M} and 34 wk ()} gestation. Errar bars
represent the standard error of the mean **p < 0.01 significantly dif-
ferent from 20 wk gestation in the contrel and supplement group. n =
16 (control), n = 19 {supplement group).

her in the control group than in the supplement group.

For the conwrol group a significant decrease in plasma
concentrations of ascorbic acid and selenium was obser-
ved at 34 weeks gestation, compared to 20 weeks ges-
tation. The plasma concentration of tocopherol showed
an mcrease with the advancement of pregnancy in the
control group, but the significance disappears if it is ex-
pressed as the tocopherol /cholesterol ratio as there was
an increase in the plasma cholesterol status of the control
group throughout the intervention. The plasma concent-
rations of f-carotene, coenzyme Q10 and zinc showed a
tendency to decrease without staustical significance. The
14% increase in folic acid was also not statistically sig-
nificant by Wilcoxon matched pairs test.

In the supplement group, a significant increase (46%) in
plasma B-carotene from 0.59 + 0.08 to 0.86 = .12 pmol/
L (p <C0.05) was observed after ten weeks of 3 mg sup-
plement of B-carotene /day. Coenzyme Q10 increased by
42% and this increase was statistically significant (p < 0.
05). The supplementation of 10 mg of zinc/d increased
significantly the plasma levels of zinc by 24%. However,
there was no significant effect of multivitamin-mineral su-
pplement on plasma levels of rocopherol, ascorbic acid,
and folic acid. There was a significant decreasc in the plas-
ma selenivm concentration i the supplement group as in
the control group.

No significant changes were observed in the plasma lev-
els of MDA as a marker of hpid peroxidation (Table 3)
and erythrocyte GSH-Px activity (Fig. 1), while erythro-
cvie SOD activity increased significantly in both groups
during the intervention (Fig. 2). The changes of the plas-
ma MDA, erythrocyte GSH-Px and 50D activities were
not different between the two groups,

DISCUSSION

Normal pregnancy is accompanied by anmatomic and
physiologic changes that affect almost every function of
the body. Plasma volume begins to increase near the end
of the first rimester of pregnancy and if the availability of
nutrients or the synthesis of normal blood constituents
does not keep pace with the expansion of plasma volume,
their concentrations per 100 ml of blood will decrease,
even though the total amount may rise® This is ap-
parently what happens with plasma levels of ascorbic acid,
zinc, and selenivm in the control group of our study
(Table 3). Slightly but non-significantly clevated levels of
plasma folic acid may be caused by iron supplementation
containing folic acid in some subjects of the control
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group, which was prescribed by their doctors.

In contrast to water-soluble nutrients, fat-soluble nutri-
ents show increased serum concentrations during preg-
nancy.” We observed that the significant increase in plas-
ma tocopherol concentrations with advancing pregnancy
in control group vanished if the increasing levels of cho-
lesterol (from 5.46 = 0.26 to 7.02 + 043 mmol,/L, p<0.
01) were taken into account (Table 3). Haga and Lunde™
suggested that a better assessment of vitamin E ststus is to
measure the tocopherol level as related to B-lipoprotein be-
cause of their interdependency in circulation.

The activity of SOD in erythrocytes increased significan-
tly at 34 weeks gestation (3* trimester), compared to 20
weeks gestation (2™ trimester) (Fig. 2). The increased SOD
activity may reflect an increased spontancous generation
of superoxide in the cells™ However, there was no al-
teration in plasma MDA levels, lipid peroxidation break-
down product, with advancing pregnancy in our study
(Table 3). Tn relation to this result, Uotila ef al*® have
found that thiobarbituric acid reactive substances (TBARS)
failed to show any change seen in the course of preg-
nancy, but conjugated dienes, another marker of lipid
peroxidation, increased significantly in the 2™ trimester,
after which a decrease to the same level as in the 1* ti-
mester was noted. Loverro et al.® reported that in nor-
mal pregnancy, longitudinal observation evidenced a sig-
nificant increase of TBARS level and a rise in the activity
of SOD in 3% trimester. Controversies on the levels of
fipid peroxidation during pregnancy can be due to un-
specification and inaccuracy of these methods. Therefore,
meore reliable method for measurement of the lipid perox-
idation should be developed.

Mean plasma concentrations of [(-carotcne, coenzyme
Q10 and zinc increased significantly after 10 weeks of
supplementation in the group receiving multivitamins and
minerals at nutritienal doses (Table 3). p-Carotene, which
quenches singlet oxygen, can also function as a chain br-
eaking antioxidant in the lpid phase by neutralizing
peroxyl radicals.®® The importance of zinc in cellular an-
tioxidant and free-radical defense mechanisins has been re-
cognized for more than a decade’ during which time in-
creased lipoperoxidation (expressed as TBARS) has been
demonstrated in a variety of tissues from zinc-deficient an-
irnals*® Zinc can function as an antioxidant by involving
a role for the metal as a prosthetic group of Cu, Zn-
SOD* or associating with the sulphur-rich protein metal-
lothionein (Mt), which may function to scavenge active
oxygen species.” Coenzyme Q10 is closely related ro cel-
lular energy metabolism, which is a prominent endogenous

source of reactive oxygen species (ROS)* and has furth-
ermore been suggested as a scavenger of ROS.™

Despite of improvement of the antioxidative potential
in the supplement group, the changes of plasma MDA,
erythrocytes SOD, and GSH-Px activitics were not dif-
ferent from those of the control group (Table 3) (Fig. 1,
2). In agreement with our results, Hilbert and Mohsenin®
found that augmentation of micronutrient antioxidants
{vitamin E, C and B-carotcne) had no effect on antioxi-
dant enzyme actvitics, despite of much more amounts of
supplementation (500 mg of ascorbate, 400 IU of a-to-
copherol, 7.5 mg of B-carotene), compared to ours. There
arc potentially several reasons as to why multivicamin-min-
eral supplementation was not effective In altering antioxi-
dant enzymes: 1) the multvitamins and minerals may
not be enough to quench the oxidants. 2) the mechanism
of antioxidant adaptation to oxidative stress is different for
plasma antioxidative nutrients and erythrocyte enzymatic
antioxidants.

In summary, ow data suggest that multivitamin-mineral
supplementation during pregnancy produced moderate in-
creases in plasma B-carotenc, coenzyme Q19, and zinc con-
centrations but the enhancement of these plasma antioxi-
dants has no direct effect on the plasma level of MDA,
crythrocyte SOD or GSH-Px activities, Further studics
are needed to clanfy the relationship between lipid perox-
idation and antioxidative function and the effect of an-
tioxidative nutrients supplementation on these variables dur-
ing pregnancy.
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