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ABSTRACT
Vitamin B-6 status was assessed by measuring erythrocyte
glutamic-pyruvic
transaminase (EGPT) indices in 122 pregnant Hispanic
teenagers. Seventeen
percent were vitamin B-6
deficient(EGPT
indices > 1.25) at the initial interview (first or second trimester). A daily supplement
of5 mg vitamin B-6, beginning at initial interview, did not reduce prevalence ofvitamin
B-6 deficiency
at final interview (third trimester).
No association
was found between EGPT indices > 1.25 and the
outcome of pregnancy.
The activity of diamine oxidase (DAO), a vitamin B-6-dependent
enzyme
produced by the placental decidua, was measured
in maternal
plasma. At initial and final interviews,
plasma-DAO
activity was increased by in vitro addition of pyridoxal-5’-phosphate.
The activity in
early pregnancy
was positively associated with dietary vitamin B-6 intake and was lower in teenagers
with EGPT indices > 1.25 at the final interview.
Findings suggest that plasma-DAO
activity is influenced by vitamin 3-6 status.
Am J C/in Nuir l986;44:907-13.
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Introduction

during

vitamin
B-6 deficiency
occurs
pregnancy
as measured
by

tryptophan-load

tests

(1,

2),

low

pyridoxal-5’-phosphate
(PLP) levels in maternal plasma
(3-5),
and elevated
indices
of
glutamic-oxalacetic
transaminase
(EGOT)
(6)
and glutamic-pyruvic
transaminase
(EGPT)
(7) in erythrocytes.
Vitamin
B-6 supplementation in amounts
two to four times the Recommended
Dietary Allowance
(RDA) (8) of
2.6 mg/day
for pregnant
women
has been reported
as necessary
to achieve
normal
nonpregnant
values for the tryptophan-load
test
and PLP titers (9).
Maternal
biochemical
vitamin
B-6 deficiency may result in a reduced
activity or decreased saturation
of vitamin
B-6-dependent
enzymes
in the placenta.
Vitamin
B.-6 is a cofactor for diamine
oxidase (DAO), an enzyme
that is produced
by placental
decidua (10, 1 1).
During pregnancy,
DAO is found in maternal
plasma, where its activity increases
with gestational age during the first half of pregnancy
and then reaches a plateau
(12). Low DAO
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B-6 supplementation
activity and vitamin

in pregnancy,
B-6 status

in plasma
has been associated
with
pregnancy
wastage,
such
as spontaneous
abortion
(13, 14) and stillbirth (12). Ramsay
et al (1 5) observed
a trend toward lower DAO
activity
in placental
tissue of vitamin
B-6deficient
Kenyan
women.
We investigated
vitamin
B-6 status (as indicated by the EGPT index) and plasma-DAO
activity
in 122 pregnant
teenagers
of Hispanic
descent
in Los Angeles,
CA. Because vitamin
B-6 is a cofactor for DAO, the effect of the in
vitro addition ofPLP on plasma-DAO
activity
was also determined.
activity

Biochemical
frequently
abnormal

vitamin
oxidase
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Methods
Subjecis
Determinations
of vitamin
B-6 nutriture
were conducted in a subsample of 122 pregnant Hispanic teenagers
from a population of 138 subjects (mean age, 15.9 ± 0.8
yr) in Los Angeles who were studied to determine the effect
of zinc supplementation
on zinc status and outcome
of
pregnancy.
The teenagers received care from a Maternity
and Infant Care (MIC) Project that provided services not
ordinarily
available
in public health prenatal clinics. For
example, the staffofthe
MIC Project includes specialists,
such as nutritionists
and health educators; appointments
are scheduled within 10 days; no charge is made for medical
care; and access to the Supplemental
Food Program
for
Women, Infants, and Children (WIC) is facilitated. These
procedures
may contribute
to the high attendance rate at

MIC Projects.
Details ofthe zinc-supplementation
study are reported
elsewhere
(16). In summary,
the teenagers
were randomly
divided into control and zinc-supplemented
groups. At
the initial interview, both groups were issued a daily vitamin and mineral
supplement
that contained
5 mg of
vitamin B-6 as pyridoxine
HO. Because there was no difference in vitamin 5-6 status between the two groups, the
total number of teenagers were grouped
together
in the
present study.
Teenagers
who were in the study long enough to take
the supplements
for more than 60 days and who obtained
one or more refills of6O capsules from the clinic pharmacy
were classified as compliers. Ofthe teenagers who returned
to the clinic during the third trimester, 93% were compliers
(n = 82 of 89). The study protocol was approved by the
Human Subjects
Protection
Committee,
University
of
California,
Los Angeles, and by the Research Committee
of the University of Southern California School of Medicine.
Outcome

ofpregnancy-foiow-up

data

Follow-up
data-including
placental
and infant
weights, Apgar scores, and outcomes
of pregnancy-were
obtained
from the hospital records ofthe 89 women who
had returned for the final interview.
Criteria for diagnosing
suboptimal
outcomes
including
premature
rupture of
membranes, pregnancy-induced
hypertension,
and prematurity were described
in a previous paper (16).
Laboratory

assays

All measurements were made twice during pregnancy,
once at the initial interview (at a mean ofthe 17th wk of
pregnancy)
and again at the final interview (at a mean of
the 36th wk of pregnancy).
A lO-mL blood sample from
the antecubital vein was collected into a heparinized
tube
and centrifuged at 1500 X g for 10 mm. The plasma was
removed and frozen at -20#{176}C
in foil-wrapped tubes. The
packed erythrocytes
were diluted with an equal volume
of double-distilled
water and frozen at -20#{176}Cin foilwrap
polyethylene
bottles. All samples were processed
and frozen within 2 h after collection. Sample preparation
and enzyme analyses were done under subdued light.
The diluted erythrocytes
were hemolyzed
by freezing
and thawing
three times. Enzyme-saturation
tests for
EGPT were conducted
using
the procedure
of Tonhazy

ET AL
et al (17) as modified by Cinnamon
and Beaton (18). An
enzyme-saturation
index was determined
by calculating
the ratio of PLP-stimulated
enzyme activity to unstimulated activity. An EGPT index > 1.25 indicated a vitamin
B-6 deficiency
(19).
Plasma-DAO
activity was determined
by the method
ofMcEwen
(20). The effect ofin vitro addition ofPLP on
DAO activity was measured by comparing values obtained
from assays with and without the addition of0.05 mL of
0.5 mg PLP/mL solution to the reaction mixture prior to
incubation.
We calculated an enzyme-saturation
index for
DAO, using the same procedure as described
for EGPT.
Statistical

analyses

We used

t tests to compare
group means and analysis
of covariance to control for the effect of gestational age
(21). The Pearson chi-square
test was used to analyze categorical data and, in cases of small sample size, Fisher’s
exact test was employed
(21). McNemar’s
test (22) was
used to test for the significance of changes in the number
ofteenagers
with biochemical vitamin B-6 deficiencies at
the final as compared to the initial interview.
In all statistical tests, values of p < 0.05 were reported. All levels of
significance
were reported without adjusting for multiple
tests.

Results
Vitamin

B-6 status

The
in the

mean
study

EGPT
and

indices

for those

for all teenagers
who

returned

for a

final interview
during the third trimester
are
given in Table 1 There was no significant
difference in the mean EGPT index at the initial
as compared
to the final interview
(paired
t
test). At the initial interview,
17% of the subjects were classified
as vitamin
B-6 deficient
(EGPT
index > 1.25); at the final interview,
-

27%

were

borderline
Plasma-DAO

deficient.

significance

This

increase

was

only

of

(p < 0.08).

activity

Mean plasma-DAO
activities
at initial and
final interviews
are shown for the compliers,
grouped according
to their vitamin B-6 status
at the final interview
(Table 2). When PLP
was added in vitro, the mean plasma-DAO
activity was increased
(p < 0.02). The increases
occurred
in both the B-6-adequate
and B-6deficient teenagers
at the initial and also at the
final interview.
Three factors were considered
in comparing
plasma-DAO
activity in the teenagers:
1) vitamin B-6 status as determined
by the EGPT
index, 2) the in vitro addition
of the cofactor,
PLP, and 3) the stage of pregnancy
(initial or
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TABLE
1
Biochemical
vitamin
B-6 status in pregnant
teenagers
at initial and final interviews

noi

DURING

PLP to DAO activity without added PLP. The
DAO index was not significantly
different
in

Hispanic

B-6-deficient

index

Vitamin B-6
n

I ± SD

deficient
%*

Initial interview
Allteenagers
Teenagers
who returned
forafinalinterview
Final interview
* EGPT
index > 1.25.

122
89
89

1.14±0.17

17

1.13±0.17
1 . 17 ± 0. 18

17
27

teenagers.

The DAO index was calculated
from the
ratio of DAO activity stimulated
with added
TABLE

as compared

quate teenagers
at either
interviews
(Table 2).
Vitamin
outcome

final interview)
(Table 2). Mean plasma-DAO
activity
without
added PLP was significantly
lower
(p < 0.04)
at the initial
interview
in the B-6-deficient
as compared
to the
B-6-adequate
teenagers
when the linear effect
ofgestational
age was controlled.
In addition,
when PLP was added, plasma-DAO
activity
tended to be lower (p < 0.06) in the vitamin
B-6-deficient
than in the vitamin
B-6-adequate teenagers.
During pregnancy
(final minus initial
values),
mean
DAO activity
increased significantly
(p < 0.05) only in the vitamin B-6-deficient
teenagers.
Thus, at the
final interview,
mean plasma-DAO
activities
were not significantly
different in the vitamin
B-6-deficient
as compared
to the vitamin
B6-adequate
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to

the

the initial

B-6-ade-

or the final

B-6 status and the
of pregnancy

Vitamin
B-6 status of the teenagers
at the
final interview
was not found to affect the
mean placental
weight, birth weight, or Apgar
scores of their infants (Table 3).
Table 4 shows the mean plasma-DAO
activity and vitamin
B-6 status at the final interview in those teenagers
with satisfactory
or
suboptimal

outcomes

of pregnancy.

No

sig-

nificant differences
in plasma-DAO
activity
biochemical
vitamin
B-6 status were found
teenagers
with satisfactory
as compared
suboptimal
outcomes
of pregnancy.
All
teenagers

with

suboptimal

outcomes

who

or
in
to
15
gave

a blood sample
at the final interview
compliers,
except one who experienced
mature
rupture
of membranes.

were
pre-

Discussion
Vitamin

B-6 status

The prevalence
ofvitamin
B-6 deficiency
as
measured
by the EGPT index (17) in the teenagers at the initial interview
was lower (17%)
than that reported
for low-income
pregnant

2

Plasma-DAO

activity

(-

and + PLP added

in vitro)

in compliers

grouped

by biochemical

vitamin

B-6 status at final

interview
Vitamin

B-6 adequate

P1

Plasma-DAO
activity
Initial interview
Finalinterview
Plasma-DAO
activity
Initial

Vitamin

i±SD

B-fl deficient’

i±SD

n

(-PLP)t
55
61

84.8
93.9

19
21

± 55.8
±51.2

57.2
101.9

± 36.4
±47.l

69.6

± 34.S

(+PLP)t
55
61

interview

Finalinterview

96.4 ± 6 1.2”
116.5 ±6l.l

18

131.6 ±59.4

21

DAO mdcxii

*

Initial interview
Final interview
EGPT index > 1.25.

t nmoles 2,3-trimethylene--l,2
t Significantly

55
61

dihydroquinazolium

lower than B-6-adequate

1.17 ±
1.29 ±

hydroxide

0.25
0.34

18
21

formed/0.3

group when the linear effect

<

0.22
0.31

mL/6 h.

of gestational

ANCOVA).
§ Significant
increase at the final interview in B-6-deficient
teenagers (p
II Significantly
higher than DAO activity - PLP (p < 0.02, paired t test).
iiDAO index = (DAO activity + PLP)/(DAO activity - PLP).

1.22 ±
1.31 ±

age was controlled

0.05, paired t test).

(p

<

0.04,
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TABLE
Selected

3
measures

of pregnancy

outcome

according

to maternal

Vitamin

*

641

62

l-minafterbirth

1.3

21

8.0±

1.8

0.4

21

8.7 ±

1.6

Plasma DAO
(-PlY)’

Vitamin

B.6 status

(n=89)
n deficientt/n

cases

(%)

outcome
outcome

Suboptimal

74

95. 1 ± 50.7

Fetaldeatht
PROMI

I

73.9

2

96.1

PIH”

9

Prematurityll
Congenital anomaly’
Total suboptimal
outcomes

2

106.1

1

168.9

15

103.0

30.4

99.7±47.4
±

34.1

H Pregnancy-induced

11There

(0)

1/2 (50)
1/9

± 37.9

(11)

1/2 (50)
0/1

nmoles 2,3-trimethylene--1,2
dihydroquinazolium
formed/0.3 mL/6 h.
tEGPTindex>
1.25.
t At 38th wk of gestation.
§ Premature rupture of membranes.
S

21/74 (28)
0/1

±

(0)

3/15

(20)

hydroxide

hypertension.

ofprematurity.
Blood samples were not
three mothers, one whose infant died 3 h after birth.
5*
Infant born with congenital translocation ofthe great vessels
ofthe heart.

collected

were

from

five cases

± 134
±389

8.1±

TABLE 4
Plasma-DAO
activity and biochemical vitamin B-6
status at the final interview in teenagers with satisfactory
or suboptimal outcome of pregnancy

Satisfactory

615
3357

9.0

24).

1± SD

i±SD

‘I

20
21

62

At the initial interview,
no association
was
found between elevated EGPT indices and low
dietary-vitamin
B-6 intakes
(data
not presented).
Supplementation
with 5 mg of pyridoxine HO/day
beginning
at about the 17th
wk of pregnancy
was not sufficient
to reduce

(n=89)

B-6 deficient’

61

(50%)

Pt

B-6 status at the final interview
Vitamin

± 132
±436

3435

women
in Florida (68%) (7) and for pregnant
women
in Central
Europe
(6) as measured by the EGOT
index. In the teenagers,
the mean reported
dietary vitamin
B-6 intake
was 1 .5 ± 0.8 mg, or 58% of the RDA (16).
This value is in the upper range ofintakes
(3858% of RDA) reported
by other investigators
(7, 23,

vitamin

i±SD

57

5-mm after birth
EGPT index > 1.25.

AL

B.6 adequate

n

Placental
weight (g)
Infantbirthweight(g)
Apgar scores

ET

±

the prevalence
ofbiochemical
vitamin
B-6 deficiencies
at about the 36th wk as compared
to the 17th wk in either the total group (Table
1) or in the compliers
(data not presented).
Other
investigators
(4) assessed
vitamin
B-6 status by measuring
PLP levels in maternal
plasma and found that 4-10 mg of vitamin
B-6/day
was required
to maintain
plasma-PLP
levels during
pregnancy.
Schuster
et al (25)
reported
similar results. The relatively
larger
intakes of vitamin
B-6 necessary
to affect the
biochemical
indices
of vitamin
B-6 status in
pregnancy
have led some investigators
(26) to
question
whether these indices represent a developing
deficiency
or a normal
physiologic
response
to pregnancy.
Plasma-DAO

activity

and vitamin

B-6 status

DAO found in maternal plasma arises from
an uncharacterized
spillage
from cells of the
placental
decidua
where
DAO is synthesized
(1 1). It has been
reported
(12) that plasmaDAO activity increases
markedly
during the
first trimester
ofpregnancy
and reaches a plateau at about the 20th wk. That report
was
confirmed
in the present
study by the observation
that plasma-DAO
activity
was positively correlated
with gestational
age at the
initial interview
(r = 0.31, p = 0.001, n = 85)
but not at the final interview
(data not presented).
There are several
findings
in the present
study that indicate
a relationship
of plasmaDAO activity
to vitamin
B-6 status. At the
initial interview,
mean plasma-DAO
activity
without
added PLP (the coenzyme
form of vitamin
B-6) was significantly
higher in teenagers who had adequate
vitamin
B-6 status as
compared
to those who were vitamin
B-6 deficient (Table 2). This observation
may mdi-

VITAMIN
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cate that adequate
vitamin
B-6 status is necessary for plasma-DAO
activity to rise maximally during early pregnancy.
From the initial to the final interview,
however, mean plasma-DAO
activity
increased
significantly
only in the vitamin
B-6-deficient
group and at the final interview
the plasmaDAO activity was no longer lower than in the
vitamin
B-6-adequate
group. This increase in
DAO values could have been due to the daily
supplement
of5 mg pyridoxine
HO prescribed
for all teenagers
beginning
at about the 17th
wk of pregnancy.
Without
that supplement,
DAO activity may not have increased
during
pregnancy
in the vitamin
B-6-deficient
teenagers. The finding that plasma-DAO
activity
increased
in teenagers who were vitamin B-6deficient as measured
by the EGPT index suggests that placental
DAO may have a higher
metabolic
priority
than
maternal
plasma
EGPT for vitamin
B-6.
Additional
evidence
of a relationship
between plasma-DAO
activity
and vitamin
B-6
status is the observation
that plasma-DAO
activity in early pregnancy
was affected
by the
dietary
intake ofvitamin
B-6. The initial mean
DAO activity without
added PLP was significantly lower (p < 0.04) in teenagers
with dietary vitamin
B-6 intakes
<
ofthe
RDA as
compared
to those with intakes
2/3 of the
RDA (69.0 ± 47.3 units and 90.3 ± 57.8 units,
respectively).
That relationship
between
initial
DAO activity and vitamin B.-6 intake was also
observed
when PLP was added in vitro (75.3
± 42.0 units and 105.2 ± 54. 1 units, respectively, p < 0.04).
Another
finding linking
plasma-DAO
activity and vitamin
B-6 is the consistent
observation that plasma-DAO
values were increased
by the in vitro addition
ofPLP
(Table 2). The
DAO index, however, was not significantly
different in the vitamin
B-6-adequate
as compared to vitamin
B-6-deficient
teenagers.
A
possible
explanation
for this observation
is that
the DAO apoenzyme
may tend to be unstable
ifit is not saturated
with PLP. The stability
of
some vitamin
B-6-containing
enzymes
has
been shown to be dependent
on PLP availability (27).
Progress

and outcome

of pregnancy

An early investigation
(28) of vitamin
B-6
nutriture
during pregnancy
suggested
that the

DURING

PREGNANCY
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nausea of pregnancy
was associated
with a vitamin B-6 deficiency.
Because
various
factors
(such as physiological
changes
and anxieties
related to childbirth)
may cause nausea during
early pregnancy,
it is difficult to ascertain
the
role of vitamin
B-6 nutriture
in the development of nausea
(29). At the initial interview
of this study, all teenagers
were asked, “Do
you often feel nauseated
to the point where
you eat less than usual?”
The prevalence
of
biochemical
vitamin
B-6 deficiencies
(17%) in
teenagers
who reported
nausea did not differ
from the prevalence
(18%) in teenagers
who
did not report nausea. Thus, no evidence
was
obtained
in the present study to relate vitamin
B-6 deficiency
and prevalence
of nausea
in
pregnancy.
These observations
confirm
those
of Schuster
et al (30) who reported
no relationship
between
vitamin
B-6 status and the
incidence
and degree of morning
sickness
during the first trimester
of pregnancy.
Schuster
et al (7) did not find an association
between
maternal
vitamin
B-6 status and infant birth weight. Similarly,
we found no differences
in mean infant birth weights
or placental weights
grouped
by biochemical
vitamm B-6 status as determined
at the initial or
final interview
(Table 3).
Apgar scores have been associated
with maternal biochemical
vitamin
B-6 status (7, 23).
Schuster
(7) found that mothers
with adequate
biochemical
vitamin
B-6 status
had infants
with higher Apgar scores than mothers
with
ficient biochemical
vitamin
B-6 status.
In a
study of infants
with low Apgar scores (< 7),
Roepke
and Kirksey
(23) found
that low maternal dietary-vitamin
B-6 intakes
were associated
with low levels of PLP in maternal
plasma
at delivery.
Schuster
et al (30) found
that mothers who reported intakes of vitamin
B-6 > 7.5 mg/day
(or about
three times the
RDA for pregnancy)
delivered
infants
with
significantly
higher Apgar scores. In the present study, neither
the mean Apgar score nor
the number
of low scores (< 7) at 1- and
5-mm
postbirth
was found
to be related
to
biochemical
vitamin
B-6 status at either the
initial or final interview.
All infants had 5-mm
Apgar scores ranging
from 8 to 10, except for
one infant with a score of 2.
Mean plasma-DAO
activity
and the preyalence of vitamin
B-6 deficiency
were not significantly
different
in the teenagers
with sub-
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optimal
outcomes
of pregnancy
compared
to
those with satisfactory
outcomes
(Table
4).
However,
there was an unusually
low mcidence of suboptimal
outcomes
in this population ofteenagers,
which may have been due,
in part, to the prenatal
care received
at the
MIC Project.
Studies report that low plasma-DAO
levels
are associated
with certain
disorders
of placental function,
such as spontaneous
abortion
(12, 13) and stillbirth
(1 4). Therefore,
it may
be important
to maintain
high levels of DAO
activity
early in pregnancy.
While the role of
plasma DAO during pregnancy
is not entirely
understood,
it has been suggested
(3 1-33) that
the interaction
of polyamines
and their products with diamine-degrading
enzymes,
such as
DAO, may prevent the immune
rejection
of
the fetoplacental
unit.
A study by Baker et al (34) provided
evidence that the vitamin
B-6 that is taken up by
the placenta
is transferred
to the fetus only
after placental
requirements
are met. PlasmaDAO activity during the first half of pregnancy
may thus indicate
whether
placental
and
therefore
fetal supplies
of vitamin
B-6 are adequate.
Plasma-DAO
activity,
however,
has a
high degree of interindividual
variability
and
further
study is needed
to ascertain
whether
measurements
ofthis enzyme
would be a useful indicator
of vitamin
B-6 status
during
pregnancy.
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