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ABSTRACT

Cutaneous leishmaniasis is caused by intracellpkmasites of Leishmania. Leishmania major is onspafcies that
causes zoonotic cutanedesshmaniasisnd antileishmanial treatmenk&venot providedacceptablaesultsyet.
Thisstudywasaimedto design,synthesis and evaluate nanoliposomal miltefosinevitro conditions against
Iranian strain of Leishmania majdMRHO/IR/75/ERJor thefirst time. To designnanoliposomearticlesthat can
penetratento thedermalinfectedmacrophagesindintracellular Leishmania majomanoliposomes were prepared
with a combination of 1,2- dioleoyl-sn-glycero-3egbhocholinepure powder of miltefosineholesterol,
stearylamineandvitamin E with theratios of 32.6:65:13:6.5:1.9m0l % by thelipid film hydrationand extrusion
methodThe size and{-potential of nanovesiclesere measured by photon correlation spectroscopye T
encapsulation efficiency and drug loading of mds#he in liposomes and nanoliposomes was determiiyed
LC/MS.Inhibitory concentration and cytotoxicity of them were evaddahgainst intracellular Leishmania major
amastigotes. The nanoliposomes had 56.7 nm siz&+i¥{-potential, a high encapsulation efficiency of 9%3
and an IC50 of 1.6uM.Our findings show tlaatileishmanial effect of nanoliposomal miltefosisestronger than
miltefosine thus, nanoliposomes as a desirablectdpdrug delivery system can be used for the lagdin
transportation and diffusion of miltefosine towattie reproduction sites of parasite in the dermakcrophages of
susceptible laboratory animals.

Keywords: Drug loading, Leishmania majorMiltefosine NanoliposomeParticle size(-potential

INTRODUCTION

Leishmaniasis is one of the most important zoondiseases awoken in many of the world zones.(1art&aaus
leishmaniasis (CL) is the most common form of tlisease. Leishmania species are endemic dise@8eciountries
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around the world and two million new cases of lgiahiasis occur annually within which more thanrhiion are
CL.(2) Leishmania majoiis one of the important parasites causing acutanCthe Old World. Although CL is a
self-healing disease, healing takes a long timetealing times have been reported even up to Xy8arAlso,
because of transformation disease to severe farofsas Lupoid and disfiguring occurred

on the face in half of the cases, treatment ispehsable.(4)

Meglumine antimoniate (Glucantime®) is the firsoate treatment for CL.(5) But due to inconsistesgults and
significant side effects, multiple injections tteae painful and intolerable by most of the patieand resistance to
pentavalent antimonials,(6) miltefosine (HePC) hasome the center of attention due to its signifitherapeutic
effects on leishmaniasis.(7) Miltefosine (Figuredgyeloped as an anticancer drug. But, now itesathly oral drug
registered for the treatment CL.(8) So that, irdetsi conducted by Mr. Mohebali for the treatmentofaneous
leishmaniasis caused hgishmania majgrmiltefosinein vitro and in animal models and eventually in humans has
been successfully used.(9,10) However, these tegatnihave not provided a strong consistent reselttd the rapid
clearance of drugs from the site of action and sifiects in high doses.(11) On the other handefoiftine should
be used for 28 days at a rate of 2.5 mg/kg of beeight and it had harmful effects such as gastesiimal adverse
effects. Therefore, to reduce complications andemse the therapeutic effect of miltefosine, a fhiposomal
formulation of HePC was developed. Liposomes ar@rmortant delivery system to overcome these probleBy
modulating the pharmacokinetic characteristics roigd, Liposomes can reduce side effects of drugsirmaprove
their activity.(12)Liposomes passively target drugs to macrophagesefdre, they have been used for delivery of
antileishmanial drugs to macrophages.(13,14) Thectibe of the study was design, synthesis anduetalthe
effectiveness of different concentrations of ngmmdomal miltefosine against Iranian strain lof major
(MRHO/IR/75/ER)in vitro conditions. Nanoliposomes HePC were preparedpig film hydration and extrusion
method. Then, siz€- potential, encapsulation efficiency (EE), drugdog (DL), loading capacity (LC) and as
well as their impact on the cell viability of maplmges and amastigotes lofmajor were characterized.
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Figure 1: Chemical structure of miltefosine

MATERIALS AND METHODS

2.1 Materials

Cholesterol (Cho), methanol, chloroform, stearyt@mi (SA) dimethyl sulfoxide (DMSO) and 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brote (MTT) were from Sigma Aldrich (St. Louis, Missqu
USA). Polycarbonate nanopore filters in sizes 500,1200 and 1000 nm were purchased from Avantifpola
(alabaster, alabama, USA). HEPES buffer, vitaminREMI 1640 medium and penicillin—streptomycin were
purchased from Sigma Aldrich (St. Louis, Missolt5A). Foetal bovine serum (FBS) was purchased f@ibto
company (Gibco, USA). Amicon Ultra-15, PLQK Ultr&¢&. Membran , 50 kD, centrifugal filter devices nee
purchased from Millipore (Cork, Ireland). Miltefos was from Zentaris GmbH (Frankfurt, Germany)-difleoyl-
sn-glycero-3-phosphocholine (DOPC) was purchasewh fipoid GmbH (Germany). 8-well culture chambetst
(Lab-tek Nunc Inc, USA) was purchased from Nunc pany. All lipids were of the highest purity availatand all
other chemicals used were of analytical grade aed without further purification.

2.2 Parasite culture

Leishmania major promastigotes (MRHO/IR/75/ER) wican the Department of Parasitology, Tehran Ursitgr
of Medical Sciences, Iran. For mass production, gf@mastigotes were cultured in RPMI 1640 mediumgr{@,
USA) supplemented with 10 % heat-inactivated FB®¢G USA), 1 % penicillin-streptomycin (Sigma, UBSik a
CO2 incubator at 28°C, 5 % Co2 and 80 % relativaibity.

2.3 Production of miltefosine liposomes and nanolgsomes

Liposomes and nanoliposomes were prepared by fhé film hydration and extrusion method.(15) Bnefl
components of liposomes containing DOPC (65 molZt)o (13 mol%), HePC (32.6 mol%), SA (6.5 mol%) and
vitamin E (1.9 mol%) were dissolved in 5 ml of aldform using a round-bottomed flask, respectivalgen, the
solvent was evaporated by rotary evaporation wmtithin and homogeneous lipid film was formed. Foe t
production of liposomes, thin-film was hydrated WiHEPES buffer (pH=7.4) at 70°C for 30 min to get
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multilamellar vesicle dispersiotlEPES buffer up to 100 % (5 ml) was slowly addedh lipid film and mixture
was vigorously vortexed so that all its componemtse very well mixed500 pl of this liposomal dispersion was
diluted 20 fold with HEPES buffer. Finally, the fa®ncentrations of liposomal components were 5mMh§iOPC, 1
mg/ml Cho, 0.5 mg/ml SA, 2.5 mg/ml HePC and 0.15/Rl Liposomal dispersion was cooled for 30 min wlite
was being vigorously vortexed and liposomes werataiaed to mature for 24 h at room temperatureenT lthey
were successively extruded with eleven times eixtruhrough polycarbonate membrane with 1000 nne pixe to
produce liposomes and seven to eleven times eatrikrough polycarbonate membranes with 200,10058ndm
pore sizes to reduce the size of liposomes by usitigermo barrel extruder at 70°C (Avanti Polaridsp,Inc ,
USA), respectively. The same procedure was usedejpare drug-free liposomes and drug-free nanadipes with
using the drug-free liposomes, except that HePConmmitted.

2.4 Determination of particle size, zeta potentiakncapsulation efficiency and drug loading in liposmes and
nanoliposomes containing miltefosine

The particle size and-potential of HePC liposomes, HePC nanoliposomes @nug-free nanoliposomes were
measured at 25°C and at the duration used BY photo correlation Spectroscopy by using a phatorrelation
spectrometer (Zetasizer Nano-ZS). Data were andlygethe MALVERN software. 5@l of each sample was
diluted immediately with 2 ml of HEPES buffer (46ld) to get a proper concentration of particles prelenting
the multi scattering events. The obtained homogasmisaspension was examined to find the volume rdiameter,
size distribution and polydispersitlfor the measurement ¢fpotential, the Samples were Correspondingly diute
with distilled water. Measuring the size atgbotential of each sample was performed 3 timed results were
expressed as a mean values + standard deviation.

The concentration of HePC encapsulated in liposcmeésnanoliposomes was measured by the centriftesién
method and liquid chromatography coupled to tand®mss spectrometry system (LC/MS),(16,17) a HP1iodl
chromatography system (Agilent Technologies, Palko,ACA, USA) consisting of a binary pump, degasaed
autosamplerThe HPLC system was connected to an Agilent 64ipletquadrupole mass spectrometer equipped
with a combo source electrospray (ESI) and atmagppeessure chemical ionization (APCI) which arghe same
rate. The quadrupoles were operated with unit véisol in the positive ion mode. Briefly, the amouwit non-
encapsulated HePC separated by filtration and iGggdtion was determined by LC/MS. Then, the % EEDL

and LC of HePC were calculated by the formulas. filtmation procedure eliminates large liposomesl anugs
entrapped in them. So, to find the encapsulatifinieficy of HePC, measurintpe concentration of HePC in filters

is essentialThe filters used for the production of liposomesd aanoliposomes (50, 100, 200 and 1000 nm filters)
were separately massed. One ml of methanol wasdattdeach filter and filters were vortecxed for Innto
dissolve liposomes and drugs trapped in them. Theényl of each sample was directly injected inte HC/MS
system. Also, to find non-encapsulated HePC, 1.®fntposomal and nanoliposomal formulations wagasately
added to any Amicon Ultra-15 filter device (50 K ml, Millipor, Germany). Amicons were centrifugati 7000 g

for 30 min. Then, 10 ul of solution accumulatedthie bottom filter cup was injected in LC/MS systdror all
samples, the specific mass of miltefosine was momit. All samples were analyzed in duplicate anthpsulation
efficiency and drug loading were calculated basethe following formula:

%pL=—""" 100

0 © (mt-mf) + mi
mt —mf

%EE:—mt X 100

In heremt is the total amount of HeP@f the amount of non-encapsulated HePC (drug-freé¢herfiltration and
centrifugation andni the original amount of lipidsThe LC of liposomes and nanoliposomes was calalilatethe
ratio of the amount of entrapped drug in them wotttal weight of the formulations:(18)

_ Total amount of HePC (1g)
" Total dry weight of liposomes(img)

2.5 Drug susceptibility testing and Cytotoxicity

Drug susceptibility of intracellular amastigotes H@PC nanoliposomes, nanoliposomes without drug HeleC
liposomes wasexaminedby adding promastigotes df. major (MRHO/IR/75/ER) in the stationary phase to
macrophage cultures (8x1@ells per well) in 8-well culture chamberslidesaitek Nunc Inc.) at a ratio of 10
parasites per macrophage. The mixtures were inedbata CQ incubator at 37°C, 5 % GQand 80 % relative
humidity for 4 h. Excess promastigotes were thenoneed by two washings with medium and macrophaga® w
incubated for 24 h in fresh RPMI 1640 medium. Thaedium was discarded and cells were incubated & 8or
48 h in fresh medium that contained different comiaions of samples (20, 10, 5, 2.5 and 1uR§. Finally, the
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medium and chambers were removed and the slides fwed with methanol and stained with Giem3#e
percentage of infected cells and the number of igmes per 100 macrophages were determined inicdtel
cultures with a microscope. The results were piteseas a ratio of infection between the treated reonttreated
macrophages or multiplication index (MI). The inldloy concentration 50 % of cell growth (IC50) waetermined
by linear regression.

(Number of amastigotes in experimental culture/100 macrophages) 100
= X

(Number of amastigotes in control culture/100 macrophages)

The cytotoxic effect of liposomes and nanoliposomestaining HePC on macrophages was examined blgymet
The 3-(4, 5-methylthiazol-2-yl)-2, 5-diphenyltetoimm bromide (MTT) assay.(19) MTT test is a methihat
measures the ability of cells in transforming tledlow tetrazolium crystals to insoluble blue forraazdye by the
mitochondrial electron transport chain and deats @ incapable of this actidPeritoneal macrophages of male
Balb/c mice were cultured in RPMI 1640 medium carmitey 10 % FBS and 10Qg/ml penicillin-streptomycin at
37°C in a CQ incubator in 5 % C®and 80 % relative humidity. Briefly, macrophagesrevseeded in 96-well
plates and maintained for 24 h at 37°C. The cedleevthen infected with.major (MRHO/IR/75/ER) promastigotes
at a ratio of three promastigotes per macrophagdeptates were incubated at 37°C in 5 %,@® 4 h to allow
internalization of the parasites in the cells. N&2@0 pl of dilutions of 1.25, 2.5, 5, 10 and @g® of HePC
nanoliposomes, nanoliposomes without drug and HER§Somes was added to 96-well plates and platags we
incubated for 48 h in 37°C. Then, 20 ul of MTT gwn (0.5 mg/ml) was added to plates and aftethaircubation

at 37°C, supernatants were aspirated and discaFiteally, 100ul of DMSO was added to the wells to dissolve the
formazan crystals and obtaining a homogeneousisolatitable for measuring the absorbance with AI$E plate
reader (IQuant, BioTek, Winooski, USA) at waveldn§40 nm. Every test was done in triplicate and rémuilts
were expressed as the means and standard devidtlmm®ptical density was set in the absence ofithgs as the
100 % control valueRelative numbers of live cells were determined tase the absorbance of the treated and
untreated samples and blank wells using the foligvformula:

Viable cells (%) = (AT — AB)/(AC — AB) x 100

Where AT, AC and AB are the absorbance of the treated samples, theot@@mples and the blank wells,
respectively. The selectivity index (Sl) was detieied based on the equation cytotoxicity concemma{iCC50) /
inhibitory concentration (IC50).

2.6 Analysis
All data represent the means + standard devia{i8By of two or three independent experiments. Tleams and
SD obtained, using Microsoft Excel 2007 softwaradfidsoft, Redmond, WA). Data were analyzed usingi&mt’s
t-test, one-way and two-way ANOVA followed by theheffepost hoctests, using IBM SPSS Statistics 20 software
(IBM Statistics SPSS collection) for Windows. P-Malless than or equal to 0.05 was considered tatatig
significant.

RESULTS

3.1 Measuring the size and surface potential

Liposomes and nanoliposomes were fabricated asideddn article with DOPC as main lipid constittemd SA
to prepare cationic liposomes. After the last esitrm of samples through polycarbonate filters, riiean diameter
of HePC nanoliposomes and drug-free nanoliposon@e \ess than 100 nm (Figure 2a and 2e). Also, Fhe
potential of these compounds was positive and éhesnanoliposomes showed the higliggbtential among these
compounds (Figure 2 and Table 1).
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Figure 2: The particle size and distribution of lippsomes and nanoliposomes measured by photo corrétat Spectroscopy and the-
potential measured with a combination of laser Dopler velocimetry using ZetaSizer Nano-ZS (Malvern lstruments Ltd., Red
Lable,Worcestershire, UK). Panel a, c and e are repsentative of the Size analysis of HePC nanolipases, HePC liposomes and drug-
free nanoliposomes, respectively. Panel b, d andife representative of theZ-potential of HePC nanoliposomes, HePC liposomes @n
drug-free nanoliposomes, respectively

Table 1 Composition of liposomal formulations (mtar ratio), average size, polydispersity index (PDland ¢-potential of lipid
nanoparticles (n=3)

Formulation composition Extrusion filter size Aveage size  z-average {-potential PDF
(o) (nm) (nm) (d.nm) (mV)
Nanolip-HePC HePC/DOPC/Cho/STA/IVA 50 56.72+20.35 108.7 +15.5+3.65 0
(32.6:65:13:6.5:1.9)
Nanolip-drug free DOPC/Cho/STA/VA 50 62.98+31.92 P0 +61.6+3.65 0.432
(75.2:152.2)
Lip-HePC HePC/DOPC/Cho/STA/VA 1000 1088+279.8 1385 +11.0+0.07 0.386

(32.6:6548.35:1.9)
#PDI, polydispersity index. polydispersity indeximeasure of the heterogeneity of the samplealtes range from 0 (homogeneous
population) to 1 (completely heterogeneous popaitgti

3.2 The concentration of miltefosine in the samplegnd determination of % EE, % DL and LC

The concentrationf HePC in liposomes and nanoliposomes was measyréd/MS. The results of this analysis
were shown in figure 3representative chromatograms of extract of HePGaimples of A: standard sample of
HePC ; B and C: filters used in the production &P liposomes and nanoliposomes, respectivelyDaadd E:
samples centrifuged by Amicon Ultra-15 filter dexic
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Figure 3: LC/MS mass scans after direct injection bsamples; mass rangem/z150-1000. Then/zof 408 corresponds with HePC [M+H].
Panel a displays the chromatogram of monomer and niier lons of HePC extracted from the standard samplef 200 pg/ml HePC in
methanol. Panel b and ¢ show HePC-ions in the masgectram/z408 andm/z815 in filters used in the production of HePC liposmes
and nanoliposomes, respectively. panel d and e show HePC-ions (either monomer or dimer) in the masspectra obtained from
centrifugal samples of liposomal and nanoliposomalePC by Amicon Ultra-15 filter device, respectively The recurrent masses that are
recognizable in the spectra of the extracts of theentrifuged samples aren/z261,m/z499 andm/z737 (all unidentifiable)

5
6
5
4
3
2
1
0

In the standard sample of 200 pg/ml of HePC in amthand in filters used in the production of Helpl@somes
and nanoliposomes, HePC [M+Hjtm/z408 is the most abundant ion with a very high isiign but also a HePC
dimer [2M+H] atm/z 815 is visible (in Figure 3a, 3b and)3©n the other hand, the samples extracted from the
liposomes and nanoliposomes centrifuged by usimgcon Ultra-15 filter device (Figure 3d and 3e) dot show
any peak at the HePC mass indicating that theme idePC in these samples. 117.1 + 5.05 pg/ml add514 8.08
pg/ml of 2.5 mg/ml of HePC used in formulations evemly found in filters used in the production pss of
liposomal and nanoliposomal HePC, respectively (mR2)= By using results from the measurement of the
concentration of HePC in samples and using formdésxribed in the earlier section, the encapsulaficiency,
drug loading and loading capacity of HePC in lipues and nanoliposomes were determined (Table 2).

Table 2 :Chemical characteristics of HePC-loadedpiosomes and nanoliposomes

formulation HePC loading (%) Encapsulatio efficiency (%) Loading capacity fig/mg)®
Nanolip-HePC 26.88+0.094 95.53+0.32 264.83+0.9
Lip-HePC 26.82+0.043 95.31+0.20 264.23+0.55

Data are reported as mean +SD (n = 3)oading capacity of HePC is based on total weighipmsomes and nanoliposomes.

3.3 in vitro cytotoxicity

The cell viability of macrophages was estimated MY T test in the different concentrations of drugdr
nanoliposome, HePC nanoliposome, HePC liposomeHaRLC (1, 2.5, 5, 10 and 20/). The cytotoxicity of these
compounds at 48 h incubation with infected macrgpkan a dilution 1.25%M was 1.01 %, 4.98 %, 12.18 % and
26.76 %, respectively. But their cytotoxic effecta dilution 20uM was 17.98 %, 26.36 % , 33.68 % and 46.66 %,
respectively In the present study, the CC50 of these compoagdmst macrophages after 48 h of incubation was
>20uM.
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3.4 leishmanicidal activity and selectivity index

The IC50 of HePC nanoliposome fbr major amastigotes at 48 h incubation was [N according to the liner
regression was shown in figure 4. The IC50 of HéB&ome and HePC were 2.1 uM and 2.35 uM, respagti
Also, the IC90 of HePC nanoliposome, HePC liposame& HePC for thé.major amastigotes after 48 h incubation
were 7.4 pM, 8.43 pM and 9.58 pM according to tinerl regression, respectively. A ratio of cytotdtyicto
biological activity (CC50/IC50) was used to findeteelectivity index of HePC nanoliposome, HePCdgoe and
HePC, that HePC nanoliposome with the selectiviggek 12.5 showed the highest SI among these comdgoun
(Table 3).

¥=21.334x-31.415
R® = 0.9606

parasit count(%)
a

control 0.625 1.25 2.5 5 10

concentration{puM)

Figure 4: The inhibitory effect of different concenrations of HePC nanoliposome on the proliferatiorof amastigotes oL..major at 48 h
incubation

Table 3: Inhibitory concentrations (IC50 and IC90)and selectivity index (Sl)

IC5¢° ccsh IC90
Formulation UM pM pM SF
Nanolip-HePC 1.6+0.0 >20 014 >12.5
Lip-HePC 2.1+0.62 >20 8.43+0.44 >9.52
HePC 2.35+0.21 >20  9.58+0.59 >8.51

IC50, IC90 and SI of HePC, liposomal HePC and rippsbmal HePC against intracellular amastigotes of
Leishmania majarData are IC50 and IC90 valuesiiM + standard deviation. These data represent teeage of

2 independent experimenfCC50 values (50 % cytotoxicity concentration) oncrophages + standard errors of
the mean‘selectivity index (SI): CC50 of macrophages / I@E@mastigotes dfeishmania

DISCUSSION

4.1 Physicochemical characterizations of liposomesd nanoliposomes containing miltefosine

The performance of liposomes in biological enviremts is generally determined by their physicochamic
properties, especially reaction and their membrpeameability in the skin depends on these physemital
properties.(20) Also, detailed physicochemical ehtarizations are important to make sure the &akibn and
efficacy of the liposomes. Therefore, particle sirel(-potential are parameters that indicate the phlysiedoility
of liposomes.

To generate liposomes, a lipid formulation was fielected in an effort to increase the efficieatyhe loading of
HePC. DOPC, Cho and SA were selected for produgioegomes. DOPC, a zwitterionic phospholipid, wassen
as main lipid for two major reasons: first; becaitse an amphiphilic molecule which can form s&abhonolayers;
second; its oleic chains and phosphocholine patadhgroup are major components in biological mengsan
eukaryotic cells. HePC, Cho and DOPC were substgntimiscible. Becausesedimentary layer, turbidity or
insoluble mass were not observed after the progluaf liposomes and nanoliposomes and during #tenagefor

2 months at 2 to 8°C.

Cho is known to form complexes with both drugs g@mbspholipid membranes and stabilizing them, asal
known condensation between Cho and zwitterionicspholipids, including DOPC (Cho-DOPC).(21) Beside,
Rakotomanga,(22) showed that there is a high &ffinetween HePC and Cho. Therefore, Cho was enlzapdu
into the nanovesicles for its high affinity with PI€ and DOPC, and Cho mixed (13 mol %) with DOPC lda&C
increased significantly their affinity for combimgjinwith each other (Table 2). Furthermore, due ® ¢bmplex
interplay of different molecules in the developmenicess of a leishmania parasite, usually the r@idtration of
synergistic combinations is indispensable to imprantileishmanial activity and prevention of diseascurrence.
In this regard, we incorporated SA as one of themanents in lipid nanovesicles for its synergistation with
HePC, since SA-bearing cationic liposomes (PC/Sehbeen reported to have antileishmanial potef2&l24)
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HePC is a lipid analogue belonging to the Alkylptiescholines group and similar to phosphatidylctel(i25) Due
to the fact that HePC is an amphiphilic moleculd atructural part of liposome bilayer,(26) its #@hito play both

structural and therapeutic roles was also considérkerefore, it was predicted that the encaparagificiency of

HePC would be completed. Results obtained fromghidy show that this forecast was exact, becaws®CHvas
effectively encapsulated in the liposomes and riposbmes (Table 2). Also, the results display tiet high

encapsulation and loading of HePC are dependeihiotn the main lipid used (DOPC) and the structuvod of

HePC. On the other hand, the presence of SA itigbeomal formulations made of Cho and phosphatiuyfine

reduces the drug leakage by reducing their memidtaitéty.(27) On the other hand, HePC was encagisdl with

a loading capacity more than 260 pg/mg, and thexe mot observed significant difference betweenldiaeling

capacity of liposomes and nanoliposomes (Table@2) 0.05). This high loading capacity of HePC isted to the
main lipid used in liposomes and nanoliposomess Bhility of DOPC can be due to its unsaturatedneatvhich is
primarily composed of unsaturated phospholipidsP@0s made of the one of the longest fatty acid t@nd the
chain length may be a determining factor in thisfggenance of DOPC.(20) Anyway, changing the sizettaf

vesicles does not effect on loading capadityd this is our liposomal formulation components thlay a decisive
role in the drug-loaded HePC, not the size of liposs. These findings clearly show that HePC has b@red

with the highest possible value in lipid formulatso

The performance and physical stability of liposonmesivo strongly depend on their size. Beside, liposomédh wi
diameter less than 0.@m can penetrate in the skin.(27) Therefore, thee g produced liposomes and
nanoliposomes was determined (Table 1). It candoeladed from data in Table 1 and Table 2 thatsthe of the
liposomes and nanoliposomes does not have anyteaffeche drug loading. Because, despite the sunifi
difference in the size of the liposomes and nawsiymes (p<0.05), their DL and EE did not show $icpmt
differences (p>0.05). The size of drug-loaded ngnsbmes was compared with the drug-free nanolipesp and
there was no significant difference between ther®(@5). Therefore, it can be concluded that thegmee of HePC
alone does not role in reducing the size of nanslymes. In fact, the liposome size is reduced byhtph affinity
among Cho, DOPC and HePC, as well as the penetratiSA (charge inducer) between the hydrocarbainshof
phospholipids. (28)

The surface charge of liposomes is one of the nmygortant factors in their skin penetration. (22)eTpositive
charge of liposomes is helpful for their bindingttwithe negatively charged skin cells and hair dtdk.(29)
Shanmugam,(30) showed that the steady flow of diftugsigh the skin is further in cationic liposon@smpared to
anionic and neutral liposomes. The enhanced skiretpgtion of cationic liposomes has been attributedhe
selective permeability of skin. (30) The lack offage charge can reduce the physical stabilihefliposomes by
increasing their aggregation. The positively chedrgarfaces of liposomes increase not only the uksicstability
but also the intracellular uptake of liposomes élsc (28) The net charge of DOPC, Cho and HeP#@ris. But, SA
used in formulation is a positive charge induc2B,81) Thereby, our liposomal and nanoliposomainfdations
showed a posetivé-potential (Figure 2) measured by zeta sizer. Thera significant difference between the
potential of HePC nanoliposomes and drug-free maosbmes (p<0.05), while they are roughly equalize (Table
1). So, the size of nanoliposomes has no role éir thpotential differenceThe amount of materials used in the
production of nanoliposomes was constant, but tmlpee nanoliposomes without drug, HePC removededims
that the elemination of HePC and thereby increasig molar ratio of SA (6.5 mol% 7.5 mol%) can be
responsible for the highérpotential of nanoliposomes without drug than Hefa@oliposomes (Figure 2b and 2f).

4.2 In vitro cytotoxicity assessment

The analysis of information obtained from the cgtat effect of HePC, HePC nanoliposome, HePC lipts@nd
drug-free nanoliposome in dilutiord 1.25, 2.5, 5, 10 and 20 uM on the macrophagsisguwo-way ANOVA
followed by the scheff@ost hoctest, showed statistically significant differendegtween control group and 2.5, 5,
10 and 20 uM dilutions (p<0.05). Also, there werarfd significant differences between 5, 10 and BDdilutions
and 1.25 pM dilution (p<0.05). But, no statistigadlignificant differences were found among 5, 1@ 20 pM
dilutions (p>0.05) Also, HePC and drug-free nanoliposome showed thkeelst and lowest toxicity in all dilutions
on the infected macrophages, respectively. Thetayiwty of HePC at 48 h incubation with the penigal
macrophages Balb/c mice showed a significant diffee with the cytotoxicity of HePC nanoliposome=(p.0001),
HePC liposome (p = 0.002) and drug-free nanolipas@u= 0.0001). Also, the cytotoxicity of HePC nipasome
showed a significant difference with the HePC lpoe (p = 0.016), but this difference was not sigaiit in
comparison with drug-free nanoliposome (p = 0.588)a study that HePC was used as the referencelyruising
the MTT test, the 50 % cytotoxicity concentratid®d050) of HePC was 54.4M, and in another study th#éte
Alamar Blue micromethod was used to estimate thBC&@ HePC in macrophages, the CC50 was AR 7fter 68

h of incubation.(32,33) In accordance with thesgisss, the cytotoxicity of HePC, HePC liposome and HePC
nanoliposome at the highest concentration studd@duM) was between 27.98 % and 46.66 % , and degpmtfact
that HePC showed the highest cytotoxicity on thenmghagesbut it did not cause the 50 % cytotoxicity. So, the
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CC50 of HePC, HePC liposome and HePC nanoliposoene more than 20M. These results show that the use of
HePC into a nanoliposomal new form can reduce dwytgtoxicity. Because, in comparison with other KBeP
compounds, HePC nanoliposome had the least tofdctain the macrophages. Therefore, the use oflipasomal
HePC can not only increase the effect of HePC duiglso reduce its cytotoxicity.

4.3 Toxicity and anti-parasitic effect

In most laboratories, the screening for leishmalailccompounds is carried out with leishmania prdigates or
axenic amastigotes. However, the best approadndddishmanicidal compounds is the use of amasgcesiding

in macrophages. So, the effect of nanoliposomalGjdiBosomal HePC and HePC on the L.major amasttgafter
48 h incubation was studied and IC50 and IC90 theme determined. Analysis of results of this stbglyusing of
one-way ANOVA followed by the scheffpost hoctest showed that different concentrations of nigosbmal
HePC had been reduced the proliferationLofmajor amastigotes compared with the control wells arsseh
differences were statistically significant (p = @ and p = 0.004). Also, significant differencesrevobserved
between 1.25 uM and 2.5 uM concentrations and R%pd 5 uM concentrations of nanoliposomal HeP@Qufe
5). By comparing the inhibitory effect of differembncentrations ohanoliposomal HePC and HePC on the
amastigotes of..major, all the concentrations of these two compounds &.825, 2.5, 5, 10 and 20 uM) reduced
the number of amastigotes in comparison with céntvells, but this anti-parasitic effect was stronga
nanoliposomal HePC. So that, significant differeneere found between nanoliposomal HePC and HePZ5in
MM (p = 0.03) and 5 pM (p = 0.04) concentrationgyFe 6). This finding proves thanti-parasitic effect of
nanoliposomal HePC is stronger than HePC. Drug-fraeoliposome also had inhibitory effect on inttatar
amastigotes, but no IC50 value obtained (Figurénbagreement with these findings, Esmaeili eBalréported that
after 48 h incubation, the IC50 of HePC was 21B0that is close to the IC50 of HePC obtained in study (2.35
uM). On the other hand, the IC50 of nanoliposomaP8ewas 1.5 times less than the IC50 of HePC (p02)0.
Also, significant difference was observed betweée TC90 of nanoliposomal HePC and HePC (p = 0.0BijiaV
no significant differencewere observed between the IC50 and IC90 of lipos¢te®C and HePC (p > 0.05). The
resultes show that anti-parasitic power of nanalgmoal HePC is more than HePC and among the compound
investigated, nanoliposomal HePC has the highéditory effect on the intracellular amastigotes.

According to Weninger et al.(34) the biologicaliedy of the tested drug is not attributable tatyxicity when Sl
> 10. In general, all compounds showed properlyctigke toxicity and they were more destructive fotracellular
parasite than the murine cells (Table 3).But, ngosbmal HePC was 12.5 times more toxic for the stigate
forms of L. major than murine macrophages and litshBwed a significant difference with SI of HeRC+ 0.007)
and liposomal HePC (p = 0.01). No statisticallyngfigant difference was found between the Sl of Beénhd
liposomal HePC (p = 0.339). In total, in compariseith the HePC and liposomal HePC, nanoliposomaPEle
showed the highest anti-amastigote activity with ldast anti-macrophage activity.

CONCUSION

In the present study, the incorporation of HePC,aamphiphilic molecule, into the unilayer of liposesnand
nanoliposomes was evaluated with the aim of devdpp topical delivery vehicle for HePC. Liposomesre

selected as the ideal vehicle for drug delivery doetheir ability to efficiently encapsulate amphiic and

lipophilic molecules. Our findings indicate thatnoeéiposomes are the suitable carriers for the logdand

transportation of HePC drug to elimindtemajorintracellular parasites.These features, along thighuse of SA in
lipid formulations, strengthen the antiparasitifeef of HePC against intracellular parasites, autlicing the size of
liposomes and the production of nanoliposomes ldadth HePC has a key role in better penetratiorl@PC into

the site of parasite's reproduction. The topicalliaption of nanoliposomal HePC can make fasteattnent of

cutaneous leishmaniasis and reduce the duratidheodpy for the cutaneous lesions, thereby reduttiagisk of

disease relapse. Further, studies are requiredatifycthe role of nanoliposomal concentrations l&PC in

treatment of CL in susceptible laboratory animald humans.
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