British Journal of Nutrition(1998),80, 67—-73 67

Maternal and neonatal plasma antioxidant levels in normal pregnancy,
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During pregnancy, maternal plasma concentrations of the peroxidation-susceptible polyunsatu-
rated fatty acids (polyenes) increase. In addition, the proportion of polyenes is higher in neonatal
plasma than in maternal plasma. To study whether these increased amounts of polyenes affect
antioxidant levels, we measured lipid-soluble antioxidants in maternal and neonatal plasmas
obtained during thirty-five normal pregnancies. These values were then related to the degree of
phospholipid-fatty acid unsaturation. Maternal plasma levels of tocopherols and lutein increased
during pregnancy, as assessed at 14, 22, and 32 weeks of gestation. H@acetene levels
decreased, and levels of other carotenoids remained unchanged. Retinol levels were only decreased
at 32 weeks of gestation. The value f@tocopherol : phospholipid-polyene unsaturation index

(Ul) also increased during pregnancy, despite the observed increase in Ul. Corresponding ratios for
several carotenoids and retinol, however, decreased during pregnancy. After delivery, maternal
plasma levels oé-tocopherol ang + y-tocopherol, as well a8 + y-tocopherol : Ul values, were

lower than values at 32 weeks of gestation. Umbilical-cord plasma antioxidant levels and
antioxidant : Ul values, except retinol: Ul, were significantly lower than maternal values. Sig-
nificant and consistent cond maternal correlations were observed for plasma levels pfy-
tocopherol, lutein an@-carotene, but not far-tocopherolx-tocopherol, lycopeney-carotene, and

retinol. In conclusion, although during pregnancy maternal plasma tocopherol levels increased
concurrently with, or more than, fatty acid unsaturation in plasma phospholipids, the decrease in
carotenoid : Ul values during gestation, the decrease in maternal plasma lei4tgopherol and

B + y-tocopherol after delivery, and the low neonatal antioxidant levels merit further investigation.
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Results from a prospective survey have shown that in plasma vitamin E levels standardized for plasma total lipid
pregnant women the total amount of fatty acids in plasma (Mino & Nagamatu, 1986), cholesterol (Jagadeesan &
phospholipids increase by 51 % from week 10 to week 40 of Prema, 1988&; Uotila et al. 1991), or LDL (Hama et al.
gestation (Alet al.1995). The largest increases were noticed 1982) levels appear to remain constant during pregnancy.
in the concentrations of saturate¢q7 %) and monounsa- However, declining levels of triacylglycerol-standardized
turated ¢65%) fatty acids, butn-6 (+44%) andn-3 plasma vitamin E levels during pregnancy have been
(+41%) polyunsaturated fatty acids levels were also sig- reported also (Jagadeesan & Prema, 898Reports on
nificantly increased. In addition, the proportion of polyun- total carotenoid levels and vitamin A (retinol) during
saturated fatty acids was found to be higher in neonatal pregnancy are inconclusive (Morst al. 1975; Panthet
plasma than in maternal plasma. Since polyunsaturated fattyal. 1990), and information about individual carotenoids
acids are very susceptible to oxidation, these changes mayduring pregnancy is scarce. In addition, the degree of
affect the plasma antioxidant status. unsaturation of the plasma lipids has not been taken into
Several studies have shown that maternal plasma levels ofaccount in these studies.
the lipid-soluble antioxidant vitamin E also increase during  In the newborn, plasma antioxidant levels have been
pregnancy (Fga et al. 1982; Mino & Nagamatu, 1986; found to be low compared with maternal levels (Jagadeesan
Uotila et al. 1991). Increases in maternal plasma vitamin E & Prema, 1980; Martinez et al. 1981; Haya et al. 1982;
levels during pregnancy coincide with increased amounts of Hussein et al. 1988; Panthet al. 1990; Uotila et al.
various plasma lipid classes (Mino & Nagamatu, 1986), and 1993; Rondoet al. 1995). Although levels of total lipid,
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lipoproteins, cholesterol and triacylglycerols are low also plasma using a modified Folch method. Then, the
(Jagadeesan & Prema, 198Martinezet al. 1981; Hajaet phospholipids were separated on aminopropyl-bonded
al. 1982; Uotilaet al. 1993), the previous prospective survey silica columns, and saponified. The fatty acids were
(Al et al. 1995) observed a higher proportion of highly- transmethylated with Bf~methanol, and the corresponding
unsaturated fatty acids, e.g. arachidonic acid and docosa-methyl esters were quantified on a non-polar capillary
hexaenoic acid, in umbilical-vein plasma phospholipids, as column. Fatty acid unsaturation was estimated by calculat-
compared with maternal plasma phospholipids. ing the polyunsaturated fatty acid (polyene) unsaturation
Thus, we have investigated maternal plasma levels of index (Ul) as the sum of the millimolar concentration of
tocopherol isomers, several carotenoids, and retinol duringeach polyene in the phospholipids multiplied with its
the course of pregnancy and postpartum, and have com-number of double bonds. The Ul of phospholipids was
pared these levels with the degree of fatty acid unsatura-used since phospholipids are structural lipids very rich in
tion. In addition, lipid-soluble antioxidant levels and fatty polyenes. Moreover, changes in the oxidation-susceptible
acid unsaturation were measured in umbilical cord polyene levels are most pronounced in the phospholipid
plasma. fraction (Holman, 1986).
Statistical analysis. The four serial maternal samples
. collected during the 1st, 2nd and 3rd trimester and
Subjects and methods postpartum, were compared by repeated-measures
Subjects and samples ANOVA using least-squares estimates of marginal means
) . for unbalanced designs. Postpartum maternal and cord
Plasma samples, with EDTA as an anticoagulant, were pjasma samples were compared by paired Studeénést
obtained from a study in which 140 pregnant women and Spearman correlation coefficients. ANOVA residuals
originally participated (Alet al. 1995). After analysis of  and maternal-neonatal differences were checked for
the phospholipid-fatty acid patterns performed for that normality by Shapiro-Wilk statistics, which confirmed
study, thirty-five complete sets of 1st, 2nd, and 3rd trimester normal ~distributions for most reported antioxidants
maternal plasma samples, thirty-two postpartum _materr)al (Table 1) and all fatty acids (Table 2). For the non-
samples and twenty-seven concurrent umbilical-vein normally-distributed antioxidants;tocopherola-carotene
plasma samples were ava!lable for antlo_X|dant analysis. and g-carotene, trends during pregnancy and maternal—
The women were of Caucasian race, had singleton pregnanneonatal differences were also evaluated using the non-
cies, were normotensive, had no metabolic, cardiovascular,parametric Friedman test and signed rank test respectively.
neurological or renal disorder, and did not develop gesta- However, this revealed no essential differences from para-
tional diabetes. The thirteen female and fourteen male metric statistical ana'ysis_ ThUS, aP values refer to
infants were born at term and were appropriate for gesta- parametric analyses. Maternal plasma levels were evaluated
tional age. The 1st, 2nd, and 3rd trimester plasma samplesas compared with levels in the 1st trimester, and as compared
were collected at 14, 22, and 32 weeks of gestation respecith levels in the previous trimester. As this involved five
tively. Postpartum maternal and umbilical-vein (cord) simultaneous comparisons, the level of significance between
plasma samples were taken immediately after delivery (Al moments of sampling was setRt< 0-01. To study whether
et al. 1995). Plasma samples had been stored for 2—4 yearsyepnatal antioxidant levels were related to maternal antiox-
at —80". A pilot study has shown that the concentration of jgant levels before delivery, Spearman correlation coefficients
the reported antioxidants is stable in plasma stored for 5 were also computed between neonatal values and maternal
years at-80° (Oostenbrug, 1996). values during each trimester. Spearman correlation coeffi-
cients were preferred since in one or two sets of maternal and
Methods neonqtal plasma samples, antioxidant Ieyels were consider-
ably higher than those in the other sets, which largely affected
Plasma antioxidants Plasma was analysed by HPLC for Pearson correlation coefficients. Values are reported as means
tocopherol isomersé( 8+ v, and «), carotenoids (phyto-  with their standard errors. All statistical analyses were
fluene, lutein, lycopeney-carotene-carotene) and retinol  performed using SAS 6.09 (Statistical Analysis Systems,
(Hesset al.1991; Oostenbrugt al. 1997). All samples from 1989-1992).
one subject and her neonate were analysed in the same
analytical run. Since pure phytofluene was not available,
guantitative determination of this compound was not Results
possible. On a reversed-phase columsrtocopherol co-
elutes withy-tocopherol and, therefore, they are reported
together. Twelve analyses of a mixture of antioxidant Maternal plasma levels @tocopherol {74 %), 3+v-toco-
standards in six runs showed CV ranging from & 36 % pherol (42 %), a-tocopherol {46 %), and lutein (41 %)
for the various antioxidants. The mean recovery of the increased steadily from the 1st trimester to the 3rd trimester
internal standard retinyl acetate added to plasma sampleqP < 0-001; Table 1).3-Carotene levels decreased during
was 101 §e 0-6)%, and the detection limit in plasma pregnancy, and levels in the 3rd trimester were 20% lower
samples was-003pmol/l for all antioxidants. than levels in the 1st trimestelP & 0-003). Plasma levels of
Plasma phospholipid-fatty acids Details of the plasma  the other carotenoids did not significantly change during
phospholipid-fatty acid analysis have been reported pre- pregnancy (Table 1). Plasma retinol levels were decreased
viously (Al et al. 1995). Briefly, lipids were extracted from  during the 3rd trimester onlyP(< 0-0001).

Maternal plasma antioxidant levels during pregnancy
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Table 1. Maternal and neonatal (cord) plasma antioxidant levels (wmol/l) in normal pregnancy8
(Mean values with their standard errors for the no. of samples shown in parentheses)

Maternal level during gestation

1st Trimester 2nd Trimester 3rd Trimester Postpartum Cord level C:PP§
(35) (35) (35) (32) (27) (%)
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Tocopherols 30-18 111 36-62** 1-15 42:81**tt 1-35 41-55** 1-82 8:29% 0-381 21-8 18
6-Tocopherol 0-17 0:02 0-20 0-02 0-24** 0-02 0171t 0-01 0-05% 0-007 277 4-3
B + y-Tocopherol 275 0-17 3-17 0-20 3:66**t 0-26 2:791t 0-19 0-50% 0-044 199 17
a-Tocopherol 27-26 1-04 33:25%* 1-09 38-90**t T 1-24 38-59* 177 7-74% 0-357 22:0 1-8
Carotenoids 1-46 0-08 1-45 0-07 1-50 0-08 1-46 0-10 0-23% 0-:025 17-4 19
Lutein 0-48 0:03 0-57* 0-03 0-65** 0-04 0-64** 0:04 0-15% 0-018 254 30
Lycopene 0-62 0-05 0-55 0-03 0-57 0-03 0-48** 0-03 0-04% 0-005 88 09
«a-Carotene 0-06 0-01 0-06 0-01 0-05 0-00 0-06 0-01 0-01% 0-001 18-2 25
B-Carotene 0-30 0-02 0-27 0-02 0-24* 0-02 0-28 0:05 0-03% 0-:004 15-9 19
Phytofluene || 0:60 0:05 0-58 0-04 0-66 0-05 063 0-05 (0-00—0-04)1q
Retinol 1-37 0:05 1-33 0-05 1-11%*tt 0-05 1-32tt 0-07 0-67% 0-037 55-0 4-1

C: PP, average value for cord : maternal postpartum levels, expressed as a percentage.

Mean values were significantly different from those for 1st trimester (repeated measures ANOVA): * P < 0-01, ** P < 0-001.

Mean values were signifcantly different from those in the previous column (repeated measures ANOVA): t P < 0-01, T TP < 0-001.
Mean values were significantly different from maternal postpartum levels (Student’s paired t test): ¥ P < 0-001.

§ For details of subjects and procedures, see p. 68.

|| Phytofluene chromatogram peak areas are expressed in mV x min/pl plasma (x 100).

9 Only 5 cord samples contained detectable concentrations of phytofluene; range is shown in parentheses.

Immediately after delivery, maternal plasmetocopherol Comparison of changes in maternal plasma antioxidant
and lutein levels remained increased, béstocopherol levels during pregnancy with changes in plasma
(P=0001 v. 3rd trimester) andg+vy-tocopherol P < phospholipid-fatty acid unsaturation

0-0001v. 3rd trimester) levels were lower than levels in the

3rd trimester, and similar to 1st trimester levels. Postpartum Maternal plasma levels of all fatty acids in the phospholipid
plasma lycopene levels were lower than 1st trimester levelsfraction also increased during pregnancy. The 25 % increase
(P=00006; Table 1), but fora-carotene,3-carotene and in polyunsaturated fatty acids in phospholipids resulted in a
phytofluene, post- and prenatal levels were not significantly 22 % increase in the polyene Ul during pregnancy (Table 2).
different. Maternal plasmax-tocopherol: Ul values increased by

Table 2. Fatty acid composition (mmol/l) and unsaturation index of maternal and neonatal (cord) plasma phospholipids in normal pregnancyg
(Mean values with their standard errors for no. of samples shown in parentheses)

Maternal value during gestation

1st Trimester 2nd Trimester 3rd Trimester Postpartum Cord level C:PP§
(35) (35) (35) (32) (27) (%)

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Total fatty acids 5-26 0-15 6-12** 0-17 6:68**tt 0-16 6-35** 0-22 2.10% 0-06 34-2 19
Saturates 2:41 0-08 2:81** 0-08 3:10**tt 0-08 2:99** 0-11 1-05% 0-03 36-3 2:1
Monoenes 0-56 0-02 0-69** 0-02 0-77** 1t 0-02 0-75** 0:03 0-24% 0-01 321 19
18:n-9 0-40 0-01 0-50** 0-02 0-57**tt 0-02 0-56** 0-02 0-14% 0-01 26-1 15
Polyenes 2:10 0-07 2:39** 0-06 2:60**tt 0-06 2:42%* 0-09 0-79% 0-02 340 19
n-6 fatty acids 1-81 0-06 2:06** 0-06 2:26** 1t 0:06 2:11** 0-08 0-65% 0-02 32:0 19
18:2n-6 1-12 0-04 1-27** 0-04 1-46**tt 0-04 1-32%f 0-05 017% 0-01 13-2 1-0
20:4n-6 0-47 0-02 0-50 0-02 0-50 0-02 0-49 0-02 0-33% 0-01 69-3 4-1
n-3 fatty acids 0-28 0-01 0-32** 0-02 0-33** 0:01 0-30* 0-02 0-13% 0-00 47-3 2:9
22:6n-3 0-20 0-01 0-23** 0-01 0.24* 0-01 0-22** 0-01 0-12% 0-00 555 33
Unsaturation index || 6-40 0-20 7-28** 0-21 773 0.19 7-28** 0.28 2:94% 0-08 42-1 23

C: PP, average value for cord: postpartum maternal levels, expressed as a percentage; monoenes, monounsaturated fatty acids; polyenes, polyunsaturated fatty
acids.

Mean values were significantly different from those for 1st trimester (repeated measures ANOVA): * P < 0-01, ** P < 0-001.

Mean values were significantly different from those in the previous column (repeated measures ANOVA): t P < 0-01, 1 P < 0-001.

Mean values were significantly different from maternal postpartum levels (Student’s paired t test): ¥ P < 0-001.

§ For details of subjects and procedures, see p. 68.

|| Calculated as the sum of the millimolar concentration of each polyene multiplied with its number of double bonds.
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20% (P <00001) during pregnancy, despite the increase phytofluene could be detected and, therefore, correlation
in Ul (Table 3). On the other hand, values for lycopene: Ul analysis was not performed. Cord retinol levels were on
(=17 %, P < 0-0001),-carotene : Ul {21 %, P = 0-0003),3- average 55% of maternal levels, but cord and maternal
carotene : UI{33 %,P < 0-0001), and retinol : UI{33 %,P < postpartum levels did not correlate. F®#- y-tocopherol,
0-0001) decreased during pregnancy. Results were essentiallyutein, and 3-carotene neonatal levels also consistently
similar when antioxidant levels were standardized for total correlated with maternal levels before delivery (Table 4).
fatty acid or total polyunsaturated fatty acids levels. Total, saturated, monounsaturated, and tot&l poly-
After delivery, maternak-tocopherol : Ul values tended unsaturated phospholipid-fatty acid levels in cord plasma
to be higher than corresponding values for 3rd trimester were on average 32-36% of maternal plasma levels. For
ratios @ =0-020), but this change did not reach the statis- total n-3 fatty acids, the mean cord value relative to the
tical significance level set & < 0-01. All carotenoids : Ul maternal value was 47 %. However, large differences between
values after delivery were also similar to those in the 3rd the individual fatty acids were present (Table 2). The polyene
trimester. However-tocopherol : Ul P = 0-008) and3++- Ul was on average only 42 % of maternal postpartum values.
tocopherol : Ul P=0-0005) values were significantly lower Nonetheless, tocopherols:Ul values and carotenoids: Ul
after delivery as compared with 3rd trimester levels values were still significantly lower in cord samples as
(Table 3). The decrease in retinol : Ul observed in the 3rd compared with postpartum maternal samplEs<(-0001;
trimester was partly normalized after delivery, but corre- Table 3). Retinol: Ul values, however, were significantly
sponding postpartum values were still lower than those in higher than postpartum maternal valuBs=(0-0036).
the 1st trimesterR < 0-0001).

Discussion
Comparison of neonatal plasma antioxidant and

phospholipid-fatty acid levels with maternal values The present study investigated maternal plasma antioxidant

levels during pregnancy and their relationships with neona-
All cord samples had significantly lower levels of antiox- tal antioxidant levels. In addition, antioxidant levels were
idants than concurrent maternal sampld3<(0-0001). analysed in relation to fatty acid unsaturation of plasma
Average cord levels of tocopherols and carotenoids were phospholipids.

9-28 % of maternal levels (Table 1). Although postpartum  Maternal plasma total tocopherol levels increased signif-
B+ y-tocopherol levels in maternal plasma significantly icantly during pregnancy, as has been reported for vitamin E
correlated with levels in cord plasma (Table 4), this was (Hagaet al. 1982; Mino & Nagamatu, 1986; Uotilat al.

not the case fors-tocopherol anda-tocopherol. Conse-  1991), despite the large increase in plasma volume observed
quently, total tocopherol levels also did not correlate. during the course of pregnancy (Lund & Donovan, 1967).
With the exception of lycopene, carotenoid levels in post- The increase in tocopherol levels was still observed when
partum maternal and cord plasma correlated significantly. In adjusted for the increase in plasma unsaturation, as esti-
only five of twenty-seven cord samples, small traces of mated by the phospholipid-polyene Ul. Thus, the increase

Table 3. Values for plasma lipid-soluble antioxidant levels: plasma phospholipid-polyunsaturated fatty acid unsaturation index in normal
pregnancys§||

(Mean values with their standard errors for the no. of samples shown in parentheses)

Maternal ratio during gestation

1st Trimester 2nd Trimester 3rd Trimester Postpartum Cord
(35) (35) (35) (32) (27)
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Tocopherols 4-721 0-088 5-044* 0-085 5:533**tt 0-099 5:714** 0.145 2-8161% 0-089
6-Tocopherol 0-027 0-002 0-028 0-003 0-031 0-002 0-024t 0-002 0:016%% 0-002
B + y-Tocopherol 0433 0-026 0.438 0-026 0-474 0-031 0-387171 0-024 0-169%% 0-012
a-Tocopherol 4-261 0-079 4-577** 0-084 5:027**tt 0-:092 5-302** 0-147 2:6321% 0-084
Carotenoids 0-234 0-013 0-205* 0-010 0-197* 0-010 0-202** 0-011 0-079%% 0-008
Lutein 0-076 0-005 0-081 0-005 0-085 0-005 0-089* 0-005 0-052%% 0.006
Lycopene 0-:099 0-007 0-078** 0-005 0-074* 0-004 0-068** 0-005 0-013%% 0-001
«-Carotene 0-010 0-001 0-008 0-001 0-007** 0-001 0-008 0-001 0-0031% 0.000
B-Carotene 0-048 0-004 0-038** 0-003 0-031**t 0-002 0-037** 0-005 0-011%% 0-001
Phytofluene 0-094 0-008 0-082 0-006 0-086 0-006 0-088 0-007 (0-000-0-012)11q
Retinol 0-219 0-008 0-188** 0-008 0-146**tt 0-:007 0-184**tt  0-008 0-229% 0-011

Mean values were significantly different from those for 1st trimester (repeated measures ANOVA): * P < 0-01, ** P < 0-001.

Mean values were significantly different from those in the previous column (repeated measures ANOVA): T P < 0-01, t1 P < 0-001.
Mean values were significantly different from maternal postpartum levels (Student’s paired ¢ test): ¥ P < 0-01, 1 P < 0-001.

§ For details of subjects and procedures, see p. 68.

|| Values are expressed as wmol antioxidant/no. of double bonds per mmol polyenes (for details, see p. 68 and Tables 1 and 2).

9 Only five cord samples contained detectable concentrations of phytofluene (range is given).
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Table 4. Spearman correlation coefficients between neonatal and maternal plasma
antioxidant levels during pregnancy and postpartum

Gestational period

1st Trimester 2nd Trimester  3rd Trimester  Postpartum

Tocopherols 0-082 0-041 —0-002 —0-223
6-Tocopherol 0-169 0-121 0-369 0-299
B + y-Tocopherol 0-567** 0-473* 0-658*** 0-536**
a-Tocopherol 0-077 0-013 —0-094 —-0-175

Carotenoids 0-463* 0-570** 0-787** 0-476*
Lutein 0-703*** 0-582** 0-854*** 0-534**
Lycopene 0-427* 0-363 0-345 0-354
a-Carotene 0-228 0-173 0-344 0-489*
B-Carotene 0-431* 0-603*** 0-682*** 0-468*

Retinol —0-002 —0-059 0157 0-236

*P < 0-05, * P < 0:01, ** P < 0-001.

in phospholipid-polyunsaturated fatty acid levels during that the decline during late gestation was due to the poor
pregnancy did not compromise the vitamin E status. nutritional status of the women, or increased transfer of
Others have reported constant maternal plasma vitamin Eretinol across the placenta. In our study, the women were
levels during pregnancy, when standardized for total lipid well-nourished (Alet al. 1996), but increased placental
(Mino & Nagamatu, 1986), cholesterol (Jagadeesan & transfer may explain the sudden decrease during the 3rd
Prema, 1988, Uotila et al. 1991), or LDL (Haa et al. trimester. However, it is unclear why this decrease was then
1982) concentrations, while triacylglycerol-standardized no longer present after delivery. Furthermore, in another
vitamin E levels decreased during pregnancy (Jagadeesargroup of pregnant women studied at our department (Oosten-
& Prema, 198@). Standardization for triacylglycerols, brug, 1996), postpartum retinol levels@&umol/l) were as
however, may be less important in view of potential oxida- low as 3rd trimester levels {8umol/l).
tive stress, since the degree of unsaturation in triacylglycer- Several studies (lioka&t al. 1991; Uoctilaet al. 1991;
ols is relatively low (van der Schouet al. 1991). Wanget al. 1991) have investigated whether the changes in
Al et al. (1995) suggested that the increase in maternal antioxidant levels during pregnancy were sufficient to prevent
plasma phospholipid-polyunsaturated fatty acid levels could peroxidation of the increased levels of polyunsaturated fatty
be due to increased mobilization from maternal stores. In acids, but results are conflicting. All investigators reported an
this lipid environment, vitamin E may have been transported increase in vitamin E levels during pregnancy and, indeed,
to the plasma also, although the increases in plasma vitaminWanget al. (1991) found no increase in thiobarbituric acid-
E levels were larger than the increases in phospholipid-fatty reactive substances in serum. lioggal. (1991), however,
acid levels. However, most carotenoid levels did not reported a significant increase in plasma lipid peroxide levels
increase with phospholipid-fatty acid levels during preg- during pregnancy. Uctilat al. (1991) found increased con-
nancy, and the antioxidant: Ul value for these antioxidants centrations of conjugated dienes in serum only during the 2nd
decreased. It is unknown whether a difference in the capa-trimester, while serum levels of thiobarbituric acid-reactive
bility to mobilize from stores may explain the differences substances decreased non-significantly during pregnancy and
between the response of the various antioxidants duringfluorescent chromolipid levels did not change.
pregnancy. Although the decrease in carotenoid : Ul value Postpartum, maternal plasmatocopherol and carote-
during the course of pregnancy may have affected the noid levels were similar to levels after 32 weeks of gesta-
antioxidant status, Davidget al. (1992) reported that the  tion. This was also found for vitamin E (igaet al. 1982),
antioxidant capacity of serum to inhibit autoxidation of whereas others have reported that the increase in maternal
brain homogenatein vitro steadily increased during preg- «-tocopherol levels during gestation continued until birth
nancy. Other studies, in which only total carotenoid levels (Mino & Nagamatu, 1986). Our study, however, showed
were measured, have shown an increase (Retrah 1990) thaté- andg + y-tocopherol levels were lower immediately
or no change (Morset al. 1975) during pregnancy. This after delivery as compared with levels in the 3rd trimester.
discrepancy may be due to the predominance of certainIn a previous study in which oxidative stress was studied in
carotenoids in the diet of the populations studied. Our study patients undergoing percutaneous transluminal coronary
showed, for example, that lutein levels increased, whereasangioplasty, we also noticed a decrease in oslyand
(-carotene levels decreased during pregnancy (Table 1). InG+~y-tocopherol levels in LDL 2d after the procedure, but
the present study, retinol levels were only decreased duringno decrease in-tocopherol levels (Oostenbreg al. 1997).
the 3rd trimester as compared with the 1st and 2nd trimesterHowever, the reason for the difference in response between
and postpartum. Morset al. (1975), however, found no the tocopherol isomers is still unclear.
change in maternal plasma vitamin A during pregnancy, Cord plasma contained lower antioxidant levels than
whereas Pantét al. (1990) reported higher vitamin A levels maternal plasma, as has already been reported for vitamin
at mid-gestation, as compared with early and late gestation,E, §-carotene, total carotenoids, and retinol (Jagadeesan &
in low socio-economic class Indian women. They suggested Prema, 1986; Martinez et al. 1981; Haya et al. 1982;
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Husseinet al. 1988; Panttet al. 1990; Uotilaet al. 1993; fluene in cord samples indicates that this carotenoid is not
Rondo et al. 1995). Cord levels were also lower than transferred from maternal to cord plasma at all. The absence
maternal levels during early gestation. Although it has of phytofluene in cord samples was not due to lack of
been suggested that the lower vitamin E levels in the sensitivity, since we are able to detect phytofluene levels
newborn are due to low total lipid (Martinezt al. 1981) which are 1000 times as low as average maternal levels.
or LDL (Hagaet al. 1982) levels, in the present study cord Retinol levels in cord and maternal plasma did not
total phospholipid-fatty acid-standardized tocopherol and correlate, as has been reported in Scandinavian (Uetila
carotenoid levels (results not shown) and Ul-adjusted ratios al. 1993) and Brazilian (Rondet al. 1995) populations.
were still significantly lower than maternal values. Consis- Studies from India (Shah & Rajalakshmi, 1984) and Egypt
tent with our results, lipid-standardization of plasma vitamin (Hussein et al. 1988), however, reported a significant
E levels using cholesterol levels also revealed lower neo- correlation between cord and maternal levels. Although
natal than maternal values (Jagadeesan & Premap].980 average maternal retinol levels were lower in the latter
our study, retinol levels in cord plasma were about half studies (8B8—211umol/l) as compared with our study and
maternal levels. It is unknown, however, whether increased the studies of Uotilaet al. (1993) and Rondet al. (1995)
placental transfer during late gestation, as suggested by(1-3—1:7 wmol/l), Shahet al. (1987) found a higher correla-
Panthet al. (1990), may explain the relative high cord tion coefficient in a high-income group with higher retinol
levels of retinol as compared with the other antioxidants. levels as compared with the low-income group.
Lipid-soluble antioxidants act as important radical sca- In conclusion, the present study shows that during preg-
vengers in lipophilic compartments, such as membranes,nancy the increase in maternal plasma phospholipid-fatty
but several other compounds may also contribute to anti- acid levels, and thus in peroxidation-susceptible polyunsa-
oxidant defences (Niki, 1987). Although vitamin E belongs turated fatty acids and the Ul, is accompanied by an equal or
to the first line of antioxidant defence against lipid-soluble even larger increase in tocopherol levels, but that carotenoid
peroxyl radicals (Freet al. 1992), vitamin C is capable of levels do not increase concurrently. Furthermore, maternal
regenerating oxidized vitamin E (lioket al. 1991), while plasmas- and g + y-tocopherol levels decrease after deliv-
being consumed. In contrast to lipid-soluble antioxidant ery, and umbilical cord levels of tocopherols and carote-
levels, however, vitamin C levels in umbilical vein plasma noids are lower than maternal levels, even after correction
are higher than levels in maternal plasma (Guajatial. for the lower polyunsaturated fatty acid content of plasma
1995). Nonetheless, the total antioxidant capacity of serum phospholipids in neonates. Additional studies are necessary
to inhibit autoxidation of brain homogenates is lower in to elucidate the mechanism of the reported changes in
neonates than in adults (Sullivan & Newton, 1988). On the plasma antioxidant levels, and to show whether these
other hand, the total free-radical trapping ability of plasma changes may have physiological consequences.
is similar in term neonates and adults (Lindemainal.
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