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ABSTRACT

The highly antioxidant methanol extract of stem-bark of Schumacheria castaneifolia was studied for the effect of
variation of the cholesterol content on the properties of liposomes. Liposomal formulations displayed colloidal
dimensions and negative zeta-potentials; and the stability varied with the lipid composition. The liposomes
consisting of 9:1 and 8:2 ratio of egg yolk phosphatidylcholine to cholesterol were optimal for the highest
encapsulation efficiency (86%) and loading capacity (8%) of the plant extract. The release properties of plant
extract encapsulated liposomes depended on the lipid composition. Liposomal plant extract exhibited slow release
over 7 h with slower release in artificial sweat than in phosphate buffered saline or deionized water. Interactions
between phospholipids and cholesterol, and polyphenols of the plant extract and phospholipids appear to affect the
properties of liposomes.
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INTRODUCTION

Sri Lanka is a biological hotspot consisting ofrdlowith a high degree of potent biological actifdt?].
Significantly, out of the 3210 flowering plants,®are endemic[3]. Among the non-flowering plantstsas lichens
endemicity and biological activity are being unidadf4,5], highlighting the importance of evaluatirieir
pharmaceutical potential. The endemic plasfiumacheria castenifolia Vahl, belonging to the gen@&humacheria,
exhibited exceptionally high antioxidant proper@snd moderate antimicrobial properties[7] shayits potential
in cosmetics/pharmaceutical applications. The preseof the polyphenols: quercetin, kaempferol, ceten 3-
sulphate, kaempferol 3-sulphate, kaempferol 3,dlpsate, prodelphinidin and procyanidin $hcastaneifolia, all
of which may function as antioxidants soluble inthamol, was reported in 1981[8]. Accordingly, recstudies on
the methanol extract of stem-bark®fcastaneifolia have shown the presence of very high polyphenadilecdnAn
advantage of the extract is its insignificant cgtatity[6] which favors its use in pharmaceuticabsmetic or food
industries.

Here we chose liposomal encapsulation which has bheed previously as a means of enhancing skinedgliof
plant-derived drugs. For example, colchicines pesiag antigout properties show increased skin aaotation
while catechins possessing antioxidant and antergmoperties show increased skin permeation wheapsulated
in liposomes[9,10]. The cosmetic industry employsnerous plant extracts encapsulated in liposomesbly
liposomal extracts of papaya and carrot contairfirgarotene[11]. In addition, numerous other benefitsh as
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improving bioavailability, facilitating specific-tgeting, reducing dose, and/or reducing dosing ueegy of
encapsulated material have been reported[12-14js,Tlve report herein the encapsulation of the nmethextract
of stem-bark ofs. castaneifolia in liposomes with a view to studying its efficaayd release.

Thus, this study was designed to evaluate the teffédipid composition on properties such as enaokgi®n
efficiency, loading capacity, size, zeta-potentwthbility, and release, and to investigate thecatfof release
medium on the slow and sustained-release prop@eftiggosomes encapsulating the methanol extrasterhbark of
S cagtaneifolia. The results of this study should be useful maimly modulating properties of liposomes
encapsulating plant material.

EXPERIMENTAL SECTION

Materials

Egg yolk phosphatidylcholine (PC) (~ 60% TLC) afblesterol (CH) (assay > 98%) were purchased fram&-

Aldrich. Sucrose (Extra Pure) and diethyl etherevéfom LOBA Chemie PVT. LTD., India. Diclorometlan
ethanol and methanol were from Sigma and other watsnwere of analytical grade. Dialysis tubing @20 Da
MWCO) was from Sigma-Aldrich while Sephadex G50 virasn GE healthcare. Deionized water filtered tigloa

0.2 um filter was used for all experiments.

Methods

Collection and extraction ofS. castaneifolia methanol extract

Plant materials o8 castanei folia were collected from Thummodara region in Ratnap8ral.anka. The specimen
was identified by Dr. Siril Wijesundara of the Roygotanic Gardens, Peradeniya, Sri Lanka, wherampte
specimen has been deposited. The stem-bark wasiedr and ground into particles and sequentiallyaested into
dichloromethane and methanol at room temperatuirgy ues bottle shaker and the extract was evaporatetbr
reduced pressure using a rotary evaporator at teorperature.

Evaluation of antioxidant activity

The antioxidant activity of the methanol extracstém-bark ofS. castaneifolia was evaluated using the DPPH (1,1-
diphenyl-2-picrylhydrazyl) radical scavenging assag was expressed as sd@alues[15]. The final concentration
of DPPH in the test mixture was maintained at 12 M@l dm?® in methanol. As the positive contraktocopherol
was used. The Kgvalues were determined using a concentration sehiésr 30 min, the absorbance of the test
mixture was measured at 517 nm, using a spectroptater (Shimadzu, UV-1800); all the tests wereiedrout in
triplicate.

The following equation was used to calculate peraetioxidant activity:

. o A — Ay
Percent antioxidant activity = 1 x 100

13
where, Ais the initial absorbance of the test mixture Andbs the final absorbance of the test mixture.

Preparation of liposomes

Free unloaded liposomes were prepared followingekerse phase evaporation method[16]. First, anlstom was
made using diethyl ether (8 ml) in which the lipid®0 mg) were dissolved, and to this mixture wé2et ml) was
added. The ratios of PC to CH used to preparedipes were: 10:0, 9:1, 8:2, 7:3 and 6:4. Liposomeewbtained
by evaporation of the organic phase. The total melwf each liposome solution was adjusted to 2Qusithg

deionized water which was then sonicated.

Using the method described above, the plant mateda encapsulated in liposomes, where an aquemusosn
(2.4 ml) of plant extract was used in place of watihencapsulated plant material was separated fhentoaded
liposomes either by centrifugation or gel-filtraticSeparately, plant extract loaded liposomes \wegpared in the
presence of 2.5 % (w/v) sucrose using the samé lgdios as above. Preparation of each liposomaitation was
carried out in triplicate.

Determination of particle size and zeta-potential

Particle sizes of liposomes were determined usilipbvern zetasizer NanoZS (Malvern instruments, Ulitjed
with a red laser of 633 nm, which operates on tarthic light scattering technique. The liposomapansions
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were diluted in deionized water, filtered with & Qum filter, and the scattering intensity was meadwat an angle
of 173’ relative to the incident radiation aftemgifprating the samples at 25 °C. The values regubire the z-
average diameters of liposomes. Zeta-potentiath@tame liposomal suspensions described abovemeasured
using a Malvern zetasizer which operates on thelLBeppler Electrophoresis technique. The valupsrted are
the z-average zeta-potentials of liposomes. Inrotdedetermine the stability variation with timédet liposomal
suspensions were stored at 4 °C for 2 months aadénticle size and zeta-potential were measuret afich
month. The concentration of lipids in solution ehgristorage was 5 mg / ml for all liposomal formidas.

Determination of loading capacity (LC)
Purified loaded liposomes were freeze dried anchig0f dry liposomes were disrupted using a mixufrethanol

and methanol (75:25). This procedure was repeatied purified unloaded liposomes.

The loading capacity was determined spectrophoticaly by measuring the absorbance of disrupteshipéxtract
encapsulated liposomes against disrupted unloagesbimes at 224 nm.

The formula used to calculate the loading capasitiven below:

Mass of encapsulated plant extract

LC 100

" Mass of plant extract encapsulated liposomes

Determination of encapsulation efficiency (EE)
The encapsulation efficiency determined spectraghetrically was calculated using the formula gibetow:

Mass of encapsulated plant extract
x 100

" Mass of plant extract initially introduced

In vitro release study

Liposomes of five different lipid compositions weused for release studies carried out using thiysiabag
method in deionized water. Release from liposomits RC : CH ratio of 9:1was performed in threefatiént
media: deionized water, phosphate buffered sapkkd.4) and artificial sweat (pH 4.7). Aliquots hdtrawn from
the release medium at predetermined time interwads a period of 7 h were replenished immediately resh
medium. The released plant extract was quantgffttrophotometrically by measuring absorbancd @mzn- the
most prominent peak of the plant extract absorbiWgadiation.

Statistical analysis

All data are presented as mean * standard devi@8dd.) of three parallel experiments (n = 3). Miwft Office
Excel 2007 was used for the above calculations. Wene ANOVA was conducted using MINITAB 14 softwae
compare the results and P < 0.05 was consideradisant.

RESULTS AND DISCUSSION

Antioxidant activity

The antioxidant activity of the methanol extractstédm-bark ofS. castaneifolia (ICso 9.8 + 0.3) was comparable to
that ofdl-a-tocopherol (IG, 10.9 + 4.3) which is a highly potent antioxidaiethanol extracts of plants possessing
high polyphenol content usually exhibit high antt@ant activity due to their affinity for scavengirfigge radicals.
Accordingly, this plant extractvhich has a total polyphenol content of 68.5 naf/giallic acid equivalents in dry
plant material[7], exhibited very high antioxidaattivity in the DPPH radical scavenging assay. THigh
antioxidant activity observed may be due to syrstigjinteractions among polyphenols of the extract.

Encapsulation efficiency and loading capacity

The encapsulation efficiency and loading capacigyendetermined by using a spectrophotometric metimatithe
values are shown in Tablel.
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Table 1. Encapsulation efficiencies and loading capities of liposomal formulations of different lipid compositions (each value is the
mean of values obtained from three independent tria + S.D.)

Liposomal formulation Lyoprotectant  Loading capacity (%) Encapsulation eficiency (%)

PC:CH

10:0 X 6.26 +0.03 66.81 +0.38
v 6.73 £0.07

9:1 X 7.88 £0.02 85.59 + 0.26
v 7.99 +£0.02

8:2 X 7.95 +0.02 86.41 £ 0.25
v 8.04 +0.03

73 X 5.58 +0.03 59.05 £ 0.32
v 5.21 £0.03

6:4 X 4.27 +0.03 4455 +0.29
v 4.48 + 0.0

Our results indicated that the encapsulation efficy and loading capacity of conventional liposoroestaining
the methanol extract of stembark 8f castaneifolia are dependent on the lipid composition. Increagime
percentage of cholesterol from 0 % to 10 %, inadathe encapsulation efficiency from 66.81 % to585%.
However, when the percentage of cholesterol wase@sed from 10% to 20 %, the encapsulation effigien
increased only marginally. The encapsulation efficy decreased drastically from 86.41% to 44.55%nwine
percentage of cholesterol was further increaseds;Tthe optimum ratios of phosphatidylcholine tolekterol for
the encapsulation of the highly antioxidant methaxtract of stem-bark d® castaneifolia are 9:1 and 8:2.

The increase in size of liposomes upon incorponatiocholesterol may have contributed to the olesgimicrease of
encapsulation efficiency and loading capacity pbsiomes with increasing cholesterol content. Stheemethanol
extract ofS castaneifolia is highly soluble in hot water, it is expected &side mainly in the aqueous interior of
liposomes. Therefore, an increase in the size pafsbmes may correspond to an increase in the aratipa
efficiency and loading capacity. Interestingly, aasults are consistent with the results of Cagdas coworkers
demonstrating that incorporation of cholesterathia lipid bilayer is essential for successful erstégation of water
soluble species in liposomes[17]. The results & #tudy indicate that the encapsulation of watduide plant
material may be increased by incorporating chotekte the lipid bilayer of phosphatidylcholine Gpomes.

The variation of loading capacity with the cholestecontent exhibited a similar pattern to thatesfcapsulation
efficiency. Therefore, according to the loading afy too, the optimum ratios of PC to CH are 9nd &:2.

Loading capacity of liposomes prepared in the ateseri the lyoprotectant, sucrose, ranged from 4.8%.0 %

while that of liposomes prepared in the presencguofose ranged from 4.5 % to 8.0 %, showing thepresence
of lyoprotectants has no significant effect on tbading capacities of the extract encapsulatedsbptes. Thus,
lyoprotectants may be utilized to improve the digbdf plant extract loaded liposomes upon lyofation for

storage.

Particle size and zeta-potential

In this study, the effect of cholesterol on theesend zeta-potential of unloaded liposomes andt @atract
encapsulated liposomes was evaluated. Unloadedolipes and plant extract encapsulated liposomes were
compared to evaluate the effect of encapsulatedt phaterials on the properties of liposomes. Thasuements

on variation of size and zeta-potential with timfeadl liposomal formulations were performed immedlg after
preparation, after one month, and after 2 months.

Variation of particle size with cholesterol content

Fresh unloaded liposomes had hydrodynamic diameteging from 150 nm to 270 nm as shown in Tabl&Hz
size increased upon increasing the cholesterokabritom 0 % to 20 %. A decrease in the curvatdirhe bilayer
due to cholesterol incorporation may be the caoséhie observed increase in size. Further incremsbolesterol
content decreased the size. The apparent decreatiee iaverage size of liposomes can be attributethé
incompatibility of high cholesterol content in thipid bilayer, which may have caused cholesterofdiom other
structures with smaller sizes. The hydrodynamiengiers measured after one month and those measiteedwo
months exhibited a similar variation with cholestarontent as the unloaded freshly prepared lip@esofhable 2).
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Table 2.The variation of diameter and zeta-potentibof unloaded liposomes of different lipid composions over a period of 2 months.

(Each value if the mean of three independent trials S.D. In each column, statistically different vales are indicated by different
superscripts and vice versa)

Liposomal formulation PC:CH Diameter + S.D (nm) Zeta-potential + S.D (mV)
Fresh 1 month 2 months Fresh 1 mont 2 months
10:0 1945+ 450| 1381+5.6 | 1493+7.2 | -31.6+6.1 | -542+14.8| -529+4.4
9:1 264.3+603| 1745+56.5| 323.9+91.3 | -43.0+2.6" | -644+41 | -583+1.6"
8:2 272.7+223| 231.6+47.2| 434.7+196% | -428+6.9" | -526+0.6 | -61.9+3.8
7:3 263.7+54%| 203.5+482| 2635+80.5" | -452+3.7 | 61.7+34 | -60.7+2.24
6:4 154.0 + 188 196.4+80.5| 198.8+458 | -352+0.4" | 609+3.7 | -65.0+2.0

Like in the case of unloaded liposomes, an incr@atiee size to reach a maximum followed by a dead#crease in
size was observed with fresh liposomes encapsglgtlant extract (loaded liposomes), upon increagimg
cholesterol content (Table 3). As explained presiguthe initial increase of size may be due todberease in the
curvature of the bilayers while the subsequentefese of average size may be due to the formatiahaésterol
rich structures with low hydrodynamic diameterses3é results indicate that the effect of cholestenothe size of
unloaded liposomes and loaded liposomes is sinlitafact, the effect of cholesterol on size was enevident in
loaded liposomes. Also, one month old liposomestardmonth old liposomes showed a gradual incréasize
with increasing cholesterol content.

Table 3.The variation of diameter and zeta-potentibof plant extract containing liposomes of differem lipid compositions over a period of
2 months. (each value is the mean of three indepesmt trials + standard deviation. In each column, stistically different values are
indicated by different superscripts and vice versa)

Liposomal formulation PC:CH Diameter + S.D (nm) Zeta-potential + S.D (mV)
Fresh 1 month 2 months Fresh 1 month 2 months
10:0 168.2+78 | 1492+324| 151.4+164 | -582+4.3| -45.0+7.1 | -38.7+8.9
9:1 1895+8% | 1795+248| 1751+6.8 | 69.0+9.f | -51.7+7.1 | -47.0+2.9"
8:2 206.9+6.9 | 208.5+30.8| 239.7+205| -65.3+3.8 | -60.1+0.f | -49.5+6.8"
7:3 228.1+362| 3195+140| 376.5+14.1| -652+0.6 | -585+3.7 | -53.4 +3.9"
6:4 156.8 +375] 364.8+71.%| 455.7+35.7| -658+4.8 | -544+58 | -541+524

Thus, the size of plant extract loaded liposomeg bgamodulated by varying the lipid compositionedfically the
ratio of phosphatidylcholine to cholesterol. Sintee size affects other properties of liposomes/uiting
encapsulation efficiency, release kinetics, skimnmmtion and biodistribution,[18] size modulatiof loaded
liposomes may enable fine tuning of liposomes wédpect to other properties.

Variation of zeta-potential with cholesterol contem

The average zeta-potentials of fresh unloaded dipes ranged between -32.0 mV and -45.0 mV (Tabl@®se
results indicate that unloaded liposomes, stableolation, can be prepared using PC and CH in ihengratios.
However, it was expected that liposomes with zet@mtials close to zero would form since both
phosphatidylcholine and cholesterol are neutrgtafsiological pH[18]. Negative zeta-potentials alved in this
study may be due to the presence of other neggtighbrged phospholipids such as phosphatidic acid,
phosphatidylserine and phosphatidylinositol, initdd to neutral phosphatidylcholine, in the phosigbids that
was used for the preparation of liposomes. BesiE€sused in this study was only of 60 % purity.aZpbtentials
gradually became more negative with increasing edtelol content. This information suggests thatrattions
between PC and CH favour the phosphate group dfpitadidylcholine to be exposed to the externalrenment,
under the conditions used to measure the zeta{tdndeed, this observation is consistent wité teport by Xia
and Xu who suggested that the hydroxyl group ofr@y interact with the choline group of PC, therelzposing
the phosphate group of PC to the external environ[b@]. Although zeta-potentials of unloaded lipoexs
gradually decreased to reach a minimum upon incrgdke cholesterol content, further increase eftholesterol
content resulted in a slight increase of the zetaial. Formation of cholesterol rich structuvdth less negative
or zero zeta-potential may be the cause for thergbd increase of the zeta-potential. Although oranth old
liposomes did not show variation of zeta-potentiith cholesterol, two month old liposomes, stalesolution,
demonstrated the ability of cholesterol to favotiematation of the phosphate group of phosphatidylicle to the
external environment probably via hydrogen bondisitfy the choline group.

The zeta-potentials of fresh loaded liposomes wetesignificantly different from each other (Taldg The same
was true for zeta-potentials of liposomes remaiminguspension after one month of preparation. Hewehe zeta-
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potentials of loaded liposomes remaining in susipenafter two months of became gradually more riegatith
increasing cholesterol content. This variation efazpotential may be due to the interactions ofladterol and
choline group of phosphatidylcholine to expose fitesphate group to the external solution, as exgthi
previously. Basically, zeta-potentials of plant er&l encapsulated liposomes indicate that encap=liliposomes
stable in solution can be prepared using phosphetidline and cholesterol.

Variation of particle size with time

The stability of unloaded liposomes in solution wagestigated by measuring the size and zeta-fdatemith time
for a period of two months (Table 2). All liposonfaFmulations showed precipitation of lipidic sttues with
time, most probably due to fusion and / or aggiiegatf those structures. Table 2 gives the sizelszata-potentials
of liposomes remaining in the suspension. Unlodgemsomes did not show a significant variation afeswith
time. Thus, our results indicate that unloadeddgoes stable over a period of 2 months may be pFeépssing
phosphatidylcholine and cholesterol.

All five different formulations of plant extract#4med liposomes showed aggregation and precipitatitn time.
The degree of precipitation increased with incmegsiholesterol content. Table 3 gives the sizetiposomes
remaining in the suspension. Although loaded liposs with low cholesterol contents exhibited stabiln size
with time, those with high cholesterol contentsibited an increase in size with time. This suggelstt high
cholesterol contents in plant extract loaded liposs favor aggregation and / or fusion of liposomes.

These results indicate that only loaded liposom#is lew cholesterol contents remain stable withpezs to size
with time, and that, interactions of polyphenolstioé plant extract and polar lipids in the liposenmeay lead to
aggregation and/or fusion of loaded liposomes.

50
—a—10:0
T —— O:1

404
)
= 30
O
(7]
] 4
Q
()
= 20
P
c _
]
>
(@4 10

0_' T T T 1

T T
0 60 120 180 240 300 360 420 480

Time (min)

Figure 1. Release profiles 08. castaneifolia methanol extract from different liposomal formulations
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Variation of zeta-potential with time

The average zeta-potentials of unloaded liposonezarbe more negative one month and two months after
preparation (Table 2).This decrease in zeta-patentay be the result of the removal of less stéptesomes from
solution over time. Further, this result indicatbat aggregation and subsequent removal of liposomith less
negative zeta-potentials from the suspension occainly during the first month of storage, after whithe
liposomes suspending in solution remain stable ay@riod of two months.

In contrast to unloaded liposomes, loaded liposotmesame less negative with time (see Table 3). Mewe
precipitation of lipidic structures, most probabijth less negative zeta-potentials with time, wasesved even
with loaded liposomes. Thus, it was expected thataverage zeta-potentials would become more wegadth
time. This anomaly may be due to leakage of smadhtjties of encapsulated plant extract with tiecapsulated
polyphenols, upon leakage, have the potential teract with phosphate groups of phosphatidylchotimeugh
hydrogen bonding, thus shielding the negative ahafgphosphatidylcholine leading to liposomes Wétss negative
zeta-potentials which gives rise to increased aggien.

Basically, plant extract encapsulated liposomes Vatv cholesterol contents are more stable thaeetiwaith high

cholesterol contents. However, storage of loadpdstbmes in solution leads to changes in the sizk zata-

potential, and thus, measures must be taken teaserthe stability of those liposomes. For instatieesize of the
liposomes could be maintained by incorporatingdigpoes in hydrogels made of carbomer[20]. Thus,rpaation

of plant extract encapsulated liposomes in a gel imerease the stability.

In vitro release studies
The effect of cholesterol on sustainedrelease ptiegeof liposomes encapsulating the methanol extsstembark
of S. castaneifolia was evaluated using deionized water as the refeasi@m.

Our results reveal that the release of the encaeliplant material from liposomes made of phosgyiaholine
and cholesterol is dependent on the lipid compmsitf liposomes. In fact, the liposomes became nessjvely
leaky as the amount of cholesterol was increasad fy % (w/w) to 20 % (w/w) beyond which the releasefiles
overlapped. This observation is consistent withliteeature showing the dependence of release tofjgped species
on the lipid composition of liposomes[21]. Lipid gking and fluidity of membranes depend on the cdtelel
content. Therefore, incorporation of cholesteroleets the permeability of the encapsulated matefiain
liposomes[22]. Raffy and Teissie suggested thatesherol increases the ordering of lipids in thembeane, thus
making the membrane less leaky[23]. However, Xiand Anderson reported that incorporation of chelestin
phospholipid bilayers, depending on the amount oo@ted, may sometimes increase the permeabilitthe
encapsulants[24]. We observed increased relegskamf extract upon increasing the cholesterol adritethe lipid
bilayer. The differences among loaded liposomethis study include differences of size and loadiagacity in
addition to the difference of cholesterol contélifiese factors also may affect the release kinefiencapsulated
material from liposomes. In addition to size anading capacity, the amount of phospholipids wafeht among
the five liposomal formulations. Thus, as stateglvpusly, phospholipids present in egg yolk cougtract with
encapsulated polyphenols through hydrogen bondimgs retarding their release. The content of pholgplds
decreases with increasing cholesterol content,ltreguin a decrease of the amount of interactioetwieen
phospholipids and encapsulated polyphenols. Thig b the cause for the observed increase in releése
encapsulated material with the cholesterol contensum, the observed variation of release profileslifferent
liposomal formulations may most probably be dueatoombined effect of size, encapsulated amountligici
composition of loaded liposomes.

Release studies were conducted in deionized watkiratwo physiologically relevant buffer systemPBS (pH

7.4) and artificial sweat (pH4.7) - in order todyuhe effect of media on the release kineticsoafled liposomes.
Liposomes with PC to CH ratio of 9:1, which shovietrmediate release, were selected for the study.
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Figure 2. Release profiles 08. castaneifolia from liposomal formulation PC:CH - 9:1 in different media

As depicted in Figure 2, slow and sustained reledsmcapsulated material from liposomes occurggd d h in all
types of media used, beyond which release was wooitared. The release profile of the plant extrfaotn the
liposomes in deionized water and in PBS which wiakigher ionic strength overlapped. This suggektt the
effect of salt concentration and hence that ofdairength on the release kinetics of chemical titoesits of the
methanol extract of stem-bark 8f castaneifolia from liposomes is negligible at least up to theidostrength of
PBS. However, the release profile of plant extmdirtificial sweat was significantly different frothose of above
in that it was much slower.The lower pH of artificéweat compared to other two media may be orsmnefor this
difference. In a medium of pH as low as 4.7, a grepercentage of phenolic groups will remain pnated (un-
ionized). This protonation will lead to lower sailitly of polyphenols in artificial sweat than in @agous component
of liposomes. Thus, liposomal polyphenols will tandemain in the vesicles rather than to leak out.

In addition to differences in release kinetics, algserved aggregation of liposomes during releasdies in
artificial sweat, which was not observed in deiedizvater or in PBS. The much higher ionic strergjthrtificial

sweat than that of PBS may have contributed toatigregation observed in artificial sweat. Indeédas been
reported that higher concentrations of salts resutister aggregation of liposomes[25].

These results indicate that this liposomal formafaimay be used for slow and sustained releasbheothemical
constituents of the methanol extract of stem-bdrkS.castaneifolia in physiological buffers. Moreover, if loaded
liposomes are incorporated in topical formulatioosly a small quantity of the extract will releasesweat, as
indicated by the release profile in artificial sweHowever, upon penetration of liposomes through $tratum
corneum to deeper layers of the skin, the extrattr@lease faster, as indicated by the relativsitian of release
profile in PBS. This shows the applicability of thraded liposomes in topical applications.
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CONCLUSION

The highly antioxidant methanol extract of stembark S castaneifolia was successfully encapsulated in
conventional liposomes made of phosphatidylchofassay approx. 60 %) and cholesterol. The optimatos of
phosphatidylcholine to cholesterol were 9:1 and(8/2v) in terms of encapsulation efficiency anddimay capacity.
The presence of sucrose - a lyoprotectant - do¢saffiect the loading capacity of plant extract qustdated
liposomes.

The change in the lipid composition had mixed ssah the properties of liposomes. When unloadeasbmes
were examined, the change in lipid composition tasaan increase in cholesterol content had minireéfiect on

the stability and aggregation properties of thedigmes. In addition, the size of liposomes didshmw significant
variation. However, loading th& castaneifolia extract induced pronounced changes to the sizegetand stability
with time as well as the release profile of thedied liposomes. Thus, loaded liposomes should herdiophilized

or incorporated in a viscous medium such as a geheans of storage in order to increase the dtabilithe

liposomes.

Conventional liposomes encapsulating the methaxtohet of stembark o8. castaneifolia can be used as a slow
and sustained release system of the plant extidet. sustained release properties can be moduigteldanging the
lipid composition. Furthermore, release of encagsd plant material depends of the medium to whrah
encapsulated material is released. In fact, relehsmcapsulated plant material in artificial swsatmuch slower
than in PBS or in deionized water. Thus, convemidiposomes may be suitable for topical formulasiovhere
sustained release of plant material is desired.

Acknowledgements

The University of Peradeniya, Sri Lanka is acknalgkd for providing a postgraduate research fellgovéHilda
Obeysekera Research Fellowship) to KMGKP. This stigation received financial support from the NS
Lanka under grant No. NSF/SCH/2013/01.

REFERENCES

[1] BMR Bandara; CM Hewage; L Jayamanne; V Karunardtfd\P Bandara; NKB Adikaram; MRM Pinto; DSA
WijesundaraJ. Natl. Sci. Counc. Si Lanka, 199018, 71.

[2] BM Ratnayake Bandara; CM Hewage; V Karunaratne; Mtiikkaram.Planta Med., 198854(5),477-478.

[3] CM Hewage; KANP Bandara; V Karunaratne; BMRB BamglddSA Wijesundarad. Natl. Sci. Counc. S
Lanka, 1997,25(3), 141-150.

[4] A Orange; P Wolseley; V Karunaratne; K Bombuwalidliotheca Lichenologica, 2001,78,327-333.

[5] S Kathirgamanathar; WD Ratnasooriya; P Baekstroth;ARdersen; V Karunaratn®harm. Biol. (Formerly
International Journal of Pharmacognosy), 200644(3), 217-220.

[6] RMCJ Bandara; DMB Abeykoon; BMR Bandara; A Wickrazimghe; DSA Wijesundara; DN Karunaratne;V
KarunaratneProc. Peradeniya Univ. Res. Sess. (PURSE), 201116, 156.

[71RMCJ Bandara; AMCSB Alahakoon; BMR Bandara; A Warkiasinghe; DN Karunaratne; V Karunaratne;
RGSC Rajapakse; DSA WijesundaPaoc. Peradeniya Univ. Res. Sess. (PURSE), 201217,177.

[8] AA Gurni; K Kubitzki. Biochem. Syst. Ecol.,1981,9(2/3), 109-114.

[9] JY Fang; TL Hwang; YL Huang;CL Fanmt. J. Pharm., 2006310(1-2), 131-138.

[10] B Godin; E TouitouJ. Control. Release.,200494(2-3), 365-379.

[11] H Rebmann. (February 18, 2014) Composition for aigmpharmaceutical or dietary applicatiobl§ Patent
8,652,494 B2.

[12] MS El-Samaligy; NN Afifi; EA Mahmoudlnt. J. Pharm., 2006319(1-2), 121-129.

[13] A Priprem; J Watanatom; S Sutthiparinyanont; W Rioapai; S Muchimapuraanomed. Nanotechnol. Biol.
Med.,20084, 70-78.

[14] C Sinico; AD Logu; F Lai; D Valenti; M Manconi; Gdy; L Bonsignore; AM FaddaEur. J. Pharm.
Biopharm., 2005 59(1), 161-168.

[15] J Budzianowska; A BudzianowskierbaPolonica., 200652(1/2),51-57.

[16] F Szoka Jr.; D Papahadjopoul®soc. Natl. Acad. Sci. USA., 197875(9), 4194-4198.

[17] FM Cagdas; N Ertugral; S Bucak; N.Z At&harm. Dev. Technol., 2011,16(4),408-414.

[18] S Xia; S Xu.Food Res. Int., 200538, 289-296.

1244



D. N. Karunaratne et al J. Chem. Pharm. Res., 2015, 7(4):1236-1245

[19] J Hurler; S Zakelj; J Mravljak; S Pajk; A Kristl;Bchubert; N Skalko-Basnétit. J. Pharm., 2013456, 49-57.
[20] N Dragicevic-Curic; S Winter; D Krajisnik; M Stupad Milik; S Graefe; A FahrJ. Liposome Res.,
201Q020(1), 38-48.

[21] S Mourtas; S Fotopoulou; S Duraj; V Sfika; C Tsaglou; SG Antimisiaris.Colloids Surfaces B:
Biointerfaces, 200755, 212-227.

[22] JM Nitsche; GB Kastingl. Pharm. ci., 2013102(6), 2005-2032.

[23] S Raffy; J TeissieBiophys. J., 199976, 2072-2080.

[24] T-X Xiang; BD AndersonBiophys. J., 199772, 223-237.

[25] FJ Carrion; AD Maza; JL ParthColloid Interface Sci., 1994164,78-87.

1245



