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Abstract

Leucinostatin A (Leu-A) is a nonapeptide exerting a remarkable activity especially aGanutla al bicansandCryptococcus
neoformans; nevertheless, its employment is limited due its toxicity. Therefore, we recently developed liposomal formulations,
as suitable delivery systems, in order to increase its therapeutic index. However, liposomes present disadvantages related to theil
long-term instability. For this reason poly(lactic-co-glycolic) nanospheres (NS) were chosen as alternative colloidal carriers
for Leu-A delivery. NS were formulated by spontaneous emulsification solvent diffusion method. This study investigates the
effects of different parameters on drug encapsulation efficiency and particle size as well. The best preparation obtained was also
characterized for its in vitro release, in vivo acute toxicity ggDand effectiveness againGtalbicansin mice. In vitro release
was performed over 100 h and resulted sufficiently sustained with more than 93% of the peptide released. Acute toxicity showed
that the LDy was increased more than 18-fold and the study on systemic candidiasis models revealed high effectiveness of the
NS in reducing either the growth of fungal colonies in infected mice liver or in the mortality index. In conclusion, we can propose
that Leu-A loaded NS could represent a new promising therapeutic system dadita infection.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction broad-spectrum antimicrobial treatment, patients with
primary immunodeficiencies, with AIDS and neu-
The incidence of morbidity and mortality for sys- tropenia, premature babies and the “super-old” people
temic fungal infection has been constantly growing (Bodey et al., 1992; Andriole, 1993; Walsh and Groll,
during the last 20 years. This phenomenon is closely 1999; Ellis, 2002
related to the increasing immunocompromised pa- Candidaspecies constitute the mostcommon causes
tients, including those undergoing bone marrow and of disseminated nosocomial fungal infectide(duyn
solid organ transplantation, hospitalized cancer and Lunel et al., 1998 while Aspergillus species have
intensive care patients receiving chemotherapy and emerged as one of the main species responsible for
pneumonic mortality in bone marrow transplant pa-
_— ' . tients @Andriole, 1993 andCryptococcus neoformans
faX:Cfgtzr;%r]gggsi\g;hor. Tek+39-075-6855127; is the major cause for CNS mycosis in HIV-infected
E-mail address: cfrossi@unipg.it (C. Rossi). patients Brummer, 1999; Walsh and Groll, 1999
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Moreover, less common fungal pathogens, such assurgence of classical mode of fungal resistance. This
azole-resistantCandida albicans and nonalbicans is the case of novel peptides that have been taken into
Candida species (i.eCandida glabrata and Candida account as potential new antifungal agents because
krusei) (Milan et al., 1998; Petrocheilou-Paschou of their particular interaction with fungal biological
et al., 2002, have assumed increasing importance as membranes@e Lucca and Walsh, 1999; Oh et al.,
the causes of infections in hospitalized immunocom- 1999.
promised patientsW/ingard, 199% as well as in those In this regard, we have focused our attention on
who make use of central venous catheters for ambu- Leu-A (Fig. 1), an interesting nonapeptide produced in
latory antimicrobial therapy and parenteral nutrition. submerged cultures by the phytotoxic microorganism
Although Amphotericin B (AmB) remains the drug Paecilomyces marquandii (Massee) Hughe<@asinovi
of choice for the treatment of most life-threatening etal., 1983 as well as byPaecilomyceslilacinus A257
systemic fungal infectionsSheehan et al., 1999; (Mikami et al., 1984 and Acremonium sp. (Strobel
Andriole, 2000, especially as liposomal formulation, etal., 1997. The peptide is characterized by a high ac-
azole derivatives, as Fluconazole, Itraconazole and tivity against Gram-positive bacteria and some strains
Ketoconazole, have been playing a big role in the last of Candida (Casinovi et al., 1986 Furthermore, the
10 years. importance played by this molecule is increased by
Unfortunately, several noalbicans Candida its activity against the emergirng. krusei andC. neo-
species, most notablg. krusei and numerous strains  formans strains (MIC= 5 and 1u.g/ml, respectively)
of C. glabrata, have shown strong resistance to treat- (Casinovi et al., 1986 This activity is important es-

ments with AmB and azoles as weN@uyen et al., pecially if considering that, as already mention€d,
1996; Walsh and Groll, 1999Moreover, new resis-  neoformans infections are often associated with HIV
tant strains ofAspergillus and C. neoformans have insurgences.

appeared\Warnock et al., 1999; Canuto and Rodero, Leu-A biological activity has been ascribed to
2002. Although, in some cases, combination of AmB the inhibition of mitochondria ATP synthesis and, at
and Fluconazole has given good results, the use of higher concentration, to the uncoupling of oxidative
AmB with azoles is controversial because of the phosphorylation$hima et al., 1990 Afterwards, we
potential antagonism based on their mechanisms of showed the weak ionophoric activity of the peptide
action Ghannoum, 1997 which is probably correlated to its self-assembling
Therefore, the recent emergence of new fungal in- property within phospholipid membrane€dermely
fections and resistant strains requires the developmentet al., 1994; Fresta et al., 2000These effects on
of more effective antifungal agents, possibly with dif- membranes, as shown for other antifungal peptides
ferent mechanism of action, in order to avoid the in- (Subbalakshmi and Sitaram, 1998; Sokolov et al.,
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Fig. 1. Chemical structure of Leu-A.
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1999, seems to have an important role in Leu-A 2. Materials and methods
biological activity.

Hence, in this scenario, Leu-A may represent a new 2.1. Materials
potential drug for therapies involving HIV-infected pa-
tients for three main reasons: (i) its activity against  Leu-A was obtained from cultural broth benzene ex-
emerging new fungal infections, such @s neofor- tracts ofP. marquandii (Massee) Hughes and purified
mans as well asC. krusei, (ii) its comparable activ- by extensive flash chromatography on silica gel col-
ity with respect to AmB againsE. albicans, (jii) the umn as reported elsewherRdssi et al., 1987, 1990
limited risk of presence of Leu-A resistant strains, PLGA (85:15, MW 90,100) and polyvinyl alcohol
since the molecule has never been used in therapy andPVA, MW 13,000-23,000, 87—-89% hydrolyzed) were
because of its mode of action that, in theory, is not supplied by Sigma Chemical (Milan, lItaly); triethy-
affected by the common antibiotic-resistance mecha- lammonium phosphate buffer (TEAP) was purchased
nism (Canuto and Rodero, 20p2 from Fluka (Milan, ltaly). High-performance liquid

However, in spite of its antimicrobial activity, —chromatography (HPLC) reagents were supplied by
the potential use of Leu-A is unfortunately severely J.T. Baker (Milan, Italy). Ultra-pure water was ob-
limited by its low LDsg ranging from 0.8 mg/kg (in-  tained by reverse osmosis through a Milli-Q System
travenously, i.v.) to 1.2 mg/kg (intraperitoneally, i.p.) (Millipore, Rome, Italy). All other reagents and sol-
(Mikami et al., 1984. Therefore, for a therapeutic vents were of the highest purity available.
application of this molecule, it is necessary to find
a suitable formulation in order to maintain and/or 2.2. Leu-A solubility determination
enhance, if possible, its effectiveness and to limit its
dangerous side effects. Leu-A solubility in different buffer solutions (pH 2,

In the last decades, colloidal carriers, such as li- 7.4, 8, 8.5, 9) was determined in a constant temper-
posomes and biodegradable polymeric nanoparticles,ature bath (25 0.1°C) by adding an excess of the
provided outstanding outcomes in reducing the toxi- solid to 5ml of aqueous buffers in a series of 10ml
city of important drugs without significantly compro- vials. The mixtures were kept under constant stirring
mising their efficacy. (70rpm). After equilibration (48 h) an aliquot was fil-

In this regard, recently, we developed differ- teredthrough a 0.4pm membrane filter. The first 1 ml
ent Leu-A liposome formulations (MLV and LUV) of the filtrate was discarded to avoid any adsorptive
(Ricci et al., 2009, but, in spite of their efficacy, effect by the membrane. An aliquot of the remaining
liposomes showed drawbacks because of their phys-filtrate was diluted with appropriate buffer solution
ical and chemical long-term instability (data not and analyzed by reverse-phase high-performance lig-
shown). uid chromatography (RP-HPLC) analysis as described

Therefore, we focused our attention on the prepa- in Section 2.3All experiments were performed in trip-
ration of PLGA NS containing Leu-A, because licate and errors were expressecsS.D.
of their well-known stability in biological fluids
and during storage, biocompatibility, biodegrad- 2.3. HPLC analyses of Leu-A
ability, easy preparation, as well as drug targeting
properties. All Leu-A determinations were performed by

With this purposes we developed and characterized RP-HPLC with an HP1050 chromatograph (Hewlett
Leu-A loaded nanospheres (Leu-A NS) in order to Packard, Waldbronn, Germany) and a Delta-Pak
obtain particles with suitable size distribution and (Waters, Milford, MA, USA) column (C18 100A;
loading. To reach this goal, some parameters of the 300 mm x 3.9 mm; 15um). Elution was performed
preparation process were investigated. The most in- in isocratic manner using acetonitrile/isopropanol/1%
teresting formulation was assessed for: (i) in vitro TEAP water solution (50:40:10) as mobile phase.
drug release, (ii) in vivo evaluation of Leu-A loaded Leu-A was monitored at 254 nm. Under these condi-
NS acute toxicity (LRg), (iii) in vivo activity on tions the retention time was 5.9 min. Calibration curve
systemic candidiasis model. for the validated RP-HPLC assay of Leu-A in the
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elution medium (concentration range 6—349ml) a refractive index matching liquid (toluene) to avoid

had a correlation coefficient of >0.99. stray light. Data reported represent the average of
three measurements and the error was calculated

2.4. Preparation of Leu-A loaded nanospheres as+S.D.

(Leu-A NS Morphological evaluation was carried out by scan-

ning electron microscopy (SEM) using a Philips

Leu-A NS were prepared by spontaneous emulsifi- XL30 microscope. A drop of nanoparticle suspension
cation solvent diffusion (SESD) metholNiva et al., was placed on an aluminum specimen stub. After
1994. PLGA (60 mg) and Leu-A (5 and 10% (w/w) freeze-drying, the sample was coated with gold using
of the polymer) were dissolved in different volume an EMITECH K-550X sputter coater (Ashford, Kent,
ratio mixtures of acetone and dichloromethane. The UK). Coating was done at 20 mA for 4 min.
resultant organic phases were emulsified in 25 ml of
PVA solution (0.1-1% (w/v)) under moderate stir- 2 g Determination of Leu-A loading
ring at room temperature (4 or 8 h). Finally, organic

phases were evaporated under reduced pressure in | g;-A entrapped in NS was determined as follows.

a rotary evaporator at 3& and the colloidal aque- A weighed amount of lyophilized NS was dissolved
ous suspensions were adjusted to the desired finaliy gichloromethane. Afterwards, methanol was added
volume (15ml). The whole dispersed systems was fil- 14 the clear solution to selectively precipitate the
tered through 1.am pore size Isopof¢’ membrane  poymer. RP-HPLC analyses were performed on the
filter (Millipore, Milan, ltaly) to separate micropar-  clear supernatant, in triplicate, after centrifugation
ticles eventually formed, and then ultracentrifuged 5 3800 rom for 20min by using an ALC 4218-D

by an Optima" TL ultracentrifuge equipped with @ centrifuge (ALC International s.r.l., Milan, Italy).

TLA-100.4 rotor (Beckman, Palo Alto, CA, USA) at | ey-A incorporation efficiency was expressed both

50,000_rpm at 4C for 40 min. This step_was repeated g drug recovery and drug content, represented as
three times to wash out the free peptide and the ex- g)jows:

ciding PVA. The recovered NS were lyophilized and
stored under nitrogen atmosphere &4 Mass of Leu-Ain NS
Drug recovery%) =
Mass of Leu-A fed to the system

2.5. Nanosphere size distribution and morphology
Mass of Leu-Ain NS

Drug content%) =
g o) Mass of NS recovered

Particle size analyses were performed using two
different methods. In order to evaluate the pres-
ence of microparticles eventually formed during the 2.7. In vitro release study
preparation, freshly prepared NS suspensions were
analyzed by Accusizer 770 granulometer (PSS Inc., Several batches of the best Leu-A NS formulation
Santa Barbara, CA, USA). On the contrary, filtered were mixed in order to perform the in vitro release
NS were characterized for the mean particle size and study. Ten samples (18 mg each) were placed in test
polydispersity by photon correlation spectroscopy tubes containing 4.5 ml phosphate-buffered solution
(PCS) using a Nicomp 370 autocorrelator (PSS Inc.) (pH 7.4) to ensure “sink” conditions. These test tubes
equipped with a Coherent Innova 70-3 Argon lon were shaken (100rpm) in a Gallenkanp orbital incu-
Laser System (Laser Innovations, Moorpark, CA, bator (Fisons Instruments, Crawley, UK) at“&7 for
USA) operating at 514.5nm. Analyses were per- 100h.
formed at a scattering angle of9@nd at 2G:0.2°C. Samples were withdrawn and ultracentrifuged
Samples were prepared by dilutingj10of Leu-A NS (70,000rpm for 10min at 4C) at given time in-
suspension with 2ml of deionized water previously tervals. Supernatants were analyzed by RP-HPLC
filtered through a 0.2m Acrodisc LC 13 PVDF fil- in triplicate. The cumulative amount of Leu-A re-
ter (Pall-Gelman Laboratory, Ann Harbor, MI, USA). leased is plotted versus incubating time. Errors were
During the experiment, samples were maintained in expressed a%S.D.
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2.8. Invivo studies albicans cells were counted after 48 h of incubation
at room temperature and results were expressed as the
Charles River (Calco, Milan, Italy) inbred CD2F1 number of CFU per organ.
female mice (20-25 g in weight) were used for in vivo The results were expressed as % reduction of CFU

experiments. recovered from the kidneys of three mice. This proce-
dure was performed on three groups of mice each. The
2.8.1. Acute toxicity confidence interval was also calculatedeat= 0.05

Groups of 10 mice were injected i.p. with 0.5ml of significance level and = 3.
scalar doses (0.6, 1.2, 1.8, 2.4, 4.8, 9.6, 19.2 mg/kg)
of Leu-A alone and entrapped in NS. Mice were un-
der observation for toxic effects or death, immediately 3. Results and discussion
after injection, then, daily for 7 days. A linear graph
of survival as function of dose was plotted, and the 3.1. Preparation and characterization of Leu-A NS
approximate L3y was extrapolated from the graph.

The confidence interval was also reportediat 10 Leu-A NS were prepared as previously reported
anda = 0.05 significance level. (Niwa et al., 1994, by using PLGA with high molecu-
lar weight (MW = 90,100) in order to obtain particles
2.8.2. Treatment of systemic candidosis with suitable peptide loading. In fact, generally, the
Groups of seven mice were infected i.v. with 20° faster deposition of higher molecular weight polymers

C. albicans (CA-6) blastoconidia (0.5 ml per mouse) at the interface between the droplets and the aque-
via the lateral tail vein. The mice were treated i.p. 24 h ous medium can partially prevent leakage of slightly
after infection with 0.5 ml of single doses (0.7, 0.35, water-soluble drugs and hence improve NS trapping
0.175, 0.12, 0.08 mg/kg of body weight) of free Leu-A efficiency. This effect along with the high lipophilicity
or Leu-A entrapped in NS. Mice were observed daily of such polymersis supposed to enhance the carrier en-
for 30 days and deaths were recorded. Nine days af- trapment efficiency of amphiphilic low water-soluble
ter infection, three mice per group were killed by compounds, such as Leu-A.
CO, asphyxiation, kidneys were aseptically excised, The high acetone/C{Clo volume (ml) ratio
weighed, homogenized, diluted, and cultured in dupli- (12.5:0.25) was used to ensure the production of par-
cate to evaluate the yeast colony clearance. ticles of 200—300 nm in size with a standard deviation
The value of colony forming units (CFU) was de- of £10-24 nm, indicating a quite narrow population
termined by a plate dilution method. Colonies @f distribution (Table 1.

Table 1
Preparation process parameters influencing Leu-A encapsulation in biodegradable polymeric nanospheres

Sample Leu-A/PLGA Evaporation PVA pH Acetone/ Drug content  Drug recovery Encapsulation Mean

(%, wiw) times (h) (%) CHyCly (ml) (%) + S.D. (%) + S.D. efficiency (%) diameter
+ S.D. (nm) £+ S.D.

1 5 8 1 74 125-0.25 0.1% 0.04 2.9+ 0.7 3.6+ 0.8 198+ 18

2 5 8 0.3 74 125-0.25 0.2 0.06 3.0+ 0.9 4.0+ 0.8 250+ 23

3 5 8 0.1 74 125-0.25 0.22 0.04 3.3+ 04 6.6+ 0.7 310+ 20

4 5 8 0 74 125-0.25 a -2 A 322+ 22

5 5 4 0.3 74 125-0.25 04 0.03 6+ 2 8.6+ 0.9 283+ 21

6 5 4 0.3 8 12.5-0.25 0.3 0.03 5+1 6+1 254+ 10

7 5 4 0.3 85 12.5-0.25 0.2 0.02 3+ 1 42+ 0.8 309+ 24

8 10 4 0.3 74 125-0.25 0% 0.03 4.2+ 0.9 5+1 227+ 12

9 10 4 0.1 74 125-0.25 04 0.04 4.8+ 05 6.1+ 0.9 338+ 24

10 10 4 0.3 74 10-2.75 14 0.09 7.2+ 0.2 11+ 1 228+ 20
11 10 4 0.1 74 125-0.25 1% 0.08 8.1+ 0.8 17+ 1 263+ 24
12 10 4 0.1 74 10-2.75 28 0.10 24.6+ 0.4 28.3+ 2 201+ 14

@ Nanospheres not formed.



66 M. Ricci et al./International Journal of Pharmaceutics 275 (2004) 61-72

Unfortunately, in these conditions Leu-A entrap- 6 1
ment was low, irrespective to PLGA MW (sample
1, Table ). Therefore, other preparation parameters, 5 -
such as PVA%, evaporation time, pH, dichlorome-
thane/acetone, and Leu-A/PLGA ratios, were modi-
fied in order to obtain a formulation with the desired
characteristics.

Lowering PVA% in the aqueous medium led to
an improvement in encapsulation efficiency from 3.6
to 6.6%. This result is in agreement with the fact
that high surfactant concentrations favor amphipathic 4 |

Solubility (mg/ml)
w

2] 2.024
(pH 8.5)

molecule partition, such as Leu-A, in the continuous ((;;3;)
phase Feng and Huang, 20p1Constant NS size in- 0 , , , , . ,
crease was observed when PVA concentration was re- 0 2 4 6 8 10 12
duced and no nanospheres were formed when PVA pH

was absent even though a certain peptide emulsifying
effect was expected.

The Leu-A amount entrapped in the NS was more
than doubled when evaporation time was reduced from solvent evaporation process. Therefore, additional
8 to 4 h. From this result, we can infer that long evap- factors need to be considered in order to explain such
oration times, although ensuring complete elimination behavior: (i) the fast acetone diffusion into the aque-
of organic solvent residues, may induce passive Leu-A ous phase may drag Leu-A in the external phase at a
diffusion from the polymeric matrix. much higher rate than PLGA film deposition at the

In order to assess the best process conditions for NSinterface between water and organic phase, (ii) Leu-A
preparation, pH effect on Leu-A encapsulation was in- O/W distribution coefficient that opposes acetone ef-
vestigated as well. In this respect, preliminary peptide fect, especially at highest pH value, (iii) the possible
solubility versus pH studies were necessary to deter- ionic interaction between the peptide positive charge
mine the pH value that causes the lower peptide sol- and polymer negative charge. We can hypothesize that
ubility without inducing a rapid polymer hydrolysis. increasing the amount of peptide free base with pH,
The low water solubility of the molecule in fact may the ionic interaction with the polymer is reduced and
limit its diffusion in the continuous phase during the the acetone effect is limited only by the high solubility
preparation process. of the peptide in dichloromethane. On the contrary,

Solubility tests accomplished in various buffers so- when pH < pKj the effect of Leu-A/polymer inter-
lutions, at different pH values, showed that, in the actions coupled to the high solubility of the peptide
range between pH 2 and pH 7.4, there is a constantin dichloromethane (even at pH 7.4), oppose the
solubility decrease that suddenly dropped just above acetone effect, determining a higher entrapment in
pH 7.4 Fig. 2. the polymeric matrix.

On the basis of these results, three different pH  Prevalence of acetone diffusion over other factors
values (7.4, 8, 8.5) were used to carry out NS prepa- may be the reason for such a low Leu-A entrapment
ration. The pH effect on the solubility of the molecule obtained so far.
was expected to modify the partition of the peptide be-  In order to achieve a higher peptide entrapment ef-
tween the organic and aqueous phase, favoring Leu-A ficiency, the effect of additional parameters, such as
distribution mainly in the acetone/dichloromethane Leu-A/polymer (w/w) and acetone/dichloromethane
medium. Surprisingly, we observed practically no ratios, were investigated.
effect on the peptide encapsulation on pH increase As expected, higher theoretical loading from 5 to
(Table ). This is in contrast with the fact that a lower 10% (w/w) corresponded to higher drug contents that
water solubility should favor the entrapment of the were further increased by reducing the amount of
peptide into the polymeric matrix during the organic PVA.

Fig. 2. Leu-A solubility as function of pH.
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However, among the parameters investigated, the absence of particle aggregates as well as Leu-A
acetone/CHCI; ratio resulted the most important to  precipitates.
achieve higher encapsulation efficiencies.

In fact, the best result was obtained by fixing: (a) 3.2. In vitro release
the theoretical loading of Leu-A in the formulation
at 10% (w/w), (b) reducing the PVA amount in the Leu-A release profile from the best NS preparation
aqueous phase from 1 to 0.1% (w/w), (c) changing the (sample 12Table ) was investigated over a period of
acetone/CHCI; ratio from 12.5-0.25 to 10-2.75, and 100 h Fig. 5). The results indicated a biphasic pattern
(d) maintaining the evaporation time for 4 h under low with an initial burst effect with about 45% of the pep-
vacuum. Under these conditions, the highest peptide tide released within the first 10 h followed by a linear
recovery {fable J) (24.6%), drug content (2.83%), and release profile.
encapsulation efficiency (28.3%) were obtained, with  The initial burst can be explained considering the

a process yield of 81.1%. mechanism of NS production and consequently Leu-A
Moreover, it is important to point out that, when distribution into the polymer matrix.
using the 10-2.75 acetone/@El, ratio instead of In fact, Leu-A has a good solubility in acetone

the 12.5-0.25 ratio, the increase of PVA concentra- which, diffusing toward the aqueous phase, not only
tion (from 0.1 to 0.3%), although preventing fine enhances significantly the peptide leakage from NS
droplets coalescence during stirring, determines a but also promotes its distribution in proximity of the
remarkable encapsulation efficiency drop from 28.3 oil-water interface. This determines an immediate
to 11% (Table 1. This effect can be addressed to Leu-A release that is enhanced by the fast hydra-
the reduced contribution of acetone diffusion to the tion process as well. Hydration occurs very rapidly
peptide leakage when the 10-2.75 acetone(Qj because of particles nanometric size. Additional con-
ratio is employed and, in this condition, the surfactant tribution to the initial burst can be ascribed to the
concentration may become the main factor affecting surface-bound drug desorption as well.
peptide entrapment. After 10 h the rate of release is mainly controlled
The Leu-A entrapment obtained suggests that the by the slow degradation of the high molecular weight
molecule always tends to move in the bulk aqueous polymer used, resulting in a pattern matching closely
phase in spite of its low solubility and that this process a zero order profile kinetics. The total amount of drug
is favored by either the acetone spontaneous diffusion released was more than 93% of the entrapped peptide.
or surfactant concentration that are the main parame- These findings showed that such formulation is able
ters affecting NS preparation optimization. to provide a suitable release profile and exerts an ad-
Granulometric assaysFig. 3A) as well as SEM equate control on the drug diffusion rate.
analysis Fig. 3B) highlighted the formation of a less
homogeneous particle size distribution with higher 3.3. In vivo toxicity and effectiveness against
polydispersity and a small microparticle popula- Candida albicans
tion at around fwm. The presence of microparticles
was due to the increased interface tension, gener- Remarkable results were obtained from in vivo
ated by a higher concentration of dichloromethane, acute toxicity experimentsF{g. 6). In fact, dose—

that caused larger droplet sizediya et al., 1993 survival curves pointed out the great effectiveness of
However, proper filtration allowed the complete re- nanoparticle system on reducing the toxicity of the
moving of the microparticle populationFig. 4A). peptide compared to Leu-A aqueous solution. In fact,

In addition, PCS analyses, performed on the fil- the Leu-A LDsy extrapolated from the graph was

tered batches, showed a colloidal size distribution about 1.2 mg/kg when Leu-A was employed as free
ranging between 98 and 889 nm (201.0 nm mean di- drug, whereas it showed an increase of more than
ameter) Fig. 4B). Scanning electron micrographs 18-fold when the peptide was entrapped in the NS.
of filtered NS Fig. 40 showed the presence of This result was confirmed by the fact that no decrease
discrete spherical NS having diameters around resulted in the concentration range investigated. These
300nm in agreement with PCS analyses and the data can be correlated with the decrease of Leu-A
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Fig. 3. Freshly Leu-A loaded NS: (A) particle size distribution, (B) SEM micrograph.

acute toxicity that confirm the control exerted by the the data reported iffable 2 we can infer that free
carrier on the peptide release rate. It was not possible Leu-A induces a dramatic reduction in fungal colonies
to determine the exact Ldg value for the NS because demonstrating that the peptide, at these concentra-
of the excessively large injection volume required that tions, reduces the infection without causing tissue
could modify the physiological mice conditions. damages. This behavior could be explained with the
Studies performed orC. albicans-infected mice fact that the peptide distributes, to a large extent,
models showed significant results as well. Comparing in the kidney, where it interacts mainly with fungal
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Fig. 4. Leu-A loaded NS after filtration: (A) particle size distribution, (B) PCS analysis, (C) SEM micrograph.

rather than mammalian membranes. Unfortunately, shown even at high doses, because this formulation
high doses of free Leu-A were very toxic to the mice reduces either growth of fungal colonies or mortality.
as shown by mortality percent. On the contrary, when The mechanism by which NS improve the therapeu-
Leu-A is entrapped in NS a high effectiveness was tic index of Leu-A in the treatment of disseminated
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Fig. 4. (Continued).
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Fig. 5. Leu-A release from PLGA NS incubated at°® for 100 h under mechanical shaking (160 rpm).
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Fig. 6. Dose—mortality curves for free Leu-A and Leu-A loaded NS injected via i.p. in CD2F1 female mice. Error bars are reported as

confidence interval at 0.05 significance level ane: 10.

Table 2

Leu-A loaded NS efficacy irCandida-infected mice model: data
relative to mortality and inhibition offandida albicans colonies
growth

Dose (mg/kg) % Reduction of coloniesMST? (days) D/
number= confidence
(@ =0.05,n=3)

Free Leu-A
Controf 0 10 717
0.7 81+ 2 13 a/7
0.35 73+ 3 19 3/7
0.175 61+ 2 - o/7
0.12 50+ 2 - 0/7
0.08 0.1+ 0.6 10 717

Leu-A in NS
Controf 0 10 717
0.7 90+ 2 - 0/7
0.35 80+ 1 - 0/7
0.175 55+ 3 - 1/7
0.12 40+ 2 12 3/7
0.08 0.2+ 0.6 10 717

Confidence is also reported at 0.05 significance leveland3.
@ Median survival time.
b Dead mice over total animals tested after 30 days.
¢ Mice treated with phosphate-buffered saline.

candidiasis in this model is not completely under-
stood. We can hypothesize that nhanospheres release
the peptide very slowly, thus maintaining a Leu-A
concentration in the organism under the toxic level. It
is noteworthy to point out that a dose of 0.175 mg/kg
is enough to exert a therapeutic action on this type
of infection. Lower doses of the peptide (0.12 and
0.08 mg/kg) produce a high mortality that can be ex-
plained by the fact that the peptide released is not
enough to restraiCandida growth.

4. Conclusions

In conclusion, we can suppose that Leu-A loaded
NS at 0.35mg/kg could represent a new effective
therapeutic system fa€andida infection. In fact, we
demonstrated that by selecting proper conditions it
is possible to obtain Leu-A loaded NS with suitable
amount of entrapped peptide, shape, size, and good
in vitro sustained release pattern.

In vivo experiments showed a drastic reduction of
Leu-A toxicity (therapeutic index increase) along with
an increased efficacy of the compound when entrapped
in NS. Therefore, this formulation is able to maintain a
drug hematic level sufficiently high to ensure activity
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againstCandida without determining lethal side ef-
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Candida species isolates from AIDS patients under ketoco-

fects. These encouraging results represent a good base nazole exposure. Diagn. Microbiol. Infect. Dis. 32, 211-216.

to further develop such carriers as vectors for this in-
teresting peptide. In particular, NS surface coating is

Nguyen, M.H., Peacock, J.E., Morris, A., 1996. The changing face
of candidemia: emergence of n@andida albicans species
and antifungal resistance. Am. J. Med. 100, 617-623.

needed to reduce the uptake by the immune system inNiwa, T., Takeuchi, H., Hino, T., Kunou, N., Kawashima, Y., 1993.

order to prolong NS blood half-life and make possible
their intravenous administration.
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