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Abstract

Medicinal plants have been a reliable source of bioactive natural products with potential pharmaceutical
applications. The delivery of those bioactive agents into nanosystems is considered a promising strategy for
the optimization of their pharmacologic effects. This work describes the preparation of phytosomes containing
a bioactive extract from Plectranthus madagascariensis and optimization of the preparation method. Different
formulations and process parameters were studied. It was observed that smaller and more uniform particles were
obtained using acetone as solvent, a reaction time of two hours, and the addition of 2.5% molar concentration of
cholesterol. The optimally prepared phytosomes had a diameter of 191.3 + 75.3 nm with a polydispersity index
0f 0.243 £ 0.18, and a spherical shape with amorphous appearance. These nanosystems were able to encapsulate
92.8% of the extract, as evaluated by HPLC, relative to 7a,6B-dihydroxyroyleanona, the main extract component.
This study suggests a future application of those phytosomes in the delivery of bioactive agents with therapeutic
interest.
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Resumo

As plantas medicinais sdo uma fonte interessante de produtos naturais bioactivos com potenciais aplicagdes
farmaceéuticas. A veiculacao destes agentes bioactivos em nanossistemas ¢ considerada uma estratégia promissora
para a optimizagao dos seus efeitos farmacologicos. O objectivo deste trabalho incide na preparagao de fitossomas
contendo um extracto bioactivo de Plectranthus madagascariensis e a sua optimiza¢ao no método de preparagao.
Foram estudados varios pardmetros de formulagdo e processo. Observou-se que particulas menores e mais
uniformes foram obtidas utilizando acetona como solvente, um periodo de reac¢do de 2h e com a adicao do
colesterol a uma concentracao molar de 2,5%. Os fitossomas apresentaram um diametro de 191,3 + 75,3 nm e com
um indice de polidispersividade de 0,243 + 0,18. Os fitossomas apresentaram uma forma esférica mas com aspecto
amorfo. Estes nanossistemas foram capazes de encapsular 92,8% do extracto avaliado por HPLC em relacao ao
composto 7a,6B-dihidroxi-roileanona, o principal composto do extracto. Este estudo sugere uma futura aplicagio
destes fitossomas na veiculacao de agentes bioactivos com interesse terapéutico.
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Introduction

Medicinal plants have been one of the most valuable
sources of new drug leads. Recent reviews have shown
that for modern clinically used drugs, about 90% were
from natural origin, were derived from natural prod-
ucts, or their chemical structure was inspired from
natural products'.

Plants of the Plectranthus genus (Lamiaceae) have
diverse ethnopharmacological applications including
gastro-intestinal, infection and skin conditions®1 and 2.
The members of Clade 1 (corresponding to the formally
recognized genus Coleus. These uses may be related to
the presence of bioactive diterpenes, namely abietanes?.
Some physico-chemical characteristics of those mole-
cules impair their bioavailability, however, namely an
inadequate partition coefficient (log P) for solubiliza-
tion in aqueous medium and/or to biological membrane
crossing and the intrinsic instability of those molecules
in physiological fluids (gastric pH effect, gut microflora
metabolization, etc,)*.

New drug delivery systems as the Phytosome® (Indena,
Milan, Italy), have proven to be effective in surpassing
those limitations®. A phytosome is complex formed be-
tween phospholipids such as phosphathydilcholine and
the phytocomponents in the natural product. As main
components of the cell membrane, the phospholipids
possess an outstanding biocompatibility. Additionally,
the phospholipids were notable for their amphiphilic
structures. This characteristic leads to an self-assem-
bling ability which can easily originate emulsions and
confer humectant characteristics, valuable from the
cosmetic point of view. In aqueous medium, the phos-
pholipids create supramolecular structures which are
naturally dependent on their properties and specific
conditions. There are several phytosome based prod-
ucts already in the market®.

They differ from liposomes as they have a similar pro-
portion between phospholipid and drug (1:1 or 2:1)
allowing higher entrapment of drug in the complex.
Additionally, in liposomes the drug is placed into an
internal cavity of the particle with limited interaction
with surrounding medium, while in phytosomes the
drug is dispersed in the phospholipid medium’.

The first reports of phyto-phospholipid complex prepa-
ration used essentially organic aprotic solvents as di-
chloromethane, or dioxane as the reaction medium-
Scatalase and thiobarbituric acid reactive substances
with respect to carbon tetrachloride treated group (P <
0.05 and <0.01. Those harmful solvents have been pro-
gressively substituted by less toxic solvents as acetone
or ethanol’. The phytosomes were generally obtained

224

Introducao

As plantas medicinais sdo consideradas excelentes fon-
tes de novos prototipos de farmacos. Recentes revisoes
bibliograficas demonstraram que, de todos os farmacos
utilizados na clinica moderna, cerca de 90% apresenta-
ram origem natural, isto é, s3o derivados de produtos
naturais ou a sua estrutura quimica foi inspirada em
produtos naturais'. As plantas do género Plectranthus
(Lamiaceae) apresentam um conjunto diverso de usos
etnofarmacologicos com aplicagdes no tratamento de
sintomas gastrointestinais, infecdes e problemas de
pele’l and 2. The members of Clade 1 (corresponding
to the formally recognized genus Coleus. Esta utiliza-
¢do tradicional podera estar relacionada com a presenca
de diterpenos e, em particular, diterpenos com esque-
leto do tipo de abietano®. No entanto, algumas caracte-
risticas fisico-quimicas destas moléculas limitam a sua
biodisponibilidade como, por exemplo, o coeficiente
de parti¢do (log P) inadequado a solubilidade em meio
aquoso e/ou a passagem através das membranas biolo-
gicas e a instabilidade intrinseca dessas moléculas em
alguns fluidos fisioldgicos (efeito do pH gastrico, meta-
bolizac¢do pela microflora intestinal, etc)*. Novas estra-
tégias de veiculacdo de farmacos como acontece com
os fitossomas® (Indena, Milao, Italia) tém demonstrado
inumeras vantagens para ultrapassar essas limita¢oes®.
Os fitossomas sdo complexos moleculares formados
por fosfolipidos, como a fosfatidilcolina, e os fitocom-
ponentes existentes num produto natural. Como princi-
pais componentes da membrana celular, os fosfolipidos
possuem uma excelente biocompatibilidade. Além dis-
so, os fosfolipidos sdo conhecidos pelas suas estruturas
anfifilicos. Esta caracteristica confere uma capacidade
de auto-organizagdo, para facil formagao de emulsdes
e caracteristicas humectantes muito interessantes do
ponto de vista cosmético. Em meio aquoso, os fosfoli-
pidos geram diferentes estruturas supramoleculares que
sdo naturalmente dependentes das suas propriedades e
condi¢des especificas. Existem ja no mercado inimeros
produtos baseados em fitossomas®.

Eles diferem dos lipossomas pois tém um teor de fos-
folipido similar ao do farmaco (proporgao 1:1 ou 1:2),
que permite uma maior propor¢do de fitocomponentes
no complexo. No caso dos lipossomas, o composto ati-
vo € colocado no interior de uma cavidade interna da
particula, verificando-se uma interag¢do limitada com o
meio circundante. No fitossoma, existe uma dispersao
do farmaco no meio fosfolipidico®. As primeiras refe-
réncias da preparacdo destes complexos referem-se ao
uso essencialmente de solventes organicos no meio
reaccional’ como por exemplo, o diclorometano ou o



by solvent evaporation (drying at reduced pressure or
freeze-drying), salting out or using supercritical fluids
as the reaction medium'®.

This study describes the production optimization pro-
cess of phytosomes containing a bioactive extract of
Plectranthus madagascariensis based in two important
parameters for their future clinical application: smaller
particle size and more uniform size distribution.

Material and Methods

Chemicals

Phosphatidylcholine (48% purified from soy lecithin)
and cholesterol were purchased from Sigma-Aldrich,
Co (St. Louis, MO, USA). The chromatography sol-
vents were HPLC-grade (Merck, Darmstadt, Germany)
and remaining reagents were analytic grade.

Plant extract preparation

Dried and pulverized Plectranthus madagascariensis
plant was sonicated (USC1200TH 45 kHz, VWR, Rad-
nor, PA, USA) into acetone (100 mg plant/mL solvent).
The resultant was filtered through Whatman paper n°4,
vacuum-dried (RV06, IKA, Staufen, Germany) and an
aliquot was analyzed using a validated HPLC-DAD
method (1200 Infinity, Agilent Technologies, Santa
Clara, California, USA), identifying the main compo-
nents of the extract by comparison to authentic stand-
ards'!.

Phytosome preparation: research parameters

Different solvents (acetone, dichloromethane and etha-
nol), reaction times (60, 120 and 240 minutes) and cho-
lesterol concentrations in the formulation (molar per-
centage 0, 2.5 and 5 %) were tested in order to obtain
the smallest and most uniform nanoparticles. Briefly,
molar equivalent concentrations of phosphatidylcho-
line and extract were solubilized in 20 mL of solvent,
with constant stirring at 50°C during the reaction time.
Then, 40 mL of reverse osmosis water was added and
the organic solvent was eliminated in a rotary evapora-
tor, after which the pellet was recovered by centrifuga-
tion (23540G, 10 min).
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dioxano’. Estes solventes apresentam grandes limita-
¢oes de seguranga e t€m sido progressivamente subs-
tituidos por solventes menos toxicos como a acetona
ou o etanol’. As técnicas mais frequentes de preparagdo
de fitossomas s3o a evaporagdo de solvente (secagem,
a pressao reduzida ou liofilizagdo), salting out ou ainda
a utilizacdo de fluidos supercriticos como meio reacio-
nal’.

Neste artigo, € descrito o processo de otimizacdo da
produgdo de fitossomas contendo um extrato bioacti-
vo de Plectranthus madagascariensis, baseado em dois
parametros importantes para a sua futura aplicacao cli-
nica: menor tamanho possivel e distribuicdo de tama-
nho mais uniforme.

Material e Métodos

Reagentes

Fosfatidilcolina (48% purificada a partir da lecitina de
soja) e colesterol foram adquiridos a Sigma-Aldrich,
Co (St. Louis, MO, EUA). Os solventes de cromatogra-
fia s3o de grau HPLC (Merck, Darmstadt, Alemanha) e
os restantes reagentes foram de grau analitico.

Preparagdo do extracto vegetal

Material vegetal, seco e moido, de Plectranthus mada-
gascariensis foi sonicado (USC1200TH 45 kHz, VWR,
Radnor, PA, USA) em acetona (100 mg planta/mL sol-
vente). O resultante foi filtrado em filtro Whatman n.°
4, seco a pressao reduzida (RV06, IKA, Staufen, Ale-
manha) e uma aliquota foi analisada usando um método
validado de HPLC-DAD (1200 Infinity, Agilent Tech-
nologies, Santa Clara, Califérnia, EUA) sendo identi-
ficados os componentes maioritarios do extracto por
comparagdo com amostras auténtitcas''.

Preparagdo dos Fitossomas: pardmetros a investigar

Diferentes solventes (acetona, diclorometano ¢ etanol),
tempos de reacao (60, 120 e 240 min) e a concentragdes
de colesterol na formulacao (percentagem molar de 0;
2,5 e 5%) foram testadas de modo a obter fitossomas
de tamanho reduzido e uniformes. Resumidamente, as
concentracdes de equivalente molar de fosfatidilcolina
e extrato foram solubilizados em 20 mL de solvente e
mantidos em agitagdo a 50°C durante o tempo de rea-
cdo. Posteriormente, 40 mL de dgua bidestilada foram
adicionados e o solvente orgéanico foi eliminado por
evaporagao (utilizando o evaporador rotativo), sendo o
precipitado recuperado por centrifugagao (23540G, 10
min).
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Determination of encapsulation efficiency

Encapsulation efficiency (EE, %) of the extract into
phytosomes was determined by evaluation of the non-
encapsulated fraction. After centrifugation, the super-
natant was collected, freeze-dried and dissolved into
methanol prior to analysis by HPLC-DAD. The en-
capsulation efficiency was determined based on 7a,6[3-
dihydroxyroyleanone (the major compound in the
extract) for which a calibration curve was established
using pure synthetic standards.

Physical and morphological characterization

Phytosomes were diluted with distilled water and an-
alysed in a Delsa Nano C Particle Analyzer (Beckman
Coulter, CA, USA). The mean particle size and polydis-
persity index (PI) were evaluated at ambient tempera-
ture and 165°C. Morphology was assessed by surface
electronic microscopy (SEM 5200LV, JEOL Ltd., To-
kyo, Japan) at20 Kv after drying and gold cover (500
nm) of the samples.

Results

Extract preparation and characterization

Extract was obtained as a yellowish gum with a yield
of 0.22% (memct/mdry olant)- The HPLC-DAD analysis
showed that this extract was rich in polyphenols and
diterpenes, including 7a,6B-dihydroxyroyleanone (1)
and coleon U (2) among the main components (Figure

).

Determinag¢do da eficiéncia de encapsulagdo

A eficiéncia de encapsulacao (EE, %) do extracto nos
fitossomas foi determinada pela avaliacao da fracao do
extracto ndo-encapsulado. Apds centrifugacdo, o so-
brenadante foi recolhido, liofilizado e dissolvido em
metanol, antes da analise realizada em HPLC-DAD. A
eficiéncia de encapsulagdo foi determinada tendo por
base o pico de 7a,6B-dihidroxiroyleanona (o composto
maioritario do extrato), para o qual tinha sido estabe-
lecida previamente uma curva de calibragdo utilizando
amostras auténticas.

Caracterizagdo fisica e morfologica

Os fitossomas foram diluidos com agua destilada e ana-
lisados num Delsa Nano C (Coulter, CA, EUA). O ta-
manho médio, o indice de polidispersividade (PI) foram
avaliados neste equipamento a temperatura ambiente
com 165°C. A morfologia foi avaliada por microscopia
electronica de varrimento (SEM 5200LV, JEOL, To-
quio, Japao) a 20 Kv apds secagem e revestimento de
ouro (500 nm) das amostras.

Resultados

Preparacdo e caracterizagdo do extrato

O extrato apresentou uma coloragdo amarelada com
um rendimento de extragdo de 0,22% (m_ _ /m

X X planta
wer)- A analise por HPLC-DAD demonstrou que o ex-
trato apresentou um elevado teor em polifenois e di-
terpenos, sendo os componentes maioritarios a 7a,6[3-

dihidroxiroyleanona (1) ¢ a coleona U (2) (figura 1).

1500 -
< 1000 - (2)
£
S 500 A
<
0 ~| T - T |L T T 1
0 4 8 12 16 20 24 28

Retention time / Tempo de retenc¢do (min)

Figura 1/ Figure 1. HPLC profile of the prepared Plectranthus madagascariensis extract (280 nm)
and identified major compounds /Perfil de HPLC do extracto de Plectranthus madagascariensis (280
nm) e identificagdo dos compostos maioritarios
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Phytosome complexes optimization

The results from the optimization process were pre-
sented in the Tables 1-3. Under the process conditions
studied, the smallest and most uniform particles were
produced using acetone, a reaction time of two hours

and adding 2.5% of cholesterol.

Plectranthus madagascariensis phytosomes
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Optimizagdo dos fitossomas

Os resultados obtidos durante o processo de optimiza-
cdo estdo apresentados nas tabelas 1-3. Os fitossomas
de tamanho reduzido e uniformes foram produzidos
utilizando a acetona, com um periodo de reacao de 2h e
adicionando 2,5% de colesterol.

Table 1/ Tabela 1. Influence of solvent choice in phytosome properties
Influéncia do solvente nas propriedades dos fitossomas.

Reaction solvent / Size = SD /
PI/IP
Solvente reacao Dimensio + DP
Acetone / Acetona | 107.2 £16.55 | 0.419 +0.06 £
g

Dichloromethane / §E

1422 +23.3 0.511+0.12 £~
Diclorometano T
Ethanol / Etanol 175749165 | 0.359+0.001 | &

PI/ IP: Polydispersivity index / Indice de polidispersividade; AcO: Acetone / Acetona; DCM:

Dichloromethane / Diclorometano; EtOH: Ethanol / Etanol
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Table 2 / Tabela 2. Influence of reaction time in phytosome properties
Influéncia do tempo de reagdo nas propriedades dos fitossomas.

Reaction time (h) / Tempo de reacgao (h)

PI /IP: Polydispersivity index / fndice de polidispersividade

Time / Tempo (h) Size / Tamanho PI/1IP

1 469.85 +201.95 0.772 £0.04
2 107.2 £16.55 0.410 £0.06
4 182.1 £ 64.35 0.458 +0.01

P 1000

S

_é 800

g £ w00 I

&3 —

E E 400

= 200 .

o S

— a -

Rl — [

~ 1 2 4
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Table 3/ Tabela 3. Influence of cholesterol concentration in phytosome properties
Influéncia da concentracdo de colesterol nas propriedades dos fitossomas.

500
Cholesterol / . . .
Colesterol (%, M) Size / Dimensao | PI/IP F:
o 400
lg —_
5 E p>0.05
0% 332.2+159.7 0.247 £0.03 ‘E 3 300 R
-3
£ 200
25% 1913 +75.3 0.243 +0.18 2 100
g
0
9 0 25 5
o 20335938 0263 +0.15 % cholesterol / colesterol

PI/1P: Polydispersivity index / Indice de polidispersividade; %M: molar percentage /

percentagem molar.

Encapsulation efficiency of optimized formulation

In order to quantify the amount of non-encapsulated
main compound of the extract (2), a calibration curve
was developed in the 0.005-1 mg/mL range (y = 25442x
—85.131; LOD: 0.002; LOQ: 0.006) with high linearity
(R?=0,9999). The encapsulation efficiency was 92.83
+ 0,520 % which is in accordance with other methods
of production of phyto-phospholipidic particles’.

Morphologic characterization

The nanoparticles were formed after the addition of
water, verified by a change in the coloration of the re-
action medium from translucent yellow to a yellowish
opaque solution (Figure 2). The SEM images show that
the phytosomes present a relatively amorphous spheri-
cal shape (Figure 2).

Eficiéncia de encapsulagdo da formulagdo otimizada

Para a determinagao da EE foi construida uma curva de cali-
bragdo utilizando uma gama de concentragdes entre 0,005-1
mg / mL (y = 25442x - 85,131; LDD: 0,002; LOQ: 0,006)
com alta linearidade (R? = 0,9999), tendo por base o com-
posto maioritario do extracto ndo encapsulado. A eficiéncia
de encapsulagao foi de 92,83 + 0,52%, o que esta em confor-
midade com os resultados verificados em outros métodos de
preparagdo de particulas fito-fosfolipidicas®.

Morfologia

Apos a adi¢do de agua, verificou-se uma mudanga na
colora¢do do meio da reagdo de amarelo translicido
para uma solug@o opaca e com uma coloragdo amare-
lada (Figura 2). As imagens SEM demonstraram que
os fitossomas apresentam uma forma esférica relativa-
mente amorfa (Figura 2).

¥ ’JT ’\ g% 4

Figure 2/ Figura 2. Macro-(A) and microscopic (B) aspect of the optimized
phytosomes / Aspecto macro- (A) e microscopica (B) dos fitossomas optimizados.

228



Discussion

This study demonstrates that the selection of formula-
tion production parameters could be important factors
in the final characteristics of the drug delivery system.
The extract was successfully encapsulated into phyto-
somes, which are an excellent option for the delivery of
natural compounds with low stability. Previously pub-
lished studies have shown that the complexation of nat-
ural compounds with phospholipids could enhance the
stability of a formulation®. The use of acetone for this
formulation was more effective, producing smaller and
more uniform particles than dichloromethane or etha-
nol, which are more frequently found in literature®’cat-
alase and thiobarbituric acid reactive substances with
respect to carbon tetrachloride treated group (P < 0.05
and <0.01. This could be related to the enhanced solu-
bility of the extract components in this solvent, which is
the same used for the extraction. This is solvent is also
considered less toxic than dichloromethane in pharma-
ceutic formulations (ICH class 2 vs ICH class 3). Relat-
ed to the time of reaction, the literature describes that an
extension of the reaction time does not always produce
advantages at the granulometric level. The phenome-
na related to the higher aggregation probability could
be responsible for this observation'?. Cholesterol has
been be used in phytosomes as stability enhancer of
the nanosystems'. In this study it was shown that the
inclusion of cholesterol results in smaller particles but
without statistically significant difference between the
use of a molar percentage of 2.5 or 5% (p > 0.05, t-stu-
dent test, MS Excel). The smaller size of those nanosys-
tems could be crucial for their absorption at the oral or
transdermal level, if applicable. Previous studies have
shown that a reduction on the size of the drug delivery
systems improved their intestinal absorption '*!°. This
could mean that this size reduction improves the bio-
avaliability of the encapsulated phytocomponents.

The inclusion of the extract into phytosomes could be useful
to obtain a stable pharmaceutic formulation with possible
application as antibacterial or antitumor treatments. The ace-
tonic extract prepared from P. madagascariensis possess as
main compounds two diterpenes with interesting antibacteri-
al''® and anticancer'? activities, 70,6p-dihydroxyroyleanone
and coleon U, respectively. The abietane diterpenes present
in this extract possess conjugated quinone systems which
contribute to their cytotoxicity by the induction of free radi-
cals'®. The coleon U has also shown to be a selective inhibitor
of the protein kinase C delta'®11,12,14-tetrahydroxy-abieta-
5,8,11,13-tetraene-7-one (coleon U. This mechanism of ac-
tion could be useful for the modulation of molecular path-
ways that are altered in some types of cancer.

Plectranthus madagascariensis phytosomes
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Discussao

Este estudo demonstrou que a selecdo dos parametros do
processo e formulagdo poderdo ser fatores importantes nas
caracteristicas finais do sistema de veicula¢do de farmacos.
O extrato foi encapsulado com sucesso em fitossomas, re-
presentando aqui uma excelente alternativa para a veiculagdo
de compostos de origem natural relativamente instaveis. Os
estudos anteriores descritos na literatura, demonstraram que
a complexacdo de produtos naturais com fosfolipidos melho-
ra a estabilidade das formulagdes’. A utilizagdo de acetona
como meio reacional permitiu a obten¢do de fitossomas de
tamanho mais uniforme e de menor dimensdo quando com-
parado com os solventes mais frequentemente referidos na
literatura, diclorometano ou etanol®’catalase and thiobarbi-
turic acid reactive substances with respect to carbon tetra-
chloride treated group (P < 0.05 and <0.01. Este facto podera
estar relacionado com a melhor solubilidade dos componen-
tes do extrato neste solvente, uma vez que este foi 0 mesmo
solvente extrator. Este solvente ¢ também considerado menos
toxico que por exemplo o diclorometano para uso em prepa-
ragdes farmacéuticas (ICH classe 2 versus ICH classe 3). Em
relacdo ao tempo de reagdo, ¢ descrito na literatura que a ex-
tensdo do tempo reacional nem sempre apresenta vantagens
do ponto de vista granulométrico. Os fenémenos relaciona-
dos com a maior probabilidade de aglomeragdo poderao ser
o0s responsaveis por esta observagdo'?. O uso de colesterol
nos fitossomas esta geralmente relacionado com o seu efeito
estabilizador dos nanossistemas'>. No presente estudo, obser-
vou-se uma diminuigdo no tamanho apos adigdo do coleste-
rol mas sem diferengas estatisticamente significativas entre a
percentagem molar de 2,5 ou 5% (p > 0.05, teste t-student).
O pequeno tamanho destes nanossistemas, podera ser crucial
para a sua absor¢do quer ao nivel transdérmico ou oral, se
aplicavel. Estudos anteriores demonstraram que uma redugao
de tamanho dos sistemas de veiculagdo de farmacos conduz
a uma melhoria da absorgao intestinal dos mesmos'*!®, Deste
modo, a redugdo do tamanho destas nanoparticulas podera
conduzir a uma melhoria da biodisponibilidade dos fitocom-
ponentes encapsulados.

A inclusdo do extrato em fitossomas podera ser extremamente
util para obter uma forma farmacéutica estavel com aplicagéo
terapéutica que podera sera ser a nivel de actividade antibac-
teriana ou antitumoral. O extrato acetonico preparado a partir
de P. madagascariensis, possui como componentes maiori-
tarios, dois diterpenos com interessante actividade antibac-
teriana'"'® e antitumoral'”'®, a 7a,6B-dihydroxyroyleanone
e a coleona U, respectivamente. Os diterpenos abietanicos
presentes neste extrato, possuem na sua estrutura uma quino-
na conjugada que pode contribuir para a sua citotoxicidade
devido a indugdo de radicais livres'®. A coleona U também
esta descrita como um inibidor seletivo da proteina quinase
C delta®11,12,14-tetrahydroxy-abieta-5,8,11,13-tetraene-7-
-one (coleon U. Este mecanismo de agdo podera ser util na
modelagdo de vias moleculares que se encontram alteradas
em alguns tipos de cancro.
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Conclusion

This study showed that the extract containing the
70,6B-dihydroxyroyleanone as its main compound was
successfully encapsulated into lipid structures. Phyto-
somes with reduced and uniform dimension with small-
er and more uniform size was archived by the use of ac-
etone as reaction medium over two hours and with the
addition of a molar proportion of 2.5% of cholesterol.
The selection of any drug delivery system must always
be careful and dependent on the therapeutic target. This
study suggests that phytosomes could be considered ex-
cellent natural bioactive products delivery systems with
interest for the cosmetic and pharmaceutic industries.
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Conclusao

Este estudo demonstrou que o extracto contendo como
composto principal a 7a,6B-dihidroxiroileanona foi
encapsulado com sucesso em estruturas lipidicas. Fo-
ram obtidos fitossomas de reduzida dimensao e unifor-
me apoés utilizacdo de acetona como meio reacional,
durante 2h e com adigdo de uma propor¢ao molar de
2,5% de colesterol. A selecgdo de qualquer sistema de
veiculagdo de farmacos devera ser sempre cuidadosa e
dependente do fim terapéutico. Este estudo sugere que
os fitossomas poderao ser aqui considerados excelentes
sistemas de veicula¢do de compostos naturais bioacti-
vos com interesse nas industrias cosmética e farmacéu-
tica.
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