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ABSTRACT

Propolis,a naturalcompoundthat may help on the acceleratiorof the wound healing
process,is mainly used as ethanolic extract. The extractive solution may also be
obtainedfrom the propolis byproduct (BP), transformingthis waste material into a
pharmaceuticahctiveingredient.Evenif propolisdoesnot presentoxicity, whenused
asanextractover harmedskin or mucosathe presenethanolcontentmay be harmfulto
thetissuerecoveringpesidesinderingthedrugrelease.

The presentstudy describesthe developmentwof solid lipid nanoparticleSLN) and
nanostructuredlpid carriers(NLC) astopic propolisdelivery systemsthe evaluationof
their physicochemicagpropertiesandthe healingpotentialof thesepreparations.

The extractswere evaluatedto guaranteethe quality and the lipid dispersionswere
characterizedgs morphology(cryo-TEM), size analysis(PCS) and diffractometric (X-
ray) characteristicsThe occlusivecapacityof formulationswasalsoevaluatedoy the in
vitro techniquewhich determineghe occlusionfactor. The drug entrapmenefficiency
(EE), aswell asthein vitro drugreleaseprofile from the nanoparticulatesystemswvere
investigatecaswell.

This studyallowedthe developmentf lipid nanostrucuturesontainingcomplexactive
agentsfrom propolis. The size analysisperformedthrough90 dayswasfavorableto a
topic administrationand the polydispersityindex, thoughnot ideal in all casesdueto
the high contentof resinsand gumsfrom the extracts,were relatively stablefor the
SLN. The propolis extract contributesto the occlusive potential of the formulations.
Both extracts(propolis and byproduct)showedgood cell viability freely or entrapped
on the systems.Finally, it was possibleto show that the loaded SLN provided and

acceleratiorof thewoundhealingprocesgestedn vivo.
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1. Introduction

Propolis (PRP) or bee glue has many pharmaceutical properties (e.g.
antimicrobial, fungicidal, antiviral, immunostimulating, cytostatic, antiulcer,
hypotensiveanti-inflammatoryand antioxidant)andis usedon the woundhealingon
therapeutic$1-5]. This naturalcompounds a complexmixture, constitutedmainly by
resin, waxes, water, inorganics, essentialoils, phenolics,and balsamic substances,
collected by bees(Apis mellifera L.) from flowers, pollen, tree buds, branchesand
exudatesThe collectedbulk materialsare partially digestedby the salivary enzymesof
thebeesgespeciallythe 13-glucosidaseandregurgitatecoroducingPRP[2,3,6].

Ethanolic extractive solution of PRP is the main dosageform utilized on
therapeuticsAfter the preparatiorof the PRPextract(PE), the residueseparatediuring
the filtration step (PRP byproduct— BP) is no more a waste,but it may now be a
promising pharmacologicahctive and/or structuringagent[7—10]. In this aspectPRP
shows one more advantageto be explored, becausethis compoundmay undergoa
secondextraction process,collaborating with three Rs concept (reduce, reuse and
recycle)[11,12] The PRPand,consequentlyjts BP andtheir extractscan be usedto
influence on the tissue regenerationand granulation.In addition, consideringPRP
characteristicsof natural antibiotic and low cost, makesthis drug accessibleto the
population[13-16] andthehealingactivity of PRPextracthasbeenshown[17].

The skinis exposedo the environmentndit may be easilyharmed resultingin
wounds that modify its physiology, especiallyif the dermisis affected, losing its
protectivefunctions[18-20]. This organcorresponds$o approximatelyl 6% of the body
weight, beingthe biggestorganof the humanbody andresponsibleo coverthe entire

body surface [19,21] The wound healing processis simultaneouslycomplex and



organized,governedby a harmoniccascadeof biological eventsthat are divided into
threephasesinflammatory,proliferativeandremodeling21,22].

Accelerate and aid the healing processof chronic wounds results on the
decreasin@f the aggravatiorasthe affectedlocal amputation[23,24] andconsequently
reducessignificantly the mortality andfinancial chargeswith this diseasd1]. With the
researchimprovementnaturalcompoundshave beenstudiedand testedon the wound
healingprocessstimulation,aiming to developefficaciousdrugs,presentingno toxicity
andlow costg[25,26].

However,thoughPRPandBP presenio toxicity [4], theadministrationof their
hydroalcoholicextractsover the harmedskin or mucosa,may causecontactallergies,
ulceration,anddifficult the healingprocesq27]. In this sensethe useof appropriated
systemso carriersystentheseextractss necessary.

The solid lipid nanoparticle{SLN) are consideredone of the mostinteresting
studied colloidal systemson the last years [28]. Their topical applicationis very
interestingas they possesseadhesivepropertiesin contactwith the skin, forming an
occlusive film during the use, besides reducing the transepidermalwater loss,
strengtheninghe damagedissuerestauratiorf29]. A very importantadvantagef this
kind of systemss theuseof physiologicallipids to prepareghematrix, which reducethe
acutechronic toxicity, aswell asbeingbiodegradabld30]. The SLN is composedf
only a solid lipid or by the mixture of solid lipids in water, which stabilizesusing
surfactan{31]. Differently, the nanostructuredipid carriers(NLC), a categoryof lipid
nanoparticlegLN), arepreparedmixing solid andliquid lipids [32]. In this context,the
PRP incorporationon the LN should be of great interest, as it allows a higher

structuratiorof thelipid systemdueto its high wax andresincontent[33], andalsothe



particulate system, could permit to protect and modify the releaseof the extract
component®vertheskin [4,34].

The aim of this studywasthe preparatiorand characterizatiorof SLN andNLC
containingPRPor BP extractsintendedfor cutaneousidministratiorfor woundhealing.
Firstly, theextractivesolutionswere preparedandtheir physicochemicatharacteristics
evaluatedA formulationstudywasconductedand,afterthe preparatiorof SLN and
NLC systemgontainingthe extractsthe morphology sizeanalysesgryo-transmission
electronmicroscopy X-ray diffraction, andpropolisloadingefficiencyhavebeen
investigatedFurthermorethein vitro drugreleaseprofile of eachsystemwas
investigatedFinally, thelipid systemaverestudiedin orderto understandheinfluence

of thedifferentextractson occlusiveeffect,cellularviability, andwoundhealing.

2. Materials and Methods

2.1 Materials

Propolis(PRP)was purchasedrom an apiary of Apis melliferalL. beeslocated
inside a eucalyptusreserve,surroundedby native forest with a predominanceof
Baccharisdracunculifolia(Asteraceae)This type of PRPis classifiedas‘type BRP’, a
typical PRP from the northwestof Paranastate,Brazil [35]. Miglyol 812 (Tricaprin,
Cremer,Hamburg,Germany)waskindly donatedby Pic Quimicae Farmacéutica_tda
(Sé&oPaulo,Brazil). MethanolHPLC grade,chrysin (97% purity, analytical standard),
poloxamerl88,poloxamerd07,andtristearin(stearictriglyceride)werepurchasedrom
Sigma-Aldricl? (St. Louis, USA). All other chemicalswere purchasedrom Synti

(Sé&oPaulo,Brazil) andwereof analyticalgrade.



2.2 Preparationand characterizatiorof the extractivesolutions

Propolis extractive solution (PE) was obtainedby the turbo extractionmethod
[36] with PRP:ethano{96%, v/v) ratio of 30:70(w:w), andat 3500rpm for threecycles
of 5 min. Thefinal dispersionwasfiltered at vacuumthroughgrade3 filter paper,while
the remainingproducton the filter surfacewas the byproductof propolis (BP). The
extractof BP (BPE)wasobtainedby the sametechnique put the BP: ethanolratio was
50:50(w/w) [12]. Both PEandBPE werecharacterizethy the samemethodologiespH,
density,andalcoholconteni37]; drynessesidueandtotal phenolcontent.

For determinationof drynessresidue (DR), exactly 10 g of each extractive
solution (PE or BPE) were weighedand concentratedn a water bath (100 °C), with
occasionalshaking,and dried on the infrared analytical balance(Gehaka,Sao Paulo,
Brazil) at 110 °C and the final weight was designatedhe DR value. At leastthree
replicatesverecarriedout to estimateheinherentvariability of eachdetermination.

The total phenol content(TPC) of eachextractwas determinedby the Folin-
Ciocalteaunethod[38]. The extractaliquot(2 uL) wasmixedwith 1,0 mL of theFolin-
Ciocalteau10mL of purified water,and6mL of Na,CO; solution(14.06% w/v). After
15 min, the absorbancavas measuredby ShimadzuUV-1650PC spectrophotometer
(Tokyo, Japan)at wavelengthof 760 nm. A valid calibration curve with solutionsof
gallic acid was used as reference[39]. TPC was expressedas percentageof total
phenolicsubstancem extractivesolutionandcorrespond$o meanof six replicates.

PE and BPE were also analyzedby High Performance.iquid Chromatography
(HPLC) coupledto a spectrophotometeatetectorUV-VIS (Agilent TechnologiesSanta
Clara,CA, USA). An analyticalaliquotof 1.0 mL of extractivesolutionwasextracted
with 25 mL of ethyl acetate The acetatefraction wasdried usinga water bath (40 °C)

andtheresiduewasdissolvedin 10.0mL of methanolModified PTFEmembrandilter



(poresizeof 0.45um, Millipore, Bedford,MA, USA) wasutilized to filter the solution.
An aliquot of the filtrate wasinjectedin a fixed loop injector (RheodyneVS 7125,50
pL), which was utilized to carry the sampleinto the reversedphasePlatinium C18
column (150 mm x 4.6 mm i.d., particle size 5 um, Hypersil BDS, Alltech, USA), at
temperaturef 20+ 0.1 °C (Agilent, SantaClara,USA). The HPLC systemconsistedf
two pumps,an automaticcontroller of flow, a diode array detectormodule, column
oven, and an integrator system(Agilent, SantaClara, USA). The mobile phasewas
isocraticutilizing 70% of methanoland 30% of aceticacid:water(2:98,v/v), previously
filtrated through a 0.45um Millipore membranefilter (East Hills, NY, USA) and
degassedtyy ultrasoundThe flow-ratewas1.0 mL/min andthe absorbancef the eluate
at 310 nm was monitored by 6 min. The PRP concentrationin the solution was
determined quantifying the marker chrysin using a calibration curve previously
validated. The proceedingsfollowed the normative describedby the International
Conference on Harmonization of Technical Requirementsfor Registration of
Pharmaceuticaldor Human Use Q2(R1) [40]. Thus, the tested parameterswere:
linearity, selectivity, precision,accuracy detectionlimit (DL), quantitationlimit (QL)

androbustness.

2.3 Preparationof nanostructuredipid systems

Solid lipid nanoparticlegSLN) and nanostructuredipid carriers(NLC) were
preparedby stirring followed by ultrasonication. For SLN, a volume of 19 mL of
poloxamer188 aqueoudispersion2.5%, w/w (P188d) was heatedto 75 °C, poured
over the oil phase(1.0 g of meltedtristearin). This preparatiorwas submittedto high
sheardispersion(Ultra Turrax T25, IKA-Werke GmbH & Co. KG, StaufenGermany),

at 15,000rpm for 1 min, and then submittedto the sonicationstep using a sonicator



(Microson™ Ultrasoniccell Disruptor)at 7 KHz for 15 min [41]. After, the dispersion
wascooledto roomtemperatureThe NLC werealsopreparedy this method but using
a oily phase composedof a mixture tristearin:tricaprin (2:1). PE or BPE was
incorporatedo thelipid phaseduringthefusion processcorrespondingo 0.1 or 1.4%

(w/w) of DR for PE,and0.1and0.8%(w/w) of DR for BPE,accordingTable1.

[Table1]

2.4 Particle sizemeasurements

The hydrodynamicdiameterof lipid structuresvas measuredasthe averageof
the particle size and by the polydispersity index (Pdl), by Photon Correlation
Spectroscopy(PCS) and using a Zetasizer Nano Series, Nano SP90 (Malvern
Instruments,Malvern, England) All the measureswere performedat 25 °C with
automaticadjustto the incidentlight beam(90°). Briefly, 100 pL of eachformulation
weredispersedn 900 L of bidistilled water. The samplesverehomogenizedn vortex
at 15 Hz, pouredinto cuvettesandanalyzedn triplicate attime 0, 1, 8, 15, 30, 60, and

90daysafterpreparatior{42]. Datawereanalyzedusingthe“CONTIN” method[43].

2.5Cryo-transmissiorelectronmicroscopyCryo-TEM)

The samplesof SLN andLNC werevitrified accordingto previousstudies[44].
Briefly, a drop of eachsamplewas placedon a pure coppergrid, forming a subtle
samplefilm over the grid’s pores. The sampleswere frozen by rapid immersionin
liquid ethaneand cooled to around-183 °C in liquid nitrogen, under temperature

control. This was maintainedand monitoredon the preparationchamberduring the



sample preparation.After the lipid dispersionfreezing, the remaining ethanewas
removedwith absorbingpaper.

The vitrified specimenwas transferredto a Zeiss EM9220mega(Carl Zeiss
Microscopy, Oberkochen, Germany) transmission electron microscope using a
cryoholder(CT3500, Gatan,Munich, Germany).Sampletemperaturevas kept below
100K throughoutthe examination.Specimensvere examinedwith reduceddosesof
about 1000-2000e/nn? at 200 kV. Imageswere recordedby a CCD digital camera
(Ultrascan1000, Gatan,Munich, Germany)and analyzedusing a GMS 1.8 software

(Gatan Munich, Germany)41].

2.6 X-ray diffraction measurements

The nanostructuredipid systemstheir constituentsand the extracts(PE and
BPE) were analyzedusing an X-ray diffractometer(Bruker D-8 Advance, Billerica,
USA), undermonochromatigadiationCuKa (.. = 1,5406A). The diffraction datawere
collectedat room temperaturein anangularsweep26 from 1 to 60°with intervalsof

0.02°%teach2 s[45]. PEandBPEweredrieduntil constantweightbeforetheanalysis.

2.7 Determinationof propolis-loadingefficiency

To evaluatethe contentandthe entrapmenefficiency (EE), a volume of 500 pL
of LN was centrifuged(8000 rpm, 20 min), using microtubewith coupledmicro filter
(Amicor® Ultra — 0.5 mL centrifugal filter unit with UltraceP - 10K membrane,
NMWL 10 kDa, Millipore, Darmstadt,Germany).After centrifugation,100 pL of the
lipid phaseretainedin the filter were diluted in methanol(1:10). This dispersionwas
submitted to magnetic stirring, in ice bath, for 3 h to the particle breaking and

consequenextractionof the active [46]. Then,1 mL of this extractionwasfiltered in



micro filter andanalyzedoy HPLC usingthe methodpreviouslydescribedThe EE (%,
w/w) was determinedby the quotient of polyphenol contentin formulation by the

theoreticapolyphenolsontent(%, w/w) times100.

2.81In vitro propolisreleasefrom systems

The propolis releasestudies were carried out using Franz’'s cells [47,48],
associateavith nylon membranegMillipore, 0.2 um poresize).The nylon membranes
were rehydratedin purified water at room temperatureat least,24 h before the cell
preparationThe glassFranz’scellshad 1 cm diameterrepresentingin expositionarea
of 0.78 cn? in contactwith the receiving phase(5.0 mL), which was composedof
ultrapurifiedwater:ethano(80:20,w/w), in sink condition.This systemwasmaintained
under constantmagnetic stirring (450 rpm) and the temperaturewas 32 + 1 °C,
controlled by a thermostaticallycontrolled bath [42]. The amountof 500 uL of each
formulation (nanostructuredipid systems,PE or BPE) was placed in the donor
chamberTo performthe free PE and BPE release extractsdispersiong4%, v/v) were
preparedn purified water, so the releasemembranewvas not obstructed guaranteeing
the sink conditions[4,49,50] At predeterminedime intervals(0,5; 1; 2; 4; 6; 8; and24
h), 300 pL were collected, with immediate reposition of the releasemedium. The
sampleswverefiltered andanalyzedoy HPLC usingthe methodpreviouslydescribed.

PRP-releasekinetic from the formulations was analyzed by plotting the
measuredhrysincontentin thereleasesolutionwith thetime. The datageneratedrom
the releasestudies were fitted to the general release equation, using logarithmic
transformationsndleast-squaresegressioranalysis[51,52), in orderto investigatethe

mechanisnof PRPreleaseasfollows:

Mt

T kt" (1)



whereM is the amountof drug releasedat time t, M., is the total drug content,k is a
constanincorporatingstructuralandgeometriccharacteristiof the device,andn is the

releaseexponentwhich mayindicatethemechanisnof drugrelease.

2.91n vitro analysisof the occlusiveeffect

The investigationof the occlusivepotentialof formulationswasperformedby a
variation of the method proposedby De Vringer [53], which is basedon the water
evaporatiorthrougha membraneand the determinationof F factor (occlusionfactor).
Briefly, 40 g of purified waterwere placedinto a glassflask (4.0 cm diameterand4.7
cm high) andthe openend (areaof 12.57cn¥) wascoveredby filter paper.The amount
of 15.9 mg/cn? of the samplewas uniformly spreadover the membrane.The set
(formulation+ flask + water+ membraneWasstoredat 30 + 1 °C andrelativehumidity
of 50 - 55%. At predeterminedime intervals (0, 6, 24 and 48 h), the sampleswere
weightedandfor all formulations,at least,threereplicatesvereanalyzed The F factor

wascalculatedasfollows [54].
A-B
F=100.— (2)
whereF is the occlusionfactor (%), A is the mass(g) of waterthat went throughthe

membrane,and B is the mass(g) of water with formulation that went through the

membrane.

2.10Cellular Viability
Human immortalized keratinocytes (HaCaT cells) (Clonetic, BioWittaker,
Wokingham,Berkshire,UK) were cultivatedin high glucoseconcentrationDulbecco

modified Eagle’s medium (DMEM) supplementedvith 10% of fetal bovine serum



(FBS), penicillin (100 U/mL), streptomycin(100 pg/mL) and 2 mM of L-glutamin
(Lonza,Milan, Italy). Thecellswereincubatedat 37 °C for 24 h in atmospheravith 5%
of carbondioxide, until they reached30% of confluence.The cell suspensionsvere
countedin Burker chamberand subdividedaccordingwith the different treatmentsn
Petridishescontainingl(® cells/mL,in eachplaque,andmaintainedn 2% FBS media
overnightfor synchronizatiorj55,56].

The cells were separatelytreated,24 h beforethe testbegin, with the following
formulations:ethanol70% (w/w, 3 — 60 uL), PE (3 — 60 uL, correspondingo 42.6—
852 pg/mL of polyphenols),BPE (4 — 80 pL, correspondingo 12 — 240 pug/mL of
polyphenols) SLN-B (62.5— 1000uL) e SLN-2 (62.5— 1000uL, equivalentto 15.074
241.17 yg/mL of polyphenols)diluted in DMEM, without FBS. The control was
maintainedin DMEM with no formulation for the sametime. The analyseswere
performedusing the cytofluorimetric assayMuse Count & Viability Kit (Millipore
CorporationBillerica, MA, USA). Briefly, 380puL of MuseCount& Viability working
solutionwasaddedto cellsand20 pL of this cell suspensionvasincubatedor 5 min at
roomtemperaturen thedark place.Theresultsareexpressedh % of live cells,andthe

sameparametersvereemployedor thecontrol [56].

2.11Woundclosuretest

HairlessfemaleSKH-1 mice (6 weeksold) were purchasedrom OrientBio Inc.
(Gyeonggi-do, Korea) and lodged in individual plastic cagesat temperatureand
humidity-controlledconditions(22 + 1 °C, RH 50-60%, 12 h light/dark cycle) with free
accesgo distilled waterandfood. Mice wereacclimatedor 10 daysbeforeinitiation of

the treatment.Mice (n = 3). The animalswere randomly selectedat the start of the



experimentand they were usedin accordancewith animal protocolsapprovedby the
Kyung HeeUniversity InstitutionalAnimal CareandUse Committee.

The animal back skin was compresseand folded (anesthesiavith isoflurane,
sterilebiopsyof 3.5 mmdiameterMiltex InstrumentCompany,York, PA, USA), under
the shoulder,to obtain six identical round woundson eachanimal [57,58] This area
was chosenso that the animalscannotreachthe region, thus they could not lick or
irritate the lesions.The amountof 15% (w/w) of poloxamer407 was addedto each
formulation to improve the rheological characteristicsof administration[59]. The
sampleswere applied to the wounds and they were digitally photographeddaily,
including the first day of the treatment.To quantify the wound closure,the software
Canvasl1SE(DenebaMiami, FL, USA) wasutilized. The woundclosure(WC%) rate

wascalculatedasfollows:

WA,
WC(%) = W—Ao.loo (3)

whereWC(%) is the woundclosureratio, WA is the wound areaat the different days

of testandWA, is thewoundareaat day zero.

2.12StatisticalAnalysis

All the experimentswere performed, at least, in triplicate and the data of each
determinationwere analyzedby meanand standarddeviation (mean+ SD). For all

results,a valueof p < 0.05wastakento denotesignificanceandthe softwareStatistica
10 (StatSoft Company, Tulsa, OK, USA) was utilized to perform the Analysis of

Variance(ANOVA) andt-test.In all casesof ANOVA analysis,posthoc comparisons
of the meansof individual groupswere performedusing Tukey’s Honestly Significant

Differencetest.



3. Resultsand Discussion

The use of wound healing agentsis very importantin the treatmentof many
disorders[17,23,24] and PRP has beenmuch usedfor this goal [3,6]. However,the
main PRPdosagdorm is the ethanolicextract[60], which displaysmanydisadvantages
such as high ethanol concentrationand unfavorablerheological and drug release
characteristic44,39,49,50] Thesedisadvantagesesult in difficulties on the patient
complianceandthe therapeuticss alsocommitted.Moreover,BP is the wastematerial
from preparatiomof PRPextractswhich is normally discardedput canbe utilized asa
naturalmaterialfor the developmenof nanostructuredystemg10,12,61] Therefore,
nanostructuredipid systemscould be usedto releasePRP.In this work, we have
evaluatedhe useof SLN andNLC for releaseof PEandPBE, with the aim to evaluate

thelipid systemandextractfor woundhealing.

3.1Characterizatiorof propolisandpropolis byproductextracts

The extractive solutions (PE and BPE) were obtainedby the turbo-extraction
method,which is efficient to obtain extractsof PRP[4,39,50,60,62]To guaranteghe
applicability of this methodologyand the characteristicof standardized®E and BPE,
the physicochemicapropertiesregardsto the quality of this extractswas performed
[39,60] The resultsdisplayedthe quality characteristicof extractivesolutions(Table

2)[10,12,34,50,61,63,64]

[TableZ2]



PE and BPE showedstatistically differentresultsfor all characteristicsThe pH
of BPEwashigherthanof PE, beingdirectly relatedto the amountof solventand PRP
in the extract[61,64] Therefore,the difference betweenthe pH valuesof the two
extracts,beyondthe amountof ethanol,is basedon the phenolicsubstances;innamic
alcohol derivatives, nitrogenoussubstancedike aminoacids,among others which
balancethe pH conducingto a valuenearsix [64]. For PEandBPE,the pH valueswere
compatiblewith the pH of humanbodyfluids and,thereforewith theclinical utilization
of them.

The BPE's relative density and the DR displayedvalueslower than the ones
found for PE, andthesecanbe explainedby the loss of soluble substance# ethanol
during the first extraction(preparationof PE) [10,12,61] Moreover, TPC of BPE was
morethanfour timeslower thanthe valuefound for PE. However,this resultshowsthe
polyphenolicsubstancearestill presenin BPE, suggestinghatmanyactivesubstances
presenin PRPstill persistin BP [10].

The alcohol contentin BPE wasalso lower thanin PE, consideringthis extract
was producedwith lessethanol(50%, w/w) than PE (70%, w/w). Moreover,whenPE
was preparedthe substancewith higheraffinity to the solventwere carried.The lipid
substancesuchaswaxes,arelessattractedo the ethanol thusconcentratingn the BP
[10,12,61]

The extractive solutions were also analyzedby HPLC. The chromatographic
methodologywas validatedin orderto guaranteghat the analytical methodprovided
reliable and reproducibledata of the samples[65]. In this context, chrysin was the
representativestandard(marker) for the polyphenolicssubstancegresentin PE and
BPE [66]. The methodwas selective(Figure 1) and showedlinearity on all the tested

concentrationgn = 10) (0.098; 0.19; 0.39; 0.78; 1.56; 3.13; 6.25; 12.5; 25 and 50



pug/mL), with a representativdinear equationof y = 163.2x— 9.5861,and correlation
coefficient(r) of 0.9999.For theresiduesanalysisthe calculatedr washigherthanthe
critical F (342838.72> 3,675x1®% p < 0.05)andtheregressiorwashighly significant.
The detectionlimit was0.00536ug/mL, while the quantificationlimit, in otherwords,
theleastchrysinquantitythatis possibleto be preciselyquantifiedby this method was

0.01698ug/mL [40].

(Figurel)

Table3 showsthe statisticaldatafor validationof themethod.The precisionwas
expressedy therelativestandarddeviation(RSD, %) of a seriesof measurement& =
3) [40]. The resultingdatashowedrelative standarddeviationlessthan 5%, either for
repeatabilityor theintermediateprecision.The one-wayANOVA showedno difference
betweenthe analysisintra-day, inter-day or even with different analysts(p > 0.05),
confirmingthe precisionof the method.The accuracywasdeterminedy theanalysisof
thedifferencebetweernthe averagevaluefound andthetheoreticalonefrom the chrysin
solutions, which were known concentrationgn= 3). The methodwas capableof a
chrysinrecoveryof 98.95+ 1.05%.This resultis into the limit establishedy the ICH
thatis from 80 to 120%of the theoreticalconcentrationEvaluatingthe robustnessthe
varied parametersvere the wavelengthfrom 310 to 290 nm, andthe flow from 1.0 to
0.8 mL/min. The ANOVA displayed significant difference in the concentrations
(ng/mL), whenthe 290 nm wasusedon the concentratiorof 50.0pug/mL. However,the
other concentrationsand when the mobile phaserate was changed the methodwas
robust.

[Table3]



3.2Preparationand particle sizeanalysisof systems

The amountsof extractivesolutionsaddedto the SLN andNLC weremeasured
in volume,but correspondingo the DR (w/w) of the extracts.Therefore the volume of
200 pL, correspondingo DR 0.1% (w/w) of PE or BPE, wasincorporateddirectly to
thelipid phase However,whenamountsof extractswereincreasedo DR 1.4 % (w/w)
of PEor 0.8% (w/w) of BPE, it wasnot possibleto addthemdirectly to thelipid phase,
due to higher volume. Therefore,it was necessaryto concentratethe extract by
evaporatingof the solventin order to continuede preparationof the systemsas the
ethanolcan interferewith the particle stability [67]. In this sensea previousvolume
reductionof the extract,from 425to 200 pL, was performedat controlledtemperature
(40 °C). The final amountwas then addeddrop wise over the lipid phase,during its
melting.

The size analysisof the systemswas performedfor 90 days (Figure 2) and
allowed to investigatethe behaviorof the averageparticle diameterduring this time
frame, which may influence on the drug releaserate, and might be relatedto the
entrapmenefficiency [68,69] All the formulationswere classifiedas nanoparticlesas
the highestmeasuredlimensionwas 336.27+ 0.94 nm (SLN-4) at 60 days[70]. The
meandiameterpresentediy theseparticles (higher than 100 nm) is interestingfor a
potentialtopical application,as particlesthat are too small may infiltrate in the deeper

layersunderthe skin, andcanleadto systemiceffects[71,72]

[Figure?2]

Pdl describeghe deviationin function to the correlationof the diameterof the

formulationon 0, 8, 15, 30,60 and90 days(Figure2). The SLN-1, maintainedanindex



lower than 0.3 duringall the analyzedimes,beingso monodispers¢r3,74]. The SLN-
B and SLN-3 kepta Pdl of 0.33and0.35, respectively Moreover,SLN-4 displayedan
increase of the Pdl from 30 days on, resulting in a bidisperse system. This
polydispersionmay be due to the presenceof resins,gumsand/orwaxesfrom BPE,
which were seen macroscopically,that were not entrapped,lying in betweenthe
nanoparticlesDifferently, SLN-2 presentech pronouncedncreaseof Pdl betweeng8™"
and 15" days,and at the final Pdl was 0.35. This variation of the index can be also
associatedo the presencef insolublesubstances the PE. However,the depositionof
thosesubstancesvas not macroscopicallyvisible. In addition, althoughthe SLN with
lower active concentrations(SLN-1 and SLN-3) showed stable and monodisperse
granulometrigorofiles, after 90 daysthey presentedig elasticlumps.

Differently from the SLN, the NLC presentedinstableprofiles. The NLC-1 and
NLC-2 showeda growth of 62.88%and 46.43%,respectively,in relationto NLC-B
diameterandonday 0. The carrierspreparedvith BPE (NLC-3 andNLC-4) displayeda
decreaseon their dimensions of 57.00% and 68.50%, respectively. The blank
formulation(NLC-B) showedanincreaseof sizefrom the beginningof theanalysis put
from the day 15" the size did not change,evidencingthat the presenceof the active
compoundsnfluencedonthe NLC sizebehavior.

Dueto the presencef lumpson the SLN with the lower concentrationsSLN-2
and SLN-4 were chosento the following experimentsFor a bettercomparisonof the

resultsbetweenSLN andNLC, thecarriersNLC-2 andNLC-4 werealsochosen.

3.3Cryo-TEManalysis
The formulationswereanalyzedby cryo-TEM (Figure3) aimingto examinethe

particledimensionindividually andthe morphologyof the structuresFigure 3A and3B



show, respectively,the NLC-B and SLN-B. Both systemsdisplayed homogenous
distribution, but their diameterare between150 and 200 nm, corroboratingwith the
resultsfound by PCS.Moreover,the particlesdisplayedelongateccircular or deformed
hexagonakhapeandwhenobservedaterally, theyresembleblack needlesThesewere
moreelliptic onthe NLC-B, probablyby the presencef tricaprin,aliquid lipid atroom
temperaturewhich allows the formation of capson the surfaceof the lipid carriers

[42,46,75]

[Figure3]

Relevant differencesof morphology were not observedbetweenthe blank
systemsand the onescontainingthe PRP extracts.Therefore,it may be suggestedhat
the PRP active compoundsdid not interfered on the morphology of the particles.
However,in Figure 3E and 3F, it was possibleto observethe presenceof an internal
lamellar structurefrom the tristearin, highlighted on the images.NLC-4 (Figure 3E)
displayeda structurecalled“sandwich”,dueto the presencef capsaroundthetristearin
lamellarlayout, justified by the presencef tricaprin, forming the structureof the NLC

andcorroboratingwith otherworksof this sameresearclareal42].

3.4 X-ray diffraction measurements

The X-ray diffraction techniqueis extremely important to determine the
polymorphicstructurepresentin SLN, or evento differentiatethe amorphousnaterial
from the crystallineones,evaluatingthe influenceof liquid lipids on the NLC [76]. In
this context,the physicalmixtures,aswell asthe componentseparatelyf the selected

formulationswereanalyzedFigure4). Poloxamerl88 showedtwo characteristippeaks



in approximately19 and 23°, confirming the profile demonstratedn other studies
[77,78] This surfactantis characterizedas a non-ionic polymer, which may be
employedas emulsifying agent,dispersingagentand wetting agenton the chemicalor
pharmaceuticaindustries[37,77,79] The peaksof tristearinwere observedn 2°; 5.99;
21.5%nd23.4%andareaccordingto theliterature[78,80]. Moreover,both the extractive
solutions(PE andBPE) displayeda peakaround22°(dashedine). This is designateas
atypical PRP(in naturg) peak,correspondingdo the diffraction of thereflectionof the
glassyamorphoussurface[81]. The presenceof this peakfor the extractsindicatesthe
constancy on the presenceof PRP componentsin the extracts. Besides, the
diffractometricprofile evidencedn the PRP(in natura) studiedby Drapaketal. [81] is

similar with the onesobtainedfor PEandBPEin this study.

[Figure4]

After the studiesof theindividualizedcompoundsthe formulationswerestudied
andalsotheir physicalmixture (PM) (Figure5). Whencomparingthe PM of the blank
particles(PM-B) with the SLN-B or NLC-B, it is observedhatthe blank nanoparticles
evidencedareductionon thesignals takingalmostto disappearancef the peakin 21.5°
correspondingdo the tristearin,which may indicatean interactionof the lipid with the
formulation. The peakson the beginningof the spectra(2° and 6°), indicates,according
to otherstudiesthatthetriglyceridesarearrangedn lamellarphasg46,76] In addition,
PM containingPE (PM-PE)or BPE (PM-BPE)displayeda peakin approximately21.5°,
being relatedto tristearinor the extracts.This peakappearedn the diffractogramsof
SLN-2, SLN-4, NLC-2 and NLC-4, suggestinghat the active agentsmay have been

completelyincorporatedvithin thesystem.



[Figure5]

With the applicationof this technique,t was confirmedthe presenceof lower
peaks(2° and 6°) on the SLN and NLC, proposingthat the lipids organizein lamellar
phase.In addition, it may be suggestedthat the extracts did not alter the lipid
nanoparticles,in comparisonto the blank ones, indicating that the order of the
hydrocarbonghainis keptintact[46]. NLC diffractogramspresentednoreamorphous

phaseprobablydueto the presencef tricaprin[76].

3.5Determinationof propolis-loadingefficiency

HPLC was utilized to analyzethe PRP loading (EE) in the lipid systems,in
termsof chrysincontent(Table 3). The knowledgeand evaluationof the PRP content,
aswell asthe EE, in eachformulationis fundamentalfor the developmenof a drug
delivery system[34,49]. Both SLN andNLC containingBPE displayedhighestEE. It is
suggestedhat a higher affinity of thelipids of theseformulationsby BPE, considering
the wax contentpresentin the BP is higherthanthe PRPone[10,12,61] Thus,these
lipid constituentsof BPE might be interacting synergisticallywith the formulation,
favoringthe entrapmenbdf mostactivesubstancege.g.chrysinmarker).In thisway, the
lipid substancepresenin a greateramountin BPE facilitating the extractencapsulation
[82].

Comparingthe systemsontainingPE (SLN-2 andNLC-2), it wasobservedhat
the EE of SLN washigherthanof NLC. On the otherhand,for the systemscontaining
BPE, NLC-4 showedthe highestEE. In this sensejt may be inferred that the NLC
improved the BPE EE, probably due to the higher interactionwith the particle lipid

phase constitutedoy a mixture of lipids solid andliquid, with the BPE fatty phase as



the carriersallow the formation of a lessrigid structure,promotingthe entrapmenof

fat-solublesubstancept6].

3.61n vitro drug release

For the in vitro drug releaseinvestigationof the lipid systems,it was used
Franz'scell [83]. The lipid systemwas kept under magneticstirring on thermostatic
bath. In predeterminedime intervals, equal volumes of the releasemedium were
collectedandthen chrysinmarkerwas quantifiedby HPLC, obtaininga releaseprofile
accordingto the time. The receptormediumwas preparedwith purified water:ethanol
(80:20),pH of 7,2 andthe temperaturavas 32 + 0.5 °C, to resemblehe externalbody
temperaturd84-86]. The useof a hydro-alcoholicsolutionis justified by the fact that
theformulationis madeof lipid [87].

The Figure 6 showsthe releaseprofile of the PE free andincorporatedn lipid
systemsChrysinreleaseorofile from the extractswasfasterthanfrom all lipid systems,
highlighting that either SLN or NLC modified the drug releaseprofile, reducingits
releaserate. Moreover,the SLN-2 showedthe slowestreleaserate. SLN-4 and NLC-4
showed the fasted chrysin release(11.06 £ 0.31% and 13.36 £ 0.62% in 24 h,
respectively)while the system<ontainingPE releasedL.55+ 0.10%(SLN-2) and2.84

+ 0.15%(NLC-2) of chrysinduring24 h.

[Figure6]

The SLN displayeda lower chrysinreleasecomparedto the NLC, suggesting

thatthis morerigid structuresustainedhe active inside the particle for longertime, or

thatthe mainamountof theextractsubstancewasin thecoreof the SLN [88,89].



The results from the investigation of the chrysin releasekinetics from the
extractsand from the nanostructuredipid systemsare displayedin Table 4. For both
SLN and NLC was consideredthe sphericalmorphologyand resultsfor the n were
lower than0.5, indicatingthatthe drugreleasevasgovernedoy Fickian diffusion. This
resultwas expectedaslipid matrixesare classified,mostof the timesasinert, because
in contactwith waterthey do not modify their structure[90]. The PEandBPE showeda
value of n slightly higher than 0.5, indicating a kinetic governed by diffusion
phenomenormand polymericchainrelaxation[91], which may be attributedto theresins

andgumspresenin theextract[50,92].

[Table4]

3.71n vitro occlusiveeffectof thelipid systems

The in vitro occlusiontestis basedon the water evaporationthrougha paper
membraneand is measuredy the occlusionfactor (F). Formulationsconstitutedby
smallerparticles,usually presentigherocclusionfactor [53]. Thus,theinfluenceof the
dimensionmay be observedvhencomparingthe occlusivepowerof SLN-B andNLC-
B. This presented dimensionakveragdower thanthe SLN-B, throughoutthe 90 days
of analysis,showeda higherF, on the timesof 24 and 48 h (Figure 7). However,the
presencef thedifferentextractsaddedto their interactionwith thelipid systemsled to

resultsthatwerenot only dependenof the granulometryof theformulations.

[Figure7]



The particlescontainingPE (SLN-2 and NLC-2), presentedhe highestF in 24
and48h, indicatingthe presenc®f resins gumsandwaxes(comingfrom the PE); thus,
providing a lower water permeabilityto the system Moreover,therewere no statistical
differencesbetweenthe carrierandthe SLN in all times(p > 0.05), evidencingthat PE
wasthe mainfactorthatinfluencedsignificantly the occlusioncharacteristic.

Therefore,despitethe low lipid concentrationusedin the compositionof the
nanoparticulatesystem,the PE associatedo the oily fraction of the formulationswas
capableof grant a greater occlusive function to the LN. This result shows itself
interestingwhen thinking of a topic administrationfor wound healing, oncethe high
occlusivecapacityenhanceshe affectedsite hydrationand consequentlyaids on the
tissuerecovering[93,94]

The increaseon hydration at the site on contactwith a lipid nanoparticulate
formulation occurs by the formation of an adhesivefilm, which hinder the water
evaporation53,95,96] In this work, this occlusiveeffect was enrichedby the PE that
hasgreatcontentof resins,which favorsadhesivecharacteristic$o theformulations[3].
In this sense, harmonious hydration characteristicsare key properties to the

developmentsf innovativeformulationsto the acceleratiorof the healingprocesg493].

3.8 Cellular viability

This methodologyis basedon the microcapillary cytometry with fluorescence
detectionallowing the analysisof individual cells, determiningthe countof viable cells
[56]. Thus,it waspossibleto verify if thelipid systemanaintainedhe HaCatviable, or
if they hinderedtheir viability. In this study, the SLN-2 was selected,as it was very

promisingto atopical utilization, looking to its occlusivepotential,aswell asshowinga



stabledimensionalprofile. The SLN-B was also evaluatedto checkthe effect of the

blankformulationoverthecells (Figure8).

[Figure8]

The Figure 8a presentsthe cell viability for SLN-B, which presentedower
viability thanthe control, showinga high quantity of deadcells, especiallyat the two
highestconcentrationsln addition, SLN-2 viability (Figure 8b) wasreally closeto the
control, being higher than the SLN-B. Thus, it is suggestedhat the presenceof PE
aidedonthis parameter.

PE and BPE were also evaluatedn order to investigatetheir influenceon cell
viability. The ethanol(70%,w/w) wastestedto analyzethe influenceof this vehicleon
the extracts.Thesethreesampleswveretestedon a maximumconcentratiorof 2% (v/v)
of ethanol.Sothe concentrationsvere0.1%,0.2%,1% and2% thatcorrespondedb the
volumesof 3, 6, 30and60 uL of PEor ethanol,and4, 8,40an80 L of BPE.Thus,the
PE correspondentoncentration®f polyphenolswere from 42.6to 852 pg/mL, while
for the BPEtheyrangedirom 12to 240 ug/mL. PE presentedhighestcell viability, once
thatin all the testedconcentrationshe amountof viable cellswasaround100%(Figure
8c). BPE alsodisplayedgoodvaluesto this parameterput lower than PE. The ethanol
exhibited mortality greaterthan the control, especiallyon the biggestvolume tested,
being possibleto infer that constituentsof the extractshelpedto maintain the cells
viable, and proving that the ethanol was evaporatedduring the preparationof the

systemsaspreviouslydescribed.



3.9Woundclosuretest
SelectedSLN (SLN-2 andSLN-4), aswell asSLN-B wereinvestigatedStarting
atday 0 (dO) to day 15 (d15), the wound closurewas calculatedrelatedto the original

woundarea(Figure9).

[Figure9]

The wound closurewas higher than 85% on the control and over 89% (Figure
10) for thetreatmentwith SLN-2 and SLN-4 from the 14 (d14) of treatmentWhenthe
lesionswere treatedwith SLN containingPE or BPE, an increaseon the wound size
was observedduring the first three days. This may be due to an over expressionof
inflammation mediators,with infiltrated of polymorphonucleateukocytes,during the
inflammatory phaseduring the healing process[97]. On the other hand, after this
period, from d7 on a better evolution of the healing process[20] occurredwith the
treatmentsingthe formulationscontainingPE or BPE to a completerestorationof the
lesion. Therewere no significantdifferences(p > 0.05) betweenthesetwo treatments.
Theseresultsare accordingto investigations,which reportedthe accelerationof the

healingprocesgrom thistime frameof treatmen{17,97-99].

[Figure10]

4. Conclusions
The presenstudydemonstratethe developmenbf solid lipid nanoparticlesind
nanostructuredlipid carriers to nano-encapsulatepropolis For the first time,

nanostructuredipid systemscould be successfullyobtainedusingthe residueobtained



from the preparation of propolis extract, which is normally discarded. The
characteristics(e.g. morphology size, drug loading and release profile) of the
formulationswere adverselyaffectedby blend of propolisextractivesolution (propolis
or byproduct)andlipid system(solid lipid nanoparticle®r nanostructuredpid carriers)
promotedsignificantdifferencesin the nanoparticlesln which the SLN showedgreater
granulometricstability thanthe NLC.

Likewise, whenevaluatedhe occlusiveformulations’propertiesjt waspossible
to observethatthe PE wasa determinanfactor to enhancehe LN occlusionpotential.
This, the dispersionSLN-2 generateshigher expectationwhen putting togetherits
granulometricstability and the occlusive power comparingto NLC-2, which also
containsPE. Moreover,the biological investigationshowedthat the lipid formulation
containingPE (SLN-2) presentedyreatcell viability andon the in vivo test, the same
lipid formulation containingthe different extracts(PE on SLN-2 and BPE on SLN-4)
displayedpromisingcapacityof acceleratinghewoundhealingprocess.

Therefore,consideringthe results obtainedand the principle of sustainability
(reduce,reuseand recycle), this work could representan importantimprovementin
termsof materials,active agentsand formulation for wound healing.However,further
researchis neededto gain a better understandingabout the properties of these

formulationsfor futurein vivo preclinicalandclinical studies.
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Figure captions:

Fig 1. HPLC chromatogramsf chrysin(A) andpropolisextract(B).

Fig. 2 MeandiametergZAverage)andpolydispersityindex (Pdl) of: solid lipid
nanoparticleSLN (A andB); nanostructuredlpid carriersNLC (C andD). Theresults
correspondo threedetermination®n differentbatchef the samedispersionstandard

deviationwasalwayscomprisedoetweent 5%.

Fig. 3 Cryo-transmissiorelectronmicroscopyimages(cryo-TEM) of: (A) NLC-B, (B)
SLN-B, (C) NLC-2, (D) SLN-2, (E) NLC-4 and(F) SLN-4. Theinsertsshowin more

detailtheshapeof the SLN andNLC.

Fig. 4. X-ray diffraction profiles obtainedfrom: (A) tristearin;(B) propolisextract(PE);

(C) poloxamer;(D) propolisbyproductextract(BPE).

Fig. 5. X-ray diffraction profiles obtainedfrom physicalmixture of blank nanoparticles
(PM-B) andof the nanoparticlesoadedwith PE (PM-PE)andBPE (PM-BPE).Besides

the SLN-B, NLC-B, SLN-2,NLC-2; SLN-4 andNLC-4.

Fig. 6. In vitro releaseprofile of polyphenoldrom thefree drugs(propolisextract— PE
and byproductextract— BPE) and from the nanoparticles(A) PE (¢), SLN-2 (e) and
NLC-2(A); (B) BPE(®).S LN-4 (m) andNLC-4 (#). Eachcurveis themeant standard

deviationof atleastthreeanalyses.



Fig. 7 Occlusionfactor of blanklipid nanoparticle¢SLN-B andNLC-B); lipid
nanoparticlesoadedwith propolisextract(SLN-2 andNLC-2) andlipid nanoparticles

loadedwith byproductextract(SLN-4 andNLC-4) asafunctionof time.

Fig. 8. Cell viability of humanimmortalizedkeratinocytes(HaCaT): (a) SLN-B; (b)
SLN-4; (c) propolis extract (PE), propolis byproductextract (BPE) and ethanol 70%
(w/w), whereA, B, C eD, correspondo the concentrationsf 3,6, 30and60 pL for PE

andethanoland4, 8,40 e 80 uL for the BPE.

Fig. 9. Representativphotographshowingthewoundsandthedifferenttreatmentsn

SKH1-mice: aftertreatmen{d0); after 15 daysof treatmen{d15).

Fig.10. Theresultsfor the quantificationof woundclosurein termsof percentagef

originalwoundsizeandin functionof time (days)



Table 1
Compositionof solid lipid nanoparticlegSLN) andnanostructuredipid carriers(NLC)

compositions

Composition(%, w/w)

Formulation

P188d Tristearin Tricaprin PE BPE
SLN-B 95 5 - - -
SLN-1 95 5 - 0.1 -
SLN-2 95 5 - 1.4 -
SLN-3 95 5 - - 0.1
SLN-4 95 5 - - 0.8
NLC-B 95 3.35 1.65 - -
NLC-1 95 3.35 1.65 0.1 -
NLC-2 95 3.35 1.65 1.4 -
NLC-3 95 3.35 1.65 - 0.1
NLC-4 95 3.35 1.65 - 0.8

P188d:Poloxamerl88 aqueoudispersion2.5%, w/w; PE or BPE were addedto the

formulationin relationto DR%.



Table 2

Resultsof physicochemicahnalysisof the quality control of: propolis(PE)and

byproductextract(BPE).
Analysis PE BPE
pH 5.12+ 0.05 5.89+0.01
Density(g/mL) 0.87+0.00 0.85+0.00
Drynessresidue(%,w/w) 19.33+0.01 11.19+0.40
Alcoholic content(%, w/w) 67.33+2.20 53.86%+ 1.97
Total phenolcontent(%, w/V) 1.42+0.07 0.30£0.06

All valuesarerepresentely theaverageof atleastthreerepetitiong(+ standard

deviation).



Table 3

Statisticaldata(accuracy precision,androbustnessdf the validationof HPLC method

for propolis analysisand the entrapmentefficiency of nanostructuredipid systems

(SLN andNLC) containingpropolisextractor propolisbyproductextract.

Chrysin Accuracy
(ng/mL) Chrysin(pg/mL) Recovery(%) MeanRecovery(%)

50.00 49.55+ 0.07 99.10+£ 0.13
6.25 6.12+ 0.02 97.86+ 0.26 98.95+ 1.05
1.56 1.57+0.02 990.88+1.12

Precision
Repeatability IntermediatePrecision
Intra-day Inter-day RSD Precision RSD
RSD (%) (analyst2)
(ng/mL) (ug/mL) (%) (%)
(ng/mL )

50.00 49.70+£0.25 0.49 49.81+0.37 0.74 49.55+0.06 0.13
6.25 6.07+0.03 0.49 6.12+ 0.09 156 6.12+0.02 0.26
1.56 1.56+0.01 0.59 1.56+0.02 1.34 1.56+0.02 1.12

Robustness
(ug/mL)
Wave-length(nm)/flow (mL/min)
290/1.0 310/0.8 310/1.0

50.00 48.70 49.76 49.70
6.25 6.03 6.26 6.13
1.56 1.55 1.53 1.54

Sample Entrapmenefficiency (%)

SLN-2 40.19+£ 0.31

NLC-2 31.93+1.01

SLN-4 60.58+1.17

NLC-4 81.94+1.28




Table 4
Releasdinetic parametersor the chrysinreleasdrom solid lipid nanoparticle¢SLN-2
andSLN-4), nanostructuredpid carriers(NLC-2 andNLC-4), propolisextract(PE),

andpropolisbyproductextract(BPE).

Kinetic releasgparameters

Sample

n K (h1) R?
PE 0.61 1.18 0.85
BPE 0.66 12.22 0.79
SLN-2 0.45 0.34 0.95
NLC-2 0.46 0.78 0.88
SLN-4 0.48 2.24 0.99

NLC-4 0.45 2.50 0.97
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Highlights
The developmenibf nanostructuredipid systemscontainingpropolis or its waste
materialis proposed.
The propolis and waste material extracts displayed good physicochemical
characteristics.
Lipid systemswere characterizedhs morphology,size analysis,and diffractometric
(X-ray) characteristics.
The occlusivecapacityof the formulations,entrapmentfficiency, and the in vitro
drugreleaseorofile enabledo selectthe bestformulations.
The systemsdisplay no cell toxicity and accelerationof the wound healingprocess

testedn vivo.



