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and Postnatal Age in Days in Premature Infants
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Summary This study aimed to consider the significance of breast milk in preventing oxidative
stress by comparing total antioxidant capacity (TAC) in breast milk and formula milk for
premature infants, demonstrating the relationship between TAC in breast milk and postnatal
age in days. We used the biological anti-oxidant potential test, a new method to measure TAC
in breast milk. Breast milk for premature infants were stored at —20°C and thawed within 48
h of collection. We measured TAC in two types of formula milk in the same way. TAC was
clearly higher in breast milk than formula milk. Although a negative correlation was observed
between TAC in breast milk and age when collected, TAC was always higher than the average
TAC in formula milk. TAC in breast milk is higher than TAC in formula milk. We suggest the
importance of breast milk for preventing oxidative stress and starting breastfeeding early.
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Introduction

Oxidative stress tends to occur during the neonatal period
because the younger the gestational age, the lower the
antioxidant capacity (AC) and a lower AC tends to result in
an increase in free radicals (FR) and reactive oxygen species
(ROS) [1]. Cell damage due to oxidative stress during the
neonatal period has been associated with disease [2]. For
example, oxidative stress has been reported in association
with necrotizing enterocolitis (NEC) if the site of the
damage is in the digestive tract [3], with chronic lung
disease (CLD) if in the lungs [4], retinopathy of prematurity
(ROP) if in the eyes [5], and periventricular leukomalacia
(PVL) and intraventricular hemorrhage (IVH) if in the brain
[6, 7].

Determining how to avoid oxidative stress is an important
factor for improving prognosis. Broadly, there are two ways
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to prevent oxidative stress. One is to avoid factors that
trigger the production of FR and ROS. The other is to
strengthen AC, which protects the body from cell damage by
scavenging FR and ROS when they increase.

One study of preventing factors that trigger the production
of FR and ROS reported that using 21% oxygen instead of
100% oxygen during resuscitation can keep oxidative stress
low, since oxygen causes an increase in FR and ROS [§].

A number of studies of strengthening AC have investi-
gated the oral administration of antioxidants (vitamins A, E,
and D), but the studies have not reached a consensus of
opinion [9—12].

Breast milk is a food that includes antioxidants. Although
based on short-term studies, it is known that breast milk has
greater AC than formula milk [/3, /4]. Breastfeeding has
been reported to be clinically significant when compared
with formula feeding. For example, compared to formula
feeding cohorts, breastfeeding cohorts have been reported
to show a 1/10 decrease in risk for development of NEC
[15], better neurodevelopment [/6], and a decrease in the
development of ROP [/7]. These results strongly suggest
that AC is higher in breast milk than formula milk. The
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present study was conducted to elucidate the significance of
breastfeeding with a view toward preventing oxidative
stress.

Thus far there have been no reports on long-term total
antioxidant capacity (TAC) in breast milk. A new method to
measure TAC was used to compare the AC in formula milk
and breast milk and to clarify the relationship between AC in
breast milk and the postnatal age in days when collected.

Materials and Methods

At our facility, we put breast milk provided by mothers for
their babies into breast milk packs and freeze it at —20°C.
Later, when an opportunity to give it to the babies comes, we
slowly thaw the breast milk at 37°C and give it to the babies
as nourishment. During the current study, we used thawed
breast milk instead of fresh breast milk to measure the
degree of AC supplied to babies. Since breast milk is an
important source of neonatal nutrition, we used the excess
portion of breast milk in the packs to ensure they have the
necessary amount of milk, milk that would normally be
destroyed. We obtained consent from the parents before
thawing the milk, and took measurements. All samples were
taken from breast milk that was thawed within 48 hours after
being frozen following collection.

Extraction of defatted milk

Before taking measurements, we prepared defatted milk
through a double centrifugal process. The breast milk was
centrifuged at low speed (500 g for 25 min) to settle out the
suspended cellular components. Next, the cellular compo-
nents were removed and the decelled milk was centrifuged
at high speed (5000 g for 30 min) to separate it into defatted
milk and fat content. The defatted milk was used for taking
the measurements. The same method was used to prepare
defatted milk using two types of formula milk having a
composition similar to the breast milk of Japanese women
[/8-20], and the measurements taken (Table 1).
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Mesurements of TAC

TAC levels were determined using the biological anti-
oxidant potential (BAP) test, which is based on the ability of
a colored solution, containing a source of ferric (Fe*") ions
adequately bound to a special chromogenic substrate, to
decolour when Fe** ions are reduced to ferrous ions (Fe?),
as it occurs by adding a reducing/antioxidant system [27].
Practically, 50 pL of ferric chloride reagent are transferred
into the cuvette containing the thiocyanate derivative reagent.
The resulting colored solution, after gently mixing by
inversion, undergoes 550 nm photometric reading. Then,
10 pL of sample milk are added in the same cuvette and the
obtained solution is gently mixed and incubated into the
thermostatic block for 5 min at 37°C. After incubation, the
sample can be read for absorbance of 550 nm. BAP test, by
exploiting the same chemical principle of the well-known
ferric reducing ability of plasma (FRAP) test—i. e. the
reduction of ferric to ferrous ions—provides a reliable
measure of biological antioxidant potential of blood plasma
and food [22, 23].

Statistical analysis

An unpaired t test was used for comparison of numerical
data between the two groups. All p values were based on
two-sided tests. Statistics were compiled using SPSS10.0J
(SPSS Inc, Chicago, IL) and Graph Pad Prism 4 (Graph Pad
Software, Inc., San Diego, CA). Simple linear regression
analysis was used to determine the correlation between
different postnatal ages in days and TAC.

Results

The study was performed on 56 samples of breast milk
collected from mothers of premature infants born with a
mean = SD gestational age of 33 + 4 weeks (range: 24-37
weeks) that was collected at postnatal age 39 + 43 days
(range: age 4-145 days).

The compositions of formula milk A and formula milk B
are shown in Table 1. No significant difference was
observed (p =0.51) between the TAC in formula milk A

Table 1.  Exogenous antioxidants in breast and formula milk in Japan

Formula milk
Type of milk Breast milk

A B
Day after delivery (days) 3-5 6-10 11-15 16-30 31-60 61-120  121-240
Cu (pg/dl) 45.1 42 44.5 38.3 354 28.6 253 43 41
Zn (pg/dl) 487 411 352 280 207 125 80.9 410 340
Vitamin A (ng/100 ml) 192 145 109 77 76 62 64 53 59
[-carotene (pg/100 ml) 23 17 6 4 3 4 5 9.5 5.2
a-tocopherol (pg/100 ml) 1.2 0.9 0.5 0.4 0.4 0.4 0.4 0.84 0.51
Vitamin C (mg/100 ml) 7.4 6.3 7.5 7.1 6.7 6 5.7 6.8 6.2

J. Clin. Biochem. Nutr.
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Fig. 1.  Total antioxidant capacity in correlation with day after

delivery

(n=6) and formula milk B (»=06), which were 2739 £
126.1 umol/L and 2602 + 152.4 pumol/L, respectively. The
average TAC in formula milk (formula milk A and formula
milk B) was 2671 + 96.0 umol/L and the TAC (n=56) in
breast milk was 3807 + 103.5 pmol/L, clearly revealing that
TAC in breast milk is higher than TAC in formula milk
(p<0.0001).

Fig. 1 shows the correlation between TAC and the
postnatal age in days when the breast milk was collected.
The TAC in breast milk was negatively correlated to the
postnatal age in days when collected (#> =0.25, p<0.0001),
while significantly higher than the average TAC in formula
milk.

Discussion

Despite the fact that formula milk, which is made to
simulate breast milk, has the same level of exogenous
antioxidants as breast milk (Table 1), the TAC of breast milk
is higher than that of formula milk. Moreover, although the
TAC in breast milk was observed to decrease with the
passage of time after birth, TAC in breast milk throughout
the period of this study (postnatal days 4-145) was
continually higher than the average TAC in formula milk.
These are highly interesting results (Fig. 1). A conceivable
reason for these results is the action of endogenous anti-
oxidants, such as superoxide desmutase (SOD), glutathione
peroxidase (GP), and catalase (CAT), which are present only
in breast milk and not in formula milk [24, 25].

There are only two or three reports that measure both
the endogenous and exogenous TAC in breast milk [/3, /4].
The values in the common measurement method, which uses
2,2-azino-di-3-ethylbenzthiazolinesulph onate (ABTS), have
a range of less than 1, and so are statistically limited if there
are only a few samples and could therefore be biased. In
that respect, the BAP test, which measures TAC using
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thiocyanate that we used in the present study, can become a
very useful method to measure TAC in breast milk, since it
has a very large range of values.

Endogenous antioxidants in breast milk such as CAT, GP,
and SOD were thought to increase with the passage of days
after birth [24, 25]. It was imagined, therefore, that the TAC
in breast milk would increase as the postnatal age in days
increased. However, our results showed that TAC tends to
decrease with the passage of time. A possible reason why
the TACs we measured in this study, which reflect both
exogenous and endogenous antioxidants, decreased with the
number of days after birth is that the exogenous antioxidants
in breast milk decrease with the passage of time, as shown in
Table 1. Accordingly, we feel that measuring the TAC in
breast milk is useful for comprehensively evaluating the
antioxidant capacity of the substances being measured.

It is essential to understand that TAC decreases with
postnatal age in days. It has been reported that early breast-
feeding is important in a number of respects, including the
fact that the earlier breastfeeding begins, the lower mortality
is [26]; the fact that 8-hydroxy-2'-deoxyguanosine in urine,
which is a marker of DNA damage, is lower at two and four
weeks after birth in babies who consume breast milk from
early on when compared with those who are fed formula
milk [27]; and the fact that in a comparison of preterm
infants of formula milk versus breast milk in a large scale,
multi center study, visual development at the chronological
age of six months and language development at 14 months
were higher in the cohort of babies who were breastfed for a
mean period of 135 + 118 days (the cohort in which babies’
consumption of milk before hospital discharge was >50%
breast milk) than those who were fed only formula milk
[28]. The possibility that the higher TAC in breast milk in
early postnatal age neutralizes oxidative stress for younger
babies suggests one reason for these findings.

Studies to date on the early oral administration of vitamins
aimed at protection from ROS and FR have not produced a
consensus on the efficacy of vitamin administration. This
may have resulted from the differences between breast-
feeding and formula feeding and differences in when the
different types of feedings were started.

We learned that TAC, which is higher in breast milk than
formula milk, decreases with the passage of days. A possible
future research topic for improving the prognosis of
neonates ( i.e. NEC, CLD, ROP, PVL, IVH and neurological
development) could be how to prevent the TAC in breast
milk from decreasing with time, as the current study shows
that it does, including supplementation with exogenous
antioxidants. Breast milk is important to the neonate, who is
subjected to a number of FR and ROS. In particular, we
believe that starting breastfeeding early is extremely
important and useful in protecting against oxidative stress.
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