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Cortesi, et al.: Colloidal Dispersions to Deliver Acyclovir

This paper describes a comparative study on the performances of ethosomes and solid lipid nanoparticle as
delivery systems for acyclovir. Ethosomes were spontaneously produced by dissolution of phosphatidylcholine and
acyclovir in ethanol followed by addition of an aqueous buffer while solid lipid nanoparticle were produced by
homogenization and ultrasonication. Both colloidal systems were morphologically characterized by cryo-transmission
electron microscopy. The encapsulation efficiency was 94.2+2.8% for ethosomes and 53.2+0.2% for solid lipid
nanoparticle. Concerning Z potential, both formulations are close to neutrality. The diffusion coefficients of the
drug from ethosomes and solid lipid nanoparticle, determined by a Franz cell method, were 9.4 and 1.2-fold lower
as compared to the free acyclovir in solution, thus evidencing the ability of both colloidal systems in enhancing the
diffusion of the drug. The antiviral activity against HSV-1 of both systems was tested by plaque reduction assay in
monolayer cultures of Vero cells. Data showed that no significant differences in the antiviral activity were observed
by acyclovir in the free or loaded forms. Taken together these results, colloidal systems could be interesting to

mediate the penetration of acyclovir within Vero cells.
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Acyclovir (ACY), {9-[(2-hydroxyethoxy)methyl]
guanine} (Table 1), is a synthetic purine nucleoside
analogue derived from guanine considered the safest
and most efficacious drug able to act against herpes
simplex viruses (HSV-1 and HSV- 2)[-3, The action
mechanism of ACY is related to the inhibition of
DNA replication of herpes virus. The antiviral drug
ACY is widely used topically especially for treatment
of Herpes labialis*®.. To this aim, colloidal systems,
such as ethosomes and solid lipid nanoparticle (SLN),
can be considered drug delivery vehicles playing a
major role in the transport and targeting of active
agents.

Ethosomes are multilamellar vesicles composed
of phospholipids, ethanol and water. These lipid
vesicular systems embody ethanol in relatively high
concentrations!”. Ethosomes have been demonstrated
to be more efficient than liposomes or hydro-alcoholic
solutions to deliver topical agent to the skin, probably
in reason of their ability in enhancing permeability
after their fusion with skin lipidst®®"l. For instance,
ACY-containing ethosomes improved clinical efficacy
of the drug as compared to that of Zovirax cream
(Glaxo Wellcome plc) in the treatment of recurrent
herpes labialis!'l.

Solid lipid nanoparticles (SLN) are nanoparticles
based on solid lipids (i.e. triglycerides) joining the
advantages of colloidal lipid emulsions with those of

through biological membranes and by protecting them
against metabolizing enzymes!'®. SLN offer a number
of potential advantages as delivery systems, such as
better availability for poorly water-insoluble molecules,
the use of physiological lipids and a wide application
range (dermal, per os, intravenous)!.

Aims of this study were (a) the production and
characterization of two different colloidal systems,
such as ethosomes and SLN, as vehicles for acyclovir,
(b) the determination of the drug encapsulation and
its release kinetics from both ethosomal and SLN
dispersions and (¢) the evaluation of the in vitro
antiviral activity of drug-containing ethosomes and
SLN on Vero cells as compared to that of the sole
acyclovir.

Although ACY is slightly soluble in water (1.3
mg/ml at 25°); very slightly soluble in ethanol
(0.2 mg/ml) and soluble in dilute aqueous solutions
of alkali hydroxides and mineral acids; ethosomes
were spontaneously produced by dissolution of
phosphatidylcholine (PC) and ACY in ethanol
followed by slow addition of an aqueous buffer
under continuous stirring at room temperature. To
prepare ethosomes, PC (50 mg/ml) and ACY (50 mM)
were dissolved in 2 ml of ethanol, then 8 ml of

TABLE 1: CHEMICAL STRUCTURE AND SOME
PHYSICOCHEMICAL CHARACTERISTICS OF
ACYCLOVIR

solid matrix particles!'*!'”). The solid matrix of SLN  Structure Mw A, (hm)  logP  ED,, (uM)
should be able to protect chemically labile agents from 0 209.2 253 -1.76 0.1
degradation and to modulate drug release profiles. {Nfiﬂ\ﬂ

Moreover SLN can be employed to increase the m_f'ﬁo\'f NNk

bioavailability of drugs by improving their diffusion e o
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isotonic Palitzsch buffer (IPB) (5 mM Na,B,0.,
180 mM H,BO,, 18 mM NaCl) were slowly added
to the alcoholic solution, at 30°, stirring at 700
rpm for 5 min. During preparation, dispersions
displayed initial optical transparency due to the
high ethanol concentration able to maintain PC in
solution. By adding increasing concentrations of
aqueous buffer, PC molecules reorganize themselves
resulting in a turbid ethosomal suspension. After
production, ethosomes were extruded once through
two stacked 400 nm pore size filters and three-fold
through two stacked 200 nm pore size membranes
(Nucleopore Corp., Pleasanton, CA) in order to size
the vesicles®”.

The separation of the free drug from the ACY
contained within ethosomes was obtained by a gel
filtration on Sepharose 4B column (Pharmacia,
Uppsala, Sweden) (1.5 cm diameter, 50 cm length)
pre-equilibrated and eluted with borate buffer. ACY
content was determined by RP-HPLC analysis
using a Vydac C18 column (25x%0.46 cm) stainless
steel packed with 5 mm particles eluted at room
temperature with a mobile phase consisting of 10%
methanol and 90% NaH, PO, buffer 0.02 M pH 3 at
0.8 ml/min. The assay method for the determination
of acyclovir was validated according to the United
States Pharmacopeia (USP). Under these conditions
acyclovir showed a limit of quantitation of 10 ng/ml
and a retention time of 4 min. The calibration curve
was linear in the concentration range 10-5000 ng/ml,
R=0.9968.

Tristearine SLN was produced by homogenization
and ultrasonication as previously described!?'-%.
Briefly, pure tristearine at a concentration of 5% w/w
with respect to the total weight of dispersions, was
fused and then dispersed in aqueous poloxamer 188
solution (2.5% w/w) at 13,500 rpm, 70° for 1 min,
using a high-speed stirrer (Ultra Turrax T25, IKA,
Germany). The obtained emulsion was subjected to
ultrasonication (Microson™, Ultrasonic cell Disruptor)
at 6.75 kHz for 15 min and then cooled down to
room temperature. In the case of drug-containing
dispersions, 3 mg of the drug were added to the
molten lipids and dissolved before adding to the
aqueous solution.

The use of pure tristearine give rise to the production
of stable and homogenous dispersions, free from
aggregates.
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Table 2 summarizes the results concerning size, zeta
potential and percentage of drug encapsulation of
both ethosomes and SLN encapsulating acyclovir.
From the analysis of these data it can be achieved
that both colloidal systems show a similar mean
size, being 257.7£5.1 nm (P.I. 0.14) for ethosomes
and 236.2+13.6 nm (P.I. 0.34) for SLN, and are
quite neutral in terms of ionic charge. In fact, as
expected by the use of uncharged excipients for the
production of both SLN and ethosomes, the zeta
potential values of both formulations are around
-3 mV. Considering that a value of 25 mV (positive
or negative) is taken as the arbitrary value that
indicates charged surfaces, the obtained SLN and
ethosomes can be considered neutral. In addition,
SLN dispersions maintained their dimensions
almost unchanged for more than 6 months (data
not shown). The best results in terms of percentage
of encapsulation were obtained by ethosomes as
compared to SLN (94.2% vs 53.2%).

Cryo-transmission electron microscopy (Cryo-TEM)
analyses have been conducted in order to shed light
on the internal structure of the dispersed particles
in both ethosome and SLN dispersions. Cryo-TEM
analyses were performed using a Zeiss EM922
transmission electron microscope for imaging. Images
were recorded digitally by a CCD camera (Ultrascan
1000, Gatan) using a image processing system (GMS
1.4 software, Gatan).

Fig. 1 reports cryo-TEM images of colloidal
dispersion containing ACY, namely ethosomes
(panel A) and SLN (panel B). The electron
microscopic analysis demonstrates that ethosomal
suspension is mainly characterized by the presence
of unilamellar vesicles with few multi-oligo-
lamellar vesicles. However, the suspension shows
a low poly-dispersion with an average diameter
reflecting the pore size of the membrane used for
the extrusion.

TABLE 2: AVERAGE DIAMETER, { POTENTIAL AND
PERCENTAGE OF DRUG ENCAPSULATION OF THE
PRODUCED CARRIER SYSTEMS

Carrier Mean Polyd® 4 % of drug

system diameter (nm) potential encapsulation
(mV)

Ethosomes 257.7+5.1 0.14  -3.15:0.28 94.2+ 2.8

SLN 236.2+13.6 0.34  -2.52:0.21 53.2+0.2

Data represent the mean of three independent experiments; P<0.05 *Polyd.:
polydispersity
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Concerning SLN, the three dimensional particles are
projected in a two dimensional way. In panel B one
can observe elongated circular platelet-like crystalline
particles and dark, “needle like structures edge-on
viewed. The calculated thickness of nanoparticles was
4.7 nm. It addition, the presence of the drug does not
affect colloidal system aspect (data not shown).

In order to investigate the diffusion of ACY from
both the ethosomes and SLN an in vitro test based
on a Franz cell was employed!®*?*. Particularly,
the use of diffusion cell with synthetic membranes
allows to determine the drug diffusion characteristic
from ethosome or SLN and thus it can be used as
a quality control procedure to assure batch-to-batch
uniformity!®!. As in vitro system able to mimic the
human skin barrier properties, in the present study we
utilized a multilaminated membrane system consisting
of a hydrophilic membrane of cellulose acetate and
nitrate esters (0.2 um pore size, Schleicher and

Fig. 1: Cryo-TEM photographs of ACY-containing ethosomes
(Panel A) and SLN (Panel B) studied in the present paper. Bar
represents 180 nm
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Schuell, Germany) sandwiched between two lipophilic
polydimethylsiloxane (silicone) membranes (SilasticR
500.3, 250 pm thickness, Dow Corning Corporation,
Midland, USA)?+2¢. The experiments were carried on
using a standard glass Franz cell with 1 cm diameter
orifice (0.78 cm? area).

As receptor phase phosphate buffer 0.1 M (pH 7.4)
was used. The receptor phase was always degassed
before use to avoid air bubbles formation and poured
in the cell body to overflowing. To study the drug
release rate, 1 ml of drug solution or drug containing-
colloidal suspension was placed into the donor cell
compartment and tamped down on the membrane,
previously moistened with the receptor phase. The
upper part of the chamber was sealed to avoid
evaporation. The receptor phase was stirred by means
of a constantly spinning bar magnet and thermostated
at 37°. At predetermined time intervals comprised
between 1 and 8 h, 0.15 ml of receptor phase were
withdrawn and the drug concentration in the receptor
phase was measured by HPLC.

The amount of drug released per unit area (mg/cm?)
was plotted against the square root of time. The
cumulative amount of drug released was linear
and proportional to the time both for ethosomes
and SLN. The slope, which represents the release
rate, steady-state flux, was calculated by linear
regression. In order to compare formulations loaded
with different concentrations of drug or to compare
different types of formulations containing the same
type of drug (i.e. SLN and NLC), the observed
flux of the drug through the membrane has to
be normalized™*2¢. In this view, the release rate
coefficients were expressed both as experimentally
observed fluxes (Jo) and as normalized fluxes
(Jn) (Jn=Jo/C, where C is the drug concentration
expressed in mg/ml). Correlation coefficients of
the regression line were always higher than 0.979
(Table 3).

The calculated diffusion coefficients for ACY
incorporated within ethosomes and SLN are reported

TABLE 3: IN VITRO DIFFUSION COEFFICIENTS AND

IN VITRO EFFECT ON PLAQUE REDUCTION OF
ACYCLOVIR

carrier system R R? Jo Jn log Jo log Jn
Aqueous solution 0.998 0.996 0.1972 0.046 -0.705 -1.724
Ethosomes dispersion 0.994 0.988 0.0519 0.0049 -1.284 -2.309
SLN dispersion 0.979 0.958 0.0193 0.037 -1.714 -1.432

Data represent the average of five independent experiments; p<0.05

November - December 2011



www.ijpsonline.com

in Table 3 and fig. 2. The diffusion coefficients of
ACY from ethosomes and SLN (J values) are 9.4 and
1.2-fold lower (P<0.05), respectively, as compared to
the free ACY in solution thus evidencing the ability
of both colloidal systems in controlling the diffusion
of the drug. However, as expected, ethosomes showed
a higher effect with respect to SLN probably due to
the presence of ethanol in the aqueous compartment
of the ethosomes that favored the encapsulation of
ACY and controlled its flux through the in vitro
system mimicking the skin barrier.
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Fig. 2: In vitro release kinetics of ACY from solutions (circle),
ethosomes (square) and SLN (diamond).

Experiments were performed by a cellulose ester membrane with 0.2
mm pore size and phosphate buffer pH 7.4 as receptor phase. The
reported results represent the mean valuestSD of six independent
experiments

The mechanism of release kinetics was evaluated by
fitting the permeation data to the zero-order, first-
order and Higuchi diffusion models. All permeation
profiles fit the Higuchi diffusion model and a linear
relationship was found between the amount of
drug released and the square root of time. It could
be concluded that the colloidal particles acted as
reservoir systems for continuous delivery of the
encapsulated drug. However, it has to be taken in
mind that several factors may affect transdermal flux,
such as drug affinity to colloidal particles and drug
solubility within stratum corneum lipids.

The antiviral activity against HSV-1 of drug-
containing ethosomes was tested by plaque reduction
assay in monolayer cultures of Vero cells (African
Green monkey kidney) according to the standard
method™”!. Several authors indicated Vero cells as a
suitable host for HSV- 1127281 5x105 cells/well were
seeded in 12-well plates and incubated at 37° and
5% CO,. When the cells reached 95% of confluence,
they were infected with 100 pfu of HSV-1. After
incubation for 1 h at 37° to allow viral adsorption,
the plates were washed and the medium replaced
with maintenance medium containing different
concentrations of empty or drug-containing ethosomes
or SLN (i.e. 50, 33, 25, 16.6, 8.3, 5 mM). After
48 h incubation, the medium was removed and the
number of plaques was counted by using a light
microscope. The antiviral activity was evaluated as
plaque reduction with respect to control cells?**,

Fig. 3 reports the antiviral activity of ACY after 48 h
from infection with HSV-1 MOI 0.1 (panel A) or HSV-
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Fig. 3: Antiviral activity of ACY after 48 h from infection.

Vero cells were infected with HSV-1 MOI 0.1 (panel A) or HSV-1 MOI 1 (panel B) and incubated in the presence of serial dilutions of ACY
as free solution (black column), ethosome dispersion (gray column) and SLN suspension (white column). Data represent the mean of three

replicates of three independent experiments
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1 MOI 1 (panel B). Particularly, after infection Vero
cells were incubated in the presence of serial dilutions
of ACY in the free form or loaded within ethosomes
or SLN. By the analysis of data reported in fig. 3, it
is evident that, in general, no significant differences
in the antiviral activity were observed by ACY in the
free or loaded forms. Although especially at lower
ACY concentrations the encapsulation within carrier
systems seems to reduce the in vitro antiviral activity
of the drug either at MOI 0.1 or MOI 1. Possibly, the
high lipophilicity of SLN with respect to ethosomes
seems to be the more critical parameter influencing the
antiviral activity when higher viral infections are used
(i.e. MOI 1). It should be supposed that ethosomes
and SLN could be useful in transporting ACY within
Vero cells. For appropriate comparison, the activity
of both empty colloidal systems was evaluated. As
expected, the plaque reduction assay revealed the
absence of activity of empty colloidal systems in
infected Vero cells (data not shown).

By the analysis of the obtained results, it is evident
that both SLN and ethosomes are able to encapsulate
quite high amount of ACY and, as determined by
Franz cell method, to increase the diffusion of the
drug as compared to the ACY solution. Thus, it should
be supposed that the transport of the ACY by colloidal
systems into the stratum corneum bypasses the main
barrier to drug permeation, improving skin delivery.
However, the antiviral activity against HSV-1 of both
formulations tested by plaque reduction assay on Vero
cells showed no significant differences as compared to
that observed by ACY in solution. Taking into account
these considerations, it should be concluded that
colloidal systems could be interesting to mediate the
penetration of ACY within cells and thus to propose
both ethosomes and SLN as possible means for topical
administration of anti-herpetic molecules.
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