PLASMA VITAMIN E METABOLITE CONCENTRATIONS IN PREGNANT
WOMEN AND UMBILICAL CORD BLOOD PAIRS

By

Svetlana Didenco

A THESIS

Presented to the Department of Graduate Programs in Human Nutrition
and the Oregon Health & Science University
School of Medicine
in partial fulfillment of
the requirements for the degree of

Master of Science in Clinical Nutrition

December 2009

School of Medicine
Oregon Health & Science University




CERTIFICATE OF APPROVAL

This is to certify that the Master’s Thesis of
Svetlana Didenco

has been approved

Cindy McEvoy, MD

Maret Traber, PhD

Melanie Gillingham, PhD, RD



Table of Contents

LIST OF TABLES ...ttt reaneene e i
LIST OF FIGURES ...ttt bbbt ii
LIST OF ABBREVIATIONS. ... ..ottt st iv
ACKNOWLEDGEMENTS ...ttt st Vi
F N =S I ¥ O USSR vii
CHAPTER 1. INTRODUCTION ...ttt st 1
SIGNITICANCE ...ttt nteertesreenne et 1
SPECITIC ATIMS ..ttt e e e e e s reesreeseesneesreente s 3
CHAPTER 2. BACKGROUND INFORMATION .....ccciiiieiieiisese s 4
Vitamin E Structure and MetaboliSM........ccccveieiiiiinieiesesse e 5
Vitamin E Function and Dietary INtake ... 11
Y-TOCOPNEION ..ottt ae e 13
Placenta and VItamIn E .........cccooiiiioiiiieiee e 15
CHAPTER 3. METHODS ..ottt nne s 21
(€ T o I LTS T | o RSP 21
Sample Recruitment and SeleCtion ...........cccccveviiieiieie i 21
STUAY DESIGN ..t 23
Data Collection MethOUS.........c.ooviiiiiiiiseeeee e 25
SEALISTICAI ANAIYSIS ... 27
Administrative Responsibilities during Data Collection.............cccccevveveiieieenne 29
[T g =LA o] USSR 29
CHAPTER 4. RESULTS ...ttt sttt st nne s 31
SAMPIE CharaCteriSICS ......cveviiiitiiteii e 31
Plasma Vitamin E and Metabolite Concentrations ............c.ccoovevevereneneiesesennens 36
DiIEtary PAramMetEIS .......cceiiiiiieie ettt 38
Influence of Demographics and DeliVery ... 41
Relationship between Maternal and Cord Biochemical Parameters........................ 42
Relationship between Dietary and Biochemical Parameters............c...ccccceevveieennnns 45
CHAPTER 5. DISCUSSION .......coiiiiicieieiese ettt nne s 50
01U 011 10T ST 50
[O0] 0] 111 [ 3 S OSSR 63
REFERENGCES ..ottt sttt ettt st sne e areens 64
APPENDICES ...ttt sttt r e e et e ntenrenrenreene s 71
A: Questionnaire Regarding Prenatal Vitamin Intake and Study Visits ................. 71
B: Vitamin E Assay — AmMperometric DeteCtion ...........cccoovvvvieiieienene e 72



Table 1.
Table 2.
Table 3.
Table 4.
Table 5.

Table 6.
Table 7.
Table 8.

List of Tables

Inclusion and exclusion criteria for reference group of non-smokers ..............
Summary of StUAY deSIGN .......ooviiieiice e
Demographic indices of participating mothers...........ccccoovvvvevinieiienese e,
DEliVEry OULCOMES ......oveeiecie sttt

Maternal and cord plasma total lipids, tocopherol, tocopherol/total
lipids ratio, and CEHC concentrations, with paired t-test statistics..................

Diet NIStOrY SUMMEAIY......ciiiiiiiieiteii e
Follow-up qUESLIONNAITE SUMIMANY .......cceevveieerieeresieesteeie s e sre e e sre e nas

Pearson’s correlations between maternal and cord tocopherol and CEHC
CONCENEIALIONS ...t

Table 9. Metarnal Pearson’s correlations between dietary and biochemical

PAIFAMELEES ....eeieeeeee ettt e e e s e e e e s s s st r e et e e e e s s snanrbreeeaeeeeeeaane

Table 10. Cord Pearson’s correlations between dietary and biochemical

PAIFAIMELEES ....eeieeee ettt ettt e e s e e e e e s s et r e e e e e e s s s snnrrrereaeeeeeeaane

Table 11. Pearson’s correlations between CEHC/tocopherol ratios and total dietary

Vitamin E intake (N = 11) covoiiiie e



Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.

Figure 8.

Figure 9.

List of Figures

Structures of a- and y-tOCOPNErol ..o 6
Absorption and transport of Vitamin E............cccocoeiviiiiiiesiec e 8
Degradation of a-tocopherol by ®- and B-0Xidation .............cccceeeveriiennnnnnn 10
Maternal-placental-fetal UNit.............ccccooveiiiiiiicie e 16
Cook’s distance of each subject’s a-tocopherol value .............cccoccevvrvninnne. 32
Correlation between maternal and cord a-tocophero/total lipids ratio............ 44
Correlation between maternal a-tocopherol/total lipids ratio and cord

O-CEHC Lo 44
Correlation between maternal total vitamin E intake and maternal a-

tocopherol/total lPids ratio.........ccccceeeveiieiicic e 49
Correlation between maternal total vitamin E intake and cord a-CEHC........ 49

Figure 10. Differences in CEHC concentrations between maternal and cord plasma..... 58



List of Abbreviations

a-CEHC ..o 2,5,7,8-tetramethyl-2-(2’-carboxyethyl)-6-hydrochroman
BT TP s alpha-tocopherol transfer protein
Y-CEHC ..o 2,7,8-trimethyl-2-(2’-carboxyethyl)-6-hydrochroman
¥ L3210 SR SU PSSR micromole
AGA appropriate for gestational age
all-rac-a-tocopherol ...........ccccoviiiiciciiece e, synthetic form of a-tocopherol
BIMI e Body Mass Index
o oSSR milligram
GO s cyclooxygenase 2
Vet coefficient of variation
Y P s cytochrome P450
DRIt Dietary Reference Intake
EAR Estimated Average Requirement
ED T A s ethylenediaminetetraacetic acid
B O H bbb b ethanol
] 0SSR gram
NCG . human chorionic gonadotropin
HDL oottt high-density lipoprotein
HPLC e high performance liquid chromatrography
IRB e Institutional Research Board
LU ettt nes Internation Unit
KCAL .. ettt kilocalorie
TP PR PR liter
0 ST TOUOSRPROSIS low-density lipoprotein
LG A s large for gestational age
P L e lipoprotein lipase
L]0 O TSRS U TR UR ST URPTO milligram
4]0 110 LRSS millimole
MRP <. multi-drug resistance protein
NDSR ..o Nutrition Data System for Research



NHANES HI ..o, Third National Health and Nutrition Examination Survey

110070 RSP S VT PP URPRPRPRPRIR nanomole
OHSU ... Oregon Health & Science University
PURFA ettt polyunstaturated fatty acids
RDA Recommended Daily Allowance
RINS e reactive nitrogen species
RRR-0-t0COPNErOl........coiiiieieii e, natural form of a-tocopherol
S DD bbbt e s standard deviation
SG A small for gestational age
STATA e Data Analysis and Statistical Software
TN 0L tumor necrosis factor-o
O SR upper intake level
VLBW .. very low birth weight
VLD .o very low-density lipoprotein



Acknowledgements

I would like to thank my committee members, Cindy McEvoy, M.D., Maret
Traber, Ph.D., and Melanie Gillingham, Ph.D, R.D., for their guidance in this project.
Also, the “In-Utero Smoke, Vitamin C” study staff, Nakia Clay and Brittany Vuylsteke,
for the tremendous help in subject recruitment and sample collections and Mike Lasarev
for his assistance in statistical analysis. Finally, I would like thank Dr. Traber’s
laboratory and staff, Scott Leonard and Katie Lebold, for their generous contribution in

analysis of all of the vitamin E samples.

Vi



Abstract

Previous studies have demonstrated low vitamin E concentrations in infants at
birth, and deficient levels in preterm and low birth weight newborns. Low vitamin E has
been associated with an increased risk of hemolytic anemia, detrimental fibroplasias,
bronchopulmonary dysplasia, and thrombocytosis. It was suggested to supplement
pregnant women with vitamin E in order to increase fetal stores, but studies have found
that while supplementation during pregnancy increases maternal plasma concentrations, it
does not increase the fetal vitamin E concentrations. Thus, the transfer of vitamin E
across the placenta is limited. Studies of placental tissue demonstrate that the placenta
expresses cytochrome P450 enzymes that are involved in vitamin E metabolism,
suggesting that it might actively metabolize this nutrient, and thus prevent vitamin E
accumulation in the fetal tissues. The purpose of this study was to 1) determine vitamin
E metabolites, carboxyethyl hydroxychromans (a- and y-CEHC), in umbilical cord
plasma and maternal plasma, 2) to investigate possible correlations with a- and y-
tocopherol, 3) to evaluate associations with dietary parameters. The overall goal was to
use indirect measures to assess whether the placenta actively metabolizes vitamin E.

A total of 15 maternal — cord blood pairs were analyzed for this sub-study.
Healthy, pregnant women were enrolled from Oregon Health and Science University’s
obstetric clinic and at least one fasting blood sample was collected during their
pregnancy. Umbilical cord blood samples were obtained from full-term, uncomplicated
deliveries. Maternal and cord plasma samples were analyzed for a-tocopherol, y-
tocopherol, a-CEHC, and y-CEHC concentrations. Total blood lipids were also

measured to assess tocopherol/total lipids ratio between maternal and cord plasma.
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Dietary and demographic information was analyzed for associations with biochemical
parameters. Statistical differences were assessed using paired t-test and Pearson’s
correlation analysis.

Cord blood a- and y-CEHC concentrations were 33.4 £ 29.4 nmol/L and 115.8 =
55.8 nmol/L, and were not significantly different from maternal a- and y-CEHC
concentrations (p = 0.07 and p = 0.08, respectively). The metabolite to tocopherol ratio
was significantly higher in cord blood. Cord blood a- and y-tocopherol concentrations
were significantly lower than maternal concentrations (6.8 = 1.7 umol/L vs. 34.2 + 6.6
umol/L a-tocopherol; and 0.4 = 0.2 umol/L vs. 1.9 + 0.8 umol/L y-tocopherol; p <0.001).
Tocopherol/total lipids ratios were also significantly lower in cord blood for both forms,
aand vy (p <0.001 and p < 0.05, respectively). Of the tocopherols, only a-
tocopherol/total lipids ratio was significantly correlated between maternal and cord
concentrations (r = 0.56, p <0.05). Furthermore, the higher dietary intake of vitamin E
from prenatal vitamins was associated with the higher a-CEHC concentration in fetal
circulation (r = 0.66, p <0.05).

The present study did not find significant differences in vitamin E metabolite
concentrations between maternal and cord plasma. However, higher dietary intake of
vitamin E by the mother correlated with increased vitamin E metabolite concentration in
the fetal circulation. This might imply that the higher level of supplemented vitamin E
intake results in an increased metabolism of the vitamin, possibly by the placenta.
Further insight into placental transfer of vitamin E is important to determine the safety
and efficacy of administering supplemented vitamin E during pregnancy and its affect on

the fetus.
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CHAPTER 1

INTRODUCTION

Significance

Vitamin E is a generic term for a group of naturally occurring tocopherol and
tocotrienol derivatives. It plays a major role as a lipid anti-oxidant by inhibiting the
peroxidation of polyunsaturated fatty acids in cell membranes (1). Though all of the
eight forms are equally absorbed from the diet, the a-tocopherol form is presently
considered to be the most bioactive. Vitamin E is thought to be transformed to its
metabolite-derivatives via cytochrome P450 enzymes (CYP) and -oxidation.
Carboxyethyl hydroxychromans (a- and y-CEHC) are fairly new metabolites, and have

not been previously investigated in the fetal circulation.

Previous studies have demonstrated lower vitamin E concentrations in fetal
circulation compared to the maternal circulation. Deficiency is most often observed in
preterm and low birth weight infants. In 2006, 12% of live births were preterm (before
37 weeks gestation) in the United States with a greater than 16% increase between 1996
and 2006, while low birth weight (less than 2500 gm or 5 ¥z Ib) was 8.3% of live births
(2). Treating very low birth weight (VLBW) and preterm infants with pharmacologic
doses of vitamin E has been proposed in order to prevent and limit associated vitamin E
deficiency conditions such as retinopathy, intracranial hemorrhage, hemolytic anemia,
and chronic lung disease. The 2003 Cochrane review on vitamin E supplementation of

preterm infants (3) concluded that high dose supplementation greater than 30 1U/kg/day



or resulting in levels greater than 3.5 mg/dl (81 umol/L) are associated with an increased
incidence of sepsis, despite reducing the risk of intracranial hemorrhage, severe
retinopathy and blindness among those examined. Since these complications in neonates
were thought to be associated with oxidative stress, a prophylaxis with antioxidants for
pregnant mothers was believed to prevent oxidative stress and thereby reduce perinatal
complications in the infant and possibly reduce the risk of maternal preeclampsia (4).
Thus, it has been suggested to supplement pregnant women with vitamin E to increase

fetal stores.

Relatively little is known about the transfer of vitamin E by the placenta. Low
fetal vitamin E concentrations suggest vitamin E transfer across the placenta is limited. It
is possible that the placenta might restrict the passage of vitamin E to the fetus. The
human fetal liver possesses cytochrome P450 enzymes that are involved in vitamin E
metabolism, but its levels of expression and activity are lower than in adult tissue (5).
Fetal liver would most likely have a limited capacity to metabolize vitamin E. Thus, the
placenta may play a role in vitamin E metabolism to prevent toxic level of vitamin E
reaching the fetus. Prenatal vitamin use is widespread in United States, with
approximately 92% of married mothers reported taking vitamin supplements during
pregnancy in the 1980 National Natality Survey (6). Most prenatal vitamins contain
varying levels of vitamin E. A greater understanding of this nutrient’s transport to the
fetus is necessary to establish its safety and make a recommendation about supplementing

pregnant women with the goal of increasing fetal stores.



Specific Aims

Study Objective: The purpose of this study was to determine vitamin E metabolites’,

carboxyethyl hydroxychromans (a- and y-CEHC), concentrations in umbilical cord blood
in comparison to maternal concentrations, and to investigate possible correlations with a-
and y-tocopherol, to evaluate associations with dietary parameters, and to indirectly

assess whether the placenta metabolizes vitamin E.

Primary Aim #1: To measure concentrations of a/y-CEHC, a/y-tocopherol, and o/ y-
tocopherol/ total lipids ratio in fetal circulation and compare it to maternal
concentrations. These results will be used to indirectly assess placental metabolism of
vitamin E.
Hypothesis #1: Cord blood concentrations compared to maternal concentrations will
have:

i. Higher a-CEHC and y-CEHC concentrations

ii. Lower a-tocopherol and y-tocopherol concentrations

iii. Lower a-tocopherol/total lipids and y-tocopherol/total lipids ratios

Secondary Aim #1: To assess other factors that could be associated with maternal and
fetal tocopherol and CEHC concentrations.
Hypothesis #2: Maternal and cord biochemical parameters will be significantly
correlated with:

i. Demographic indices

ii. Delivery outcomes

iii. Dietary parameters: intake of vitamin E from food and prenatal vitamins



CHAPTER 2

BACKGROUND INFORMATION

Vitamin E was discovered in 1922 when Evans & Bishops observed that rats fed a
rancid fat diet resorbed their fetuses (7), which demonstrated the nutrient’s essential role
during pregnancy. It has also been shown that an adequate fetal storage is vital during
birth to protect against oxygen toxicity and to stimulate the development of the immune
system (8). Vitamin E deficiency is most often observed in premature neonates and low
birth weight newborns. Low vitamin E has been associated with an increased risk of
hemolytic anemia, detrimental fibroplasia, intraventricular hemorrhage, thrombocytosis,
pulmonary oxygen toxicity, and bronchopulmonary dysplasia in newborns (8). Though
supplementation of pregnant mothers increases maternal vitamin E concentrations, the
same does not hold true for the fetal concentrations (9), and it is generally agreed that the
plasma a-tocopherol levels are lower in the newborns as compared to the mothers (8, 10).
The data is suggestive of a possible placental mechanism in restricting the passage of
vitamin E to the fetus. Several possible explanations have been developed as to why the
fetal concentrations tend to be lower. The goal of this project was to explore the
possibility that the placenta actually metabolizes vitamin E, thus preventing any

significant increase in fetal concentrations.



Vitamin E Structure and Metabolism

Vitamin E is a generic term for a group of naturally occurring tocopherol and
tocotrienol derivatives (designated as a-, -, y-, and 6-) containing a chromanol head
group attached to a 12-C hydrophobic side chain (11) (Figure 1). Though all of the eight
forms are equally absorbed from the diet, the a-tocopherol form is presently considered
to be the most bioactive and is the most abundant one in tissue (90%) (12). Since humans
and animals cannot synthesize vitamin E, the primary dietary source is plant foods, such
as vegetable oils, wheat germ, nuts and seeds. Gamma-tocopherol is the chief form in the
American diet (13), but exhibits only 10-30% of the a-tocopherol activity (14). The
synthetic form of vitamin E, all-rac-a-tocopherol, consists of a racemic mixture of all
eight possible stereoisomers (RRR, RSR, RRS, RSS, SRR, SSR, SRS, SSS), but in nature
only the RRR-a-tocopherol isomer is present. It was determined that the natural vitamin
E has approximately twice the availability of synthetic vitamin E after supplementing
with equimolar mixture of deuterated RRR-a-tocopheryl acetate and all-rac-a-tocopheryl
acetate (15). This difference is mainly attributed to the action of a-tocopherol transfer
protein (a-TTP) in the liver, preferentially transferring the 2R-a-tocopherol isomers to the
nascent lipoproteins (16). There is a subsequent increase in metabolism of the 2S-a-
tocopherol forms (17). Plasma concentration of RRR-a-tocopherol is relatively steady
compared to other forms, with a half-life of 57 = 19 hours compared to 13 + 4 hours for
y-tocopherol (18) and 15.8 + 5.7 hours for synthetic SRR-a-tocopherol form (19). The
rate at which a-tocopherol enters plasma depends on its absorption, tissue delivery,

metabolism, and excretion.



Figure 1. Structures of a- and y-tocopherol.
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The mechanism of absorption is not fully understood, but it seems to follow that
of lipid uptake. Intestinal absorption requires pancreatic esterases and bile acid secretion,
which form micelles containing dietary fat and fat soluble vitamins. The micelles are
taken up by intestinal enterocytes and subsequently vitamin E becomes incorporated into
chylomicrons, which are secreted into the lymphatic system (20) (Figure 2). All forms of
vitamin E seem to be equally absorbed across the intestine, and absorption is strongly
correlated with the fat content of the meal (11). In the circulation, chylomicrons are
hydrolyzed by lipoprotein lipases (LPL). The vitamin is released with fatty acids for
uptake by peripheral tissue, or transferred to high-density lipoproteins (HDLs) and low-
density lipoproteins (LDLsS). In the liver, chylomicron remnants are taken up and the
contents are repackaged into very low density lipoproteins (VLDL) for plasma secretion.
It has been shown that the RRR-a-tocopherol is preferentially incorporate into VLDLSs by
the action of a-TTP in the liver (21) while the other forms are primarily metabolized and
excreted into the bile and urine. Studies determined that the affinity of a-TTP for
different vitamin E forms varies, RRR-a-tocopherol = 100%, y-tocopherol = 9%, [3-
tocopherol = 38%, d-tocopherol = 2%, a-tocopheryl acetate = 2%, SRR-a-tocopherol =
11%, and a-tocotrienol = 12% (22). Thus, the protein is responsible for discriminating
against non-alpha forms. The highest concentration of o-TTP is in the liver, but it has
also been detected in the human brain (23) and human placenta (24); the function it has in

those tissues is not presently understood.



Figure 2. Absorption and transport of vitamin E.
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Unlike other fat-soluble vitamins, the liver plays an important role in the
degradation of vitamin E, thus preventing its accumulation that could possible result in
“toxic” effects (25). The first types of vitamin E metabolites identified, “Simon
metabolites”, have subsequently been shown to be the inevitable products of oxidation
during sample preparation in vitro, and not the major in vivo vitamin E metabolites (26).
In the 1980s, a different metabolite group was identified, 2-(2'-carboxyethyl)-6-
hydroxychroman (CEHCs), from the urine of rats that were injected with 3-tocopherol
(27). Metabolites of a- and y- tocopherol, 2,5,7,8-tetramethyl-2-(2’carboxyethyl)-6-
hydroxychroman (a-CEHC) and 2,7,8-trimethyl-2-(B-carboxyethyl)-6-hydrochrmon (y-
CEHC) are produced in the liver, and are also found in the plasma, bile, and urine.
Though the exact process of metabolite formation is still under investigation, the
proposed pathway involves an initial step of w-oxidation by the cytochrome P450 (CYP)
enzyme system, forming 13°-OH-tocopherol metabolites, followed by consecutive steps
of B-oxidation, resulting in cleavage of the phytal tail and formation of CEHC
metabolites (28) (Figure 3). The cytochrome P450 system of enzymes is involved in
metabolism of different xenobiotics, such as medical drugs, toxic chemicals, vitamins,
and also in synthesis and catabolism of steroid hormones (29). Cell culture studies
demonstrate that the CYP 3A family may be involved in vitamin E w-oxidation (30-32),
and the CYP 4F2 isoform has been identified as the hydrolase of vitamin E in insect cells
(33). Inrats, supra-elevated hepatic a-tocopherol concentrations up-regulated hepatic
proteins involved in metabolism of xenobiotics, CYP3A and CYP2B. Because vitamin E
does not accumulate in the body to toxic levels, this suggests that up regulation of the

CYP enzymes is a possible mechanism to regulate excess accumulation of the vitamin



Figure 3. Degradation of a-tocopherol by m-and -oxidation.
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(34). Following CEHC formation, the metabolites are conjugated with sulfate or

glucorinic acid and excreted in either urine or bile (28).

Vitamin E Function and Dietary Intake

The major role of vitamin E in the human body is that of a lipid antioxidant,
which acts by inhibiting the peroxidation of polyunsaturated fatty acids (PUFA) in the
cell membrane (35). Tocopherol reacts with the peroxyl radicals, breaking the auto-
oxidation chain reaction of PUFAs. The subsequently formed tocopheroxyl radical reacts
with vitamin C, regenerating it back to its reduced state (36). This fat-soluble antioxidant
is believed to play a key role in delaying the pathogenesis of various degenerative
diseases (i.e. cancer, inflammatory diseases, neurological disorders, chronic vascular
diseases) through its function of preventing free radical-mediated tissue damage (8).
Vitamin E is also important during pregnancy, both during gestation and at the time of
birth. Several key stages have been identified that require vitamin E’s involvement.
Vitamin E is necessary for the development of early embryos in vitro (37), during
implantation (38), for placental maturation (39), for protection of the fetus against
oxidative damage (40), and at birth adequate stores of the nutrient are needed to prevent
oxygen toxicity once the newborn leaves the womb.

The dietary reference intake (DRI) for adults and women during pregnancy is 15
mg of RRR-a-tocopherol per day (41). The requirements were determined based on
studies done in vitamin E depleted human subjects and correlated hydrogen peroxide-
induced erythrocyte lysis with their plasma a-tocopherol concentrations. Nineteen adult

males followed a diet restriction of 2-4 mg of a-tocopherol and 55 gm of fat (30 gm from
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vitamin E-free lard) for 2.5 years. Thereafter, lard was replaced with thermally oxidized
corn oil, to increase the total intake of polyunsaturated fatty acids (PUFAs) and oxidant
burden on vitamin E stores. Subjects followed a total of 6 years on this vitamin E
depleting diet. The biomarker for Estimated Average Requirement (EAR) was
established as the plasma a-tocopherol concentration that limited hydrogen peroxide-
induced hemolysis to < 12%. Twelve pumol/L was chosen as the cutoff plasma
concentration associated with normal in vitro hydrogen peroxide-induced hemolysis for
50% of the population. An a-tocopherol dietary intake of 12 mg per day was determined
to generate a plasma levels correspondent to the biomarker criterion. Thus, the
Recommended Dietary Allowance (RDA) was set at 12 mg plus twice the coefficient of
variation (CV) to cover 97-98% of the population. Based on the NHANES Il1 data
(National Health and Nutrition Examination Survey, 1988-1994), less than 5% of the
population surveyed was vitamin E deficient by this criterion.

During pregnancy, prenatal vitamins are prescribed as a standard of practice. The
level of vitamin E in the prenatal vitamin varies from anywhere of 0 to 100 U per tablet,
typically 15 U (personal observation). These preparations usually contain the all-rac-o-
tocopheryl acetate form of the vitamin that is less biopotent. Some more “natural” types
of supplements contain the RRR-a-tocopheryl acetate form. The upper tolerance level
(UL) for a-tocopherol is set at 1000 mg/day by the Institute of Medicine’s Food and
Nutrition Board based on a possible increase in blood coagulation time, therefore,
potentially increasing the risk of hemorrhage. Studies that looked at adult
supplementation of vitamin E, found a dose-dependent kinetics of a-tocopherol, such that

increases in vitamin E supplementation results in progressively smaller increases in
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plasma concentrations. Regardless of the duration and the dose of vitamin E
supplementation, the plasma concentrations in normal subjects are observed to raise only

3 to 4 fold (42).

v-Tocopherol

Though y-tocopherol is the most abundant form of vitamin E in the American
diet, its plasma concentration is about 10-15 times lower than that of a-tocopherol (a-
tocopherol 32 umol/L vs. y-tocopherol 1.9 umol/L) (43). This difference is primarily due
to the action of a-TTP preferentially transferring the alpha form into VLDLs (very low
density lipoproteins). The liver metabolizes y-tocopherol similarly to the a-tocopherol
metabolism process; w-oxidation through the action of CYP450, followed by p-oxidation,
generating 2,7,8-trimethyl-2-(2’-carboxyethyl)-6-hydrochroman (y-CEHC). It has been
shown that a-tocopherol supplementation lowers the y-tocopherol concentration in the
blood and adipose tissue, but the significance of that is not yet identified. Huang and
Appel showed a reduction in serum y-tocopherol level by 58% after a 2 month
supplementation with 296 mg/d of a-tocopheryl acetate (44). Hamdelman et al. analyzed
vitamin E concentration in adipose tissue of 4 male subjects following a one-year
supplementation with 800 mg/d of all-rac-a-tocopherol, and found a ~50% decrease in y-
tocopherol adipose concentration, but no change in a-tocopherol concentration over the
supplementation period (45). There is also data indicating that y-tocopherol is
preferentially metabolized with the higher a-tocopherol intake. A study performed in
mice investigated the effects of supplementation with variable level of a- and y-

tocopherol on the protein expression of Cyp3a (46). A positive correlation was found
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between liver a-tocopherol concentration and Cyp3a protein expression as well as y-
CEHC concentration. The authors suggested a possible mechanism where a-tocopherol
supplementation increasing Cyp3a expression, leading to increased breakdown of the
gamma form, while the alpha form is transferred into the plasma through a-TTP. The
function of y-tocopherol in the human body in not yet fully understood. It has been
suggested that y-tocopherol is superior in quenching oxidative damage from reactive
nitrogen species (RNS), compared to a-tocopherol (47) and serves to provide an
additional antioxidant effect to protect against cardiovascular diseases, cancer, and
dementia (43). While supplementation with high levels of a-tocopherol might provide
some health benefits, it could potentially diminish the affect of y-tocopherol. The ideal
ratio of a- and y-tocopherol to promote human health is unknown at present.

Vitamin E deficiency in human adults is rare; no symptoms have ever been
detected in healthy individuals consuming low amounts of vitamin E. Occurrences are
noted in individuals with malabsorption syndromes, severe protein-energy malnutrition,
and genetic defects in a-TTP. Symptoms include peripheral neuropathy, ataxia, skeletal
myopathy, and pigmented retinopathy (48). Preterm and low birth weight infants are
considered at risk for vitamin E deficiency. Accumulation of vitamin E typically occurs
during the third trimester of pregnancy with the corresponding increase in fetal fat stores
(8). Premature neonates have lower plasma a-tocopherol levels compared to term
newborns (49), and it generally takes longer to replenish preterm infant’s serum levels to
normal. This difference could be attributed to a possible reduction in the ability to absorb
vitamin E or a higher vitamin E requirement (50). Furthermore, a higher level of

oxidative stress markers is observed in preterm infants compared to healthy term infants
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(49). Preterm infants exhibit immature antioxidant enzyme systems, increased oxidative
stress during the birthing process, and increased levels of oxidative stress markers,

suggesting they are at an increased risk for oxidative injury.

Placenta and Vitamin E

The placenta is an organ that, from the third month of pregnancy to the time of
birth, serves to supply nutrients to, and remove wastes from the fetus (51). Composed of
both maternal and fetal tissue, it includes the basal membrane (fetal-facing), which
connects the umbilical cord, and the brush-border membrane (maternal-facing), which
consists of chorionic villi, contributed by the fetus, and deciduas basalis, a region of the
mother’s endometrium. Fetal blood is delivered from the heart to the placenta by way of
two arteries in the umbilical cord,; it flows into the capillary beds of the villi for nutrient
exchange, and returns to the fetus by way of a single umbilical vein (Figure 4). The
chorionic villi are surrounded by the maternal blood pool in the inervillus space, but the
two bloodstreams do not mix; maternal and fetal circulations remain separated by a thin
barrier composed of capillary endothelium and trophoblasts that form the membrane
covering of the villi. Nutrient transfer across this membrane occurs via different
mechanisms; i.e. electrolytes, fatty acids, and steroids pass by simple diffusion; glucose
by facilitated diffusion; amino acids by active transports; and insulin by receptor-
mediated endocytosis (52).

The placenta also possesses different enzyme systems for the metabolism of

xenobiotics, foreign substances to the body, and it acts as a barrier to reduce their transfer

from the mother to the fetus. Similar to vitamin E, xenobiotics are metabolized by
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Figure 4. Maternal-placental-fetal unit.
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cytochrome P450 enzymes, which are thought to be located in the trophoblasts of the
placenta (29). In the full-term placenta, mRNAs for CYP1ALl, 1B1, 2E1, 2F1, 3A3-7 and
4B1 have been detected, but only CYP1ALl, 2E1, 3A4, 3A5, 3A7, and 4B1 have been
characterized at the protein level (53, 54). Relatively little is known about the individual
forms of P450 enzymes in human placenta; even though mRNAs and proteins for
CYP3A (the isoform thought to be involved in vitamin E metabolism) have been
detected, no activities for the enzymes have been reported at present (55).

The transfer of vitamin E across the placenta is considerably slow, only 10% of the
passively transferred marker L-glucose (56). The exact mechanisms are not fully
understood, though it has been proposed to involve LPL and lipoprotein receptor
pathways. One accepted explanation relates this to inefficient transfer of plasma lipids by
the placenta (8). Cholesterol and triglyceride concentrations are found to be lower in
cord versus maternal blood and to increase with fetal age. It is well documented that the
fetal plasma a-tocopherol concentration is significantly lower than the maternal
concentration and the fetal a-tocopherol concentration increases in correlation with the
increase in lipids with gestational age (10). Due to this significant correlation, vitamin E
is typically standardized with lipids in the plasma to represent a more accurate status
(57). Another potential explanation involves the a-TTP, which is primarily expressed in
the liver, and recently has been isolated from the human placental trophoblast cells (24,
58). The RRR-a-tocopherol form was shown to be preferentially transferred across the
placenta compared to the all-rac-a-tocopherol form. This could be attributed to the
presence of a-TTP stereoselectively transporting a-tocopherol from the maternal to the

fetal circulation (59, 60). Since vitamin E’s metabolism involves the CYP enzyme
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system, it is also possible that placenta actively metabolizes the nutrient, and in this way
prevents its accumulation in the fetus. The fetal liver is not mature enough to handle the
whole flux of vitamin E, and therefore there is a possible mechanism emplaced to prevent
fetal intoxication.

There seems to be no evident correlation between maternal and fetal blood
concentrations of plasma a-tocopherol. Short-term supplementation with 1 g dl-o-
tocopherol acetate (dl denotes a formerly used term for synthetic tocopherol = all-rac-
tocopherol) for 3 days prior to delivery increased the maternal stores, but had no effect on
the newborn vitamin E status (9). The lower concentrations of vitamin E in cord blood
compared to maternal concentrations have been demonstrated in numerous studies (10,
61, 62), but standardization for plasma lipids results in varying conclusions among these
studies. Jain et al. found a lower a-tocopherol/total lipids ratio in newborns compared to
mothers (1.9 £ 0.1 nmol/pumol vs. 2.6 £ 0.1 nmol/umol; p = 0.0001), with total lipids
determined as a sum of triglycerides, cholesterol, and phospholipids concentrations (63).
Dison et al. compared a-tocopherol/cholesterol ratio, and found no significant difference
between fetal and maternal ratios (5.0 pumol/mmol vs. 6.0 umol/mmol) (64). Herrera et
al. investigated a relationship between the plasma fatty acid profile and the antioxidant
vitamins. They found a lower a-tocopherol/plasma lipids (cholesterol plus triglycerides)
ratio in the cord blood compared to the maternal ratio at delivery, but this difference did
not reach significance (3.45 + 0.19 pmol/mmol vs. 3.91 + 0.21 pmol/mmol) (65).

The concentrations of vitamin E’s metabolites (CEHCs) in cord blood have not
been previously investigated. a-CEHC was first identified in human urine after a high

intake of a-tocopherol (26), and it is thought to reflect the a-tocopherol that was neither

18



consumed in oxidation nor bound in the lipid phase, thus possibly indicating sufficient or
higher-than-optimal intake of vitamin E. The observed range for a-CEHC in human
serum is approximately 5 to 10 nmol/L, but can increase up to 200 nmol/L upon
supplementation. Stahl et al. demonstrated a 15- to 30-fold increase in serum a-CEHC
after 500 IU RRR-a-tocopherol supplementation over a period of 4-7 weeks, while a-
tocopherol rose only by a factor of 1.5 to 3 (66). The y-CEHC was first isolated from
human urine while searching for a natriuretic hormone (67). Galli et al. determined the
basal concentrations of plasma a- and y-CEHC in nine healthy subjects at 12.6 £ 7.5
nmol/L and 160.7 = 44.9 nmol/L, respectively (68). Radosavac et al. assessed the serum
levels of a- and y-CEHC in 21 healthy subjects after a single dose supplementation with
306 mg of RRR-a-tocopherol and 1.77 mg of y-tocopherol, and found the peak serum
levels of a-tocopherol and a-CEHC is reached at 12 hours after ingestion, and return to
baselines at 72 hours (69). On the other hand, the y-tocopherol concentration gradually
decreased from baseline without peaking, but there was an increase in y-CEHC
concentration. The authors concluded that there appears to be a parallel increase in o-
CEHC metabolite concentration compared to its parent compound after supplementation.
In contrast, y-tocopherol is more effectively metabolized to y-CEHC compared to a-
tocopherol.

This study attempts to measure and compare a-tocopherol and y-tocopherol to a-
CEHC and y-CEHC concentrations in pairs of maternal vs. cord blood samples to
determine if the placenta possibly metabolizes vitamin E via the cytochrome P450

enzyme system. This may have an impact on clinical practice of supplementing pregnant
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mothers for the purpose of increasing fetal stores. If the placenta actively metabolizes

vitamin E, supplementation during pregnancy to increase fetal stores may be ineffective.
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CHAPTER 3

METHODS

General Design

This was an observational, prospective cohort sub-study of the ongoing “In-Utero
Smoke: Vitamin C and Newborn Lung Function” study, conducted by Dr. Cynthia
McEvoy at Oregon Health & Science University (OHSU). The vitamin C study is a
double-blind randomized trial, which investigates whether supplementation of vitamin C
given to smoking pregnant women has a positive effect on newborn’s lung function. In
the sub-study, the non-smoking reference group was used to determine normal vitamin E
and metabolite concentrations of pregnant women and their newborns. The OHSU
Institutional Research Board (IRB) approved this as a part of the “vitmain C” study.
Participation in the study was voluntary and written informed consent was obtained from

each subject.

Sample Recruitment and Selection

A total of 17 healthy, non-smoking pregnant mothers were recruited for this sub-
study from the OHSU obstetrical clinics and followed throughout routine prenatal
hospital visits, and 15 pairs were used for analysis. The inclusion and exclusion criteria
for the subjects followed that of “In-Utero Smoke: Vitamin C and Newborn Lung
Function” protocol, listed in Table 1. Exclusion criteria was established to exclude

individuals whose medications, personal characteristics, obstetric conditions, or diseases
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Table 1.

Inclusion and exclusion criteria for reference group of non smokers.

Inclusion criteria Exclusion criteria

Maternal age of at least 15 years old. 1. Multiple gestation.

Pregnant with consent and 2. Documented major fetal congenital

enrollment/randomization prior to 22 anomalies.

weeks of gestation by last menstrual

period (LMP) and confirmed by 3. Current maternal use of heroin,

ultrasound when available. cocaine, crack, LSD, or
methamphetamines.

Gives history of never smoking with

confirmatory urine cotinine. 4. Recent history of alcohol abuse: > 3
drinks on > 5 days / week since LMP,

Singleton gestation. hospitalization for alcohol abuse.

Informed consent signed. 5. Continuous use of daily high dose

vitamin C and / or vitamin E
supplements since LMP or refusal to
abstain from using vitamins other that
those provided through study. PNV
(85 mg of vitamin C) will be provided
to all mothers in the study.

6. History of kidney stones.

7. Current participation in other research
projects that may interfere with vitamin
C study.

8. Maternal unstable psychiatric illness or
inability to confirm stable residence.

9. Insulin dependent diabetic.

10. Initial ascorbic acid level > 100
pmol/L when available.

11. Urine cotinine of >0.50 ng/ml to
exclude a closet smoker.
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could have had significantly affected newborn lung function, vitamin C or its

metabolism, or poor compliance.

Study Design

Subject recruitment took place between June and September of 2008, at the
OHSU obstetrical clinic. After the primary care provider had given the patient initial
study information and the patient agreed to speak to a study investigator, the patient was
approached about the study. At that initial encounter, the subject was consented and two
follow-up meetings with a study investigator were coordinated with routine prenatal
visits around 22 and 28 weeks of gestation. At subsequent scheduled appointments, a
fasting blood draw a minimum of one-half cc was collected into Vacutainer tubes
containing 1 mg/ml EDTA, and the previous day’s 24 hour diet recall history was
obtained and entered into a computer database system. At admission to the hospital for
delivery, one of the nurses paged a study investigator informing them of the mother’s
arrival to the hospital. After delivery, the placenta was transported to a utility room; the
study investigator collected a minimum of one-half cc of mixed cord blood sample into
the EDTA tube. If available before hospital discharge, a maternal blood sample was also
collected. Whole blood was centrifuged and plasma was stored at -80°C until analysis.
Maternal and infant hospital records were reviewed for standard maternal data and

morbidities. The design of the study is summarized in Table 2.
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Table 2.
Summary of study design.

~ 22 weeks GA ~ 28 weeks GA Delivery
Fasting blood draw X X X
24-hr diet history X X X
Umbilical cord blood X
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Data Collection Methods

Demographic, Anthropometric and Delivery Indices

Demographic and anthropometric indices were obtained from OHSU’s electronic
charting system, Epic, to determine the participants’ age, ethnicity, profession, marital
status, number of previous pregnancies, pre-pregnancy BMI, newborn’s birth weight,
type of delivery, gestational age at delivery, and time between admission to Labor and

Delivery and the actual delivery of the baby.

Dietary Assessment

Nutrient intake data obtained from 24 hour dietary recalls was calculated using
Nutrition Data System for Research (NDSR, 2006 and 2007, University of Minnesota).
Dietary intake of total vitamin E, a-tocopherol, y-tocopherol, total fat, total cholesterol,

and energy was calculated and recorded for each available visit.

Follow-up Questionnaire

Due to a high variability in metabolite concentrations for both maternal and cord
samples, a follow-up phone call questionnaire was administered asking the participating
mothers about the type of prenatal vitamin they took during pregnancy, the time of day
and how many times a week they took it, and the time between the last meal they
consumed and delivery of their baby. These variables were thought to possibly influence
the metabolite concentrations in plasma. Only 12 out of 15 mothers responded to the

questionnaire. The questionnaire is presented in Appendix A.
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Blood Sample Analysis

Plasma was obtained by centrifugation of blood samples at 2500 x g, 4°C for five
minutes, which was then aliquoted into appropriate storage tubes and stored at -80°C
until analysis. Samples for vitamin E analysis were transported to and run at Dr. Traber’s
laboratory at the Linus Pauling Institute (Corvallis, OR). Samples for lipid analysis were

measured at OHSU’s Lipid Clinic.

Tocopherol analysis

Plasma o- and y-tocopherol concentrations were measured using high-
performance liquid chromatography (HPLC) with amperometric detection (Appendix B).
Plasma vitamin E was extracted using a liquid-liquid extraction protocol. Briefly,
samples were placed into a 70°C water bath for 30 minutes after the addition of 2 ml
ethanol/1% ascorbic acid, 900 pl Milli-Q water and 0.3 ml saturated potassium
hydroxide. Following saponification, 25 pl butylated hydroxytoluene (1 mg/ml EtOH),
Iml Milli-Q water/1% ascorbic acid, and 2 ml of hexane were added. Samples were
mixed and an aliquot of the hexane layer was evaporated under nitrogen, re-suspended in
50% methanol mixture, and briefly vortexed. Twenty pl of the sample was injected onto

the column, and concentrations were calculated using external standard curves.

CEHC analysis

a- and y-CEHC were separated by reverse-phase HPLC and quantified by single
quadrupole mass spectrometric detection, as previously determined (70). Sensitive
methodology was originated to attain accurate measurements for plasma concentrations

in low-nanomole-per-liter ranges. The samples were incubated at 37°C for 30 minutes
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with B-glucuronidase enzyme solution, 1% ascorbic acid, and internal standard (trolox).
The samples were then acidified with 10 pL 12 M HCI and extracted with diethyl ether.
An aliquot of the ether layer was dried under nitrogen, re-suspended in 100 ul of 50%
methanol solution, and injected onto the column. Using single-ion-recording, analyte
retention times were: a-CEHC 15.57 minutes, y-CEHC 14.70 minutes, and trolox 14.60
minutes using an electrospray probe set to negative mode . Standard curves were
generated using external standards and trolox as the internal standard. Metabolite
concentrations were calculated by adjusting the unknown areas to that of the internal

standard and plotted on the corresponding curve.

Total cholesterol and triglycerides analysis

Lipid panels including total cholesterol and triglycerides were measured by
standard autoanalyzer in the OHSU lipid lab. In order to calculate lipid standardized
vitamin E concentration, tocopherol was divided by total lipid (calculated as cholesterol

plus triglycerides) to obtain a ratio.

Statistical Analysis

Sample Size Determination

Maternal and cord plasma concentrations of tocopherols were previously
determined in maternal and cord blood samples at 20.65 + 4.0 umol/L and 7.21 + 1.9
pmol/L with an approximate 13 unit change, and a-tocopherol/lipid ratios at 3.41 + 0.8
pmol/mmol and 2.95 + 0.7 pumol/mmol with an approximate 0.46 unit difference between
maternal and fetal concentrations (10). The estimated difference between sample means

for this study design was based on the smaller unit difference between maternal and cord
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blood plasma a-tocopherol/lipid ratio. To determine the sample size for a one-tailed
paired-sample t-test, with a significance level of o = 0.05 and power of 1- = 0.90, a non-
centrality parameter formula for a t-distribution was used (71). The estimated sample
size required to detect a 0.5 unit difference in a-tocopherol/lipid ratio with an estimated
standard deviation of 0.5 was 19 pairs. In the initial proposal, we anticipated collecting a
sample size of 20 maternal cord blood pairs, which provided a power of 93% to detect a
difference in a-tocopherol/lipid ratio of 0.5 pmol/mmol. The final sample size for the
study that was actually collected equaled 15 pairs. This provided a power of 85% to

detect the expected change in a-tocopherol/lipid ratio.

Data Management

STATA (version 10.1) was used to perform statistical analyses. The means and
the standard deviations were calculated for all outcome variables. One-tailed paired-
sample t-tests were used to calculate differences between maternal plasma and cord blood
in a- and y-tocopherol concentrations, a- and y-CEHC concentrations, and a- and y-
tocopherol/total lipid ratios, based on the directional hypothesis that were originally
made. Pearson’s correlation analysis was used to assess a possible relationship between
maternal and cord blood in biochemical data and to determine a possible association in
plasma and dietary o- and y-tocopherol. A statistical p-value of <0.05 was considered

significant for all performed tests.
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Administrative Responsibilities during Data Collection

Cynthia McEvoy, M.D., was the Prinicapal Investigator of “In-Utero Smoke:
Vitamin C and Newborn Lung Function” study and assembled the research protocol for
IRB approval. Participants were recruited and consented by study investigators, Cynthia
McEvoy, M.D., Nakia Clay, M.A., and myself, Svetlana Zubkova, B.S., of the Graduate
Program of Clinical Nutrition at OHSU. A study investigator or one of the OHSU
obstetric clinic’s nurses drew maternal blood samples, which were frozen and stored at
Dr. Gillingham’s laboratory. Frozen samples were transported to the Linus Pauling
Institute (Corvallis, OR) Dr. Traber’s, laboratory for vitamin E and metabolite analysis,
and to the OHSU’s lipid clinic for total lipid analysis by medical lab technologist, Carol
Marsh. a- and y-Tocopherol concentrations were measured and calculated by Katie
Lebold, and a- and y-CEHC concentration were measured and calculated by Scott
Leonard, senior research assistant. | assisted the study investigators in collecting

subject’s diet-histories, performing dietary analysis, and collecting cord blood samples.

Limitations

Limitations of the current study included a small sample size of maternal/cord
blood pairs. Though this was a pilot study in determining average vitamin E metabolite
concentrations in cord blood in comparison to maternal blood, which hasn’t been
previously investigated, a larger sample size is warranted in future studies to represent a
more heterogeneous population. Most of study participants were affiliated with the
hospital as nurses and other staff, and were primarily Caucasian. Though this reduced

variability between subjects, the study wasn’t able to capture differences in population
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groups, ethnically or in socioeconomic status. Also, not all anticipated samples were

collected for every participant. The unpredictable nature of delivery time and inclement

weather during the study period, made it difficult to obtain some cord samples at the time

of delivery.

Another limitation of the study was the reliance on 24-hour dietary recalls to
collect dietary intake information. This method is typically preferred for its readily
available format, open-ended type questions, the subject is less likely to alter eating
behavior, and there is a minimal burden on the respondent. On the other hand, the
method relies on the subject’s memory estimating portions sizes, and the single day
intake may not represent a typical nutrient intake of the individual. The goal of the 24
hour recall in this study was to assess a possible relationship between dietary intake of

vitamin E and blood concentrations, and to control for any confounding variables.
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CHAPTER 4

RESULTS

Sample Characteristics

a-/y-Tocopherol and a-/y-CEHC concentrations were measured in normal
pregnancy, in both maternal and cord blood pairs. A total of 17 pairs were collected
during the course of the sub-study. Two of the last obtained cord samples had a-
tocopherol values unreasonably high for a newborn, 29.8 and 24.4 pumol/L, considering
that previously determined average of term cord blood a-tocopherol concentration was at
6 £ 2 ymol/L (72). Statistical analysis showed that when examined together, those values
had a significant influence on the sample mean (Cook’s distance plot: Figure 5) and could
potentially be outliers. Thus, 15 pairs were used for statistical analysis of a/y tocopherol
and o/y CEHC concentrations. Furthermore, one cord sample had inadequate amount of
plasma for total lipid analysis, therefore 14 pairs were used for o/y tocopherol:total lipid

ratio analysis .
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Figure 5. Cook’s distance of each subject’s a-tocopherol value.
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The demographic information of participating mothers is described in Table 3.

The average age was 30 + 3 yr, ranging from 24 to 36 years. Thirteen participants were
Caucasian, one was Hispanic and one was of Asian ethnicity. Forty percent worked in a
health related profession and were affiliated with the OHSU hospital. The majority had
no previous children (67%), and 12 out of 15 were married. The average pre-pregnancy
body mass index was 25 £ 5 kg/m?, and based on the World Health Organization’s adult
weight classifications (73), 10 of the 15 participants were normal weight (BMI range

18.50 — 24.99 kg/m?), three were overweight (BMI range 25.00 — 29.99 kg/m?), and two

were obese (BMI range > 30.00 kg/m?).

Delivery outcome information is presented in Table 4. All deliveries were
uncomplicated, full-term (born at 37 weeks or more), and took place at the OHSU
hospital. The average time between admission to the hospital and actual delivery was
12.7 + 8.8 hours, ranging from 0.72 hours to 28.62 hours. Thirteen of the fifteen
participants delivered vaginally. The average birth weight was 3494 + 503 g (7.7 £+ 1.1

Ib), one newborn weighed less than 2500 g, and two weighted over 4000 g.
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Table 3.

Demographic indices of participating mothers.

Characteristic Total mothers
(n=15)
Age (years): 24 — 36
Ethnicity (n):
Caucasian 13
Hispanic/Latino 1
Asian 1
Health profession (%): 40
Marital status (n):
Single 3
Married 12
Previous children (n):
0 10
1 5
Pre-pregnancy BMI (mean = SD): 25 + 5 kg/m?
Pre-pregnancy BMI* (n):
Underweight 0
Normal 10
Overweight 3
Obese 2

*BMI: Body Mass Index classification from World Health Organization

1995.
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Table 4.

Delivery outcomes.

Delivery outcome

Total newborns

(n=15)
Type of delivery (n):
Cesarean 2
Vaginal 13
GA at delivery (wk): 37-41
Birth weight (g) 3494 +503"
Birth weight (n):
1500 — 2499 g 1
2500 — 3999 g 12
4000 — 4500 g 2
Time between admission 12.7+8.8"

and delivery (hr):

* mean £SD
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Plasma Vitamin E and Metabolite Concentrations
A summary of tocopherol and CEHC concentrations in maternal and cord blood

pairs is presented in Table 5.

Both a- and y- tocopherol concentrations were significantly lower in cord blood
compared to maternal blood (a-tocopherol 6.8 £ 1.7 umol/L vs. 34.2 £ 6.6 umol/L, p
<0.001; and vy- tocopherol 0.4 £ 0.2 pumol/L vs. 1.9 + 0.8 pumol/L, p < 0.001,
respectively). Tocopherol/total lipids ratio, determined by adding plasma triglycerides
and total cholesterol concentrations, remained significantly lower in cord blood (a-

tocopherol:total lipids p < 0.002, and y-tocopherol:total lipids p <0.05).

The average a-CEHC concentration in maternal blood was 56.0 + 53.0 nmol/L
and 33.4 = 29.4 nmol/L in cord blood; the average y-CEHC concentration was 157.4 +
69.3 nmol/L in maternal blood and 115.8 + 55.8 nmol/L in cord blood. Absolute a- and
v-CEHC concentrations were not significantly different between maternal and cord blood
values (p = 0.07 and p = 0.08, respectively), but there was a trend for lower
concentrations in cord blood. On the other hand, the metabolite to tocopherol ratio was
significantly different, both a-CEHC/a-tocopherol and y-CEHC/y-tocopherol was higher

in the cord blood.
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Table 5.

Maternal and cord plasma total lipids (n = 14), tocopherol (n = 15),
tocopherol/total lipids ratio (n = 14), and CEHC concentrations (n = 15), with
paired t-test statistics.

Maternal Cord p
(mean + SD) (mean £ SD)

total lipids® 8+1 2+05 <0.001"
(mmol/L)
a-tocopherol 34.2+6.6 6.8+ 1.7 <0.001"
(umol/L)
a-tocopherol : total lipids 44+05 3.1+0.7 <0.001"
(umol/mmol) - - .
y-tocopherol 19+08 0.4+0.2 <0.001"
(1mol)
y-tocopherol : total lipids 0.24 + 0.09 0.19 + 0.08 <0.05"
(umol/mmol)
a-CEHC 56.0 + 53.0 33.4+29.4 0.07
(nmol/L)
v-CEHC 157.4 + 69.3 115.8 + 55.8 0.08
(nmol/L)
a-CEHC/a-tocopherol 17+19 51£45 <0.01*
y-CEHC/y-tocopherol 96.1 £ 62.9 371.0+£2484 | <0.001*

! Analysis performed using one-sided paired t-test.
% Total lipids determined by adding triglyceride and cholesterol.

“ Significant at a = 0.05.
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Dietary Parameters

The dietary intake analysis was based on 14 maternal diet histories; one
participant did not have a diet recall for analysis. The averages of dietary parameters are
presented in Table 6. The mean energy intake was 1977 + 494 kcals, and total fat and
cholesterol intake was 74 + 25 g and 283 + 261 mg. The total dietary vitamin E intake
from food was 14 + 10 IU, a- tocopherol was 9.1 + 5.2 mg and y-tocopherol was 13.6 +

8.4 mg.

Follow-up phone call questionnaire results are presented in Table 7. Only 12 out
of 15 subjects responded and completed the questionnaire. Because mothers took
different types of prenatal vitamin during the course of pregnancy, the supplemental
amount of vitamin E greatly varied, from 15 to 100 IU. Most mothers took their prenatal
vitamin daily (82%) and at night time (55%). The time between last meal and delivery
ranged from 7 to 34 hours. The total vitamin E was calculated as the vitamin E intake
from food (measured by NDSR) combined with vitamin E from prenatal vitamins, and

was based on 11 subjects, ranging from 19 to 144 1U with a mean of 48 £ 37 IU.
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Table 6.

Diet history summary.

Minimum Maximum Mean + SD
Energy (kcal) 1573 2761 1977 £ 404
Fat (g) 47 130 74 + 25
Total cholesterol (mg) 121 1023 283 = 261
Vitamin E* (1U) 4 44 14 + 10
a-Tocopherol (mg) 2.7 22.7 9.1+5.2
y-tocopherol (mg) 3.1 34.9 13.6+8.4
Prenatal vitamin E (1U) 15 100 32 +£26
Total vitamin E? (1U) 19 144 48 + 37

L Vitamin E from food.

2 Vitamin E from food + prenatal vitamins.
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Table 7.

Follow-up questionnaire summary.

Total mothers
(n=12)

Prenatal vitamin E content (IU%*)
Mean + SD
(Range)

15100
(32 % 25)

Time of day (n)
Morning
Night
Afternoon
Twice a day

PO W

Times taken per week (n)
Daily
5X
4x
3X

e e

Time between last meal and delivery (hr)
Mean + SD
(Range)

17+9
(7-34)

*U: international units
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Influence of Demographics and Delivery Characteristics

No significant associations were found between demographic indices and

maternal tocopherol and CEHC concentrations (data not presented).

A negative correlation was found between cord a-tocopherol concentration and
maternal pre-pregnancy BMI (r = -.54; p < 0.05). Maternal obesity was associated with
signigicantly lower cord a-tocopherol concentrations (4.6 + 0.9 umol/L) compared to
nomal weight mothers (7.3 £ 1.7 umol/L). Cord a-tocopherol concentration from
mothers with no previous children was significantly higher than from mothers with one
previous child (7.4 £ 1.6 umol/L vs. 5.6 £ 1.0 umol/L, respectively; p < 0.05). Once
standardized for total lipids, these associations became insignificant. The time between
admission to the hospital and the actual delivery was negatively correlated only with cord
blood a-tocopherol concentrations (r = -0.54, p <0.05), but the time between last meal
and delivery was not associated with any of the blood parameters (r = -0.44, p = 0.15).
No significant associations were found between the newborn’s birth weight or the type of
delivery and cord plasma variables. Neither y-tocopherol nor CEHC concentrations in the
cord blood were found to be significantly associated with any of the demographic or

delivery indices.
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Relationship between Maternal and Cord Biochemical Parameters

Maternal

Maternal plasma y-tocopherol and y-tocopherol/total lipids ratio was negatively
correlated with a-CEHC (r = -0.57, p < 0.05; and r = -0.54, p < 0.05). There was a
substantial correlation between maternal a-CEHC and y-CEHC concentrations (r = 0.80,
p <0.001), with y-CEHC concentration significantly higher than the a-CEHC (157.4 £
69.3 nmol/L vs. 56.0 + 53.0 nmol/L, respectively; p < 0.0001). No other correlations

were found between maternal biochemical parameters.

Both y-tocopherol and y-tocopherol/total lipids ratio were negatively correlated
with a-CEHC (r =-0.53, p <0.05 and r = -0.55, p <0.05). No other correlations were

found between cord biochemical parameters.

Maternal vs. Cord

Correlations between maternal and cord plasma concentrations are presented in
Table 8. No significant correlation was found between maternal and cord plasma a-
tocopherol concentrations (r = 0.26, p = 0.34), but after adjustment for total lipids, the
association became significant (r = 0.56, p <0.05) (Figure 6). Neither cord y-tocopherol
concentrations nor y-tocopherol/total lipids ratio was significantly correlated with
maternal concentrations (r = 0.51, p = 0.051 and r = 0.42, p = 0.32, respectively), but cord
y-tocopherol was significantly correlated with maternal a-CEHC concentration (r = -0.52,

p <0.05). Cord a-CEHC was correlated with maternal a-tocopherol/total lipids ratio (r =
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0.78, p <0.001) (Figure 7), maternal a-CHEC concentration (r = 0.53, p <0.05), and

maternal y-CEHC concentration (r = 0.52, p <0.05). No other associations between

maternal and cord plasma reached significance.

Table 8.
Pearson’s correlations between maternal and cord tocopherol and CEHC concentrations.
Cord
a- el v- T
tocopherol tocoph_erol: tocopherol | tocopherol: | a-CEHC | y-CEHC
Maternal total lipids total lipids
a_
tocopherol No correlation (l; ; (())?)‘é) No correlation No correlation No correlation corrfle\llgtion
a- r=0.56 r=0.78 N
. : =V . - =0. 0
ESE:IPITS:'&); No correlation (b < 0.05) No correlation No correlation (p<0001) | correlation
1" No
tocopher0| No correlation No correlation No correlation No correlation No correlation correlation
' No
tocopheréﬂ > | Nocorrelation No correlation No correlation No correlation No correlation correlation
total lipids
. ) r=-0.52 ) r=0.53 No
a-CEHC No correlation No correlation (p < 0.05) No correlation (p < 0.05) correlation
’Y-CEHC No correlation No correlation No correlation No correlation ([; z (())225) corr‘,e\llgtion
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Figure 6. Corrrelation between maternal and cord a-tocopherol/total lipids ratio

(r=0.56, p <0.05).
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Relationship between Dietary and Biochemical Parameters

Maternal and cord associations between dietary and plasma parameters are

presented in Tables 9 and 10.

Maternal

No significant correlations were found between either calories or cholesterol and
any of the maternal plasma variables. Only the maternal plasma y-tocopherol/total lipids
ratio was significantly correlated with dietary fat (r = -0.54, p < 0.05). Both plasma a-
tocopherol and a-tocopherol/total lipids ratio were significantly correlated with dietary
vitamin E from food (r=10.71, p <0.05; and r = 0.62, p <0.05), dietary a-tocopherol (r =
0.64, p <0.05; and r = 0.59, p <0.05), and vitamin E from food plus prenatal supplements
(r=0.72, p <0.05; and r = 0.65, p <0.05) (Figure 8). Dietary y-tocopherol was correlated
with maternal y-CEHC concentrations (r = 0.83, p <0.001), but maternal a-CEHC

concentrations were not correlated with any of the dietary parameters.

Cord

No correlations were found between dietary calories, fat or cholesterol and cord
plasma biochemical parameters. a-CEHC was significantly correlated with dietary
vitamin E from food (r = 0.65, p < 0.05), dietary a-tocopherol (r = 0.61, p <0.05), and
total vitamin E from food plus prenatal supplements (r = 0.66, p <0.05) (Talbe 9). v-
CEHC was only correlated with total vitamin E from food plus prenatal supplements (r =
0.63, p <0.05). Neither cord plasma a-tocopherol nor y-tocopherol concentrations were

correlated with any of the dietary parameters. No associations were found among

45



prenatal intake per week, time of day the prenatal was taken, or the time between last

meal and delivery and biochemical parameters.

The plasma metabolite to tocopherol ratio was also analyzed for possible
associations with dietray parameters. Neither the maternal nor the fetal ratios were
significantly correlated with dietary vitamin E intake, but there seemed to be a trend for a
positive correlation between both cord a-CEHC/a-tocopherol and cord A-CEHC/A-
tocopherol ratios and total dietary vitamin E intake (p = 0.09 and p = 0.05, respectively)

(Table 11).
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Table 9.

Maternal Pearson’s correlations between dietary and biochemical parameters.

a- o- Y- Y-
tocopherol | tocopherol: | tocopherol | tocopherol: | a-CEHC | y-CEHC
total lipids total lipids
No No No No No No
Energy correlation correlation correlation correlation correlation correlation
Fat No No No r=-0.54 No No
a correlation correlation correlation (p < 0_05) correlation correlation
No No No No No No
Cholesterol correlation correlation correlation correlation correlation correlation
. . r=0.71 r=0.62 N N N N
Vitamin E* o o o o
(p < 0.01) (p < 0.05) correlation correlation correlation correlation
r=0.64 r=0.59 N N N N
a-tocopherol o o o o
(p < 0.05) (p < 0.05) correlation correlation correlation correlation
No No No No No r=0.83
y-tocopherol correlation correlation correlation correlation correlation (p <0.001)
Prenatal No No No No No No
vitamin E correlation correlation correlation correlation correlation correlation
Total r=0.72 r=0.65 No No No No
vitamin E? (p < 0.05) (p < 0.05) correlation correlation correlation correlation

! Vitamin E from food.
2 Vitamin E from food and prenatal vitamins.
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Table 10.

Cord Pearson’s correlations between dietary and biochemical parameters.

o- a- V- Y-
tocopherol | tocopherol: | tocopherol | tocopherol: | a-CEHC | y-CEHC
total lipids total lipids
. ' ) ) . . r=0.65 )
Vitamin E No correlation No correlation No correlation No correlation No correlation
(p <0.05)
a- No correlation No correlation No correlation No correlation r=061 No correlation
tocopherol (p <0.05)
i No correlation No correlation No correlation No correlation No correlation No correlation
tocopherol
P_rena_tal No correlation No correlation No correlation No correlation r=0.66 No correlation
vitamin E (p <0.05)
T.Otal . 2 No correlation No correlation No correlation No correlation r=0.72 r=063
vitamin E (p<0.05) | (p<0.05)

! Vitamin E from food.
2 Vitamin E from food and prenatal vitamins.

Table 11.
Pearson’s correlations between CEHC/tocopherol ratios and total dietary vitamin E intake
(n=11).
Cord plasma Dietary total vitamin E* p
a-CEHC/a-tocopherol r=0.54 0.09
A-CEHC/\-tocopherol r=0.60 0.05

! Vitamin E from food and prenatal vitamins.
2 p < 0.05 concidered significant.
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Figure 8. Correlation between maternal total vitamin E intake and maternal a-
tocopherol/total lipids ratio (r = 0.65, p < 0.05).
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CHAPTER 5

DISCUSSION

Summary

This observational, prospective cohort sub-study was conducted in a normal,
healthy pregnancy sample to compare vitamin E to its metabolite concentration in
maternal cord blood pairs. Fifteen pairs of maternal fasting plasma and cord plasma
samples were collected and analyzed for a-tocopherol, y-tocopherol, a-CEHC, and y-
CEHC concentrations. Diet histories were obtained from participating mothers for the
day previous to blood draw. Analysis was performed to investigate possible associations

between biochemical, dietary, and demographic parameters.

Vitamin E status has been extensively investigated in humans, including during
pregnancy. Normal plasma a-tocopherol concentrations in humans are considered to be
from 11.6 to 46.4 umol/L, while y-tocopherol concentrations are typically about one tenth
those of a-tocopherol. Adult deficiency levels are reached at levels < 11.6 pmol/L, or <
1.6 umol a-tocopherol/mmol total lipids. During pregnancy, maternal plasma a-
tocopherol concentrations increase with gestation (65, 74), and this rise is typically
associated with gestational secondary hyperlipidemia; but the adjustment of tocopherol
for total lipids reduces the variability among trimesters. In the present study, fasting
maternal samples were taken at different time points during pregnancy, and a-tocopherol
concentration was found to significantly increase with gestational age, but after
standardizing for total lipids, the variability in concentrations was not associated with
gestational age, consistent with previous studies.
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Although y-tocopherol is the most abundant form of vitamin E in the US diet, it
has not been thoroughly investigated due to its considerably lower bioavailability and
bioactivity than that of a-tocopherol. Its plasma concentration has a higher disappearance
rate and an increased metabolite production rate compared to that of a-tocopherol (18),
but recent findings have suggested that the y isoform might have a number of distinctive
biochemical functions in the human body, such as inhibition of cyclooxygenase 2
(COX2), which reduces inflammation, and greater quenching ability of reactive nitrogen
species compared to other isoforms of tocopherol (75). The y-tocopherol concentration
in human plasma is around 1.9 umol/L (43). It has been shown to increase from first to
third trimester during pregnancy (74), but after adjustments for total lipids in the blood,
no difference is observed (65). In the present study, the average plasma y-tocopherol
concentration was about 20 times lower than that of a-tocopherol and was not associated
with the gestational age of when the maternal sample was drawn. It was interesting to
note that the highest y-tocopherol concentration in the present study was for the one
Asian participant. The y-tocopherol concentration for this sample was twice as high as
the overall mean, though the dietary y-tocopherol level was not different. Scholl et al.,
had found a significantly lower concentrations of both a- and y-tocopherol for the African
American ethnic group compared to White, Hispanic, and Asian/other group (p <0.0001),
but no difference was observed for the Asian/other group. No inferences can be made
based on a single person’s results, but dietary patterns among ethnic groups might present
differences in tocopherol concentrations. Furthermore, it was found that genetic factors

possibly regulate plasma concentrations of vitamin E (76).
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Placental transfer of vitamin E appears to be inefficient (56), and is only slightly
or not at all influenced by maternal dietary vitamin E variation and supplement intake (9,
77). Previously determined averages of a-tocopherol in cord blood vary between 3.63
and 7.21 pmol/l, and for y-tocopherol between 0.19 to 0.50 umol/L (10, 65, 74, 78).
Cord values are considerably lower than maternal concentrations, and remain
significantly lower after adjusting for total lipids in the blood. The present study
observed a similar phenomenon; both a- and y-tocopherol concentrations were
approximately five times lower than those in maternal plasma, and remained significantly
lower for the tocopherol/total lipids ratio. Possibly due to the relatively hypoxic
environment in utero, the fetus does not require substantial amounts of vitamin E, which
could explain the lower concentrations observed in the cord plasma. On the other hand it
has been shown that unlike vitamin E, the concentrations of vitamin C are significantly
higher in cord blood compared to maternal concentrations (92.11 pmol/L vs. 36.90
umol/L; p <0.001) (77), possibly to protect newborn’s cells against oxidative insult and
to promote collagen synthesis. No present studies have looked at the relationship
between the two vitamins in fetal circulation of humans. It is possible that due to vitamin
C’s recycling properties of vitamin E, the increased concentration in one compensates for
the lower levels in the other. Bruno et al. has demonstrated that faster plasma vitamin E
disappearance in smokers is normalized by vitamin C supplementation (79). Therefore, it
would be interesting to investigate whether the higher plasma vitamin C concentrations

are related to the cord plasma vitamin E status.

No significant correlations were found in the present study between maternal and

cord plasma in total a- and y-tocopherol concentrations. However, after adjustment for
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total lipids, the cord a-tocopherol/total lipids ratio correlated with maternal o-
tocopherol/total lipids ratio. While most studies find no significant correlation in a-
tocopherol concentrations (10, 63, 74, 78, 80), there is some disparity in the relationship
of a-tocopherol after adjustment for lipids. The y-tocopherol concentrations in maternal
and cord plasma have been analyzed by only a few studies, but have demonstrated a
positive correlation. Kiely et al. measured vitamin E concentrations in non-fasting
maternal samples between 10-20 weeks gestation and umbilical cord blood pairs (n = 40)
and found a significant correlation in y-tocopherol (r = 0.45, p <0.005), but a-tocopherol
concentrations were not correlated (10). The authors did not discuss the measured
tocopherol/total lipids ratio associations. Yeum et al. assessed relationship of tocopherols
in healthy pregnant women at delivery and in cord blood pairs (n = 10) (78). The authors
found a positive correlation in y-tocopherol concentrations between maternal and cord
plasma (r = 0.808, p = 0.0047), but none for a-tocopherol concentrations or a-tocopherol
adjusted for triglyceride concentrations. Oostenburg et al. found no correlation either
between a-tocopherol concentrations or between y concentrations (74), though their
measurement of y-tocopherol was in combination with 3-tocopherol, which could have
affected the relationship. Jain et al. found no correlation between a-tocopherol in
maternal circulation and paired cord plasma (p = 0.64), but after normalization for total
lipids in the blood, the relationship became significant (r = 0.54, p = 0.007) (63).
Sanchez-Vera et al. obtained maternal blood at the time of delivery and paired cord blood
samples (n = 50) and found a significant correlation between a-tocopherol/cholesterol
concentrations (r = 0.506, p <0.001) (80). This present study did not reach a significant

correlation in y-tocopherol concentrations between maternal and cord samples (r = 0.49, p
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> 0.05), probably due to the small sample size of the study. Furthermore, it is well
documented that plasma and tissue y-tocopherol are suppressed by a-tocopherol
supplementation, and since the participants took prenatal vitamins that contained varied
amounts of either RRR- or all-rac-a-tocopherol forms, this might explain the lack of an
association between maternal and cord y-tocopherol concentrations. The a-tocopherol
intake levels could have suppressed y-tocopherol concentrations to varying degrees. The

studies mentioned above did not discuss participants’ prenatal vitamin use.

CEHC is a fairly new metabolite; it was first identified in human urine and
recently quantified in human serum. Measurement of CEHC has been recognized as the
reference strategy to assess vitamin E metabolism and has been applied in both animal
and human studies. One of the first studies to quantify vitamin E metabolites in human
serum used high-performance liquid chromatography (HPLC) to determine baseline
levels in four healthy unsupplemented subjects. The averages observed were 7.1 + 3.0
nmol/L for a-CEHC and 66.4 £+ 15.5 nmol/L for y-CEHC (66). A later studied by Galli et
al. assessed vitamin E metabolite concentrations in eight healthy human subjects using
gas chromatography-mass spectrometry and obtained slightly higher values, 12.56 + 7.54
nmol/L for a-CEHC and 160.74 + 44.88 nmol/L for y-CEHC (68). The authors
concluded that the difference observed between the two studies was likely due to the lack
of an internal standard in the HPLC analyses; however, the ratio between a- and y-CEHC
concentrations of 1 to 10 was comparable between the two studies. In the present study,
the mean maternal a-CEHC concentration was 56.0 = 53.0 nmol/L and y-CEHC was
157.4 + 69.3 nmol/L. The mean ratio between the two metabolites, 1 to 3, was much

lower than in the studies mentioned above. The higher concentration of a-CEHC
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obtained in the current study was likely due to the prenatal supplement use by the
subjects. Though the correlation between total vitamin E intake and a-CEHC
concentration did not reach significance, studies have shown a direct relationship
between metabolite concentration and its parent compound. Radosavac et al. (69) looked
at the actual change in metabolite concentrations after a single dose supplement of
vitamin E from a natural source (306 mg of RRR-a-tocopherol and 1.77 mg of y-
tocopherol), and arrived at several conclusions. The level of a-CEHC in serum followed
the time course of a-tocopherol, increasing from 15.1 = 7.0 nmol/L at baseline to a
maximum of 42.4 + 18.3 nmol/L at 12 hours after ingestion. The authors concluded that
the a-CEHC levels increase after administration of a single dose of vitamin E in humans,
and the appearance of the metabolite in blood parallels that of the a-tocopherol. On the
other hand the y-tocopherol concentrations decreased, while the y-CEHC concentrations
increased and reached a maximum of 151.3 + 64.4 nmol/L at 24 hours. The authors also
concluded that y-tocopherol appears to be metabolized more efficiently than a-
tocopherol. In a different study, after a single dose supplementation with 500 IlU RRR-a-
tocopherol/day for 4-7 weeks, the subject’s serum a-CEHC concentrations increased up
to 198.8 nmol/L (66). In the present study, the three participants whose a-CEHC
concentration was above 100 nmol/L and y-CEHC concentration was above 200 nmol/L,
was reflected by a high dietary vitamin E intake of above 50 IU. Another possible
explanation for the variations in metabolite concentrations might be the difference in
gestational age at which the maternal sample was drawn. No previous studies have
investigated the change in metabolite concentration throughout pregnancy, and it is

possible the concentrations vary with gestation. The present study did not find an
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association between gestational age when the sample was taken and the maternal

metabolite concentrations, but this could be due to the small sample size of the study.

A negative association was found between maternal concentrations of a-CEHC
and y-tocopherol, and with y-tocopherol/total lipids ratio, but a highly positive
association was found with y-CEHC. This most likely relates to the prenatal vitamin
intake of the subjects. It has been shown that with increased a-tocopherol intake, y-
tocopherol concentration is decreased while the metabolite concentration of y-tocopherol
is increased. Furthermore, studies have demonstrated that high intakes of a-tocopherol
can induce expression of cytochrome p450 enzymes that are involved in vitamin E
metabolism, and thus high doses could stimulate the nutrient’s own metabolism. Since
both of the isoforms are metabolized by the same enzyme system, an increase in the
enzyme could cause a similar increase in both metabolites. We in fact observed a

positive correlation between a- and y-CEHC in this study.

The primary aim of the study was to determine a- and y-CEHC
concentrations in cord blood and how it compares to maternal concentrations. No
previous studies have looked at CEHC metabolite concentrations in cord blood. The
present study determined cord a-CEHC concentration at 33 £ 29.4 nmol/L, which is
slightly higher than the previously determined healthy adult average in the study by Galli
et al. (68), and cord y-CEHC concentration at 115.8 + 55.8 nmol/L, which is slightly
lower than the previously determined adult average. The data analysis showed that as
within the maternal circulation, cord a-CEHC concentration was significantly lower than
v-CEHC concentration, but the correlation between the two metabolites did not reach

significance. The lack of an association could be due to the small sample size of the
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study. Also, as with the maternal values, cord a-CEHC concentration was negatively
correlated with cord y-tocopherol and y-tocopherol/total lipids ratio. It is possible that the
cord circulation reflects the tocopherols and metabolite concentrations found in maternal

blood.

Another aim of the study was to indirectly estimate whether the placenta
metabolizes vitamin E. During pregnancy, the body becomes a complex unit of mother,
placenta, and the fetus. Umbilical cord contains metabolites that are transferred from
maternal circulation across the placenta to the baby, and represents the fetal circulation.
In the present study, tocopherol and its metabolite concentrations were measured in
maternal and cord blood pairs, and the hypothesis was that a higher metabolite
concentration in fetal blood could possibly indicate that the placenta metabolized the
tocopherol from the maternal circulation, and thus explain the lower tocopherol
concentrations that have been observed in cord blood. The results obtained show no
significant difference between maternal and cord a-CEHC. In fact, there was a strong
correlation between the two concentrations. Figure 10 demonstrates the difference
between maternal and cord plasma metabolite concentrations. Though the difference was
not statistically significant, there seems to be a trend for the lower a- and y-CEHC
concentrations in cord blood. It is plausible that the water-soluble a-CEHC passes the
placental barrier to the fetus, equilibrating with the maternal circulation. At phase Il
metabolism of xenobiotics in the liver, a bulky endogenous compound is conjugated to
the site of the oxidation, such as glucuronate and sulfate, before hepatic excretion. This
makes the metabolite highly polar and water soluble, thus requiring special proteins to

pass the cell membrane. Multidrug resistance-associated proteins (MRPs) are thought to
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Figure 10. Differences in CEHC concentrations between maternal and cord plasma.
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be one group of enzymes that regulate the efflux of conjugated metabolites from the liver,
and have also been located in the placental syncytiotrophoblast membrane. Whether the
metabolite passes straight from the maternal circulation or the placenta contributes to
vitamin E metabolism, a-CEHC could be transported into the fetal circulation using these
transporters, though the exact reason for that is not clear. It is possible that the
metabolites possess some biological role and might be necessary for fetal development.
On the other hand, it is also possible that the metabolite produced by the placenta is
transported back into the maternal circulation for excretion, which could explain the
observed higher a-CEHC concentration in pregnant women compared to the previously

determined non pregnant normal adult values.

Cord y-CEHC concentrations, were not correlated between maternal and cord
plasma, though still present at significant concentrations in cord blood. This could be due
to a-TTP located in the placenta, which selectively transfers a-tocopherol, while
discriminating against other isoforms, including y-tocopherol. This probably causes an
enhanced metabolism of the y isoform, resulting in a higher y-CEHC concentration on the
maternal side. Interestingly enough, cord a-CEHC was significantly correlated with
maternal intake of vitamin E from prenatal vitamins, but vitamin E intake did not have a
significant effect on the cord plasma tocopherol concentrations. Therefore it seems that
higher intake of supplemented vitamin E during pregnancy results in elevated metabolite
levels in fetal blood, without increasing its vitamin E concentration, though further

studies are warranted.

Maternal supplementation with vitamin E and vitamin C has been considerably

explored due to its plausible role in prevention of preeclampsia. Several clinical trials
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supplemented pregnant women with these antioxidants to investigate its effect on
pregnancy outcomes, particularly preeclampsia and birth weight. A large randomized
placebo-controlled trial (n = 2410) failed to show a protective effect of vitamin
supplementation (400 1U of RRR-a-tocopherol and 1000 mg of vitamin C), but found a
significant increase in the incidence of low birth weight babies (< 2500 gm; 19% in
control group vs. 28% in supplemented group; RR = 1.15, 95% CI: 1.02-1.30) (81). Two
smaller studies in high-risk women used vitamin C and E in the same doses, and found a
slight, non-significant decrease in birth weight in the supplemented group (82, 83). On
the other hand, in an Australian clinical trial by Rumbold et al. (n = 1877), using a similar
dose in vitamins, found no effect on either birth weight or preeclampsia (4).

Furthermore, a WHO multicenter trial evaluating effects of vitamin C and E
supplementation in pregnant women of low nutritional status from developing countries,
also found no significant difference in low birth weight rate between supplemented and
control groups (33.2% vs. 36.4%, RR: 0.9; 95% CI: 0.8-1.1) (84). It could possibly be
that the two vitamins in combination have some affect on the growth and function of the
placenta. However, in a prospective study of pregnant women exposed to high doses of
just the vitamin E (> 400 1U/day) during the first trimester of pregnancy, found that
newborns of the supplemented mothers had a significantly lower birth weight compared
to the matched control group (3173 = 467 gm vs. 3417 £ 565 gm; p = 0.0015) (85). The
study concluded that this outcome was due to behavioral differences; the mothers who
took extra supplements were probably more health conscious and more likely to exercise
and thus deliver lighter babies. On the other hand, in an epidemiologic study by Scholl et

al., a positive association was found between plasma concentrations of a-tocopherol and
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increased fetal growth (birth weight for gestation) in a vulnerable population of low
socioeconomic status (86). The researchers discussed vitamin E’s role in enhanced
release of prostacyclin, leading to a vasodilatory effect, thus increasing blood flow
between the placenta and the fetus and increasing the fetus’s nutrient supply. Saker et al.
(87) determined the antioxidant status in Algerian mothers and their newborns according
to birth weight groups, small for gestational age (SGA: < 2500 gm or < 10" percentile),
appropriate for gestational age (AGA), and large for gestational age (LGA: > 4000 gm or
> 90" percentile), and found significantly lower plasma vitamin E concentrations for both
mothers and newborns in the SGA group (p < 0.01). The maternal blood samples were
taken 48 hours port partum, and the newborn levels were measured from cord blood.
Interestingly enough, the maternal vitamin E concentrations of LGA group were not
significantly different from the AGA group (32.68 £ 3.13 umol/L vs. 29 + 2.03 umol/L),
but their newborn vitamin E concentrations were significantly lower (6.29 + 1.08 pmol/L
vs. 12.26 + 1.04 umol/L, p <0.01), closer to the concentrations of the SGA babies (4.68 +
0.65 umol/L). The study group concluded that oxidative stress is present in both SGA
and LGA newborns, supported by low plasma total antioxidant activity and high plasma
hydroperoxide and carbonyl protein levels, and supplementary therapy with antioxidants
might help to shift this oxidant and antioxidant balance. To investigate possible
detrimental effects of high vitamin C and E levels on the placental function, Aris et al.
(88) exposed isolated placental cells in vitro to high concentrations of these antioxidants
and measured the secretion of human chorionic gonadotropin (hCG) and the production
of tumor necrosis factor-alpha (TNF-a)). They found that exposure of human

cytotrophoblasts to above physiological concentrations of vitamin C and E, separately or
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combined, decreased secretion of hCG. This hormone is involved in many regulatory
functions and is critical to the maintenance of gestation and successful pregnancy.
Additionally, high levels of vitamin C and E increased cytotrophoblasts’ production of
TNF-o. This major proinflammatory cytokine is related to adverse pregnancy outcomes
and placental immunity. The authors hypothesized that due to the nutrients’ antioxidant
capacities, a significant depletion of oxidative metabolites by high doses of vitamin C and
E may cause an imbalance in the oxidative status, which is necessary for normal hCG
secretion. These changes have been known to result in endothelial dysfunction and
adverse pregnancy outcomes, such as fetal growth restriction. It seems that nature would
have a mechanism in place to reduce the negative effects of high vitamin E
concentrations on the function of the placenta and the growth of the baby. Though
pregnancies of low nutritional status seem to benefit from increased vitamin E
concentrations to establish normal levels for their fetus” environment, for those groups
that are already consuming an adequate diet, additional vitamin E seems to negatively
influence baby’s growth through oxidative imbalance and other unknown mechanisms. It
is probable that in order to protect the developing fetus from high doses of this
antioxidant, the placenta assists in metabolizing above normal plasma vitamin E
concentrations. None of this study’s participants took prenatal vitamins with levels
higher than the ones mentioned in above studies that resulted in lower birth weight. Itis
possible that we didn’t see a significant difference in the metabolite concentrations
between maternal and cord plasma due to insufficient vitamin E levels for the placenta to

notably metabolize the vitamin.
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Conclusions

In conclusion, a- and y-tocopherol concentrations were significantly lower in cord
blood compared to maternal blood, even after adjustment for total lipids. Of the
tocopherols, only a-tocopherol/total lipids ratio was significantly correlated between
maternal and cord concentrations. The absolute vitamin E metabolite concentrations, o-
and y-CEHC, were not significantly different between maternal and fetal circulations, but
the metabolite to tocopherol ratios were signficantly higher in cord blood. The higher a-
tocopherol/total lipids ratio in maternal blood was reflected by an increased a-
tocopherol/total lipids ratio in fetal blood, and an even more prominent increase in the
fetal metabolite concentration of a-CEHC. Furthermore, an increased vitamin E level of
prenatal vitamins was associated with higher a-tocopherol concentration in the maternal
circulation, but higher a-CEHC concentration in the fetal circulation. This might imply
that the higher levels of supplemented vitamin E intake do not produce an increase in
fetal vitamin E concentrations, but result in an increased metabolism of the vitamin. It is
possible that the placenta contributes to the metabolism of the higher vitamin E
concentrations, which is supported by the significant correlation between supplement
intake and cord blood a-CEHC concentration. If the goal of supplemental vitamin E in
pregnancy is to increase fetal store, it appears that maternal supplements do not increase
the fetal tocopherol concentrations, but may increase their CEHCs concentrations. Since
it is possible that high dose supplementation during pregnancy may have negative effects,
further studies are needed to examine the relationship of supplemented levels of vitamin

E and its affect on the fetus.
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Appendix A

Questionnaire Regarding Prenatal Vitamin Intake and Study Visits

1) What prenatal vitamins were you taking during your pregnancy?

a. The ones supplied by the study (Prenatal Rx 1) or other brands?

b. Did you take it in the morning or at night?

2) What is the vitamin E and vitamin C content of that prenatal?
3) Were you taking them on a regular basis?

a. Daily

b. 5 timesaweek

c. 3timesaweek

d. Once a week

e. Not consistently

4) Do you remember the last time you ate before you delivered?
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Appendix B

SWL
MGT Protocols
Updated 1/7/02

Vitamin E Assay-Amperometric Detection

Materials:

Water bath set at 70°C

1% ascorbic acid (AA) ethanol (1 g/100 mL) (takes approximately 10-20 minutes to dissolve using a magnetic
stir plate)

BHT (Img/mL EtOH)

Milli-Q H,O

Saturated KOH (dissolve 79.2 g KOH into 74.2 mL H,O, on ice, very exothermic)

HPLC grade hexane (toxic-work in hood)

1% ascorbic acid (AA) water (1 g/100 mL)

EtOH/MeOH 1:1 mixture

Column: C18, 4.6 x 100mm, 3uM, isocratic 1 mL/min

Vitamin E mobile Phase, 4 L:

80 mL Milli-Q H,O

4.256 g LiClO4

3920 mL HPLC grade Methanol (mix water and salt before added methanol)

Filter into a flask through a 0.2 uM filter. Pour into a brown bottle and sonicate 15 min.

Sample Prep:
1. Add 100 puL plasma into a 10 mL screwcap glass tube containing: 2 mL EtOH/1% AA, and 900 pL Milli-Q
H>0. Then add 0.3 mL saturated KOH and vortex briefly.

2. Place the sample rack into 70°C water bath for 30 min.

3. Cool onice then add 25 uL BHT (1 mg/mL EtOH) and 1 mL Milli-Q H20/1% AA. Then add 2 mL hexane.
4. Mix by hand inversion for ~1 min. Allow to separate to partition, or centrifuge on low speed for 3 min.

S. Aliquot 1.6 mL into a new test tube.

6. Dry under nitrogen, and re-suspend in 100 pL EtOH:MeOH mixture.

7. Vortex briefly and transfer to an HPLC injection vial with an insert in it.

8. Inject 20 pL into HPLC.

Standard Prep:

1. Dilute the stock standards so that your samples fall in the middle of your curves. For example: if your
sample is human plasma the concentration will be ~20 uM. This is the same as 20 pmol/uL. Using the
above sample prep: 20 pmol/uL*100 uL/2 mL hexane*1.6 mL hexane/100 uL EtOH:MeOH*20 pL inj =
320 pmol inj. The a-Tocopherol stock is 1500 uM (pmol/uL), so diluting 50 uL to 5000 pL and injecting 5
puL =75 pmol inj. Injecting 10 pL = 150 pmol inj, and so on.

2. Take out 50 pL from the stock a-tocopherol std and dilute to 5 mL with EtOH:MeOH. Also, add 50 pL y-
tocopherol stock solution to the same dilution, and any other standard you need. The gamma standard is 150
uM. Vortex and transfer to an HPLC injection CLEAN vial. Inject 5, 10, 20, 30, and 40 pL.

3. The software will make a standard curve by plotting pmol injected of the different tocopherols to the area
for each concentration.
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HPLC Directions:

1.

Turn on the computer, 2 pumps, auto sampler, and controller. Purge the system with the freshly sonicated
vitamin E mobile phase by opening the "Purge" valves and pushing the purge button on both pumps. The
system will stop purging after 2 minutes. Close the purge valves and hit "Activate" on the controller. If the
wrong method is open you will need to open method 6 on the controller (press menu key, then 1, then
function key, then F1, then 6, then F2) for the correct flow. For the above column the flow should be 1.5
mL/min (0.75 mL/min/pump), with a back pressure of ~150 bar.

Once you have flow, turn on the ECD (power on, then cell on). Settings: Range 0.2 pA, Potential 0.5 V,
Output ~0.005.

Set up the sequence on the controller to match where the vials have been placed in the autosampler. End
with low flow program (vial 60, 10 uL inj, and F1 for run time/file). The system has a 50 uL loop, do not
inject more than 50 pL.

Open the Shimadzu Class VP software icon on the computer and set up a new batch (under File pull down
menu). Find the correct Method path by clicking on the blue folder on the right. Use the current date for the
Data path (ex. c:\your name'date, ex. 112602). Sample ID does not matter, just make sure to put something.
Put in the correct Method by clicking on the folder on the right. File name, ex. 112602.(001). Then enter the
total number of runs. Click OK. Change the run type to calibration for STDSs. Fill in Sample ID descriptors,
and 1-5 for STDS under Level. Save the batch (under File pull down menu) as the same date in the current
date folder under your name on the ¢:/ drive.

Click on the green "Batch" arrow icon when your samples are loaded and you are ready to begin analyzing.
You should see a "waiting for trigger" prompt in the bottom left hand corner of the screen. The trigger is the
controller.

Check to make sure you have the correct column, plenty of room in the waste container, enough mobile
phase as well as rinse solution, and that your samples and standards are in the correct positions. Hit "Run"
on the controller to start the batch. Watch the first 2 standards come off to make sure everything is working

properly.

Chromatogram Analysis:

L.

If your batch was the last one on the screen, open a Data file (under File pull down menu) for one of your
standards. If not, open your Method, and your Batch first. Then, click the "Analyze" icon. Open Peak Table
(under Method pull down menu). Clear the Peak Table (under the Edit pull down menu). Define Peaks
(under the Method pull down menu, under Graphic Events Programming). Click on chromatogram
anywhere before the peaks of interest, and then anywhere after the peaks.

Fill in the new Peak Table. First, name the peaks (ex. g-T & a-T). Fit Type = Linear, DO NOT FORCE
ZERO, put in your standard levels (pmol inj). Save the Method (under the File pull down menu).

Batch Summary (under Batch pull down menu). Click on: area, and ESTD conc under Peak Parameters, and
channel B. Save to folder with current date.

Batch Reprocess (under Batch pull down menu). Click start and scroll down to analyze the files using the
down arrow. If any of the chromatograms need to be changed, you will need to reprocess again after
finishing (screwy software bug).

Sample Calculations:

Open the batch summary in Excel. When the Delimited data screen opens up click Finish.
ESTD conc. (pmol inj)/starting volume*hexane used/extracted*amount resuspended in/amount injected

Ex. pmol inj/100 pL*2 mL/1.6 mL*100 uL/20 uL = uM

Reference:Simultaneous determinationof tissue tocopherols, tocotrienols, ubiquinols, and ubiquinones. 1996. Podda M, Weber C,
Traber MG, and L Packer. J Lipid Res. 37(4):893-901.
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