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Abstract

It has been recently shown that the association of melatonin with polymeric nanoparticles causes a significant increase of the in vitro
effect against lipid peroxidation. Hence, the aim of the present study was to compare the in vivo acute antioxidant effect of intraperito-
neal administration of melatonin-loaded polysorbate 80-coated nanocapsules with that of melatonin aqueous solution in mice brain
(frontal cortex and hippocampus) and liver. The lipid peroxidation through thiobarbituric acid reactive substance levels, the total anti-
oxidant reactivity (luminol-enhanced chemiluminescence) and the free radical levels (formed dichlorofluorescein) has been carried out.
Our results show that a single melatonin aqueous solution injection exerted no antioxidant activity in the evaluated range, while the
administration of the melatonin-loaded polysorbate 80-coated nanocapsules caused a marked reduction on lipid peroxidation levels
in all studied tissues. No differences on free radical content were found in the tissues. The melatonin-loaded nanocapsules also increased
the total antioxidant reactivity in the hippocampus. These in vivo results are in accordance with our previous in vitro findings and con-

firm the hypothesis that polymeric nanocapsules improve the antioxidant effect of melatonin against lipid peroxidation.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Melatonin, a neurohormone that is synthesized mainly
in the pineal gland and derived from serotonin, has many
effects on a wide range of physiopathological functions;
its secretion is controlled by the suprachiasmatic nucleus
through the photoperiod [1,2]. Melatonin regulates the
sleep/wake cycle, other circadian and seasonal rhythms,
and acts as an immunostimulator and cytoprotective agent
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[3,4]. In addition, in both cultured cells and organs, as well
as in in vivo systems, it has proved its capacity as a potent
antioxidant [4,5].

Melatonin is a free radical scavenger, since it directly
neutralizes toxic oxygen- and nitrogen-based reactants. It
is effective in protecting nuclear DNA and membrane lipids
from oxidative damage (lipid peroxidation), in upregulat-
ing antioxidant enzyme activities [6-8] and in downregulat-
ing pro-oxidant enzymes [4], so improving the total
antioxidant defense capacity of the organism. Melatonin
favorably influences the production and regeneration of
glutathione, a major intracellular antioxidant [9]. It also
increases the efficiency of the electron transport chain in
the inner mitochondrial membrane with a consequent
reduction of free radical generation [9,10]. Within cell
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membranes, melatonin can scavenge free radicals in both
the lipid and aqueous environments of the cell [9], and
shows stabilizing action, protecting them against the oxida-
tive stress reduction in the fluidity [7].

Melatonin has also been shown to be potentially effec-
tive in ameliorating or preventing several induced oxidative
stress conditions, exerting hepatic protective effect, as tissue
damage and fibrosis associated with thioacetamide-induced
liver cirrhosis [11], liver injury in streptozotocin-induced
diabetic [12] and carbon tetrachloride-induced hepatic
fibrogenesis [13].

The efficacy of melatonin in inhibiting oxidative damage
has been tested in a variety of neurological disease models,
in which free radicals are believed to play a causative role
on the condition [7]. It also presents neuroprotective
actions [14] against a variety of neural toxins, hyperbaric
hyperoxia, traumatic brain injury [7], ischemia/reperfusion
injury [15] and age-associated neurodegenerative diseases
[4,14], such as Alzheimer’s [7,10,16], Parkinson’s [7,10],
and Huntington’s diseases [4,10].

Over the past few decades, there has been considerable
interest in developing polymeric nanoparticles (nanocap-
sules and nanospheres) as effective drug delivery devices.
In these submicron systems (<1 um), the drug is dissolved,
entrapped, encapsulated and/or adsorbed or attached to
the polymeric particles [17,18]. Nanocapsules are vesicular
systems composed of an oil-filled cavity surrounded by a
polymeric wall, while nanospheres consist of a polymer
matrix. Both nanoparticles present narrow particle size dis-
tribution and are stabilized by surfactants at the particle/
water interface [18,19]. The advantages of nanoparticles
include the improvement of therapeutic index [20], the
delivery of poorly water-soluble compounds [21], the
increase of bioavailability [22] and the protection of
mucosa from drug toxicity [23,24]. As regards to antioxi-
dant substances, their encapsulation [25-27] improves
in vitro antioxidant drug effects [28-30]. According to Pal-
umbo and co-workers [28], the improvement of antioxidant
effect of idebenone-loaded polymeric nanocapsules is prob-
ably due to the adherence of nanostructure to the cells,
allowing the lipophilic drug associated to diffuse into cellu-
lar and subcellular structures. In our previous work, the
presence of polymeric nanostructures was important for
increasing the melatonin protection against lipid peroxida-
tion [29]. The ability of nanosphere-encapsulated vitamin E
to quench Abeta-induced reactive oxygen species (ROS),
even when applied up to an hour following Abeta expo-
sure, suggests that vitamin E is able to quench cytosolic
ROS following nanosphere-mediated delivery [30].

Nanoparticles have also been studied as drug carriers
for brain delivery due to their ability to provide drug access
across the blood-brain barrier (BBB) for non-transport-
able drugs by masking their physicochemical characteris-
tics as a result of nanoencapsulation [18]. Nanoparticles
can also be used as parenteral controlled release systems
to prolong the CNS availability of drugs that freely pene-
trate the BBB but have a short duration of action [31]. In

order to achieve a significant transport across the BBB,
the hydrophobic surfaces of the nanoparticles must be
coated with hydrophilic molecules or macromolecules.
The nanoparticles become hydrophilic enough to escape,
at least partially, from the adsorption of the plasmatic pro-
teins (opsonization) and consequent recognition by the
mononuclear phagocyte system, as well as by the macro-
phages of the liver and spleen [18,32]. Hence, polymeric
nanoparticle surface coating has been employed for brain
targeting either using hydrophilic surfactants as polysor-
bate 80 [31,33-41] or by direct chemical bound with
poly(ethylene glycol) (block copolymers) [42,43].

We have recently developed new drug delivery systems
for melatonin based on its encapsulation in polymeric
nanocapsules or nanospheres [29,44]. Melatonin-loaded
polysorbate 80-coated Eudragit S100®-nanoparticles pro-
vided an important increase in the in vitro effect of melato-
nin against lipid peroxidation, in comparison with the drug
aqueous solution [29]. Given this, the aim of this study was
to evaluate the in vivo acute antioxidant capacity (lipid per-
oxidation, total antioxidant reactivity and free radical lev-
els) of melatonin-loaded polysorbate  80-coated
nanocapsules in the brain and liver of mice as compared
to the drug aqueous solution. Brain tissue (frontal cortex
and hippocampus) was evaluated because of the promising
neuroprotective effect of melatonin and the applicability of
nanoparticles for brain drug delivery. Hence, the hypothe-
sis considers that the in vivo brain antioxidant activity of
melatonin can be increased by its encapsulation in polysor-
bate 80-coated nanocapsules.

2. Materials and methods
2.1. Chemicals

Melatonin and Eudragit S100® [poly(methacrylic acid-
co-methyl methacrylate)] were obtained from Acros Organ-
ics (Belgic) and Rohm GmbH (Germany), respectively.
Caprylic/capric triglyceride was obtained from Brasquim
(Brazil) and sorbitan monooleate (Span 80®) was supplied
by Sigma (USA). Polysorbate 80 (Tween 80®) was acquired
from Delaware (Brazil). Thiobarbituric acid and Trolox
were obtained from Merck, 2,2'-azo-bis-(2-amidinopro-
pane) dihydrochloride (ABAP) was obtained from Wako
Chemicals USA, Inc., 2’,7'-dichlorofluorescein diacetate
(DCFH-DA), 2’,7'-dichlorofluorescein (DCF), trichloro-
acetic acid (TCA), 5-amino-2,3-dihydro-1,4-phtalazinedi-
one (luminol) were purchased from Sigma Chemical Co.
All other chemicals and solvents used were of pharmaceu-
tical grade; all reagents were used as received.

2.2. Animals

Forty-five days old (CF-1) male mice (average body
weight 34 g), obtained from FEPPS (Fundagao Estadual
de Produgao e Pesquisa em Saude, Porto Alegre, RS), were
maintained in a colony under constant room temperature
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(22 +£2°C) on a 12-h light-dark cycle and with food and
water ad libitum. The experiments were conducted using
healthy animals, without any previous treatment for induc-
tion of the oxidative stress. The Animal Care Committee
approved all handling and experimental conditions.

2.3. Preparation of nanocapsule suspensions and melatonin
aqueous solution

Nanocapsules containing melatonin were prepared by
interfacial deposition of preformed polymer, as described
by Fessi et al. [45]. Briefly, the organic solution consisted
of 0.8 mL of oil (caprylic/capric triglyceride), 250 mg of
polymer (Eudragit S100®), melatonin (25 mg), 192 mg of
surfactant (Span 80®) and 67 mL of acetone. This organic
phase was added under magnetic stirring into an aqueous
solution (133 mL) containing 192 mg of surfactant (Tween
80®). Acetone was removed and the suspension concen-
trated by evaporation under reduced pressure and the final
volume of suspension was adjusted to a total volume of
25 mL [29]. Melatonin aqueous solution (1 mg/mL) was
prepared using 0.77 % (w/v) of polysorbate 80.

2.4. Physicochemical characterization of the nanocapsules

2.4.1. Particle size

The mean size and polydispersity of nanocapsules were
determined by photon correlation spectroscopy (PCS).
For PCS measurements, 20 uL. of each suspension was
diluted to 10 mL in MilliQ® water [46]. Measurements were
made at room temperature (20 °C) and fixed angle of 90°,
using a Brookheaven Instruments standard setup (BI-
200M goniometer, BI-9000AT digital correlator and a
BI9863 detection system). A Spectra Physics He-Ne laser
(model 127, 2y = 632.8 nm) was used as light source.

2.4.2. Zeta potentials

The zeta potentials were determined after dilution of the
samples in 1 mmol L~! NaCl aqueous solution using Zeta-
sizer® Nano Series (ZEN 3600 model, Malvern
Instruments).

2.4.3. Transmission electron microscopy

The morphological analysis was conducted by transmis-
sion electron microscopy (TEM; Jeol, JEM 1200 Exll, Cen-
tro de Microscopia Eletronica UFRGS) operating at
80 kV. For this analysis, the diluted suspension was depos-
ited in Formvar-Carbon support film on specimen grid
(Electron Microscopy Sciences) and negatively stained with
2% (w/v) uranyl acetate solution [44].

2.4.4. Determination of associated melatonin

Melatonin was assayed by high-performance liquid
chromatography (Waters, USA; pump 600 controller;
2487 Dual 4 absorbance detector; 717 plus autosampler).
A Merck column LiChrospher® 100 RP-18 (5 pum;
250 x 4 mm, Germany) was employed. The mobile phase

consisted of acetonitrile/water (55:45, v/v). The total sam-
ple volume injected was 20 pL and melatonin was detected
at 229 nm [44].

Free melatonin (non-associated) was determined in the
ultrafiltrate after separation of the nanocapsules by ultrafil-
tration—centrifugation technique (Ultrafree-MC® 10,000
MW, Millipore), at 15,300g for 10 min. The total content
of melatonin in the nanocapsule suspension was deter-
mined using HPLC after dissolution by acetonitrile. The
associated melatonin with the nanocapsules was calculated
from the difference between the total and the free drug con-
centrations determined in the nanocapsule suspension and
in the ultrafiltrate, respectively [29,44].

2.5. In vivo experiments

Melatonin (1 or 10 mg/kg) associated with polysorbate
80-coated nanocapsules or in aqueous solution was intra-
peritoneally administered to mice (n = 6). Unloaded poly-
sorbate 80-coated nanocapsules (without drug) and an
aqueous solution containing 0.77% (w/v) polysorbate 80
were used as controls. The experiments were conducted
between 11.00 am and 3.00 pm. One hour after the admin-
istration, animals were decapitated and the brain regions
(frontal cortex and hippocampus), as well as the liver, were
removed and instantaneously placed in liquid nitrogen and
stored at —70 °C until biochemical assays. At the day of
measurements, the tissues were homogenized in ice-cold
pH 7.4 phosphate buffer solution (100 mmol L™!) contain-
ing 140 mmol L' KCl and 1 mmol L™' EDTA, using a
Teflon-glass homogenizer. The homogenates were centri-
fuged (960g for 10 min at 4 °C) and supernatants were used
in the assays.

2.6. Assay of lipid peroxidation

Lipid peroxidation was evaluated by thiobarbituric acid
reactive substances (TBARS) test [47]. Aliquots of samples
were incubated with 10% (w/v) trichloroacetic acid (TCA)
and 0.67% (w/v) thiobarbituric acid (TBA). The mixture
was heated (30 min) using a boiling water bath. Then, n-
butanol was added and the mixture was centrifuged. The
organic phase was collected to measure fluorescence at
excitation and emission wavelengths of 515 and 553 nm,
respectively, using a fluorescence spectrophotometer Hit-
achi F-2000 [48]. 1,1,3,3-Tetramethoxypropane, which is
converted to malondialdehyde (MDA), was used as
standard.

2.7. Total antioxidant reactivity assay

The reaction mixture consisted of ABAP (2 mmol L™1)
and luminol (6 mmol L") in glycine buffer. Total antiox-
idant reactivity (TAR) values were determined by assess-
ing the initial decrease of luminescence calculated as the
ratio Iy/I, where I is the chemiluminescence (CL) in the
absence of additives, and I is the CL after addition either
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of 20 nmol L™" Trolox or of the samples (5 uL) [49,50].
The CL generated was measured in a scintillation counter
Beckman [48]. TAR values were expressed as equivalents
of Trolox concentration per milligram of protein.

2.8. Free radical content

To assess the free radical contents, we used 2',7'-
dichlorofluorescein diacetate (DCFH-DA) as probe. An
aliquot of the sample was incubated with DCFH-DA
(100 uM) at 37 °C for 30 min. The reaction was termi-
nated by chilling the reaction mixture in ice. The forma-
tion of the oxidized fluorescent derivative (DCF) was
monitored at excitation and emission wavelengths of 488
and 525 nm, respectively [51,52], using a fluorescence
spectrophotometer Hitachi F-2000 [48]. The free radical
contents were quantified using a DCF standard curve
and results were expressed as picomoles of DCF formed
per milligram of protein. All procedures were performed
in the dark, and blanks containing only DCFH-DA (no
homogenate) were processed to determine the autofluores-
cence [51,52].

2.9. Protein determination

The total protein concentration was determined using
the method described by Lowry et al. [53] with serum albu-
min as standard.

2.10. Statistical analysis

Data are expressed as means + standard deviation. The
statistical analysis of the data was carried out by a two-
way analysis of variance (ANOVA) followed by the
Tukey’s test when appropriate. Analysis was performed
using the Statistical Package for the Social Sciences
(SPSS) software. A difference was considered significant
when p < 0.05.

3. Results
3.1. Characterization of nanoparticle suspensions

The drug-loaded and drug-unloaded nanocapsule sus-
pensions presented macroscopic homogeneous aspect, as
well as submicronic sizes (241 £ 55nm; 207 £ 44 nm),
low polydispersity (0.01; 0.09), negative zeta potentials
(=334+0.3mV; —35+ 1.1 mV) and acid pH values (4.2;
4.3), respectively. The total content of melatonin was
0.996 mg/mL and the associated melatonin was 50%.
TEM analysis carried out for the melatonin-loaded nano-
capsules showed homogeneous particles (Fig. 1).

3.2. Lipid peroxidation

Fig. 2 shows the lipid peroxidation in mice frontal cor-
tex and hippocampus after 1 h of intraperitoneal adminis-
tration of the melatonin-loaded nanocapsules and of the
drug solution. ANOVA revealed significant effects
(p <0.05) of the type of the formulation (melatonin-loaded
nanocapsules or drug solution) and melatonin doses
against lipid peroxidation in the frontal cortex. Moreover,
there was a significant interaction between dose and formu-
lation. The melatonin-loaded nanocapsules significantly
decreased lipid peroxidation in the frontal cortex when
administered in doses of 1 and 10 mg/kg (Fig. 2A).

However, a significant effect of 10 mg/kg of melatonin-
loaded nanocapsules against lipid peroxidation in the hip-
pocampus was observed without any significant differences
between formulations (Fig. 2B).

Furthermore, significant effects of the type of the formu-
lation (melatonin-loaded nanocapsules or drug solution)
and melatonin doses were observed against lipid peroxida-
tion in the liver (Fig. 3), whereas no significant interaction
effect between formulation and dose was verified. The mel-
atonin-loaded nanocapsules significantly decreased lipid

Fig. 1. Transmission electron microscopy images of melatonin-loaded polysorbate 80-coated Eudragit S100®-nanocapsules [image on the left:

bar = 200 nm (150,000x); image on the right: bar = 100 nm (250,000x)].
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Fig. 2. Antioxidant effect of melatonin-loaded nanocapsules or melatonin
solution against lipid peroxidation in brain structures. *Significantly
different values (p < 0.05) from those of control group as determined by
ANOVA followed by Tukey’s test. Control for aqueous solutions: 0.77%
(w/v) polysorbate 80 aqueous solution; control for nanocapsule suspen-
sions: drug unloaded polysorbate 80-coated nanocapsules. Results are
expressed as mean =+ standard deviation.

peroxidation in the liver when administered in the dose of
10 mg/kg.

3.3. Free radical levels and total antioxidant reactivity

Both drug solution and nanoencapsulated melatonin
administered in a single acute dose (1 or 10 mg/kg) did
not significantly (p <0.05) affect the free radical levels in
the frontal cortex, hippocampus and liver, as well as the
total antioxidant reactivity in the frontal cortex and in
the liver in comparison with the controls (data not shown).
On the other hand, a significant effect of the formulation
on the total antioxidant reactivity was observed: the mela-
tonin-loaded nanocapsules administered in doses of 1 and
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Fig. 3. Antioxidant effect of melatonin-loaded nanocapsules or melatonin
solution against lipid peroxidation in liver. *Significantly different values
(p <0.05) from those of control group as determined by ANOVA followed
by Tukey’s test. Control for aqueous solutions: 0.77% (w/v) polysorbate
80 aqueous solution; control for nanocapsule suspensions: drug unloaded
polysorbate 80-coated nanocapsules. Results are expressed as
means =+ standard deviation.
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Fig. 4. The total antioxidant reactivity in hippocampus, after 1h of
intraperitoneal administration in mice. *Significantly different values
(p <0.05) from those of control group as determined by ANOVA.
Control for aqueous solutions: 0.77% (w/v) polysorbate 80 aqueous
solution; control for nanocapsule suspensions: drug unloaded polysorbate
80-coated nanocapsules. Results are expressed as means + standard
deviation.

10 mg/kg significantly increased the total antioxidant reac-
tivity in the hippocampus (Fig. 4).

4. Discussion

The nanocapsule suspensions presented a homogeneous
shape (Fig. 1) with particle mean sizes lower than 300 nm.
These values are in agreement with the diameters usually
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observed for nanocapsules prepared with preformed poly-
mers using the interfacial deposition method (from
100 nm to 500 nm) [20]. The low polydispersity indicates
homogeneous particle distribution for the nanocapsules.
The zeta potentials were negative (—33 and —35 mV) indi-
cating stable suspensions as a result of the repulsion
between particles avoiding their aggregation [20], while
the total content of melatonin was near 100%, and the
associated melatonin was 50%, in agreement with our pre-
vious results [29,44].

It was observed that the lipid peroxidation has signifi-
cantly decreased in the cortex and in the hippocampus
when melatonin-loaded nanocapsules were administered
in a single dose of 10 mg/kg (Fig. 2). On the contrary, mel-
atonin aqueous solution did not exert any significant activ-
ity against lipid peroxidation in these tissues, in the dose
range studied. In cortex, the dose of 1 mg/kg was also effec-
tive when melatonin was associated to nanocapsules. Pres-
ent results suggest that lipids in cortex and hippocampus
were partially protected by melatonin-loaded polysorbate
80-coated nanocapsules, probably due to a higher accumu-
lation of the drug in brain tissue consequent to the nano-
capsule targeting.

Melatonin is widely distributed within organisms
because it easily crosses morphological barriers and it read-
ily enters any cell, compartment or body fluid, including
the BBB due to its small molecular weight and amphiphilic
nature (highly lipophilic and somewhat soluble in aqueous
media) [4,9]. According to results here presented, melato-
nin-loaded polysorbate-80 coated nanocapsules probably
promoted a better biodistribution of the drug inside the
brain, as compared to the aqueous drug solution. However,
the mechanism behind the translocation of polymeric
nanoparticles into the brain remains to be precisely deter-
mined [18].

Troster et al. [54] showed that polysorbate 80, when
used as coating for poly(methyl methacrylate) nanoparti-
cles, effectively increased the brain levels of nanoparticles;
it also increases MRZ 2/576 anticonvulsive activity when
used as coating material on MRZ 2/576-loaded poly(butyl
cyanoacrylate) nanoparticles [31]. According to Sun et al.
[40], a partial coverage was enough for polysorbate 80
coating to play a specific role in the brain targeting, and
it seemed that brain targeting of poly(lactic acid) nanopar-
ticles was related to the interaction between the polysor-
bate 80 coating and the brain micro-vessel endothelial
cells. Polysorbate 80-coated poly(butyl cyanoacrylate)
nanoparticles have also significantly improved the metho-
trexate level in brain tissue and cerebrospinal fluid com-
pared to uncoated nanoparticles and simple drug solution
[41]. There have been proposed several possible mecha-
nisms for the nanoparticle-mediated drug transport into
the brain; all these mechanisms could also work in different
combinations of the following factors: (a) the binding of
nanoparticles to the inner endothelial lining of the brain
capillaries improving passive diffusion [18,32]; (b) a general
surfactant effect that would lead to membrane fluidisation

and to an enhanced drug permeability through the BBB; (¢)
the nanoparticles could open the tight junctions between
the endothelial cells; (d) the nanoparticles could be endocy-
tosed by the endothelial cells or transcytosed through the
endothelial cell layer [32,55]; (e) the polysorbate 80 could
act as an anchor between nanoparticles and apolipopro-
teins and then taken up via receptor-mediated endocytosis
[18]; (f) the polysorbate 80 used as the coating agent could
inhibit the efflux system, specially P-glycoprotein [32,55].
Nanoparticle formulations can also act as controlled drug
delivery systems [56] by their lymphatic targeting after
intraperitoneal administration [57]. In our study, the intra-
peritoneal route was chosen because it is easily achieved,
especially in small laboratory animals [56].

In the liver, a significant effect against lipid peroxidation
was only observed after the administration of the melato-
nin-loaded nanocapsules (10 mg/kg), while aqueous drug
solutions were ineffective (Fig. 3). This result suggests that
nanocapsules were also partially taken up by the macro-
phages in the liver, generating higher melatonin concentra-
tion inside the organ.

Treatments with melatonin solutions have been proved
effective against lipid peroxidation under different oxidative
stress conditions in cerebral cortex [58—61] and in the hip-
pocampus [58,60-63], as well as in the liver [13,64-67].
Therefore, the targeting of melatonin to the brain and to
the liver can be potentially useful to improve its therapeutic
efficacy against oxidative damage of those tissues.

The partial encapsulation of melatonin within the nano-
capsules (50%) was able to improve the in vivo antioxidant
capacity of this drug against lipid peroxidation in the brain
and in the liver, using a single dose. The lipids of the hip-
pocampus were significantly protected, in 37%, by the
administration of 10 mg/kg melatonin-loaded nanocap-
sules compared to the control, while in the frontal cortex
the protection was 42% and 40%, respectively, for 1 and
10 mg/kg melatonin-loaded nanocapsules (Fig. 2). In the
liver, the lipids were significantly protected in 25% after
the administration of 10 mg/kg melatonin-loaded nanocap-
sules compared to the control (Fig. 3).

In a previous work about the in vitro lipid peroxidation
induced by the free radical ascorbyl [29], the lipids were
protected depending on the melatonin dose, on the type
of the lipid substrate (phosphatidylcholine liposomes or
liver microsomes) and on the type of drug formulations.
When microsomes and a melatonin dose of 400 uM were
used, only the formulations containing polymer [polysor-
bate 80-coated nanocapsules (36 + 3%) and polysorbate
80-coated nanospheres (40 + 7%)] showed significant
increase in the melatonin protection against lipid peroxida-
tion in comparison with the drug solution (16 4 1%),
whereas the polysorbate 80-coated nanoemulsion (without
polymer) presented protection (19 £ 2%) similar to the
drug solution.

Summarizing, the in vivo presented results confirm the
increase in the antioxidant effect of the melatonin-loaded
nanoparticles against lipid peroxidation previously
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observed in the vitro experiments [29]. In addition, only the
melatonin-loaded nanocapsules caused a significant
improvement in the total antioxidant reactivity in the hip-
pocampus (1 mg/kg, 21%; 10 mg/kg, 32%; see Fig. 4) as
compared to the control. Altogether, results confirm the
working hypothesis that antioxidant activity of melatonin
increased due to its nanoencapsulation in polysorbate 80-
coated nanocapsules.

5. Conclusions

It was shown that a single administration of 10 mg/kg
melatonin-loaded nanocapsules showed a significant anti-
oxidant activity against lipid peroxidation in mice brain
and liver, while the aqueous solution of the same dose
was ineffective. To our knowledge, this is the first demon-
stration of the potential use of in vivo melatonin-loaded
polymeric nanocapsules against lipid peroxidation; this
supports that polymeric nanocapsules can be a promising
technological platform for the melatonin delivery to the
brain and/or to the liver due to the potential application
of this substance in reducing the oxidative damage.
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