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Abstract

The aim of this study was to prepare melatonin-loaded nanoparticles (nanocapsules and nanospheres) by nanoprecipitation,
using Eudragit S100as polymer. The potential of these systems to protect lipids against peroxidation was evaluated in comparison
to melatonin in aqueous solution and nanoemulsion. Liposomes and microsomes were used as model of a lipid membrane and
lipid peroxidation was induced by free radical ascorbyl. Nanocapsule and nanosphere suspensions presented total recoveries of
melatonin near 100% and associated drug around 55%. The zeta potential values were negative and the hydrodynamic diametet
of particles were lower than 255 nm. The results demonstrate that the lipids were protected against peroxidation from 8 to 51%
due to the presence of the melatonin and that this effect depended on the drug dose, the type of the lipid substrate and the type of
colloid, in which melatonin was incorporated. Nanocapsules and nanospheres provided an important increase in the antioxidant
effect of melatonin against lipid peroxidation.
© 2004 Elsevier B.V. All rights reserved.
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Melatonin (N-acetyl-5-methoxytryptamine) is a hor- cycle. It participates in several important physiological
mone principally produced and released by the pineal functions, including biologic regulation of circadian

gland under influence of the environmental light/dark rhythms, sleep, mood, reproduction and neuroim-
munomodulation. Also, anti-tumor effect of melatonin

on various cancers has been report¥gagalaxmi

et al.,, 2002. Exogenous melatonin has been used
for treating a variety of circadian rhythm disorders,
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including jet-lag and insomnia. Recently, melatonin systems to improve the antioxidant effect of this drug
was reported to be an effective free radical scavengerwas not yet evaluated. Hence, the aim of the present
(Epstein, 1997; Beyeretal., 192#hd ithas beenfound  work was to prepare melatonin-loaded nanocapsules,
to protect lipid peroxidation in many experimental nanospheres and nanoemulsion, and to evaluate the
models, as liposomes and microsomiesaden et al., protective properties of these formulations against lipid
2002; Saijaetal., 2002; Teixeira et al., 20a3ifferent peroxidation induced by ascorbyl free radical.
mechanisms are combined to explain the melatonin  Nanocapsules containing melatonin were prepared
protective effect: (a) a direct antioxidant action as described byressi et al. (1989)Briefly, the ace-
inhibiting the lipid peroxidation, (b) inducing changes tone solution (67 mL) of melatonin (0.0125g), oc-
on lipidic bilayers fluidity, (c) protecting intracellular  tanoic/decanoic triglyceride mixture (0.8 mL), Eu-
components against peroxidative damagaija et al., dragit S10& (0.25 g), sorbitan monooleate (0.1915 g)
2002. The potential clinical benefit of the use of mela- was added into an aqueous solution (133 mL) of
tonin as an antioxidant could include the treatment polysorbate 80 (0.1915g). The solvents were evapo-
of many diseases, as cancers and neurodegenerativeated to eliminate the acetone and to concentrate wa-
diseases such as Alzheim&efyer et al., 1998 ter to a final volume of 25 mL (0.5 mg/mL melatonin).
Exogenous controlled-release melatonin formula- Nanospheres and nanoemulsion were also prepared,
tions have been reported to be clinically more useful for omitting the triglyceride or the polymer, respectively.
sleep maintenance than immediate release melatoninControl formulations were prepared omitting the drug.
formulations Jan et al., 2000Furthermore melatonin- The pH values of suspensions were determined and
loaded controlled-release dosage forms have been in-the particle sizes were measured by photon correla-
vestigated, due to the short half-life of melatorireé¢ tion spectroscopy according Rohimann et al. (2002)
et al., 1998; El-Gibaly et al., 2003 (Brookheaven Instruments BI-200M, Spectra Physics
Polymeric nanoparticulated systems (nanocapsulesHe—Ne o = 632.8 nm). The zeta potential (Zetas@er
and nanospheres) for controlled release of drugs haveMalvern) of suspensions were determined after dilution
been intensively investigated in the past years in of samplesin 1 mM NaCl.
the pharmaceutical fieldJpuvreur et al., 2002 The Melatonin was assayed by HPLC. The system con-
nanocapsule is a carrier composed by an oil core sur-sisted of a UV-vis detector, pump and auto-injector
rounded by a polymeric wall, whereas the nanosphere S200 Perkin-ElImer and Nova-PAlKC:g Waters col-
consists of a matrix of polymer. Both colloids, as well umn. The mobile phase consisted of acetonitrile/water
as nanoemulsions, are stabilized by surfactants at the(55:45, v/v). Free melatonin was separated from col-
interface particle/water, preventing particle agglomer- loids by ultrafiltration—centrifugation (Ultrafree-MC
ation and/or drug leakage. These systems can be pre-10,000 MW, Millipore). Total drug was measured, at
pared by different methods based on polymerization 229 nm, after dissolution of colloids with acetoni-
of dispersed monomers or precipitation of preformed trile. The associated melatonin with the nanocapsules,
polymers Gchaffazick et al., 2003 The associated nanospheres and nanoemulsion was calculated from
drug could be adsorbed on nanoparticles, or dissolved the difference between the total and the free drug con-
and entrapped in colloid®phimann et al., 2004For centrations.
i.v. route, nanoparticle suspensions have been devel- All formulations presented macroscopic homoge-
oped as drug targeting delivery systems, improving neous aspect and total recoveries of melatonin were
the therapeutic index of drug€6éuvreur et al., 2002 close to 100%. Nanocapsule and nanosphere sus-
whereas for oral administration, polymeric nanoparti- pensions presented similar amounts of associated
cles have been studied as carriers for drug sustained-drug (55.77 and 54.35%, respectively)able 1.
release Verger et al., 1998 mucosa protection from  On the other hand, the nanoemulsion showed a

the toxicity of drugs Guterres et al., 20Q1las well lower value (32.65%) than the polymeric formula-
as to improve the bioavailability of drug&l{ émann tions. Nanospheres presented particle sizes of 192
etal., 1998. and 126 nm for unloaded and melatonin-loaded for-

Up to now, melatonin has not been associated with mulations, respectively. Besides, nanocapsules and
nanoparticles. Consequently, the potentiality of these nanoemulsion presented similar diameters (254 and



S.R. Schaffazick et al. / International Journal of Pharmaceutics 289 (2005) 209-213 211

Table 1 respond to stable formulation¥drger et al., 1998

Physico-chemical properties of drug-loaded and drug-unloaded col- The pH values for all formulations were in the range
loids: nanospheres (NS), nanocapsules (NC) and nanoemulsion (NE) 0f 3.88-5.15

Formulations Associated Size (nm) Zeta potential pH Liposomes and microsomes were used as substrates
9 . . . .

' drug (%) (mv) for lipid peroxidation to evaluate the protective ef-
mg‘me'a“’”'” 54.35 1;§i 1112 *22-21 ;g i-ﬁ fect of melatonin associated with colloids. Bilayer
NC—melatonin  55.77 23820 435408 397  |IPosomes (27Z23nm) were prepared by dialysis
NC _ 2544+ 50 _450+ 15 481 as descrlped prewously:(eczyns}(l—Pasa and Eber,
NE-melatonin  32.65 2464 -338+05 515 1994. Briefly, the method consisted of the dissolu-
NE - 230+ 48 -38.0+05 501 tion of 50 mg/mL phospholipids in buffer containing

10 mM tricine, 20 g/L sodium cholate, 10 g/L deoxi-

cholate at pH 8.0 followed by a dialysis procedure at
230nm) and the presence of melatonin did not influ- 30°C for 5h. Microsomes were obtained from liver of
ence this parameter (236 and 246 nm). These resultsWistar rats by differential centrifugation with calcium
showed that the presence of the oil phase caused araggregation and stored at70°C. The lipid peroxi-
increase in size of colloids. The zeta potential values dation was induced by the addition of @M FeSQ
were—37 and—35mV for nanospheres containing or and 50QuM ascorbate in a reaction medium con-
not melatonin and-34 and—38 mV for nanoemulsions  taining 1 mg/mL microsomal protein (or 12.5 mg/mL
containing or not drug, respectively. For nanocapsules, phosphatidylcoline liposome), 0.1 M Tris—=HCI pH 7.4
the absolute values were higher43 and —45mV (Cordova et al., 2002and 20QuM (or 400.M) mela-
containing or not melatonin) than those observed for toninaqueous solution (0.5 mg/mL drug containing 1%
the other formulations. In all cases, these values cor- €thanol) or drug-loaded colloids. The controls of the

Table 2
Effect of melatonin encapsulation on lipid peroxidation
Formulations Dose of Lipid peroxidatio + S.DP Protection of melatonin against
melatoninuM (nmol TBARS/mL) lipid peroxidatiof +S.D. (%)
Liposomes Microsomes Liposomes Microsomes
Control — 291+ 21 3885+ 109 — -
Aqueous solution 200 228 12 3415+ 378 21.8+ 1.9 121+ 1.4
400 200+ 22 3250+ 202 31.3+ 4.1 16.44+ 1.1
Control - 3244 43 2512+ 500 - -
Nanocapsules 200 216 29" 2288+ 138 33.3+ 6.3 89+ 1.9
Control - 489+ 61 2318+ 83 - -
Nanocapsules 400 239 6" 1492+ 137 51.1+ 6.5" 35.6+ 3.4"
Control - 405+ 30 2631+ 146 - -
Nanospheres 200 30t 23 24084+ 180 25.8+ 2.7 8.5+ 0.8
Control - 469+ 30 2294+ 79 - -
Nanospheres 400 27 28 1374+ 230 4224+ 51" 40.1+ 6.8"
Control - 304+ 7 2847+ 156 - -
Nanoemulsion 200 256 9 2547 4+ 210 17.94+ 0.8 10.5+ 1.0
Control - 410+ 56 2835+ 223 - -
Nanoemulsion 400 213 21 23104+ 155 48.0+ 8.1" 185+ 1.9

@ TBARS =thiobarbituric acid reactive substances.
b s.D., standard deviation, calculated from triplicate of experiments.
¢ This protection is relative to the formulations prepared without melatonin (controls).
* Statistical differences between each formulation and its respective control establishetestrfy< 0.05).
** Statistical differences between the solution (400 of melatonin) and the formulations established ugitest < 0.05).
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