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ABSTRACT

In this work, we provide proof-of-concept of formation, physicalrabieristics and
potential use as a drug delivery formulation of Pickering (Pi)l€ons obtained by a
novel method that combines nanoprecipitation with subsequent Bpoota
emulsification process. To this end, pre-formed ultra-small (d.~10 nmpreipitated
nanopatrticles of hydrophobic derivatives of cashew tree gum drafte polylactide
(CGPLAP), were conceived to stabilize Pickering emulsionsioétdaby spontaneous
emulsification. These were also loaded with Amphotericin B BA\ma drug of low oral
bioavailability used in the therapy of neglected diseasels as leishmaniasis. The graft
reaction was performed in tWeG/PLA molar ratio conditions (1:1 and 1:10). Emulsions
were prepared by adding the organic phase (Miglyol®B8i@& the aqueous phase
(nanoprecipitated CGPLAP), resulting the immediate emulsion famat he isolation
by centrifugation does not destabilize or separate the ndintgs from oil droplets of
the PE emulsion. . Emulsions with CGPLAP 1:1 presented unindistabutions at
different CGPLA concentration, lower values in size and P@Itaa best stability over
time. The AmB was incorporated in the emulsions with a proegfsiency of 20 to 47
%, as determined by UV-VIS. AmB in CGPLAP emulsions idess aggregated state

than observed in commercial AmB formulation.
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INTRODUCTION

The first studies documenting the ability of solid particlestabilize oil droplets
in water were reported by Ramsden and Pickering and datébacinore than a century
ago [1]. Pickering emulsions, either o/w, w/o or multiple, angled out from classical
ones, as they are stabilized by solid particles and bglikence of surfactants [2]. By
avoiding the need of use of synthetic surfactants, Pickeringsemsl offer several
advantages over their classical counterparts, such as bettetystiawiitoxicity and less
pollution to the environment. Over recent years, Pickering eomsistabilized using
different type of particles have been reported. In a studypysak nanotubes
(HNT)((Al2Siz0s(OH)4-nH20)) molecularly imprinted, that have been developed to
extract herbicides from watf8] . The same research group, has recently published other
studies based on Pickering emulsion by interfacial moleamlarinting and Pickering
emulsion polymerization to recognize bovine hemoglobin usiifigrent strategies,
namely HNT and magnetic nanopartic[g$, hydroxyapatite hybridized polydopamine
polymers [5]; [6] . Another study found evidence of the feasibibtyphbtain Pickering
emulsions responsive to pH changes. These particles are basgwblysiloxane
microsphere bearing phenolphthalein groups, turned from pinkdp oed with the
augment of pH from 9 to 12. The emulsions also exhibited dopBHhlresponsive
property: two emulsification/demulsification processes occurregHa® and pH 12,
respectively7].
Despite the great interest focused on Pickering emulsiondizgdloy inorganic and
synthetic polymeric particles, only recenthesearchers have started to account for the
use of natural edible polysaccharides, proteins and other natutaldostituents for this
purpose. Therefore, particulate systems comprising alginate [8ffi@dostarch [9, 10],
chitin nanocrystals [11], chitosan [12], cellulose nanocrysiiB15]; soy protein
nanoparticles [16] or whey protein microgels [17] have been reported.

Cashew gum (CG) is an heteropolysaccharide compris@ebygalactose (72-
73%),0-D-glucose (11-14%),-arabinose (4,6%),-ramnose (3-4%)%-glucuronic acid
(4-7%) and a small fraction (5-8 %) of prot¢i8]. The solubility and biodegradability
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in physiological conditions of CG, anticipates its amenafalitd potential use to develop
matrices to associate and release low molar mass drugs,itscéogl cell§18]. In this
paper, we report for the first time, the use of self-assembleapasticles of CG grafted
with polylactic acid (PLA) obtained by nanoprecipitation, and sgbently its use to
obtain stable Pickering emulsions by spontaneous emulsific&iynthesis of CG - poly-
L-lactide derivatives were previous described by Rei¢h8}. These type of hybrid
materials offer improved functional properties in the developmerdrag delivery
formulations [20] including their enhanced biodegradability [21]. Wéee selected
amphotericin B (AmB) (Scheme 1) as the drug to load into theftkemulsions. AmB
Is a potent fungistatic and fungicide drug produced by the acticetas/ Streptomycetes
nodosus[22] that was approved for clinical use by FDA in 1959][28mB is also
prescribed in the treatment of visceral leishmaniasis. atlijgophilic drug that binds to
lipids and intercalates into lipid bilayers that then asset¢tform transmembrane pores
[24]. Its selectivity for fungi is associated with its gread#finity for ergosterol than to
cholesterol. However, non-selective toxicity towards humamegytes is mediated by
its state of aggregation [25]. AmB was introduced in the marketasedlar suspension
with sodium deoxychlolate (Fungizon®) for intravenous administratiater, other
formulations were introduced, including: a liposomal formulat{&mbisome ®),
wherdoy AmB is present in a high state of aggregation, as well #itipid complex,
Abelcet®; a colloidal dispersion, Amphocil®; amdan emulsion product in association
with Intralipid®. These and other type of lipid-based forrtialess have been known to
reduce the systemic toxicity without compromising the therapetficacy of AmB [26-
27). It has been proposed that emulsion-based formulations thatrygesnd favor the
release of the monomeric form of AmB below the critical eoti@tion for self-
association are less toxic than micellar suspensiofjsR28ently, it has also been shown
that a heating treatment of AmB (20 min at’?@) combined with the formulation of a
microemulsion leads to a new state of aggregation of AmBetttabits lower toxicity
and increases the in vitro and in vivo efficacy][28BmB also shows very low oral
bioavailability due to its structural features that violaiginsky’s rule (e.g., low Log P,
high Mw, large polar surface area). Hence, novel pharmackiatioaulations of AnB
are of great interest with a view to contribute to increasepltarmacological
bioavailability for oral and other routes of administration, @/@kerting control on its

drug release.



102 Scheme 1

103

104 EXPERIMENTAL SECTION

105

106  Materials

107  Cashew (Anacardium occidentale) gum exudate (CG) was kindly ddnaEMBRAPA
108  (Empresa Brasileira de Pesquisa Agropecuaria, City, Brazil). It wasedalad purified
109  according with the protocol previously developed by our Group [30]. @& gvafted
110  with poly-L-lactide in two different CG:PLA molar ratio (1dnd 1:10) as detaileoly
111 Reicher [19. All chemical reagents were from Sigma-Aldrich (Sao BaBrazil) and
112 used without further purification. Amphotericin B was supplied by Eth{f€ailtaleza,
113 Brazil). Dimethyl sulfoxide (DMSO) and acetone were froomtiy(Sao Paulo, Brazil
114  and Miglyol 812® (coconut triglycerides of caprylic and capattyf acids) was from
115  Cremer Oleo (Witten, Germany).

116

117

118

119  Synthesis of Pickering Emulsions

120 The Pickering emulsions were prepared using the general penafpspontaneous
121 emulsification, which is the fundamental principle for theppration protocol of
122 chitosan-based nanocapsules that have been extensively usedangséudies [31-32],
123 though with modifications. Briefly, CBLAP of the two differentCG/PLA molar ratios
124  (1:1 and 1:10) were initially fully dissolved in DMSO at 10 mg/mn aliquot of this
125  solution poured into distilled water to a final volume of 20 mld dmal three
126 concentrations (0.5, 1.0 and 2.0 mg/mL). This led to the formation of naimped
127  particles of CGPLAP, thus comprising the aqueous phase. The opase consisted
128  of 0.5 mL of ethanol, 125 pL of Miglyol and 9.5 mL of acetone. The organic phase (~10
129 mL) was immediately poured into the aqueous phase containing tReAFGself-
130 assembled nanoparticles under quiescent conditions and thersolumediately turned
131 milky. The solvents were subsequently evaporated in a rotavapts°@. The thus
132 obtained Pickering emulsion was isolated by centrifugation foatl25°C anct 15000
133 x G. The resulting milky cream on the solution was removet avmicropipette and

134  stored under refrigeration until subsequent use. The emulsiowagdetermined by the
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drop tes{33]. Briefly, a drop of emulsion was added to either water or ylgand the
ability of the sample to disperse was observed.

Characterization of physical properties

The particle size distributions of the CGPLAP nanoparticles Rinkering emulsions
obtained from them were characterized by dynamic lightesaag with non-invasive
back scattering (DLS-NIBS) at 25°C upon irradiation of the sampth a 4 mW
helium/neon red lase£633 nm) and detection was at an angle of 173°. The zeta
potential of the Pickering emulsions was measured by masst Doppler velocimetry
and phase analysis light scattering (M3LS). A Nanosizer ZS 3600 (Malvern
Instruments Ltd., Worcestershire, UK) was used for both determmsatihe samples

were diluted 1:50 in water for size measurements and for zeta poteedalirements.

Storage Stability

The storage stability of Pickering emulsions was determimésblated formulations by
measuring the particle size and polydispersity index using BIBS as described above.
To this end, the emulsions were kept in refrigeration (~4 °C)na@alsurements were

registered weekl{34].

Drug encapsulation

To encapsulate amphotericin B (AmB) into the Pickering eionss the same preparation
procedure as described above was adopted, but with the vamanthéhdrug was
previously dissolved in DMSO together with tB&PLAP (1:1 and 1:10 CG:PLA molar
ratio derivatives were used at copolymer concentration of 0.5 mgmd. added to the
agueous phase. The amount of Bnnassociated into the Pickering emulsion was
determined by the subsequent extraction of the drug with DMSO fnemisblated
formulations. The emulsion was dissolved in a fixed aliquot of DM@&d vortexed for
emulsion destruction and complete extraction of the drug. Amphotericin Brtoatazn
was measured using a spectrophotometer UV-visible (Shimadzu UV 18G8)18 nm

against a suitable calibration curve in DMSO.
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ABS = 0.04450 -0.00671 c (1)
Where c is concentration in mg/mL. The AmB association effigieras calculated from

the following equation:

[Totalpryg | — [Freepruyg |
[Totalpyyy |

Association ef ficiency (%) = X 100

To determine the state of aggregation of AmB in Pickering emulsiforebémB
extraction, Pickering emulsions with and without ( as a blanky were diluted in
deionized water and the UV/VIS spectrum was ran. The experimanalso performed

with a commercial Sigma AMB solution (with sodium deoxychglate

RESULTS AND DISCUSSION

Physical characteristics of nanoprecipitated CGPLAP nanoparticles

We hypothesized that the CG:PLA derivatives of low and high maiao would

contribute to the formation and stabilization of Pickering o/w eimnss To this end, we
harnessed the self-assembly capacity of CGPLAP to formpaaticies in an aqueous
phase, along with that of spontaneous emulsification of an mulsen by solvent
displacement in the absence of added emulsifier. The expeirtedluse of these

Pickering emulsion systems is shown schematically in Figure 1.

Central to gleaning understanding of the formation process of tkerfrig emulsion
systems was first to examine the patrticle size distribudfaiie CGPLAP pre-formed
particles obtained by nanoprecipitation and self-asseufdy blending polymer DMSO
solutions with water (the non-solvent). The size distribution profiles, inathiensity or

volume (%), of the nanoparticles obtained from the two derivabf€&PLAP (1:1 and

1:10) at the three tested concentrations are shown in Figure 2.



200 Inspection of the size distribution profiles reveals that pbeticles formed by the
201 CGPLAP derivative of lowest CG:PLA molar ratio (1:1) areosgly dependent on
202  polymer concentration. The intensity (%) size distribution (FigujeaRa. 0.5 mg/mL
203 shows a bimodadlistribution with a predominant broad peak (centered at d. ~200 nm)
204 and a smaller one (centered at d. ~6 nm). At 1.0 mg/mL though, dmeéepopulations
205  shift to d. ~550 and 50 nm, respectively. As the concentration iesréa2.0 mg/mL,
206  only one population persists with an average diameter of ~550 mitaiSrends are also
207 reflected in the volume (%) distribution curves (Figure 2b), though as exphdbe
208 contribution of the smaller particles of the low and intermediateentration is much
209 more pronounced than in the intensity (%) profiles. In turn, thécfgartobtained by the
210 CGPLAP of greater CG:PLA molar ratio (1:10), showed rather differemtentration
211  dependence in their intensity distribution profiles (Figure 2c). In this caide law and
212 intermediate concentrations (0.5 and 1.0 mg/mL), three distinctaimms were formed,
213  each with average diameter values centered at ~8, ~80, and eithg0-380®/mL) or
214 ~500 nm (1.0 mg/mL). At the highest concentration, only one predominant peakece
215 at d. ~300 nm was observed, though a minor population of smallgidsiz&0-20 nm)
216  was also appreciated. The corresponding volume (%) size distripubéles for these
217  particles (Figure 2d) showed only one single peak with average -8. nfid, with
218  negligible dependence on polymer concentration. To accouttdadifferences in the
219  size distribution profiles of the two derivatives as a furctof concentration, it is
220 necessary to discuss the nanoprecipitation process, paftyicmlgerms of the phase
221  separation phenomena that can be at play. Previous studies hagseditine role of the
222 phase equilibrium and polymer solution thermodynamics on the nanmfagon
223  complex process [36]. The experimental evidence from such prestialiss is consistent
224 with the notion that there is a direct relationship betwten behavior of Flory's
225 interaction parameter and the dimensions of the nanopartiolesir own study, the
226 precise value of the Flory-Huggins paramejgri¢ unknown. Comparing the behavior
227  ofthe two hydrophobic polysaccharide derivatives, CGPLAP Md1&l0, it appears that
228 the concentration dependence is somewhat more pronounced forstheydesphobic
229 derivative. It can be expected that the polymer-solventaotiens be influenced by the
230 degree of substitution and of polymerization of each derivativeh Ba¢hem would
231 describe its own phase equilibrium diagram, and hence theindiepee on concentration
232 is expected to be different [37]. The more substituted hydrophobiatiee is likely to

233  establish stronger interactions with DMSO, the organic soltieam, the less substituted



234  one. At the same time, if only the volume (%) size distribution profiles@®dered, it
235 is clear that the smaller particles are obtained abtledt polymer concentration, namely
236 0.5 mg/mL for both derivatives. We examined the implicationsthaf physical
237  characteristics of the pre-formed particles on the formation an@athastics of the
238  Pickering emulsions that comprised them, as discussed next.

239

240 Characteristics of the Pickering emulsions before and after isolation

241

242  The protocol to prepare Pickering emulsion systems congiste major steps, namely
243 first preparing an aqueous phase comprised by CGPLAP nanopedptrticles, and
244 by subsequent spontaneous emulsification upon blending thei®iigto the aqueous
245  phase. The organic phase comprised Miglyol 812 (a biocompatéyteail derived from
246 coconut and palm), ethanol and acetone [31, 38]. Upon mixing the orgahi¢ches
247  aqueous phase containing pre-formed nanoparticles of CGPLAP oioh€G&:PLA
248 molar ratio (1:1 and 1:10) at the varying concentrations, Higkeemulsion were
249  spontaneously formed and stabilized by the adsorbed polysacgbartidées (Figure 1).
250 The type of emulsion formed was aikwater type as confirmed by the droplet test after
251  observing that the formulation dispersed immediately in water [33].

252  The particle size distribution profiles of the furnished Picigeemulsions before and
253  after their isolation are shown in Figure 3 for the two distinct dévies of low (1:1) and
254  high (1:10) CG:PLA molar ratio. Inspection of the profiles for theshhe prepared
255 emulsions (Figure 3a and 3b), reveals that the systems obtanethe nanoparticles
256  made with CGPLAP (1:1) showed monomodal size distributions, wieasented either
257 in intensity or volume (%). Their Z-average diameter was ~450 nnthendistribution
258  width spanned an order of magnitude (~100 to ~1000 nm). By contrast, tifeutdast
259 curves for the freshly prepared systems obtained from CGPLAP (ird@yiably
260  exhibited two populations of particles, whose Z-average siees wentered at d.~200
261 and ~3500 nm, regardless of whether the results were expresseshsitynor volume
262 (%). In general, slight differences were noticed between sizebdistm profiles of
263 freshly prepared and isolated systems both in intensity or volume (¢)réR&c and 3d,
264  respectively). A moderate reduction in the overall size ofwlresystems is noticeable
265 the consequence of isolation (see Figure 4 below). The monomodalnaodiabsize

266  distribution patterns observed, respectively, for the Pickerirgjesys comprising
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CGPLAP (1:1) and CGPLAP (1:10) nanoparticles, persisted even héeisalation
process though.

The results of-potential, Z-average size, and polydispersity, for all the freshly piépare
and isolated Pickering emulsions of monomodal size distobsitiof CGPLAP at
different CGPLAP concentrations are summarized in Figure 4. Noatehel-potential
values of freshly prepared systems (Figure 4a) decrease in a consistembtrefe-#44

to ~-17 mV as the concentration of both CGPLAP (1:1) nanoparticles iasriram 0.5

to 2.0 mg/mL. A closer inspection of the data showed that, on théhamg at the
CGPLAP (1:1) concentrations of 0.5 and 1.0 mg/mL, the isolation procadtsran a
low change in¢-. At the highest concentration (2 mg/mL) of CGPLAP (1:1), isolation
brought about an increase drpotential (from ~17 to ~-39 mV). In this latter case, the
comparison between freshly prepared and isolated systems revetig tinaignitude of
the relative increase ig-potential of the emulsions is proportional to the increase in
concentration of the particles. Notice also that only ndgégiifferences ir{-potential
are appreciable between isolated emulsions at the varyingntatea of pre-formed
nanoparticles of both CGPLAP derivatives.

As regard the Z-average diameter, inspection of the datgume~4c, reveals that as the
concentration of CGPLAP nanoparticles increases, the dimermditresfreshly prepared
Pickering emulsions grow by approximately two-fold (from ~300to ~80(. After
isolation though, notice that the corresponding Z-average diesmferethe emulsions
furnished from nanoparticles of CGPLAP of concentration 0.5 mgghbawed only a
slight reduction with regard to the freshly prepared systems eTdiéiserences grew
gradually larger in both type of systems as the concentratioragedeo 1.0 and 2.0
mg/mL. Notice also on top of the Z-average size panels in Hgitbat the PDI values
after isolation is about half of freshly prepared Pickering emmlsind also for both
system it increase with concentration.

The physical characteristics of the Pickering emulsions forbyenanoparticles of the
hydrophobic derivatives of cashew gum derivatives (Figure 3 an@éstyided above
seem to agree well with the notion that the pre-formed CGPlak®particles obtained
by nanoprecipitation of the polysaccharide were amenableatuliz¢ oilin-water
Pickering emulsions upon adsorption of the small particles at theater interface
during the spontaneous emulsification process. Examination of the lgpasize

distribution profiles of the Pickering emulsions (Figure 3) reveh# the more



300 homogeneous i.€., monomodal size distributions) systems were furnished by
301 nanoparticles of CGPLAP (1:1) rather than by those comprising CB8PUALO)
302 nanoparticles (bimodal distributions). Hence, we can arguethibaoptimal Pickering
303 emulsions can be obtained using the 1:1 CGPLAP derivative agdmblnafter isolation
304 having a Z-average diameter of 281nm, PDI ~0.120.01,C-potential -4@5 mV.

305 The interpretation to these results stems on the particlepsifiées of the pre-formed
306 nanoparticles (Figure 2). The presence of predominantly too smétcton of
307 nanoparticles (d.~10 nm) in CGPLAP (1:1) seems to be key forffénetiee formation
308 of Pickering emulsions. In turn, the systems obtained &lbeady less homogeneous (bi-
309 modal size distribution) pre-formed particles of CGPLAP (1:10),4bam to contain a
310 fraction of large particles (d.~1000 nm), as expected, resulted in a nonvodelo
311  particle size distributions. A plausible explanation to ttmsdaal distribution might be
312 that at the two peaks correspond to a mixture between tkerirg emulsions and the
313 unbound fraction of large CGPLAP (1:10) nanoparticles co-exist. Hanvehe fact that
314  after centrifugation the two populations still persisted, doesfuligt agree with this
315  proposal. It is worth pointing out that the isolation of éneulsions upon centrifugation
316 relies on the creaming separation of the droplets that remainsatrfaee, insofar as any
317 matrix particles devoid of oil are bound to sediment at the bottom tdilblee Therefore,
318 it seems unlikely that the population of large particle siagesponds to unbound
319 CGPLAP (1:10) nanoparticles. If at all present, any surplus amountgef lmbound
320 particles would have settled down to the bottom of the tube wg@rifagation, and not
321 remained in the close vicinity to the creamy layer of thalsion. Therefore, we rather
322  suggest the possibility of the existence two populatiofsakering emulsions of varying
323 dimensions, namely one comprised by small and the otherafgge Ispecies; this
324 suggestion seems more consistent with the experimental evidendbe case of
325 emulsions made from CGPLAP 1:1 nanoparticles, the stze o a polysaccharide
326  particleto-droplet is 0.011 (i.e., ~6 to ~550 nm), which is at the higher end of the typical
327 size ratio of Pickering stabilized emulsions (i.e., 0.001 to O[84) In the case of
328 emulsions furnished by nanoparticles of CGPLAP 1:1 with |aZegverage size obtained
329 atconcentrations of 1.0 and 2.0 mg/mL, Pickering droplets of largensieealso formed
330 (Figure 4).

331  The more detailed comparison of the characteristics of the Rigl@nulsions furnished
332 from CGPLAP nanoparticles at the different concentratidltaved to gain further

333 insight into the mechanisms at play. As illustrated guFe 4a, the behavior of tlie
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potential of the different Pickering emulsions of freshly prepaysiems decreased
consistently with increasing concentration of the CGPLAP pestitt was extremely
revealing to realize that tiiepotential values attained by the freshly prepared emulsions
of greater CGPLAP concentration matched closely those of thHeassembled
nanoparticles (~-20 mV). This result is fully consistent whté idea that as the surface
of the emulsions tends to be fully covered by CGPLAP nanofestithel-potential of
the emulsions should match that of the nanoparticles. Witludher data for
formulations at yet greater concentrations beyond 2 mg/mL, it is diff@judge at this
stage whether the surface of the emulsions became fallyased with CGPLAP
nanoparticles at such concentration.

Upon isolation, however, the physical characteristics of the Pngkemulsions changed
dramatically as described above (Figure 4a). A plausible gemgrknation to account
for the observed increase &potential after isolation, is that centrifugation causes
desorption of the CGPLAP nanopatrticles from the interface of thes@gns. Consistent
with this view is the fact that at the greatest concentrgfang/mL), the magnitude of
the difference (increase) is greatest. The apparent sligigase in_-potential of the
Pickering droplets upon isolationcan be explained as the expectwehjcence of a less
effective coverage of the emulsion surface. Miglyol®BaR is known to be a mixture of
triglycerides of caprilic and caproic acids derived fromeanut and palm kernel. Even
when the fatty acids in Miglyol occur predominantly asrifste as triglycerides, there
iIs a small fraction of nonesterified fatty acids that conferdih@ slight acidity. The
carboxylate groups of this small fraction of free fatty acids are bound tdiypexXposed
to the water phase, hence the highly negalipetential of oil droplets. Therefore, the
decrease in(C-potential of the Pickering emulsions with increasing CGPLA
concentration, is consistent with the increase in the effeaticeated area of the oil
droplets.

The available biophysical evidence presented above is tamtsigith the adsorption of
the preformed CGPLAP nanoparticles to the interface of theeatwision formed by
solvent displacement. However, whether CGLAP nanoparticisassemble upon
adsorbing at the o/w interface and contribute to stabtlime emulsion due to the
amphiphilic character of CGLAP, cannot be ruled out. Contact angléRET

fluorescence measurements to probe the integrity of thepadimbes during the
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emulsification process would hashed further light into this issue, and are yet to be
considered in future studies.

Detachment of nanopatrticles of CGPLAP from the interfgoen centrifugation is also
fully consistent with the observed overall decrease in Zageesize (Figure 4c). We
reasoned that if the Pickering emulsions were conceiveddinliured as schematically
shown in Figure 1, it would be expected that their dimensionsloemnced by the corona
of putatively adsorbed nanoparticles. Hence, detachment of thegeartaries from the
interface driven by the centrifuge force would be expectecesaltr in a noticeable
decrease in size. A rough analysis of the size data shoiat tha highest concentration
of 2.0 mg/mL, the Z-average size decreases from ~900 to ~500 nnrmagretude of
this difference (=400 nm) is many-fold larger than the Z-average dianoétthe
nanoparticles thought to be adsorbed at the interface (~6 rven @iis large difference,
it might be that not a single but several layers of nanapestiare adsorbed so as to
account for such too thick an interface.

The free energy required for desorption of particles is knowe tgiven by the following
equation [4(:

E=g ¢ (1- |cosq|)2 (2)

where,y is the oil-water surface tension, r is the radius of tiegb&, andéd is the contact
angle between the liquid and a solid substrate comprising of the sam@haatéhat for
the particle. In general, this energy is much greater than teetsoinal energy &),
even for small particles. Hence, particles once adsorbed at tifadateare very difficult
to displace. This is the reason behind the high efficacy mdpweticles as stabilizers of
colloids such as emulsions and foams.

Even when the adsorption of particles at Pickering intesfaceften irreversible, the
application of external fields, has been shown to allow detachmf magnetic or
electrically polarizable particles [41]; [42]. Also, it has baegued that a higher density
of particles relative to the surrounding medium may be entugktach particles from
bubbles [43]. In our work, we suggest that the centrifuge force causesnihision
droplets to rise while the particles are pulled down bygttaeritational force, under a
similar process as the cited example for Pickering stabibzéxdtbles. The fact that the

differences in Z-average size adepotential are magnified as the concentration of
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CGPLAP nanoparticles increasés consistent with the latter view in that a highesitg
of particles relative to the surrounding medium, favors theirctetant from the

interface.

Stability of Pickering emulsions in storage conditions

The stability of the isolated Pickering emulsions CGPALP during their storagat4°C
was assessed from the evolution of the Z-average size (Figure 5). Notigara % that
for the emulsions formed witlCGPLAP 1:1 nanoparticles at the three explored
concentrations, the Z-average size of the emulsions remainedmoiostup to 28 days.
The trend in Z-average size at the three concentrations larsionihat observed in water
for freshly prepared and isolated particles (Figure 4). Overall, the formulappearao

be stable during storage at refrigeration temperature. Thé nesult of practical
significance, as it anticipates that the formulations cbeldtored for almost one month

under refrigeration.

Amphotericine BAmMB) encapsulation and loading efficicency

The other important aspect to evaluate for the CGPLAP naimpssstabilized
Pickering emulsions was their capacity to associate Anfii&;hwis a drug of low water
solubility. Therefore, to load AmB into the formulations (aAlthoubé bimodal size
distribution observed for CGPLAP 1:10 it was also tested to enleapsAmB), we chose
the condition of CGPLAP nanoparticles at 0.5 mg/mL and the drugosdsd in the
agueous phase dissolved in DMSO. As shown above, this conmemibtCGPLAP
afforded optimal physical characteristics for the formation of Piegeemulsions.

The appreciable change in color from a milky whadta yellowish emulsion upon pouring
the organic into the aqueous phaseng with the absence of formation of a precipitate,

gave a first hint that AmB incorporated into the formulations successfully



433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465

In aqueous media and at low concentrations (5.0*M@&queous solutignthe UV/VIS
spectrum of ArB showed four absorbance bands in theéange from 320 to 456m.
Three distinct major absorption bands are centerad-875, ~395, and ~41@n, and a
flat small shoulder at~357 nm[2§; [44].

In general, the spectral changes induced by the aggregationBfay be represented
asthe value of the ratio of the intensities of the major absorpaons ak.=380 and 409
nm (i.e., ~ Asd~Aaoo ratioThis ratio assumes a value of ~ 2.0 AmnB aggregated
species, and of ~0.25 for the monomeric form 44h- In commercial formulations of
AmB (e.g., Ambizone® and Fungizone®)s8A4o9 ratios of 2.9 and 4.8 have been
determined, respective]¢7], thus reflecting that AB occursin the aggregated form in
such both cases.

Table 1 summarizes the data corresponding to the associationBbimdarthe Pickering
emulsions obtained from the two different nanoparticles of IFP1:1 and 1:10.
Comparison of the drug association efficiency for both type of formufatreneals that
the entrapment of AmB increases with the loading, particulbotythe systems
comprising nanoparticles of CGPLAP 1:10 that increase theciasso efficiency of
AmB by nine-fold upon doubling the amount of loaded drug. By contrast, the magnitude
of the increment of associated AmB due to the increase in Anti@&l imass for the
systems comprising nanoparticles of CGPLAP 1:1 was moderate 20%p), though
the AmB association efficiency of the formulations with 5 mgh\ofB was more than
three-fold greater than that of the systems comprising namdestf CGPLAP 1:10 at
equivalent loading.

To make sense of the drug association results of AmB-loadkdriPig emulsions, it is
worth to discuss in closer detail the protocol used to formulate #ystems. Due to the
restrictions imposed by the low solubility of AmB neitheretitnanol or acetone, it was
not possible to load it into the oil core of the nanoemussian it would have been the
ideal case. Hence, AmB had to be dissolved in the DMSO swolugeded to dissolve
CGPLAP. Upon mixing such solution in water, this led to the faonatof
nanoprecipitated polysaccharide particles. These particles subsequently used to
stabilize the Pickering emulsion droplets upon mixing the atgigo the organic phase
as already discussed above. Upon precipitation of CGPLAP padroles by the phase
equilibrium of the CGPLAP solvent (DMSO) and non-solvent (waterjyauld be
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expected that mB associates preferentially with the hydrophobic core ®fQGPLAP
nanoparticles, while contributing to reinforce hydrophobic asson&tThis would be
consistent with the abrupt increase in association effigidor the systems comprising
CGPLAP 1:10 nanoparticles observed upon increase in drug loading, when abtopare
those comprising nanoparticles of CGPLAP 1:1. We venture to suthgesinder this
scenario, AmB would remain associated to the nanopatgténg at the oil-water
interface of the stabilized Pickering emulsions. Yet agraditive possibility would be
that upon creation of the emulsions, unassociated AmB remainthg agueous phase,
may prefer to migrate to the oily core of the emulsionseuadsimilar mechanism that
drives the spontaneous formation of the emulsion dropletsqakent displacement).
Upon mixing the organic into the aqueous phase, acetone and etisiantaneously
move to the aqueous phase, leaving depleted the oil droplets phaserddree ArB

in the aqueous phase might also get trapped into the newly formed odtdropl

Yet another important aspect of notice was that upon centrifugdterPickering
emulsions to isolate them, a yellow colored pellet was obdatthe bottom of the vials
(See Figure S1 Supporting Information). This could be diagnhoste giresence of either
precipitated AmB or unbound CGPLAP nanoparticles. Therefore, it stanelason that
AmB partitions itself between the emulsion droplets (eithéhe CGPLAP nanoparticles
or at the core), a free fraction in the subnatant andhd@uble pellet that settles down
upon centrifugation. At present, we have no experimental evidendectdate further
the mechanisms at play nor to probe the preferred localizadmolecular organization
of AmB in the Pickering emulsions (i.e., whether it occutb@wil core or at the adsorbed
CGPLAP nanoparticles), but this can be the focus of future studigs (ising a
fluorescent tagged AmB, as in previous studies).[48

The UV-vis spectrum for 1: 1 and 1:10 GCPLAP AmB loaded emulsiodsf@na
solution of commercial Sigma AmB in waterare shown in Figure 6. The spediaws s
a broad band at maximum intensity in 336 nm and 340 nm for teesd.: 1 and 1:10,
respectively. Spectra with similar absorption profiles are fourchitosan and dextran
sulfated nanoparticldd9] and in lipid complexes composed of DMPC and DMJAQ].
For CGPLAP emulsions 1: 1 and 1:10 a small displacement betweeis jgrand (IV)
was observed (340 and 342 nm lengths for the band (1) and 407 and 406 nm for the band
(IV), for the 1: 1 and 1:10 derivatives, respectively). The I/IV raticdfGPLAP 1:1 and
CGPLAP 1:10 wad.7 and 1.6 respectively whifer a commercial AmB solution the

ratio was 2.5, indicating that the AmB is not fully aggregataithin the emulsion
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formulation. For the sulfated chitosan and dextran nanoparticlegiMhatio found was
3.6 [49]. Commercial formulations such as Amphocil®, Fungizone®, Alv@lcand
Ambisone® were found in the aggregate form (at 5% dextrose) thidtios of 9.1,
4.8, 1.3 and 2.9, respectively [47,51]. &tnen compared with commercial formulations
it seems that the Pickering formulations protect AmB againsé extensive aggregation.
This is a remarkable result particularly due to the ingyar¢ of the aggragate form on

the increase of toxicity.

CONCLUSION

In summary, in this work, we give proof-of-concept of the fahisibto prepare a

Pickering emulsion system based on a hydrophobic derivativeashew gum

polysaccharide. To this end, nanoprecipitated polysacchariddgmvtiere subsequently
adsorbed at the interface of oil in water emulsions obtainexblgnt displacement. As
expected, the characteristics of the nanoparticles influencse thb the Pickering

emulsions. The route of preparing these systems offers trabitibs to associate

amphotericin B into these systems and associate it efiitiencies up to ~47% and
presumably in less aggregated form than commercial formulaBuissequent studies
will examine the in vitro release and toxicity of these novel édations.
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Figure 1. Schematic illustration of the Pickering emulsion stabilibgdCGPLAP self-
assembled nanoparticles. The red core of the CGPLAP nanopartiefresents the

hydrophobic regions, while the black lines, do the hydrophilic polysadehar
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783  1:1 and CGPLAP 1:10 encapsulated and of commercial Sigma AmB solution
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795

796

797 Table 1. Association of amphotericin B-loaded in Pickering emulsions

798  obtained from CGPLAP derivatives nanoparticles (0.5 mg/mL).

Formulation Initial AmB AE!
(mg) (%)
10 27.4+19
CGPLAP 1:1
5 21.1+7.9
10 47.8+9.7
CGPLAP 1:10
5 5.745.6

799  'AE.=Drug association efficiency
800
801
802
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