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LUTEIN: RATIONALE AND ITS USE IN OPTICAL RETINOPATHY OF PREMATURITY

Rossella Occhipinti

SUMMARY

Retinopathy of prematurity (ROP) is one of the most common causes of blindness in pre-
mature infants, and its incidence has been increasing markedly. This increase is due to
the fact that the survival rates of very premature infants have also increased as a result
of scientific progress and widespread availability of technological equipment in neonatal
intensive care units. Such infants are exposed to a hyperoxic environment for prolonged
periods, that can be hostile to the physiological development of the retina. Therefore, an
extensive focus has been placed on the use of carotenoids, antioxidants for excellence,
such as lutein and its isomer zeaxanthin, which are used in the prevention of retinal
damage caused by oxygen free radicals. The aim of this article is to summarize the cur-
rent literature on the effects and possible mechanisms of action of lutein and its isomer,
and, in particular, to provide information on fundamental lutein sources to premature
newborns.

Introduction

Approximately 5-7 % of infants are born prematurely, with premature births occurring
prior to the 37" gestational week being the principal cause of neonatal mortality, mor-
bidity and long-term disability. The retina is the only body tissue that does not develop
veins until the fourth gestational month; in fact, the veins reach the nasal periphery after
the eight gestational month, not reaching the retinal periphery before the first month
after birth. The avascular retina produces VEGF that stimulates vascular migration in the
developing retina in utero. With a premature birth, VEGF production is down-regulated
by the relative hyperoxia and vascular migration is halted, triggering an increase in Reac-
tive Oxygen Species (ROS) that cause irreversible retinal damage [1]. Lutein and zeaxan-
thin have been shown to be effective in reducing ROS-induced retinal damage.

Lutein: chemical and biological properties

Lutein is a natural antioxidant that belongs to the carotenoid family (Fig. 1a). Carote-
noids are common pigments found in the chloroplast and chromoplasts of plants: these
are the organelles responsible for the colours of flowers, fruits and leaves. The carote-
noids known to be ingested, absorbed and metabolized by humans, also found in the
serum, are five. Undoubtedly, lutein and its isomer zeaxanthin (Fig. 1b) are the most
important ones; these two are found selectively concentrated in some human tissues [2].
Once ingested through food or dietary supplements, 50-90% of lutein is eliminated in
faeces, while the remaining part is absorbed with the aid of bile and fats digested
through diet; lutein is then incorporated into the chylomicrons and transported in the
bloodstream to various parts of the body [3]: liver, breast, colon, uterine cervix, and, at
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the ocular level, crystalline lens, iris and
retina, where it selectively concentrates in
the central region, known as the macula
lutea (making up the main component of
its pigment) [4].

The preventive action of lutein is due to
two key properties: firstly, its antioxidant
activity that contributes to the inhibition of
free radical formation, and secondly, its
scavenging activity that neutralizes free
radicals already present in the retina. Nu-
merous studies have demonstrated that a
balanced intake of lutein and other essen-
tial nutrients, such as vitamins C and E [5],
creates a valuable protective effect against
photo-oxidative ocular damage; lutein
filters light, mainly its blue wavelengths
(440nm) that are particularly aggressive
and damaging to the delicate macular
structure especially in infants, who are
certainly more susceptible to blue light-
induced damage [6, 7].

Development of visual function in in-
fants

The development of the human eye in-
volves a complex series of consecutive
events that take place up to the first few
years of life. At birth, the dioptric appara-
tus (cornea, aqueous humour, crystalline
lens and vitreous body) of mature new-
borns is well developed, and all structures
are transparent to allow the passage of
light and focusing of images on the retina.
However, the visual capacities of the infant

ACTIVITY OF LUTEIN

Inhibition of oxidative stress

Antioxidant activity

Antiradical activity

Anti-inflammatory activity

Stabilization of cell membranes

Induction of detoxifying enzymes

Improvement of the immune system

INDICATIONS TO USE OF LUTEIN

Prevention of age-related macular degeneration

Prevention of cataracts

Promoting the health and normal function of the eye

Protection from reactive oxygen species (ROS)

Table I. Activity and indication to use of lutein.
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are not yet fully developed, since the visual
cortex is still immature at birth; in fact,
during the first months of life, an anatomi-
cal reorganization of the retinal connec-
tions takes place, associated with the de-
velopment and maturation of the genicu-
late visual pathway.

Foveal development is completed between
the fourth and fifth month of life. Between
the 12" and 18" month of life, a critical
period for the maturation of visual function
takes place, involving the development of
certain capacities, such as contrast and
spatial sensitivity, perception of colours,
movement and speed, shape recognition
and depth perception. Many practices used
in the delivery room, while efficient as
therapy approaches, may be hazardous for
the future functions of the infant, such as
analgesics administered to the mother,
techniques used for minimizing heat loss
in the infant, clamping the umbilical cord,
phototherapy used to treat jaundice, and
the use of 100% oxygen or assisted ventila-
tion in newborns showing signs of as-
phyxiation. All of these procedures can
cause a notable increase in free radicals,
leading to retinal damage in the infant.
Therefore, maintaining a proper balance
between oxidants and antioxidants could
help to prevent ocular damage in new-
borns, especially those born prematurely.
Lutein and zeaxanthin could play an impor-
tant role in protecting the retina in new-
borns due to their protective and antioxi-
dant properties [8] (see table I).

Lutein in neonatal nutrition

Several studies have shown a direct corre-
lation between the plasma lutein levels of
the mother and the newborn [9], and it has
been shown that lutein and zeaxanthin
concentrations are two or three times
higher than those of other carotenoids,
when present in the mother’s diet. Gos-
sage and colleagues [10] have hypothe-
sized that lutein could be actively secreted
into breast milk, and not passively diffused
like other carotenoids. Moreover, Sommer-
burg and colleagues [11] have found that
colostrum contains carotenoids, in particu-
lar lutein, in concentrations up to five
times higher than the so called mature
breast milk (140 pm/l). Therefore, breast
milk is the primary source of lutein to
newborns, and breastfed babies generally
have higher plasma levels of this carote-
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noid than babies fed with infant formula.
In a statement released in Geneva in 2006,
the World Health Organization (WHO)
evaluated the safety and potential toxic
effects of certain dietary supplements,
including lutein.

The Food & Drug Administration (FDA) has
approved the use of lutein in infant formu-
lae at a maximum safe concentration of 2
mg/Kg/day. Currently in Italy there are no
available commercial infant formulae en-
riched with carotenoids, while in some
other countries a formula containing egg
phospholipids as a source of lutein is avail-
able [12,13]. Various double blind studies
have compared infants who were given
lutein with control subjects who received a
placebo; the results clearly show a protect-
ing action in the retina for the lutein treat-
ment. Currently, multicentric studies are in
progress to assess and quantify the effi-
cacy of lutein administration in infants
with ROP, and to analyze the effects of
lutein on neonatal visual acuity develop-
ment.

Conclusions

Newborns, especially premature infants,
require several nutritional elements essen-
tial for a healthy and fast development,
since during the last gestational weeks
they have not been able to benefit from
the nutritional substances from the
mother; however, their gastrointestinal
and renal functions have yet to be fully
developed, reducing the absorption and
retention of important micronutrients such
as lutein. Humans do not synthesize lu-
tein, and therefore the mother needs to
maintain a lutein-rich diet in order for this
carotenoid to be passed to the infant via
breast milk. Such diet should include yel-
low fruits and vegetables, green leafy
vegetables (spinach, cabbages, broccoli
etc.), as well as egg yolks [14].

In conclusion, lutein and zeaxanthin play a
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Fig 1: chemical formulas of
lutein (a) and zeaxanthin (b).

key role in the prevention of retinal pa-
thologies, and could help to prevent the
pathological evolution of incomplete reti-
nal vascularization in premature newborns.
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