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ABSTRACT

The protection and improvement of bioavailability of phenolic compounds
is a problem that can be solved by various methods including the use of
liposomes. The aim of this study was to determine the effect of gallic acid
concentration on the entrapment efficiency by liposomes and to determine
their antioxidant capacity. Liposomeswere produced at three different con-
centrations of gallic acid (10, 100 1000ug/mL), gallic acid was determined
using the Folin- Ciocalteu method (Previous, sampleswere separated chro-
matographically), the antioxidant capacity was evaluated by DPPH (1,1-
diphenyl-2-picrylhydrazyl) method and the determination of the empirical
constant of breakdown chain speed and efficiency of entrapment of gallic
acid. The results obtained indicate that the highest content of gallic acid
was found in liposomes with 100pg/mL, also the increased efficiency of
entrapment was associated with this concentration (98%). The ability of
freeradical trapping showed no difference between theliposomeswith 100
and 1000ug/mL. The higher speed of chain breakage was found in the
liposomes at 1000pg/mL. Resultsindicate that it is possible to obtain lipo-
someswith gallic acid at very high efficiency.
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INTRODUCTION

Theoxidation phenomenainduced by reactive oxy-
gen species (ROS) and superoxidefreeradicals(O,),
hydrogen peroxide (H,0,) and hydroxyl radical (OH-
). Theaction of ROSiscounteracted by an antioxidant
defense system; an imbal ance between ROS and anti-
oxidant compoundsmay resultin adisintegration of the
membrane cdlular, damageto membraneproteinsand
DNA mutation, which may inturninitiate or propagate

the devel opment of many diseases such ascancer, liver
damage, cardiovascular problems, aging, diabetesand
atherosclerosi g4,

Oneway to prevent the above problemsisto block
thegeneration of freeradicas. Inthisregard, recently,
thereisincreased interest inthe use of dietary antioxi-
dants, specificaly; phenolic compounds™. Which have
been documented ashighly effective protective agents
against various chronic degenerative diseases. It has
been postul ated that the biologica activity associated
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with the phenolic compoundsisassociated, at least in
part with itsantioxidant properties, dueto theability to
chelatemetalsand trap freeradicals.

However, one problem with the phenolic com-
poundsistheir bioavailability, which, at least for green
teaisquitelow, lessthan 5%!%. Then thiscompound
must be used repeatedly and continuoudly to maintain
an effectiveleve inthe human body. These problems
can be solved using various protection schemes. Few
protection schemes have been associated with phenolic
compounds. Maeyamaet al.,(2005) devel oped ade-
livery system based on biodegradable polyestersand
protected(-)-epigallocatechin-3-gallate®. Fang et
al.,(2005) eva uated asystem based on liposomesfor
controlled rel ease of catechinsto the skin®4.

Liposomes are microscopic vesi clesformed regu-
larly by phospholipids, aqueous medium with avari-
able size between 50 and 500nm™*8, They offer severa
advantages asvehiclesfor the controlled rel ease of ac-
tive compounds such as polyphenols. Typica scheme
isthat the active compound to passthrough apassive
bodiesto reach thetarget tissue. Inthisregard, lipo-
somesdid not rel ease their contentsuntil their mem-
branes are destabilized by an externa agent, which can
bechangeinpH, metd ions, temperature, light, enzymes
and conformational changes?.

However intheliterature, our knowledgethereis
no reportsontheeffect of the concentration of polyphe-
nolsof theliposomes. Theam of thisstudy wastoevau-
atetheeffect of gallic acid concentration on the physi-
cochemical characteristics, entrgpment efficiency and
theantioxidant capacity of liposomes.

MATERIALSAND METHODS

Materials

Lecithin (Solae, St Louis, MO., USA), Span 80,
gallic acid, methanol, Folin reagent, sodium carbonate,
DPPH (Sigma, St. Louis, MO, USA).

Prepar ation of liposomes

Sol utions phosphatidyl choline (5% v/v) weredis-
solvedinasolution of chloroform: methanol (1:1). The
organic solvent was evaporated in arotating evapora-
tor at 39-40°C, traces of solvent were removed by
maintaining thelipidfilm to vacuumfor 1 hour (Biichi
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R-205). Thelipidfilm obtained wasthen hydrated with
deionized water whichwasincluded with gallicacid at
concentrations of 10, 100 and 1000ug/mL.

To determinethehydration efficiency anexperimen-
tal run was carried out according to the method of 4.

Deter mination of total phenols

Thegallic acid content was determined by Folin-
Ciocateu method usng gdlic acid asstandard, briefly,
samplesof 125ul were added to 500ulL of water and
125uL of Folin-Ciocateu reagent (2N). The mixture
wasstirred vigoroudy and left to stand for 6 min, sub-
sequently were add 1.25mL of a 7% solution of so-
dium carbonate and 1mL of water and stirred and | et
stand for 90 min. Absorbancewasread at 760 nm us-
ingaUV-VisCay50Bio (Varian, PdoAlto, CA,USA).
Thetotal phenol content was expressed asgallic acid
equivdent (GAE: galicacid mg/mL sample) . All tests
wereperformedin duplicate.

Efficiency of entrapment of gallicacid

Theencapsulation efficiency of galicacidinlipo-
someswasdetermined by thetota phenol content. The
total phenolswereevaluatedingdlicacid loaded lipo-
somes, before and after chemical partition with
chloroform:methanol solution (1:1). Thefractionswere
separated by sizeexclusion chromatography. Glasscol -
umnswere used 15x1 cm, packed with Sephadex G-
25 and using aphosphate buffer solution (pH 7.4) as
mobile phase. Subsequently thefractionswere centri-
fuged at 4500 rpm for 10 minin aHeraeus centrifuge
Labofuge400R (Thermo Electron Corporation, Ger-
many). The fractions were analyzed by the Folin-
Ciocateu method to determine the percentage of en-
trapment, which was constructed asfollows:

Encapsulation Efficiency (%)=[ (Concentration of
gdlicacidinthe sample-the concentration of galicacid
in methanol)/Concentration of gallic acid in the
sampl €] x 100134,

Freeradical scavenging

To evauate the antioxidant capacity, we used the
following procedure. Samples of 100uL were added
to 2.9mL of asolution of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) in methanol (concentration of DPPH was
0.2mM ). Themixturewasstirred vigorously and reed
theabsorbance of theresulting solutionat 515nmina
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UV-visspectrophotometer (Cary 50 Bio UV-visible,
Varian, PdoAlto, CA, USA).

Chain breakingrate

The determination of therate of chain breaking(k)
was obtai ned from the methodol ogy proposed by!'%,
wherethek vauewascd culated from obtaining athird-
order kineticmodd, asshowninthefollowingformula

A3 - UA*=-3KT(2)
whereA and absorbance at timet and Aoisthe absor-
banceat theinitid timeand k istheempirica constant
speed of radical breaking chain.

Satistical analysis

All experimentswere performed at least twice. The
datawereanayzed by ANOVA (anaysisof variance)
and Tukey test, (p=0.05). (Statistica v 4.3, StatSoft
Inc., Tulsa, OK, USA).

RESULTS

The conditionsused for the devel opment of stable
liposomes were 5% lecithin, 20% of agueous phase
and the use of apH of 2. From the above conditions
was performed kinetic analysis of theevolving struc-
ture of liposomes, for 20 hours, taking picturesevery
hour. TheresultsareshowninFigure 1.

Theresultsof tota phenol content inliposomesare
showninTABLE 1for thedifferent fractionscollected
(namedirectlyinthe TABLE).

Theresultsof efficiency are shownin TABLE 2
showed amarked effect of concentration on efficiency.

TABLE 3 presentstheresults of the percentage of
freeradica scavenging activity (% RSA) by themethod
of DPPH* (2,2-diphenil-1-picrylhydrazyl) using for
comparison theeffect of gal lic acid at aconcentration

15hr
Figure2: Microphotographsof Ilposomee(100x)

TABLE 1: Total phenolscontent in direct and with partition
fractionsfromliposomesat 10, 100 and 1000 of pg of gallic

acid/mL

Liposomes Liposomes Liposomes
ion 099 Aot iomyao
acid/mL acid/mL acid/mL
Fractionl ND ND ND
Fraction2 ND 63.1467+26.7352  38.9881+14.0723
. Fraction3 ND 251022456465  35.9539+7.1208
Direa Fraction4 ND 19.233345.7446 14.8110+5.8892
Fraction5 ND 9.6942+2.1256 5.1525+1.8428
Fraction6 ND 8.5969+1.7391 15.9450+5.5265
Fractionl ND 9.0850+2.1708 ND
Fraction2 ND 7.7834+3.9362 12.7334£1.3198
Parition Fraction3 ND 11.1200£0.0000  15.4934+4.1330
Fractiond ND 4.6768+2.4844 1.8500+0.0000
Fractions ND ND 0.1800+0.0282
Fraction ND 4.1334+0.0000 3.1250+0.0000

*data shown are meantstandar deviation
**ND No detectable

TABLE 2: Efficiency of encapsulation of gallicacid (%)

Efficiency (%)

Fraction Liposome Liposome Liposome
(10W/mL) (100p/mL) (1000p/mL)

Fractionl ND ND ND
Fraction2 ND 55.363 2.625
Fraction3 ND 14.556 1.296
Fraction4 ND 14.556 1.296
Fraction5 ND 9.6%4 0.497
Fraction6 ND 4.464 1.282

*C No determinated

TABLE 3: Radical scavenging activity (RSA) (%) and chain
breakingrate (k) for gallic acid encapsulated in liposomes

% RSA (60 min)

Sample Liposome Liposome Liposome
(10ug/mL) (100ug/mL)  (1000ug/mL)
Gallic acid as
control (100 - 81.344+5.522

ppm)

Direct 42.545+6.744 39.907+2.909 40.378+8.296
Partition 1.659+0.000 10.882+1.523 8.676+0.631
K(O.D.-
3/m|n mg 0.017£0.001  0.052+0.010  0.174+0.000

*Data shown are meantstandard deviation
of 100p/mL (81.34+5.52%) (At 60 min).

TABLE 3 presentstheresultsfrom samplesof li-
posomescalled directly (without partition, without chro-
matographic separation) and the major fraction with
chromatographi c separation and partition.
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DISCUSSION

Resultsobtai ned from micrographs showed that the
major structural featureliposomes (lipid bilayer thick-
ness, uniformity of size, well defined spherical shape)
were obtained between 10 and 12 hours of hydration
(Figure2). Thisresult isagreeing with reportsabout the
hydration timefor liposome*2.

It was determinated amount of phenolic compounds
trapped in liposomes. From thethree concentrations of
galic acid used (10, 100 and 1000ug/mL) were ob-
tained 6 fractions after partition, each one was sub-
jectedtoapartition withasolution of chloroform-metha:
nol. According to the partition coefficient of gdlicacid
(0.45), when thepartitionisdone, galic acid tendsto
gotothepolar portion (methanol) of thesolution, site
where absorbance readings were obtained.

Whereastrong presence of total phenolswas seen
infractions 2 and 3 at 100 and 1000ug/mL. There-
mai ning fractions of these concentrations showed very
small valuesof gallic acid. For the concentration of
10ug/mL gave absorbancereadings of tota phenols
vauesnot detectable.

Thefractionsanayzed after the partition (partition
inTABLE 1) showed lower va uesthan those obtained
inthedirect fraction. Theresulting valuesareinterest-
ing, Sinceit isnecessary to remember that theliposome
solution has concentration of 10, 100 and 1000ug/mL
and 10ug/mL but was not possibleto obtain readings
above partly dueto thesmall amount of gallicacidin-
corporated inliposomesand the possibleinterference
of lecithinin reading.

Theliposome sol ution hastwo main components,
phosphatidyl cholineand watery solution of gallic acid,
then thereadings should be associated with the pres-
enceof gdlicacid and/or possibleinterference of leci-
thin, it was decided to eval uate thel ecithin under the
Folin-Ciocalteu protocol, giving an equation
Y =0.005X+8.72 (R?=0.987) vdidatesal ecithin con-
centration range 1000 to 5000ug/mL, whereY, isthe
reading of EAG and Xeq, istheconcentration of leci-
thinin ug/mL, with thisdatareadingswere corrected
total phenols.

Severa authorsindicatethat the concentration of
the aqueous phase in the formulation of aliposome
hasagreat influence on the percentage of entrapment
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reached®> report that an increasein water content
can cause an upset in the micellar structure, on the
contrary, if the concentration of lecithinincreaseswith
respect to the micellewater passesfrom aspherical

shapeto acylindrical shape, but if it continuestoin-
creasethe concentration of lecithin cylindrical micelles
acquireaform similar to thelatticesobserved in semi-
dilute solutions or concentrated polymer!*3, Thenit
must be abalance between the amount of water and
theamount of |ecithin development of liposomesand
obtaining agood percentage of entrapment. In this
regard the liposomes with 10ug/mL of gallic acid
showed the highest amount of water that caused a
much more disordered system by theamount of wa-
ter and therewas no entrapment of gallicacid. Inthe
stage of hydration, excesswater caused the phenolic
compound remai ned in the continuous phase without
arriving at thesite of liposome entrapment ashis pres-
ence was not detected.

Liposomeswith 100ug/mL of gallic acid showed
the best percentages of entrapment inthe different
fractionscollected, adding all fractionsasawholeis
bumping up to a98.06% efficiency. Moreover lipo-
someswith 1000ug/mL of gallic acid showed avery
low efficiency; together have only a 7.75% of en-
trapment. At this concentration the amount of water
was 10 timeslower than that used for theformulation
of liposomesto 100ug/mL, which could reduce the
mobility of galicacid.

Theresultsof % RSA for direct samples showed
no statistically significant differences between them
(p>0.05). The partition fraction showed a value of
RSA% very low compared to direct samples, whichis
understandablesincethe partitionfractionisdiluted three
timeswith respect to thedirect sample.

The greatest value of k wasfound in the lowest
concentration, whilethelowest value of k wasfound
associated with the highest concentration (1000ug/
mL ), showing alinear behavior between the val ue of
k and the concentration of gallic acid used. Initspure
form gallic acid has ak value of 2.57+0.10 (D.-3/
min.mgms) t0 50.94+5.76ug/mL (IC50). Inany case,
the samplesreached thisvalue, but there be empha-
sized that the present concentration, even at 1000ug/
mL solutions of liposomes reached only 10ug/mL of
gdlicacid.
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CONCLUSIONS

Lecithinliposomeswith gdlic acid showed an effi-
ciency of upto 98% intermsof total phenolsentrap-
ment. Thereisamarked influence of phenol concentra:
tion on efficiency, finding the best resultsat 100ug/mL,
with respect to %0 ARL no statistical differenceswere
observed. K showed a positive linear relationship
(R?>0,987) between the rate of chain breaking and
gdlic acid concentration used.
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