TECHNICAL NOTE

Self-assembled Amphotericin B Pharmacosome-like Vesicles Derived from
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Abstract: Background: Self-assembled drug delivery systems are of much interest since they can be
produced by simple low cost and solvent-free procedures. Pharmacosomes are supramolecular-
structured nanocarriers with benefits for drug stability and targeting delivery. Amphotericin B (AmB)
still remains an important agent for the treatment of invasive mold infections, e.g invasive aspergillo-
sis, although the challenge for new formulations is still prevailing due to high rates of toxicity.

Objective: We have previously reported the incorporation of AmB into 12-hydroxystearic acid lipid-
based microtubes (MTs) for topical use, herein we report the ability of AmB-MTs to self-assemble in-
to vesicles upon dilution.

Methods: AmB-MTs with different drug concentrations (1, 3, 5 mg/ml) were prepared, and size de-
termination was carried out for different dilutions. Morphology was evaluated by microscopy. In vitro
cytotoxicity was evaluated in Vero cells and in vitro activity against Aspergillus fumigatus and Asper-
gillus flavus was assessed.

Results: AmB-MTs closed upon dilution to form vesicles ranging from 200 nm to 1pm. AmB MIC
(Minimum inhibitory concentration) for both Aspergillus species was 0.0625 and 0.125 pg/ml for dis-
persion and reconstituted lyophilized, respectively.

Conclusion: AmB pharmacosome-like vesicles are smaller structures than MTs may thus be favoura-
ble for other delivery routes. We assume that this kind of pharmacosomes-like carrier is a promising
model for the obtention of new vesicular carriers based on lipid MTs.
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1. INTRODUCTION

Nanotechnology has provided novel opportunities to im-
prove the therapy of several diseases with the ultimate goal
of a better quality of life. Several nanomaterials are being
investigated for targeting drug delivery to disease sites. Li-
pid-based microtubes (MTs) are supramolecular structures
usually self-assembled from amphiphilic molecules. MTs
constitute promising biomaterials because they are simple to
produce in aqueous solutions without using hazardous organ-
ic solvents. Three-dimensional lipid tubes are formed by
molecular association through intermolecular forces forming
concentrically packed bilayers where amphiphilic drug mol-
ecules can be packed during the process of tube formation
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[1-4]. Additionally, pharmacosomes are defined as colloidal
dispersions of drugs covalently bound to lipids, which may
exist as vesicular, micellar, or hexagonal aggregates. Active
compounds possessing a free carboxyl group or an active
hydrogen atom can bind to the hydroxyl group of a lipid
molecule and form an amphiphilic complex, which then
converts into pharmacosomes by dilution with water. Phar-
macosomes enhance solubility and stability of loaded drugs
and also serve as a targeting and controlled release carrier [5-
7].

Amphotericin B (AmB) is a polyene antifungal that has
already been investigated for inclusion into vesicles such as
liposomes and niosomes [8, 9]. AmB is used to treat a num-
ber of fungal infections, including invasive aspergillosis (IA)
a severe form of the disease in immunosuppressed patients,
with mortality rates greater than 50% [10, 11]. Currently,
intravenous AmB deoxycholate (D-AmB) and liposomal
AmB are important therapeutic tools for the treatment of
invasive fungal infections, however the investigation of safer
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and more affordable medicines, as well as an alternative
route of administration is still of great interest [12, 13]. Con-
sequently, nebulized AmB was proposed for IA treatment in
order to deliver high drug concentrations directly to the dis-
ease site to maximize effectiveness and limit systemic toxici-
ty [14-16]. The development of an appropriate drug-loaded
formulation is, however, a major challenge in inhalation
therapy since drug carriers should have adequate aerodynam-
ic characteristics to be deposited in the lung, so particles in
the range 0.5—-5 microns would be the most appropriate. Lip-
osomes have been studied for pulmonary delivery, also nio-
somes and pharmacosomes have been proposed [17-19].

In earlier studies, we have reported the incorporation of
AmB into 12-hydroxystearic acid (12HSA) MTs for topical
use. Freshly prepared AmB-MTs are twisted tubular struc-
tures 4.5-12.5 um in length with drug loaded within the MT
wall. Nonetheless, dispersions had short time stability [20].
A preliminary lyophilization study showed the possibility to
extend the long- term stability of AmB both at 25 and 4 °C
(data not shown), while AmB-MTs were easily reconstituted
and kept their structure after reconstitution. Herein we intro-
duce AmB-MTs as a vesicle-forming system; in vitro anti-
fungal activity against Aspergillus fumigatus and Aspergillus
flavus, and in vitro cytotoxicity are reported.

2. MATERIALS AND METHODS

MTs were prepared as previously reported [20]. Briefly,
1% 12HSA (CASTOROIL S.A.C.ILAF., Argentina) was
mixed with distilled water and a 1M monoethanolamine
(ETA; Sigma-Aldrich) solution to get 1:1 lipid: ETA molar
ratio. The mixture was heated at 75-80° C in a water bath for
15 minutes until the melting of the lipid, and then vortexed.
MTs form spontaneously upon cooling of the clear isotropic
solution. AmB (Alpharma, Unifarma SA, Argentina) was
added after heating the mixtures 12HSA-ETA to obtain
AmB-MTs with final drug concentrations 1, 3 and 5 mg/ml.
After cooling samples were filtered by 1.2 um membrane
(GL Microfiber, Titan 2). Size determination was carried out
for different dilutions in distilled water (1/5, 1/10 and 1/100)
at 25 °C using a NanoZetasizer -zs (Malvern Instrument,
Malvern, UK). The reported values are the average of at least
3 measurements.

For lyophilization AmB-MTs dispersions (AmB 1mg/ml)
were poured into glass vials, frozen and lyophilized (freeze-
dryer FIC-LO0S5, FIC, Scientific Instrumental Manufacturing,
Argentina). The temperature of the freeze-dryer shelf and the
condenser were -14°C and -40°C, respectively, and the pres-
sure was 0.03 mbar. Samples were resuspended by adding
the corresponding volume of distilled water (1ml) to the dry
powder and it was observed if they were easily redispersed.

Phase-contrast microscopy was used to observe diluted
and reconstituted samples after lyophilization. Observations
were performed at 100X magnification using a Zeiss Axi-
oskop 2 Plus (Germany) equipped with a Sony Exwave
HAD video camera to collect digital images (768 x 494 pix-
els). A drop of sample was placed on the glass-slide and
covered with a cover slip without any additional treatment.

In vitro activity against A. fumigatus (ATCC 15560), A.
Sflavus (ATCC 073167), and A. fumigatus recovered from a
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clinical sample isolated from a patient with IA was assessed
using the broth microdilution method according to the CLSI
M38A2 document for AmB. MIC was determined in freshly
prepared AmB-MTs dispersion and after lyophilization.
AmB raw material and D-AmB marketed formulation were
used as control and reference, respectively. The final AmB
concentration in samples ranged 8.0 to 0.015 pg/ml. Visual
readings were performed using a microtiter reading mirror
after 24 h and 48 h of incubation at 37 °C. Samples were
analyzed at least twice on different days. Blank-MTs was
used as negative control; media sterility and media growth
controls were also performed.

Cytotoxicity was tested in the mammalian continuous
cell line derived from the kidney of an African green mon-
key, Vero cells(ATCC N°: CCL-81). Cells were cultured
and maintained in Dulbecco’s modified Eagle’s medium
(DMEM, Life Technologies Corp., Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum (FBS, Life
Technologies Corp.) at 37°C in a humidified atmosphere of
5% CO,. Cells were seeded in 96-well plates (2.0);104
cells/well), grown overnight and treated with AmB-MTs
freshly prepared and reconstituted after lyophilization; D-
AmB was tested as a reference. Samples were assayed for
different AmB concentrations (0-1000 pg/ml). Cytotoxic
activity was determined after 24 h using the 3-(4,5-
dimethylthiazol-2-yl1)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium/phenazine methosulfate (MTS/
PMS) assay (Promega, Madison, WI). The absorbance at
A=495 nm was determined using a FlexStation 3 (Molecular
Devices, LLC, Sunnyvale, CA, USA).

3. RESULTS AND DISCUSSION

Size determination by DLS (Dynamic Light Scattering)
showed that upon 1/5, 1/10 and 1/100 dilution, AmB-MTs
closed to form vesicles in the range of 1pm- 200 nm. The
size was not only defined by dilution but also by AmB con-
centration in the sample (Fig. 1). For 1/5 to 1/100 diluted
samples size ranges were as follows: 4.25 ym -258. 35 nm
(PDI : polydispersity index 0.265-0.421) for blank-MTs,
1.53 um - 265.60 nm (PDI 0.155-0.354) for AmB-MTs
Img/ml; 409.17 - 269.37 nm (PDI 0.243-0.303) for AmB-
MTs 3 mg/ml, and 339.03 - 284.93 nm (PDI 0.229 -0.245)
for AmB-MTs 5 mg/ml. The presence of vesicular-like struc-
tures was observed by phase-contrast microscopy (Fig. 2).
As reported for other chiral molecules, 12HSA is expected to
have the observed behaviour in order to reduce the system
free energy. Thus, the inclusion of an amphiphilic drug mol-
ecule into the carrier wall led to smaller structures in com-
parison to blank-MTs [21-23]. Given that AmB-MTs closed
into a small round pharmacosomes-like structure by proper
dilution this type of drug delivery system gains interest and
is potentially useful for alternative administration routes
such as inhaled therapy; as above mentioned particle size in
the range of 0.5-5 um is necessary for effective nebulization
and lung deposition and only drug-loaded particles less than
2 um will be able to penetrate the alveolar region.

In our previous studies AmB-MTs activity against Can-
dida sp. has been tested [24]. We considered interesting to
further evaluate AmB-MTs activity against other fungi and
we found that MICs results for pathogenic species of
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Fig. (1). MTs size upon dilution. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

Fig. (2). 1/10 dilution of 1mg/ml AmB-MTs dispersion a: conventional b: phase-contrast microscopy 100X. (4 higher resolution / colour ver-

sion of this figure is available in the electronic copy of the article).

Table 1.

Minimum inhibitory concentration (MIC) for Aspergillus spp.

MIC (png/ ml)

Sample
A.fumigatus ATCC 15560

A.fumigatus (1A patient)

A.flavus ATCC 073167

AmB raw material

0.125

0.125

0.5

D-AmB

0.5

0.5

1.0

Blank-MTs dispersion

No inhibition

No inhibition

No inhibition

AmB — MTs Img/ml dispersion

0.0625

0.0625

0.25

Blank-MTs dispersion after lyophilization

No inhibition

No inhibition

No inhibition

AmB — MTs Img/ml after lyophilization

0.125

0.0625

0.25

Aspergillus were lower than those for D-AmB and AmB raw
material. In this regard, AmB loaded in MTs increased anti-
fungal activity, 2 and 8 times for A. fumigatus, and 2 and 4
times for A. flavus, in comparison with D-AmB and AmB
raw material, respectively (Table 1). Lyophilization process
did not affect drug activity. As reported elsewhere MIC val-
ues for AmB nanoparticles ranged 0.75 - 0.125 pg/ml for A.
fumigates whereas MIC values for liposomal AmB ranged
0.06 - >16 pg/ml for A. flavus, hence our results are encour-
aging and highlight the role of the carrier [14, 24]. Recent
studies have shown that prophylaxis against IA following
lung transplantation using local therapy with aerosolized

AmB from liposomal, lipid complex or nanoparticles formu-
lations, was effective and with fewer adverse events than D-
AmB. Inhalation therapy may help to achieve the therapeutic
effect using low dose of the drug and prevent systemic side
effects. The development of new alternatives for this non-
invasive, targeted route of administration is of relevance [14,
16, 25-27].

Cytotoxicity was determined for the following AmB con-
centrations 1000, 500, 250, 125, 62.5, 31.25, 15.62, 7.81,
3.90, 1.95, 0.98 0.49 and 0 pg/ml. Cell viability was > 80%
at any concentration for D-AmB whereas AmB-MTs showed
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Table 2.  Cell viability.
CC (pg/ml) D-AMB AMB-RM AMB-MTs AMB-MT | | Blank-MTs
0 (control) 1 1 1 1 1
0.49 0.978+0.136 0.962+0.040 0.908£0.136 0.901 +£0.141 | 0.970+0.130
0.98 0.885+0.076 0.927+0.020 0.890+0.185 0.872+0.026 | 0.893 +0.085
1.95 0.857+0.035 0.841£0.059 0.888+0.289 0.821 £0.044 | 0.878 +=0.209
3.90 0.846 £0.023 0.829+0.063 0.831+0.096 0.803 +£0.058 | 0.852+0.190
7.81 0.822+0.071 0.811 £0.059 0.764+£0.001 0.765+0.076 | 0.774 + 0.060
15,62 0.817+0.063 0.806+0.063 0.752+0.061 0,726 +0,008 | 0.769 £ 0.060
31.25 0.803+£0.021  0.788+0.042 0.678 £0.033 0,705+ 0,004 | 0.608 + 0.053
65.50 0.792+£0.033 0.679+0.063 0.550+0.254 0.578 £0.154 | 0.559+0.204
125 0.741+0.078 0.627+0.120 0.522+0.125 0.530+£0.125 | 0.510+0.025
250 0.719£0.099 0.512+0.026 0.510+0.082 0.520+ 0.090 | 0.500 + 0.182
500 0.71 £ 0.131 0,508 £0,044 0.497 + 0.042 0.483+ 0.142 | 0.499+ 0.022
1000 0.683+£0.120 0,493 +0,013 0413+£0.142 0.472+ 0.083 | 0.453 +£0.161

Salerno et al.

AMB-RM: raw material; AMB-MT ;: after lyophilization

greater cell growth inhibition; viability was near 50% for
concentrations > 31.25 pg/ml and only for the range 0.49 -
31.25 pg/ml viability was > 80%. Blank-MTs showed simi-
lar results as those obtained with AmB loaded samples. On
the contrary AmB raw material exhibited approximately 80 -
95% of viability for samples < 62.5 pg/ml and approximate-
ly 50% for those > 125 ug/ml, which shows that the carrier
may be responsible for such toxicity (Table 2). Despite these
results, in some clinical settings the dose of medication to be
applied would be rather low, for instance a pharmacokinetic-
pharmacodynamic model showed complete 4 fumigatus and
A flavus growth inhibition at Cmax > 0.3 mg/L and > 0.8
mg/L, respectively, and the susceptibility breakpoints was
reported as 2 ug/ml for A. fumigatus and 1ug/ml for 4. fla-
vus. Moreover in the case nebulization and pulmonary ad-
ministration only 20-30% of the administered medication is
deposited. Herein, AmB pharmacosomes-like is presented as
a model system; similar lipids should be further studied for a
safer behaviour and the for obtention of suitable dosage
forms according to the intended administration route.

CONCLUSION

Bearing in mind that self-assembled structures are of
current interest as drug delivery candidates, the ability of
AmB-MTs formed from an amphiphilic lipid to spontane-
ously become into pharmacosome-like vesicles upon appro-
priate dilution showed a promising base for designing new
biocompatible cost-effective carriers.
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