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Background: Free radicals have been implicated in the pathogenesis of some complications among pre-
mature infants. Even though ascorbate is an important anti-oxidant in human plasma, it can also act as a
pro-oxidant at high concentrations in the presence of metal ions, which causes oxidative damage in prema-
ture infants.

Objective: To determine plasma ascorbate and ceruloplasmin levels in premature infants (and their mothers)
and full-term infants and to compare between groups.

Material and Method: Premature (n = 27) and full-term infants (n = 24) and the mothers of the premature infants
(n = 13) admitted to Srinagarind Hospital, Khon Kaen University, Thailand, were enrolled in the study. Plasma
ascorbate and ceruloplasmin levels were determined and compared among various clinical presentations.
Results: Plasma ascorbate has negative correlation with gestational age of infants. Its level on day 1 of the
premature infants was significantly higher than full-term group (52.62 vs 39.00 umol/L) and then decline
after birth. Premature infants receiving oxygen therapy had lower plasma ascorbate than premature infants
without oxygen therapy (p = 0.017). Plasma ascorbate in premature infants who died was higher than in those
that survived (p = 0.029). Premature infants with poor outcomes had a higher ratio of plasma ascorbate to
ceruloplasmin than those with good outcomes (p < 0.05).

Conclusion: This study shows that high plasma ascorbate and low ceruloplasmin levels are associated with
poor outcomes of premature infants; that is, ascorbate can act as either an anti-oxidant or a pro-oxidant.
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Vitamin C or ascorbate is a powerful anti-
oxidant in human plasma. Premature infants are born
with high levels of plasma ascorbate, which decline
soon after birth®®. Some researchers reported that
ascorbate can act as either an anti-oxidant or a pro-
oxidant depending on its concentration and the
presence of metal ions*®. However, there are many
binding proteins in human plasma which prevent metal
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ions from participating in free radical reactions such
as transferrin and ceruloplasmin.

Ceruloplasmin, a copper-binding protein,
prevents copper from participating in reactions with
radicals and plays a major role in iron metabolism as
ferroxidase enzyme, which catalyzes oxidation of
ferrous (Fe?") to ferric (Fe®) ions for binding to trans-
ferrin. It was found that transferrin®® and ceruloplas-
min®® Jevels are low in infants, resulting in higher
circulating Fe?* ©9. In addition, the pro-oxidant effect
of ascorbate may inhibit ferroxidase activity of cerulo-
plasmin by reducing cupric (Cu?*) to cuprous (Cu*) at
the active site of the enzyme? so that Fe?* can not be
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oxidized to Fe® Therefore, the Fe?*ion can react with
hydrogen peroxide (by the Fenton reaction) to form a
hydroxyl free radical ("OH).

The *OH is extremely reactive and generates
numerous free radicals. The increase in free radicals
in infants may lead to complications such as broncho-
pulmonary dysplasia, necrotizing enterocolitis, retino-
pathy of pre-maturity, respiratory distress syndrome
and intraventricular hemorrhage®219),

Since maternal and infant nutritional status
and genetic background may differ from Western coun-
tries, the authors’ main objective was to measure the
level of ascorbate and ceruloplasmin in plasma of pre-
mature infants and to compare it with their mothers
and full-term infants. The association between plasma
ascorbate and clinical outcomes were also examined.

Material and Method
Design

The present study was designed using a
descriptive study with a control group. The test group
comprised premature infants and full-term infants as
control group.

Subjects

The study group comprised premature infants
(gestation age 29-36 weeks), their mothers and full-term
infants (> 37 weeks gestation) admitted to Srinagarind
Hospital, Khon Kaen University, Thailand, between
June 1997 and December 1998. The exclusion criteria
were: Rhesus hemolytic disease and congenital
malformations incompatible with life.

The premature infants were grouped accord-
ing to the presence or absence of oxygen-radical-
related diseases including respiratory distress
syndrome, intraventricular hemorrhage, retinopathy
of pre-maturity and necrotizing enterocolitis.

Respiratory distress syndrome was diag-
nosed in premature infants presented with respiratory
distress within 4 hours of age with characteristic
chest radiograph finding (decreased lung volume, air
bronchograms and a reticulogranular pattern). Intra-
ventricular hemorrhage was diagnosed by ultrasono-
graphy performed when clinical indications appeared
or routine screening in infants less than 1500 g or
gestational age less than 32 weeks. Retinopathy of
prematurity was diagnosed by retinal examination with
indirect ophthalmoscopy performed by an ophthal-
mologist when infants was 4-6 weeks old or 31-33
weeks postmenstrual age. Necrotizing enterocolitis
was diagnosed in premature infants with systemic or
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abdominal signs and had abnormal gas pattern from
abdominal radiograph.

Ethics

The Ethics Committee, Faculty of Medicine,
Khon Kaen University, approved the study protocols
and mothers gave informed consent.

Sample collection

Three hundred microlitres of blood samples
of premature and full-term infants were collected by
venipuncture blood sampling on day 1 (within 6 hr
after birth), 3 and 7 after birth. It was added into
heparinized tubes and centrifuged at 10,000 g at 4°C
for 10 min.

A 50 uL sample of plasma was aliquoted and
mixed directly with an equal volume of pre-cooled 10%
metaphosphoric acid (MPA) for ascorbate analysis.
All samples were stored at -70°C until analyzed.

Ascorbate determination

Ascorbate was determined by an ion-paired,
reverse phase, high-performance liquid chromatograph
(HPLC) system coupled with an electrochemical detec-
tor (model LC-4C, Bioanalytical Systems). The applied
potential was + 0.6 V. The method was modified from
Heiliger® using ascorbate as the external standard.

The mobile phase comprised 80 mL of metha-
nol, 720 mL of deionized water, 6.4 mL of glacial acetic
acid, 540 mg of disodium ethylenediamine tetraacetate
(Na,EDTA) and 460 mg of sodium chloride. The pH
was adjusted to 3.5 using 2 mol/L of sodium hydrox-
ide. Hexadecyl trimethyl ammoniumbromide (2.9 g) was
added to the mobile phase as the ion pair agent, then
delivered to the ODS-2 column (diameter 5 um, 250 x
4.6 mm, Phenomenex) at 1 mL/min by an isocratic pump
(model CM 3500; Thermo Separation Products). The
sample was injected into the HPLC system witha5uL
injector (model 7125, Rheodyne). Ascorbate was eluted
at a retention time of 4.64 min. Data were analyzed
using the BDS program.

Ceruloplasmin determination

The ferroxidase activity of ceruloplasmin
was determined as per Johnson et al®®. The mixture
contained 170 uL of 1.2 mol/L acetate buffer pH 6.0,
270 pL deionized water, 250 uL of 2% ovotransferrin
stock solution. Ten microliters of the plasma sample
were mixed in a glass tube then incubated for 3 min at
30°C. The reaction was initiated by adding 300 uL of
stock solution of 0.4 mmol/L of ferrous ammonium
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sulfate and immediately mixed. The solution was moni-
tored by a spectrophotometer at 460 hm every 1 min
for 5 min and the rate of change determined by the
change of absorbance per time (AOD/min).

Statistical analysis

The history and neonatal course, including
the date of birth, gender, gestational age, birthweight,
Apgar scores, chemistry laboratory data, type of
feeding, blood transfusion, antibiotic administration
and oxygen therapy were collected prospectively from
the medical records.

The data was analyzed with SPSS Version
7.5 (SPSS Inc., Chicago, USA). Data were presented
as means + SD. A p-value < 0.05 was considered
statistically significant. Clinical characteristics of
premature and full-term infants were compared using
t test and y?test or Fisher’s Exact test.

The change over time of the biochemical
measurements within and between groups were
assessed using ANOVA. The Least-Significant
Difference (LSD) was used for a multiple pairwise
comparison.

The relationship between the biochemical
measurement and birthweight and gestational age
were measured using both the correlation coefficient
and linear regression. The change in biochemical
measurements of the premature infants with and
without clinical setting was evaluated using the
Mann-Whitney U non-parametric test.

Results
Clinical settings of the infants

Premature (n = 27) and full-term infants
(n=24) admitted to Srinagarind Hospital, Khon Kaen
University, Thailand, were enrolled in the present
study. The mothers of the premature infants (n = 13)

were willing to give their blood samples for the present
study. The clinical manifestations of the infants
were tabulated (Table 1). The authors observed no
difference in premature vs full-term infants vis- -vis
phototherapy, blood transfusion, birth asphyxia
(Apgar score < 7 at 1 and/or 5 min) and death. But
oxygen therapy, respiratory distress syndrome, as
expected, was increased in premature infants (p <
0.002).

Plasma ascorbate level in premature vs full-term
infants and mothers of premature infants

The post-natal changes in plasma ascorbate
in premature, full-term infants and mothers of prema-
ture infants are shown in Table 2. Plasma ascorbate in
infants was determined on day 1, 3 and 7 of life; it
declined within a few days after birth. Ascorbate levels
on day 1 in premature and full-term infants is shown
in Fig. 1. In the premature group, plasma ascorbate on
day 1 was significantly higher than onday 3or 7 (p =
0.046). In the full-term group, plasma ascorbate on day
1 was also higher than day 3 (p = 0.016) but lower than
in the premature infants (p = 0.033). In the mothers of
the premature infant group, plasma samples were
collected on day one postpartum. Maternal ascorbate
levels were lower than premature infant groups but
not statistically significant (p = 0.083). The plasma
ascorbate levels of all three groups were in the same
range of the other studies®®22,

Correlation between plasma ascorbate and
gestational age and birthweight of premature vs
full-term infants

The negative correlation between plasma
ascorbate on day 1 and gestational age was r =-0.348
(p=0.017) (Fig. 3); however, there was no correlation
between plasma ascorbate and birthweight.

Table 1. Clinical settings and clinical outcomes of the infants

Premature (n = 27) Full-term (n = 24) p-value
Gender (Male/Female)® 17/10 11/13 0.524
Gestational age (wk)*® 32.76 + 2.38 38.45 + 1.23 0.000
Birthweight (g) ®® 1770 + 420.86 2569 + 608.53 0.001
Phototherapy, n (%)° 15 (53.57%) 9 (40.90%) 0.322
Blood transfusion, n (%)¢ 1 (3.57%) 1 (4.54%) 0.932
Birth asphyxia, n (%)¢ 3 (10.71%) 3 (13.63%) 0.739
Oxygen therapy, n (%)¢ 16 (57.14%) 0 <0.001
Respiratory distress syndrome, n (%)° 7 (25.92%) 0 <0.001
Death, n (%)¢ 3 (11.11%) 1 (4.54%) 0.722

@ = computed as mean + SD, ° = using ANOVA or y?-test as appropriate, ¢ = using y?test, ¢ = using Fisher’s Exact test
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Comparison of mean plasma ascorbate levels on the
first day after birth in premature infants with clinical
settings

A comparison of mean plasma ascorbate on
the first day after birth in premature infants and the
clinical manifestations are presented (Table 3). No
difference in plasma ascorbate was found among the
premature infants and the clinical settings, viz.: the

male to female ratio, phototherapy, blood transfusion,
birth asphyxia and respiratory distress syndrome.

Plasma ascorbate in the premature infants
receiving oxygen therapy (FiO, > 0.4) was significantly
lower than in premature infants without the therapy
(p =0.017). The premature infants who died had sig-
nificantly higher plasma ascorbate than the premature
infants who survived (p = 0.029).

Table 2. Plasma ascorbate and ceruloplasmin (umol/L) in premature and full-term infants and the

mothers of premature infants

Ascorbate (umol/L)

Ceruloplasmin (umol/L)

Premature group

dayl 52.62+18.06 (n =27) 0.47+0.17 (n=17)
day3 26.00+12.10* (n = 8) 0.77+0.04* (n = 2)
day7 12.03+4.08* (n = 2) -
Full-term group?
dayl 39.00+22.46 (n =24) 0.91+0.33 (n = 14)
day3 22.28+15.70* (n = 6) 1.36+0.12* (n = 3)
Mother of premature infants group 29.87+6.78 (n=13) 1.51+0.49 (n=10)
Group difference (p value) <0.05 <0.05

* = Significantly different from day 1 (p < 0.05)

@ = full-term infants on day 7 were discharged from the Neonatal Unit before sample collection
There is no reference values for ascorbate and ceruloplasmin in Thai infants. The ascorbate or
ceruloplasmin values from other studies are shown in references-2232,

Table 3. Comparison of mean plasma ascorbate and ceruloplasmin levels (umol/L) one day
after birth of premature infants with clinical settings

Ascorbate (umol/L)

Ceruloplasmin (umol/L)

Gender

- Male 52.88 + 17.60 (n = 17) 0.60 + 0.33 (n = 10)

- Female 52,19 + 19.72 (n=10) 056 +0.19 (n=7)
Phototherapy

- with 50.81 + 19.71 (n = 15) 0.65 + 0.30 (n = 10)

- without 55.07 + 16.12 (n=12) 045+023 (n=7)
Blood transfusion

- with 45.91 (n=1) 0.31 (n=1)

- without 52.88 + 18.38 (n=26) 0.61 + 0.29 (n = 26)
Birth asphyxia

- with 66.48 + 21.30 (n =3) 0.31 + 0.04 (n=3)

- without 50.81 + 17.31 (n=124) 0.61 + 0.29*(n = 14)
Oxygen therapy

- with 45.77 + 17.98 (n=16) 0.63 + 0.32 (n = 10)

- without 63.58 + 12.24*(n = 11) 050 + 0.18 (n=7)
Respiratory distress syndrome

- with 53.18 + 18.64 (n=7) 0.30 + 0.01 (n=3)

- without 52.41 + 18.65 (n =20) 0.64 + 0.28*(n = 14)
Death

- with 73.60 + 11.35 (n =3) 0.26 + 0.03 (n=3)

- without 50.89 + 16.30*(n = 24)  0.51 + 0.15*(n = 14)

* = Significantly different from “with”
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Plasma ceruloplasmin levels in premature and full-
term infants and the mothers of premature infants

The post-natal changes of plasma ceruloplas-
min levels in the premature and full-term infants and
the mothers of premature infants are shown (Table 2).
The plasma ceruloplasmin of the infants was determined
onday 1 and 3 of life. Ceruloplasmin levelson day 1 in
premature and full-term infants is shown in Fig. 2. The
plasma ceruloplasmin on day 1 was significantly lower
than the level on day 3 in both premature (p = 0.001)
and full-term infants (p = 0.021). The plasma cerulo-
plasmin level in full-term group was higher than in the
premature group on day 1 and 3 of birth.

Plasma samples were collected in the mother
group during day 1 postpartum. In maternal group,
the plasma ceruloplasmin was higher than premature
infant groups. The plasma ceruloplasmin in the present
study was slightly lower than the previous study (i.e.
1.5t0 3.0 umol/L)®. Plasma ceruloplasmin among the
premature and full-term infants was not correlated with
the level of plasma ascorbate.
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Fig. 1 Ascorbate level on day 1 in premature and full-term
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Fig. 3 Association between ascorbate level on day 1 and
gestational age of the premature and full-term infants
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Correlation between plasma ceruloplasmin with
gestational age and birthweight of premature vs full-
term infants

A positive correlation was found between
plasma ceruloplasmin on day 1 and gestational age
(r=0.736) (p <0.001) (Fig. 4), but none between plasma
ceruloplasmin and birthweight.

Comparison of plasma ceruloplasmin at birth in pre-
mature infants with various clinical manifestations

Comparisons of the mean plasma ceruloplas-
min levels on day 1 in premature infants and the asso-
ciated clinical manifestations are presented in Table 3.
The plasma ceruloplasmin in premature infants with
birth asphyxia was significantly lower than infants
without birth asphyxia (p = 0.026). The premature
infants who died had significantly lower plasma ceru-
loplasmin than those who survived (p = 0.011). The
premature infants with respiratory distress syndrome
had significantly lower plasma ceruloplasmin than
premature infants without this condition (p = 0.037).

16 o
= 14 -
2
g 124
2
= 1.0
&
o .8
=) —r* L
-é 6
ST
; _ 1
0o
premature infants (n=17)  full-term infants (n = 14)
Fig. 2 Ceruloplasmin level on day 1 in premature and full-
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gestational age of the premature and full-term infants
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No differences were found in the clinical settings of
gender, phototherapy, blood transfusion and oxygen
therapy.

Plasma ascorbate to ceruloplasmin ratio in
premature infants who died, survived, with and
without respiratory distress syndrome vs mother
groups and the full-term infants

Ascorbate can decrease the ferroxidase
activity of ceruloplasmin. When the molar ratio of
ascorbate to ceruloplasmin was greater than 200, loss
of ferroxidase activity occurred®?, Thus, Fe?* cannot
be oxidized to Fe* resulting in generating of free
radicals by Fenton reaction. The plasma “ascorbate to
ceruloplasmin’ ratios in the premature infants are
shown in Table 4. There were 3 premature infants died
during this study. The first and the second infants
were 34 and 35 weeks gestation with 1330 g and 2000
g body weight died from septicemia with septic shock
at 16 days and 8 days of age respectively. The third
infants, who was 35 weeks gestation, 2200 g body
weight, died at 18 days of age from accidental suffo-
cation. The ‘plasma ascorbate to ceruloplasmin’ ratio
(on day 1) in premature infants who died was signifi-
cantly higher than in those who survived (p < 0.001).
The ratio in premature infants who died and survived
was 283.01 and 99.78, respectively. The ratio in prema-
ture infants with respiratory distress syndrome was
higher than in infants without respiratory distress syn-
drome, but not statistically significant.

Discussion

At birth, premature infants are more suscep-
tible to oxidative injury than full-term infants because
their anti-oxidant defense system is immature. In the
present study, the most common complications among
premature infants was respiratory distress syndrome
(n=7) due to a deficiency of surfactant-coated alveoli
to prevent collapsing and leakage of plasma across

the alveolar wall. All of these infants needed oxygen
therapy. High concentrations of oxygen may contribute
to many complications such as bronchopulmonary
dysplasia, necrotizing enterocolitis, intraventricular
hemorrhage and retinopathy of prematurity®?.

There are several reports on plasma ascorbate
levels among premature vs full-term infants2%29), The
authors found that plasma ascorbate among prema-
ture infants on day 1 was 52.62 + 18.06 umol/L, which
is much lower than previous studies.

Moreover, the authors found plasma ascor-
bate among premature infants was significantly higher
than in full-term infants, perhaps because the ascor-
bate is more actively transported across the placenta
atan earlier gestational age®®*9, Thus, concentrations
of ascorbate in the plasma of some infants, especially
premature infants at birth, were higher than normal
adult range (i.e. 30 to150 umol/L).

Post-natally, plasma ascorbate in both pre-
mature and full-term infants rapidly declined during
the first 3 days of life, perhaps as post-natal renal
excretory function improved®?. In addition, high
levels of oxidative stress may contribute to the rapid
turnover and loss of ascorbate. However, previous
studies indicated that after the maximal fall (on day 7),
the ascorbate levels gradually rose to normal adult
values by day 423,

Plasma ascorbate among premature infants
in the present study was higher than in their mothers.
This observation is supported by numerous studies
which have shown that plasma ascorbate in the cord
blood of infants is higher than in the maternal
blood®2®¥, indicating ascorbate is actively transported
across the placenta such that the infant maintains a
certain ascorbate level even if the mother has a low
plasma ascorbate level®. The mean plasma ascorbate
level in mothers of premature infants was 29.87 +6.78
umol/L, which is much lower than previous reports of
mothers of full-term infants (range, 40 to 66 wmol/L)®.

Table 4. Plasma ascorbate to ceruloplasmin ratio (on day 1) in premature infants who died, survived, with and without
respiratory distress syndrome compared to full-term infants and mothers of premature infants

Groups Ascorbatemean Ceruloplasminmean Ascorbate:
(umol/L) (umol/L) ceruloplasmin ratio

Premature infants

Death 73.60 (n =3) 0.26 (n = 3) 283.01
Survived 50.89 (n = 24) 0.51 (n = 14) 99.78

with respiratory distress syndrome 53.18 (n = 7) 0.30 (n = 3) 177.27
without respiratory distress syndrome 52.41 (n = 20) 0.64 (n = 14) 81.89
Full-term infants 39.00 (n = 24) 0.91 (n = 14) 42.86
Mothers of premature infants 29.87 (n = 13) 1.51 (n = 10) 19.78
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The present study may indicate a poor nutritional
status among mothers of the premature infants
admitted to Srinagarind Hospital or low ascorbate level
in these mothers may be due to low ascorbate intake.
Only 13 mothers of premature infants has ascorbate
level measured, whereas 27 premature infants were
measured ascorbate level. The premature infants of
these 13 mothers showed no statistically significant
ascorbate level with the other 14 premeture infants
(p=0.206).

The negative correlation between plasma
ascorbate and gestational age was confirmed by
Berger et al®; they found plasma ascorbate at birth in
premature infants higher than in full-term infants, and
highest in the most immature infants. Zalani et al found
ascorbate concentrations in fetal tissues related to
the development of organ and gestational age®.
Ascorbate has an important anti-oxidant function in
the womb because of low enzymatic anti-oxidants
synthesized from immature liver. Moreover, ascorbate
acts as a cofactor of prolyl and lysyl hydroxylase in
the biosynthesis of collagen, a process which occurs
at a high rate during this period of rapid fetal growth®,

The authors found that plasma ascorbate in
premature infants receiving oxygen therapy was
significantly lower than in those without oxygen
therapy (Table 3). Possibly, ascorbate acts as an anti-
oxidant in premature infants exposed to hyperoxic
environmental and mechanical ventilation after birth.
The ascorbate would be oxidized to dehydroascorbate.
This condition was also found in rheumatoid arthri-
tis®, adult respiratory distress syndrome and criti-
cally ill patients®.

The plasma ascorbate levels among prema-
ture infants with RDS are similar to premature infants
without respiratory distress syndrome as per many
other investigators. Zoeren-Grobben et al found that
plasma ascorbate in infants with and without respira-
tory distress syndrome was not different®®), Berger
et al described that in the event of a plasma iron-
overload in premature infants, ascorbate can delay
iron-induced lipid peroxidation in a dose-dependent
manner®,

Drury et al found that increased lipid
peroxidation was associated with low extracellular
anti-oxidant and low extracellular anti-oxidant was not
associated with adverse effects (i.e. intraventricular
hemorrhage, retinopathy of pre-maturity or death) in
infants®“?,

In the present study, plasma ceruloplasmin
(Table 2) in premature infants was lower than the full-
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term infants and mother groups, respectively. A corre-
lation between plasma ceruloplasmin and gestational
age was found, perhaps because hepatic function with
respect to ceruloplasmin synthesis is more developed
in adults than in infants®, Plasma ceruloplasmin in
the fetus increased after 26 weeks gestation but was
low compared with the adults®V,

Plasma ceruloplasmin among the premature
infants with respiratory distress syndrome was lower
than infants without (p < 0.05). Similarly, Airede found
that sick premature infants had significantly lower
mean ceruloplasmin levels at birth compared to well
premature infants (5 umol/L and 125 umol/L)??. Thus,
an insufficiency of ceruloplasmin would reduce the
protective effect against free radicals in the lungs and
other tissues. However, Moison et al found that plasma
ceruloplasmin in premature infants with or without
respiratory distress syndrome was not significantly
different®. The authors confirmed that plasma ceru-
loplasmin level in premature infants with asphyxia was
lower than infants without asphyxia. The high non-
protein bound iron (Fe?) presented in premature-
infants due to low transferrin and ceruloplasmin can
be related to the post-asphyxial injury as was found
in Dorrepeaal et al“?.

The ratio of plasma ascorbate to ceruloplas-
min in premature infants with poor outcomes was
significantly higher than in infants who survived
(Table 4). The combination of high ascorbate and low
ceruloplasmin in the premature infants who died may
have promoted free radical generation, which in turn
contributed to an adverse outcome. Ascorbate may
inhibit the ferroxidase activity of ceruloplasmin, thus,
the anti-oxidant activity of the plasma ceruloplasmin
would be impaired. Ascorbate supplementation to
premature infants requires caution since it may cause
poor outcomes.

Conclusion

This is the first study to investigate plasma
ascorbate and ceruloplasmin in both premature and
full-term Thai infants admitted to Srinagarind Hospital.
High levels of plasma ascorbate were found in pre-
mature infants who died, so under this condition
ascorbate may act as a pro-oxidant. In premature
infants with poor outcomes, the ratio of ‘plasma ascor-
bate to ceruloplasmin’ was higher than premature
infants with better outcomes. The combination of
high levels of ascorbate and low levels of ceruloplas-
min could alter the ascorbate’s role to that of a pro-
oxidant. The results imply that plasma ascorbate in
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premature infants may function as both an anti-
oxidant and pro-oxidant, therefore, ascorbate supple-
mentation in premature infants should be done with
caution.
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