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Editorial
Reactive oxygen species (ROS), including hydrogen peroxide,

hydroxyl radical, and superoxide anion can be created as usual
products of aerobic metabolism and can be formed at elevated rates
under pathophysiological conditions. Overproduction of ROS leads to
significant damages to cell structure and functions and could be the
cause of aging. Oxidative stress (OS) is defined as an imbalance
between the production of ROS and antioxidant defenses that can
result in cellular and tissue damage [1,2]. Subsequently, the potential
strategy in preventing oxidant-induced cellular and tissue damage
involves the use of appropriate antioxidants. Antioxidants are
substances capable of preventing, inhibiting, or slowing the oxidation
of other molecules [3,4]. In vitro studies showed that when applied
directly and at high concentrations of antioxidants to cellular systems,
they are effective in conferring protection against the damaging actions
of ROS. However, using antioxidants in therapies has limitation of
their poor solubility, instability, inability to cross membrane barriers
and rapid clearance from cells. Therefore, there is considerable interest
towards the development of antioxidant-delivery systems that would
result in the stability, solubility and selective delivery of the
compounds to tissues in sufficient concentrations to ameliorate injured
tissues caused by oxidant.

Carotenoids as antioxidants
Recent work from our lab has focused on carotenoids and the use of

liposomes for the delivery of some carotenoids such as lycopene and
astaxanthin as antioxidants in the prevention or treatment of several
pathological conditions related to oxidative stress. Lycopene possesses
an antioxidative capability much stronger than zeaxanthin, lutein and
β-carotene. However, its use is often limited due to its instability, poor
water solubility and very low bioavailability following topical and oral
administration.

The structure of lycopene consists of 13 double-bonds. Two of them
are non-conjugated, whereas eleven are conjugated double bonds, thus
building a chromophore. This conjugated polyene structure accounts
for the red color and the antioxidant properties of lycopene [5].
Lycopene is susceptible to chemical changes such as oxidation followed
by degradation or isomerization when exposed to light, heat and
oxygen. Our study revealed that crystal lycopene and lycopene in
chloroform were shown to be degraded completely under laboratory
condition (25°C) after 3 weeks and 6 days, respectively. In process of
degradation, several chemical reactions can induce isomerization from
the trans-isomer to several mono- or poly-cis forms [5]. The forms of
lycopene detected in human serum and tissues range from all-trans to
9-, 13- and 15-cis isomers, whereas the predominant lycopene in food
is the all-trans form.

Lycopene liposomes
In order to improve the stability of antioxidants, liposomal

formulations are being developed [6]. Liposome delivery systems are
potential candidates for biocompatible, biodegradable, and nontoxic
artificial phospholipid vesicles that offer the possibility of carrying
hydrophilic, hydrophobic molecules. In our study, lycopene liposomes
are prepared using lecithin (3%), cholesterol (0.3%), and water phase of
74.5%. In the formulation, lycopene can be incorporated into the lipid
bilayer of the liposome [7,8]. Incorporation of lycopene into liposomes
not only reduced lipid damage but also slowed the oxidation of
lycopene [9].

Our experiment showed that lycopene in liposomes was stable for at
least 3 months at room conditions. Further studies on solubility
revealed that lycopene can encapsulated up to concentration of 200
µg/ml with menthyl anthranilate as the solvent. Moreover, liposomes
containing ascorbic acid showed a significant stability improvement of
lycopene. The ability for precise adjustments of lycopene liposome
parameters such as size, charge, lipid composition, and the conjugation
of ligands coupled with the more efficient and loading techniques
offers the possibility to make liposomes an effective platform for the
delivery of lycopene.

In summary, lycopene in liposomal formulations could be stable,
and hold great promises in the treatment of many diseases in which
oxidative stress plays a significant role. Liposomes are highly efficient
in terms of facilitating antioxidant delivery and achieving prophylactic
and therapeutic efficacies against oxidative stress-induced damage and
aging.
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