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Objectives. To test the hypothesis that neonatal supplementation with lutein in the first hours of life reduces neonatal oxidative stress
(OS) in the immediate postpartum period.Methods. A randomized controlled, double-blinded clinical trial was conducted among
150 newborns divided into control group, not supplemented (𝑛 = 47), and test group, supplemented with lutein on the first day
postpartum (𝑛 = 103). Blood Samples were collected at birth from cord and at 48 hrs postpartum while routine neonatal metabolic
screenings were taking place. Total hydroperoxide (TH), advanced oxidation protein products (AOPP), and biological antioxidant
potential (BAP) were measured by spectrophotometry and data were analyzed by Wilcoxon rank sum test and by multivariate
logistic regression analysis. Results. Before lutein supplementation, the mean blood concentrations of AOPP, TH, and BAP were
36.10 umol/L, 156.75mmol/H

2
O
2
, and 2361.04 umol/L in the test group. After lutein supplementation, significantly higher BAP

increment (0.17± 0.22 versus 0.06 versus ± 0.46) and lower TH increment (0.46± 0.54 versus 0.34± 0.52) were observed in the test
group compared to controls. Conclusion. Neonatal supplementation with lutein in the first hours of life increases BAP and reduces
TH in supplemented babies compared to those untreated. The generation of free radical-induced damage at birth is reduced by
lutein. This trial is registered with ClinicalTrials.gov NCT02068807.

1. Introduction

Protecting the newborn infant against perinatal oxidative
stress (OS) is an healthcare priority, and therefore the search
for new, safe, and efficacious antioxidants has been a major
quest during the last decade.

Among the therapeutic antioxidant approaches, lutein, a
compound belonging to the xanthophyll family of caroten-
oids, is one of the emerging strategies applied in newborns.
Lutein is characterized by a hydroxyl group attached to either
ends of the molecule, making it react more easily with singlet
oxygen than other carotenoids [1–3] and neutralizing reactive
oxygen species [4]. Previous experimental reports demon-
strated that lutein has antiangiogenic and neuroprotective
properties [5, 6] and studies in vitro proved its protective
effect on macula and photoreceptors against phototoxicity
and oxidative injury [7, 8]. Furthermore, this compound is

able to ameliorate in vitro and in vivo inflammatory responses
by suppressing nuclear factor kappa B (NF-𝜅B) activation
[9, 10]. Taken together, these findings support the role of
lutein in modulating inflammatory processes by regulating
cellular redox potential.

Human body does not synthesize lutein and the intake
primarily depends on diet [11], since it is found in dark green
leafy vegetables, such as kale and spinach [12, 13]. Particularly,
in the neonatal period, fresh, nonprocessed human milk is
the main dietary source of lutein and zeaxanthin, that is, its
stereoisomer [14, 15], while infant formula is lacking it.

As of now few data are available about the effects of lutein
supplementation in newborns [16–19].

In a preliminary pilot study we found that lutein sup-
plementation to newborns infants in the first days of life
reduced free radical formation and oxidative injury [20].
Considering these encouraging results, we therefore designed
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this randomized, double-blind study to test the hypothesis
that lutein acts as antioxidant in vivo.

2. Patients and Methods

2.1. Patients and Data Acquisition. A randomized controlled,
double-blinded, hospital-based clinical trial was conducted
at the Neonatology Unit of the Policlinico Santa Maria alle
Scotte in Siena and at the Neonatal Division of the Clinical
Hospital of Prato, Italy.

The local Ethics Committees approved the study protocol
and the parents of the examined subjects gave informed
consent.

Infant inclusion criteria were healthy singleton termnew-
borns discharged on third day of life whose mothers had low
obstetric risk and with normal adaptation to extrauterine life
(clinical characteristics are reported in Table 1).The exclusion
criteria included newborns with congenital malformations,
suffering from perinatal hypoxia or born to mothers with
mental disorders.

A computer-generated-randomization schedule was used
to define test or control group. A significance level of 5%
(u) and a power of 90% (v) were adopted. The sample group
size was calculated by using the following formula: 𝑛 =
[(𝑢 + V)2 (𝜇

1
+𝜇
0
)]/(𝜇
1
− 𝜇
0
)
2. Theminimum sample size for

test group was 80 newborns. To correct for inevitable cohort
monitoring losses, 20 infants were added. The final cohort
consisted of 150 newborns: 103 received lutein (test group)
and 47 received an equivalent dose of the vehicle (control
group).

The study intervention consisted of oral administration
before breastfeeding of 0.28mg of lutein or vehicle (0.5mL of
5% glucose solution) in two doses: within 6 hours (hrs) after
birth and at 36 hrs of life. In that period all babies were breast
fed.

The lutein and placebo drops were produced by Neoox
Laboratories (NEOOX Division of SOOFT Italia SpA, Mon-
tegiorgio, Italy).The placebo drops had the same consistency,
coloration, and flavor as the lutein ones. The lutein drops
were composed of a mixture containing 0.14mg of lutein and
0.0006mg of zeaxanthin (five drops equal to 0.5mL of the
product LuteinOfta gtt, Italy).

Clinical and research staff remained unaware of test group
assignments until the completion of data analysis.

Plasma concentrations of total hydroperoxides (TH)
(mmol/H

2
O
2
), advanced oxidative protein products (AOPP)

(micromol/L), and BAP (biological antioxidant potential)
(micromol/L) were determined in 200 𝜇L of cord blood
(baseline levels) and at 48 hours of life (after lutein supple-
mentation), when 200𝜇L of blood was collected for neonatal
metabolic screenings.

2.2. Methods. Plasma AOPP levels provide information
regarding aspects of proteins involvement in free-radical
(FR) reactions, namely, oxidized plasma proteins that have
lost their oxidant properties. AOPP were measured as
described byWitko-Sarsat et al. [21] using spectrophotometry
on a microplate reader. The AOPP were calibrated with

chloramine-T solutions that absorb at 340 nm in the pres-
ence of potassium iodide. The absorbance of the reaction
mixture was immediately read at 340 nm on a microplate
reader. Because the absorbance of chloramine-T at 340 nm is
linear up to 100 𝜇M, AOPP concentrations were expressed as
𝜇mol/L chloramine-T equivalents (n.v. < 29 ± 0.49 𝜇mol/L).

BAP test is based on the ability of colored solution, con-
taining ferric (Fe3+) ions adequately bound to special chro-
mogenic substrate, to decolor when its Fe3+ ions are reduced
to ferrous (Fe2+) ions and it can be observed by adding a
reducing system, that is, bloodplasma aswell. Plasma samples
were then dissolved in a colored solution that has been
previously obtained by mixing a source of ferric ions (FeCl

3
)

with a special chromogenic substrate (thiocyanate-derived
compound). After 5min of incubation, such a solution will
decolor and the intensity of its change will be directly
proportional to the ability of plasma to reduce, during the
incubation, ferric ions, initially responsible for the color of
solution, to ferrous ions. By assessing photometrically the
intensity of decoloration, the amount of reduced ferric ions
can be adequately calculated and the reducing ability or
antioxidant power of blood plasma tested can be effectively
measured. The range of standard curve was from 600 to
4,500 𝜇mol/L and the detection limit was 587𝜇mol/L [22].

TH production was measured with a d-ROMs Kit
(Diacron International, Italy) as described by Buonocore
et al. [23].This method makes it possible to estimate the total
amount of ROMs (reactive oxygen metabolites), hydroper-
oxide primarily, present in a plasma sample by using a
spectrophotometric procedure.The test is based on the ability
of transition metals to catalyse in the presence of peroxides
with formation of FR, which are trapped by an alchilamine,
according to the Fenton reaction. The alchilamine (a chro-
mogen) reacts forming colored radicals detectable at 505 nm.
The intensity of developed color is directly proportional to the
concentration of ROMs.The results were expressed in mg/dL
of hydrogen peroxide.

2.3. Statistics. The data have been analyzed both raw and
in the form of relative increments. The relative increment
was calculated as the difference between the basal level of
biomarkers in cord blood and the concentration observed at
48 hrs of life.

Data were expressed as median, mean, and SD and
analyzed by means of the Wilcoxon rank sum test [24].
TH, BAP, and AOPP were analyzed by multivariate logistic
regressionmodel [25] using the Akaike information criterion
(AIC) [26] and by the receiver operating characteristic (ROC)
curve to identify the best predictor biomarker capable of
distinguishing test and control groups.

The AIC was used to assess the best performing logistic
regression model and chi square of the final model with
respect to the null model.

The above analysis was carried out using R version 3.0.2
(2013-09-25) [27].

In the box plots the median and the interquartile ranges
were reported together with the whiskers extending to the
most extreme data point which is no more than 1.5 times
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Table 1: Clinical characteristics of patients.

Clinical characteristic Control group Test group
Number of patients∗ 47 (100) 103 (100)
Sex∗

Male 22 (47) 57 (55)
Female 25 (53) 46 (45)

Gestational Age# (weeks) 38.18 ± 1.23 38.58 ± 1.33
Weight# (grams) 2964.37 ± 292.16 3237.73 ± 416.89
APGAR 1∘ minute# 9.44 ± 0.89 9.25 ± 1.11
APGAR 5∘ minute# 9.75 ± 0.58 9.78 ± 0.69
Type of delivery∗

Vaginal 12 (26) 37 (36)
Elective caesarean section 32 (68) 61 (59)
Emergency caesarean section 3 (6) 3 (5)

Premature rupture of membranes∗

<18 h 44 (94) 95 (92)
>18 h 3 (6) 8 (8)

Amniotic fluid∗

Clear 45 (96) 98 (95)
Stained 2 (4) 5 (5)

Vaginal swab∗

Negative 27 (57) 52 (51)
Remote or not performed 12 (26) 29 (28)
Positive 8 (17) 22 (21)

Maternal intrapartum prophylaxis∗

Not performed 32 (68) 80 (78)
Incomplete 9 (19) 12 (11)
Complete 6 (13) 11 (11)

C-reactive Protein# (mg/dL)
24 hours of life 0.2 ± 0.09 0.21 ± 0.26
48 hours of life 0.26 ± 0.13 0.3 ± 0.41

#mean ± SD; ∗𝑛 (%).

the interquartile range from the box [28]. A black dot
representing the mean value and an interval showing the
standard error (SD/n) were superimposed to the box plot.

3. Results

Birth weight and gestational age were 3237 ± 416.89 grams
and 38.58 ± 1.33 weeks, respectively, for the lutein supple-
mented infants (test group) and 2964 ± 292.16 grams and
38.18 ± 1.23 weeks for the vehicle treated infants (control
group).No statistical differences exist in the bodyweight or in
any other clinical characteristics of the two respective groups.
Clinical characteristics of study population are reported in
Table 1.

Data elaboration was carried out separately for each
biomarker: TH, AOPP, and BAP; therefore a logistic multi-
variate analysis was done with the aim of validating the initial
hypothesis and checking for important biomarkers and their
interactions. Table 2 shows the statistics about the raw data.

Smaller TH and AOPP concentration increments were
observed fromcord blood to 48 hrs of life in treated newborns

than controls. Table 3 shows the relative increments summary
statistics for TH, AOPP, and BAP levels in cord blood and at
48 hrs of life.

A statistical significant difference between test and con-
trol groups relative increments in BAP from cord blood to
48 hrs of life was observed: control group 3353.78 ± 990.57
versus 3273.25 ± 937.92; test group 2361.04 ± 466.08 versus
2699.01 ± 284.25, 𝑃 value = 0.0250) (Figure 1).

By using logistic regression model both TH and BAP
showed statistical significant coefficients strictly related to
the antioxidant effect of lutein administration. In Table 4 are
reported the estimated coefficients and the relative standard
errors and 𝑃 value. The TH values resulted less important
than BAP, which instead showed a more pronounced effect:
the absolute value of the BAP standardized estimate was
higher than the one of the TH. Furthermore, TH had a
negative estimate, which means that subjects in test group
have a lower TH relative increment compared to those in
control group, while, on the opposite, subject in the test group
have a larger relative increment of BAP with respect to the
control group.
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Figure 1: Plasma concentration of BAP in cord blood and at 48 hrs
of life.

By using a multivariate logistic model, ROC curve
showed that a randomly selected normal newborn has a
reduction in OS, when treated with lutein, in 81.3% of cases
with the 95% confidence interval between 68.4% and 94.3%.
(Figure 2).

No treatment-related adverse effect was documented in
the lutein supplemented infants.

4. Discussion

The sharp increase in oxygen concentrations at birth ismatter
of concern for all newborns. Intrauterine life is characterized
by a hypoxic environment with very low oxygen concen-
trations (arterial oxygen saturation around 24–30mmHg)
[29]. Thus birth represents a hyperoxic challenge for all
newborns due to the high environmental oxygen availability.
As consequence various reactive oxygen species (ROS) such
as hydrogen peroxide, singlet oxygen, and hydroxyl radicals
are produced [30].

ROS generated through inflammatory reactions may
attackDNA, RNA, proteins, and lipids in biological fluids and
tissues. Moreover, ROS may act as a secondary messenger
to activate various signaling pathways by inducing stress-
response genes or proteins [31]. Several reports using ani-
mal models suggest that the administration of antioxidants
reduces ROS damage and is effective for preventing or
treating inflammatory diseases [32].

Lutein has been shown to be able to block paraquat
and hydrogen peroxide-induced apoptosis in cultured retina
photoreceptors [8]. Membrane bound lutein is considered
able to scavenge the oxygen intermediates [33], whereby the
numerous unconjugated double bonds in the lutein molecule
allow the quenching of reactive oxygen intermediates.

Since newborns are exposed to hyperoxic challenge at
birth, they are prone to OS-induced damage, a fact that has
created a great deal of interest focusing on the protective role
of lutein as antioxidant compound [34].
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Figure 2: ROC curve for the multivariate logistic model (AUC =
81.3%, c.i. = 68.4%–94.3%).

In the present study we found a significantly higher BAP
increment and lower TH increment from cord blood to 48 hrs
of life in lutein supplemented infants with respect to the
control group.

Furthermore, in a pilot study we observed that lutein
administration has antioxidant effects in healthy term new-
borns even at lower doses than those used by other authors
[17, 35]. Together these results strongly support the hypoth-
esis that lutein given orally may have protective effects
on organs and tissues. Lutein seems to have not only
antioxidant activity but also anti-inflammatory action as it
has been recently reported [36]. Lutein inhibits arachidonic
acid release from a macrophage cell line, blocking cytosolic
phospholipase A2 activity [37]. Moreover lutein is thought
to scavenge reactive oxygen species generated during the
inflammatory cascade [38]. Lutein counteracts H

2
O
2
effects

andmodifies the intracellular pathways leading to the expres-
sion of various proinflammatory molecules [10].

In a model of LPS stimulated macrophages, it has
been found that intracellular lutein can reduce the level of
intracellular H

2
O
2
accumulation by scavenging H

2
O
2
and

superoxide anion, thereby inhibiting LPS-induced NF-𝜅B
activation [10]. Similar findings were observed using in vitro
model of gastric epithelial cells [39].

It has been also reported that lutein treatment could
diminish oxidative stress and apoptosis [40]. Lutein reduces
PDGF-induced intracellular ROS production and attenuates
ROS-induced ERK1/2 and p38 MAPK activation. Lutein
may also lower the concentration of H

2
O
2
-induced PDGFR

signaling, through an oxidative inhibition of protein tyrosine
phosphatase [32, 41].

In line with the above reports, the results of the present
randomized prospective study clearly show that even low
doses of lutein have antioxidants effects. Lutein is shown
to enhance BAP, thus reducing OS, as demonstrated by
lower levels of TH in treated newborns. Higher doses may
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Table 2: TH (total hydroperoxide,mmol/H2O2), AOPP (advanced oxidative protein products,micro-mol/L), andBAP (biological antioxidant
potential, micro-mol/L) plasma levels in control and test groups.

Control group (𝑛 = 47) Test group (𝑛 = 103)
Cord blood 48 hrs of life Cord blood 48 hrs of life

TH median
(q25–q75) 127.6 (99.1–160.6) 169.3 (132.5–263.5) 150.9 (112.5–185.7) 179.0 (140.5–244.0)

TH mean (SD) 138.03 (±52.50) 191.43 (±82.32) 156.75 (±64.0) 195.0 (±77.54)
AOPP median
(q25–q75) 15.07 (12.7–55.42) 35.72

(24.64–68.82) 39.27 (14.54–56.14) 70.87 (41.34–81.48)

AOPP mean (SD) 27.52 (±20.58) 48.40 (±33.68) 36.10 (±20.73) 64.84 (±31.23)
BAP median
(q25–q75)

3359.6
(2808.6–3966.7)

3287.2
(2660.3–3510.6)

2289.2
(2112.2–2485.3)

2717.1
(2528.7–2905.8)

BAP mean (SD) 3353.7 (±990.5) 3273.2 (±937.9) 2361 (±466) 2699 (±284.2)

Table 3: Summary statistics for TH, AOPP, and BAP relative increments.

Control group (𝑛 = 47) Test group (𝑛 = 103) 𝑃 value
TH median (q25–q75) 0.43 (0.12–0.82) 0.29 (−0.01–0.65)
TH mean (SD) 0.46 (±0.54) 0.34 (±0.52) 0.1344
AOPP median (q25–q75) 0.73 (0.42–1.40) 0.51 (0.33–1.19)
AOPP mean (SD) 0.95 (±0.93) 0.83 (±0.76) 0.5034
BAP median (q25–q75) −0.04 (−0.20–−0.15) 0.16 (0.03–0.30)
BAP mean (SD) 0.06 (±0.46) 0.17 (±0.22) 0.0250

Table 4: Logistic regression model coefficients.

Parameters Estimate std. Std. error 𝑃 value
Intercept 0.2213 0.4233 0.6011
TH −1.7214 0.7905 0.0294
BAP 3.4524 1.7111 0.0436
TH ∗ BAP −4.0311 2.4005 0.0931

surely magnify the property of lutein to stop the increase of
lipoprotein oxidation in vivo.

Few studies evaluated the effectiveness of lutein in reduc-
ing preterm and term infantmorbiditywith no results [16, 18].

The failure of lutein prophylaxis in these infants is prob-
ably related to the multifactorial nature of the pathological
processes and to the need of higher doses of lutein than
those used until now. The well-ascertained high safety of
lutein in animals [42] and in humans [43] is a good support
for studying the protective effects of large dose of lutein on
organs and tissues. Our data, with their encouraging results,
are powerful tools for medical research as well as for routine
clinical purposes.

Further clinical trials with lutein at higher doses than
those used in this study are needed to evaluate therapeutic
effects of lutein on free-radical-mediated diseases of the
newborn.

In conclusion lutein supplementation should be consid-
ered in all formula fed newborns and to integrate the nursing
mother maternal diet, lacking an adequate dietary intake of
lutein.
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