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bstract

In the present study, the preparation, characterization and activity of non-phospholipid vesicles (NPV) containing three aminoacid-based
olecules were described. As model compounds trypsin, bovine basic pancreatic inhibitor and polylysine rich peptides derived from the her-

es simplex virus type 1 (HSV-1) glycoprotein B were employed. NPV were chosen as alternative to liposomes for the possible administration of
minoacid based molecules via mucous membrane (nasal or vaginal) routes. NPV containing the indicated model drugs have shown to be more
table in term of size with respect to liposomes encapsulating the same model drugs previously produced by our group [Cortesi, R. Argnani,
., Esposito, E., Dalpiaz, A. Scatturin, A., Bortolotti, F., Lufino, M., Guerrini, R., Incorvaia, C., Menegatti, E., Manservigi, R., 2006. Cationic

iposomes as potential carriers for ocular administration of peptides with antiherpetic activity. Int. J. Pharm. 317, 90–100]. In addition our study

ndicates that the produced NPV (i) are able to encapsulate the model drugs over 49%, (ii) are characterized by dimensions compatible with
pplications on the mucous membrane, (iii) remain stable in size for at least 3 months and (iv) can release the model drug (after a slight lag time)
n a controlled fashion as compared to that of the corresponding free solution.

2007 Published by Elsevier B.V.
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. Introduction

Non-phospholipid vesicles (NPV) have been largely pro-
osed as drug delivery systems (Uchegbu and Vyas, 1998). This

lass of vesicles appear to be similar in terms of their phys-
cal properties to liposomes, being prepared in the same way
nd under a variety of conditions, forming unilamellar or mul-

Abbreviations: NPV, non-phospholipid vesicles; TRYP, trypsin; BPTI,
ovine basic pancreatic trypsin inhibitor; POT, polyglycero-6-oleate/
olyoxyethylen sorbitan monolaurate non-phospholipid vesicles; POTC,
olyglycero-6-oleate/polyoxyethylen sorbitan monolaurate/cholesterol non-
hospholipid vesicles; POS, polyglycero-6-oleate/sorbitan monolaurate non-
hospholipid vesicles
∗ Corresponding author at: Dipartimento di Scienze Farmaceutiche, via Fos-

ato di Mortara 19, 44100 Ferrara, Italy. Tel.: +39 0532 291259;
ax: +39 0532 291296.

E-mail address: crt@unife.it (R. Cortesi).
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ilamellar structures (Uchegbu and Florence, 1995). They may
e regarded either as inexpensive alternatives, of non-biological
rigin, to liposomes, or perhaps in vivo as a carrier system phys-
cally and structurally very similar to liposomes. Particularly,
hese vesicles were introduced in reason of the higher chemical
tability of the surfactants compared to that of phospholipids.
hospholipids are in fact subjected to stability problems due to

he easy hydrolysis of esters bonds or to the possible perox-
dation of unsaturated bonds. Moreover, another disadvantage
elated to the nature of liposomes is referred to the unreliable
eproducibility of the lecithin batches. This series of problems in
he use of liposomes as drug carriers suggested to the researchers
he utilization of alternative sources to make vesicles and among
hem the use of non-ionic surfactants.
An increasing number of non-ionic surfactants have been
ound to form vesicles able to entrap hydrophobic and
ydrophilic solutes (Uchegbu and Vyas, 1998). Particularly,
PV have been prepared from polyglycerol alkyl ethers (Baillie

mailto:crt@unife.it
dx.doi.org/10.1016/j.ijpharm.2007.02.024
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t al., 1985), glucosyl dialkyl ethers (van Hal et al., 1992), crown
thers (Echoyen et al., 1988) and polyoxyethylene alkyl ethers
Hofland et al., 1991).

In the present paper, we investigated the preparation and char-
cterization of NPV based on polyglycerol alkyl ethers and
n sorbitan monoalkyl ethers for the transport of aminoacid
ased molecules, such as trypsin, inhibitor of Kunitz and
TK.
Trypsin (TRYP), is a digestive proteinase, produced in an

nactive form by the pancreas, able to break down dietary protein
olecules to peptides and amino acids (Schwert and Takenaka,

955; Pavlisko et al., 1997). The peak of enzymatic activity of
RYP is attained in the small intestine where a slightly alkaline
nvironment (about pH 8) allows pursuit of the digestion pro-
ess started in the stomach. Among the proteolytic enzymes,
RYP is the most discriminating, since it can attack only a

estricted number of chemical bonds. In fact, the presence of
esidues of hystidine and serine in the catalytic site of TRYP,
ives this enzyme the specificity to cleave peptide bonds in pro-
ein molecules to which carboxyl groups are donated by arginine
nd lysine (Pavlisko et al., 1997).

The pancreatic Kunitz inhibitor, also known as bovine
asic pancreatic trypsin inhibitor (BPTI), aprotinin and trypsin-
allikrein inhibitor, is one of the most extensively studied
lobular proteins. It has proved to be a particularly attractive
nd powerful tool for studying protein conformation as well as
olecular bases of protein/protein interaction(s) and (macro)
olecular recognition. Moreover, BPTI inhibits the nitric oxide

ynthase type-I and -II action and impairs K + transport by Ca2+-
ctivated K+ channels (Ascenzi et al., 2003). The use of BPTI in
ardiopulmonary surgery and orthotoptic liver transplantation
an significantly reduce hemorrhagic complications and thus
lood-transfusion requirements.

DTK is a polylysine rich peptide derived from the herpes
implex virus type 1 (HSV-1). Particularly, this 15 aminoacids
esidues peptidic sequence (D-T-K-P-K-K-N-K-K-P-K-N-P-P-
) belongs to the extracytoplasmatic region of glycoprotein gB

nvolved in the recognition of a cellular receptor, namely heparan
ulfate (HS) proteoglycans, and have been shown to mediate the
rst binding of the virion to the cell (Shieh et al., 1992; Laquerre
t al., 1998). Mutants deleted of this sequence are impared in
inding and penetration of the virus into the cell (Laquerre et
l., 1998). This polylysine rich sequence, synthesized by our
roup (Cortesi et al., 2006), has demonstrated to possibly induce
eutralizing antibody when injected into rabbits and therefore
an be considered a promising immunogen for the development
f a new formulated vaccine against HSV infection (Cortesi et
l., 2006).

. Materials and methods

.1. Chemicals
Polyglycero-6-oleate (Plurol oleique, PO) was from Gat-
efossè, (Milano, Italy). TRYP, BPTI, cholesterol (C),
olyoxyethylen sorbitan monolaurate (T) and sorbitan monolau-
ate (S) were obtained from Fluka (Buchs, Switzerland). DTK

1
a
t
d
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eptide was synthesised by Dr. Remo Guerrini at the department
f Pharmaceutical Sciences of Ferrara University.

.2. NPV preparation

Empty and aminoacid-based molecules containing NPV were
repared as follows: 10 mg of polyglycero-6-oleate/sorbitan
onolaurate (POS) (1:1, w/w), polyglycero-6-oleate/polyoxy-

thylen sorbitan monolaurate (POT) (1:1, w/w), polyglycero-
-oleate/polyoxyethylen sorbitan monolaurate/cholesterol
POTC) mixture (10:10:1, w/w/w), dissolved in 2.0 ml of a
ethylene chloride/methanol mixture (1:1, v/v) were placed

n a 100 ml round bottom flask. After solvent evaporation
y vacuum-dried under nitrogen using a rotary evaporator,
he resulting dried lipid-film was re-hydrated with 2.0 ml of
arm (60 ◦C) 0.1 M phosphate buffer pH 7.4 with or without
eptide-based compound (1 mg/ml) then the mixture was
ortexed and sonicated at 60 ◦C for 10 min in a bath sonicator
Branson 2200, Branson Europe, The Netherlands) to obtain

more homogeneous sized vesicles population (Perkins et
l., 1988; Cortesi et al., 1998). Afterwards, the obtained NPV
reparation was left at room temperature under continuous
tirring (180 mot/min) for 16–18 h in order to give a higher
ncapsulation efficiency (Leong et al., 2002).

TRYP- and BPTI-containing NPV were then injected into a
evice (Lipex Biomembranes Inc., Vancouver, Canada), which
llowed the extrusion of the vesicles through standard 25 mm
iameter polycarbonate filters with calibrated pore size (Nucleo-
ore Corp., Pleasanton, CA). The vesicles were extruded through
wo stacked filters employing nitrogen pressure of 10–20 bars,
ollected and re-injected five times. In order to separate the
ossibly present free model drug from NPV, the turbid sus-
ension was subjected to ultrafiltration. Particularly, 300 �l of
ach NPV preparation were filtered through 10,000 NMWL or
000 NMWL pore filters (Micron YM-10, Millipore Corpora-
ion, Bedford, USA) by centrifuging at 10,000 rpm for 20 min
n a Beckman Microfuge 18 centrifuge. The drug concentra-
ion in the preparation (PT) and in the ultrafiltrate (PU) was
ssayed by HPLC as described below. Thus, the equation for the
ncapsulation efficiency in the liposomes was as follows:

ncapsulation efficiency(%) =
[

(PT − PU)

PT

]
× 100.

ach model drug concentration was determined as reported
elow.

.3. Trypsin determination

The structural integrity of TRYP released from NPV was
haracterized by HPLC using a size-exclusion chromatography
SEC) column. More specifically, 30 �l of the TRYP solution
as injected on a TSK-Gel G3000SWXL 7.8 mm × 300 mm

olumn (TosoHaas, United States) and eluted isocratically with

0 mM phosphate monohydrate buffer at pH 4.3. The enzymatic
ctivity of free and NPV-TRYP was determined by spectropho-
ometric analysis, according to a modified version of the method
escribed by Huber and Bode (1978). Fifty microlitres of non-
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hospholipid vesicles containing TRYP sample were added
o 1 mg/ml N-�benzoyl arginine (BAPNA) in 200 mM tri-
thanolamine hydrochloride pH 7.8 (1.95 ml) at 25 ◦C, and
rogress of the reaction was followed spectrophotometrically at
05 nm, using a Lamba19 Perkin-Elmer UV–vis spectrometer
UK). The specific activity was calculated in BAPNA-units/mg
rypsin, 1 BAPNA-unit corresponding to 0.001 DA:min. The
ctivity of untreated trypsin was measured using the same pro-
edure. The values reported are the averages of at least two
easurements, the standard deviation being two percentage

nits. As standard solution (reference) 50 �l of crystallized
ovine trypsin (0.2 mg/ml) in HCl 0.001 N were used.

.4. BPTI determination

The determination of BPTI was obtained as follows. Fifty
icrolitres of a trypsin standard solution (0.2 mg/ml) were added

o 15 �l of NPV containing BPTI and 1935 ml of triethanolamine
ydrochloride 0.2 M pH 7.8. After 3 min (time needed to obtain
he complete inhibition of trypsin activity by BPTI) 1 ml of
APNA was added and the analysis was performed as previously
escribed for TRYP determination.

From the comparison with a standard curve obtained by using
concentration of 10 �g/ml of BPTI as a reference, it was pos-

ible to obtain the percentage of trypsin inhibition.

.5. DTK determination

The HPLC determination of DTK was performed using a
asco (Japan) gradient chromatographic pump, a Rheodyne 7125
ample injection valve (equipped with a 50-�l loop) and a
asco UV detector. Samples were eluted on a 150 mm × 4.6 mm
everse-phase stainless steel column packed with 5 �m particles
Model BDS C18 Hypersil, Hewlett Packard, USA). The elution
as isocratically performed at room temperature with a mobile
hase constituted for 86% of water, 14% acetonitrile and 0.15%
FA at a flow rate of 0.8 ml/min. DTK was monitored at 225 nm,

ts characteristic λmax.

.6. NPV morphology

NPV shape and surface characteristics were studied by
tomic force microscopy (AFM) and cryo transmission electron
icroscopy (Cryo-TEM).
AFM were performed in air using a Nanoscope III (Digital

nstruments, Santa Barbara, USA) operating in tapping mode. A
�l drop of diluted NPV suspension was placed on mica slide
reviously fixed on a metallic magnetic support by bi-adhesive
ape. Sample was left to desiccate overnight in a desiccator. The
nalysis was performed on a 2 × 2 micron surface at a scanning
ate around 3.2 Hz.

Cryo-TEM samples were prepared at ambient conditions. A
-�l drop of solution was placed on a pure thin bar 600-mesh

EM grid (Science Services, Munich). The drop was blotted
ith filter paper until it was reduced to a thin film (10–200 nm)

panning the hexagonal holes of the TEM grid. The sample was
hen vitrified by rapidly immersing into liquid ethane near its

a
s
a
B
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reezing point. The vitrified specimen was transferred to a Zeiss
M922 transmission electron microscope for imaging using a
ryoholder (CT3500, Gatan). The temperature of the sample
as kept below −175 ◦C throughout the examination. Speci-
ens were examined with doses of about 1000–2000 e/nm2 at

00 kV. Images were recorded digitally by a CCD camera (Ultra-
can 1000, Gatan) using an image processing system (GMS 1.4
oftware, Gatan).

.7. Dimensional and ζ potential analysis

The determination size and surface charge of NPV was
erformed using a Zetasizer 3000 PCS (Malvern Instruments,
alvern, UK) equipped with a 5 mW helium neon laser with
wavelength output of 633 nm. Glassware was cleaned of dust
y washing it with detergent and rinsing it twice with water
or injections. Measurements of size analysis were made at
5 ◦C at an angle of 90◦. Data were interpreted using the Contin
oftware.

.8. Evaluation of KD between NPV and DTK

The DTK-NPV affinities were evaluated calculating the dis-
ociation constant (KD) of their binding equilibrium, as follows.
queous solutions containing six increasing concentration of
TK, ranging from 0.06 to 2 mg/ml, were singularly incubated
ith a 10 mg/ml of empty NPV (PO/T, 1:1, w/w) suspension

or 6 h at 180 rpm using a KS250 basic orbital stirrer (IKA
abortechnik, Staufen, Germany). The incubation volume was
00 �l. Afterwards, each sample was filtered through 10,000
MWL pore filters (Micron YM-10, Millipore Corporation)

nd then analysed using the HPLC system described above, in
rder to evaluate the content of free peptide [P]. The concen-
rations of the peptide bound to the non-phospholipid vesicles
NP] were obtained by the difference of the total concentrations
f peptide used for each sample with the corresponding [NP] val-
es. The concentrations of free non-phospholipid vesicles [N]
ere obtained by the difference between their total concentration

nd the [NP] values. Dissociation constants were calculated as
D = [N] [P]/[NP] for each concentration of DTK introduced in

he system after 6 h of incubation. The mean ± S.D. values were
btained from the KD values corresponding to the six different
oncentrations of DTK incubated.

.9. In vitro studies: model drug release and stability

In vitro model drugs release profile was obtained by dialy-
is method. The release experiments were conducted at 37 ◦C.
ypically, 2 ml of BPTI or TRYP (2 mg/ml) or 0.5 ml of DTK
1 mg/ml) containing NPV were placed into a dialysis tube
molecular weight cut off 10,000–12,000; Medi Cell Interna-
ional, UK), then placed into 30 ml for BPTI and TRYP or 10 ml
or DTK of 0.1 M phosphate buffer, pH 7.4 under orbital stirring

t 100/mot/min overnight. One hundred and fifty microlitres of
ample were withdrawn at regular time intervals from 1 to 24 h
nd analysed by HPLC or UV/vis spectroscopy for DTK and
PTI or TRYP content.
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Table 1
Composition of NPV produced

NPV name Composition Weight ratio of components Final NPV concentration (mg/ml)
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OS Polyglycero-6-oleate/sorbitan monolaurate
OT Polyglycero-6-oleate/polyoxyethylen sorbitan monolaurate
OTC Polyglycero-6-oleate/polyoxyethylen sorbitan monolaurate / c

.10. Cell growth studies

The possible toxic effect of empty NPV were determined
n in vitro cultured human leukemic K562 cells (Lozzio and
ozzio, 1975) and murine leukemic L1210. Standard conditions

or cell growth were alpha-medium (Gibco, Grand Island, NY),
0 mg/l streptomycin, 300 mg/l penicillin, supplemented with
0% foetal calf serum (Irvine Scientific, Santa Ana, CA). Scalar
oncentrations of NPV were incubated with cells at 37 ◦C in 5%
O2 and 90% humidity ambient for 5 days in a Sterilcult 200

ncubator (Forma Scientific, USA). Cell growth was determined
y counting with a Model ZF Coulter Counter (Coulter Elec-
ronics Inc., Hielah, FL). Counts of viable cells were performed
fter 0.1% Trypan blue exclusion test.

.11. Data analysis and statistics

The data are expressed as mean ± S.D. Statistical analysis
as performed by the Student’s t-test or analysis of variance

ANOVA), followed by SPSS 11.5 for Windows. The level of
ignificance was taken at p < 0.05.

. Results and discussion

.1. NPV preliminary study

As a preliminary study, the preparation of empty NPV
as performed by testing different vesicle compositions,
amely polyglycero-6-oleate/polyoxyethylen sorbitan mono-
aurate (POT), polyglycero-6-oleate/polyoxyethylen sorbitan

onolaurate/cholesterol (POTC) and polyglycero-6-oleate/
orbitan monolaurate (POS). The components were chosen in
rder to consider the effect on NPV of the presence of (a)
olyoyethylene chain and (b) cholesterol. Compositions, weight
atios and final concentration of components are reported in

able 1.

NPV were prepared by direct hydration and sonication as
escribed in Section 2.2. In particular, in order to allow the
ull hydration of the sample, a warm aqueous buffer was used

p
T
t
a

able 2
ize, polydispersity and ζ potential of empty NPV

PV name Before extrusion

Diameter ± S.D. (nm)a Polydispersitya

OS 507.5 ± 23.7 1.00
OT 407.2 ± 19.6 1.00
OTC 274.3 ± 5.8 0.58 ± 0.07

a Data are the mean of three independent analyses ± S.D.; p < 0.05.
1:1 10
1:1 10

terol 1:1:0.1 10.5

o hydrate the non-ionic surfactant/lipid thin layer. In addi-
ion, on the basis of previous results (Cortesi et al., 2006),
n overnight gentle shaking, at room temperature, was per-
ormed to get an encapsulation enhancement of the chosen model
rug.

After preparation, NPV were then subjected to extrusion in
rder to obtain homogeneous vesicle size. Dimensions were
easured by PCS analysis and the obtained results, before and

fter extrusion, were reported in Table 2 as the average of
hree independent determinations ± S.D. The reported results
how that, as expected, vesicle size of all extruded vesicles
reparations present a narrow size distribution with respect to
he corresponding not extruded ones. NPV extruded through
00 nm pore size filters, are indeed characterized by polydisper-
ity index comprised between 0.16 and 0.20; while those not
xtruded showed polydispersity index quite close to 1.00. In
eneral, POS, POT and POTC suspensions are constituted of
esicles with an average diameter reflecting the pore size of the
tilized membrane, namely 213.85 ± 0.35, 149.90 ± 2.20 and
53.95 ± 0.45 nm.

.2. Preparation and characterization of drug containing
PV: trypsin

Since no remarkable problem was obtained by the three
ested compositions of NPV, the ability to encapsulate TRYP as
odel drug was firstly investigated. Drug containing NPV were

btained as described for empty NPV. In order to reduce NPV
ilution, un-encapsulated model drug was removed using the
ltrafiltration method as described in Section 2.2. This technique
llows the easy and rapid separation of the free drug without
estabilizing the system. By this method, the encapsulation effi-
iency reached for TRYP was 49.37 ± 0.68, 59.31 ± 2.26 and
5.52 ± 1.39% for POS, POT and POTC NPV, respectively (see
able 3).

As reported in Table 3, it seems that, as determined by

hoton correlation spectroscopy (PCS), the presence of the
RYP induce a slight increase of NPV size with respect to

he corresponding empty ones. POS, POT and POTC NPV
re homogeneously polydispersed and characterized by size

After 200 nm pore size extrusion ζ Potentiala

Diameter ± S.D. (nm)a Polydispersitya

213.8 ± 0.35 0.20 ± 0.04 −82.26 ± 4.65
149.9 ± 2.20 0.17 ± 0.02 −28.70 ± 3.70
153.9 ± 0.45 0.16 ± 0.05 −26.25 ± 4.51
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Table 3
Characteristics of NPV-containing trypsin

NPV name ζ Potential Before extrusion After 200 nm pore size extrusion Drug experiment

Diameter (nm) Polydispersity Diameter (nm) Polydispersity % Of drug encapsulated Drug content (mg/ml)

POS −56.4 ± 0.9 326.8 ± 7.2 0.88 ± 0.06 257.0 ± 4.9 0.57 ± 0.02 49.4 ± 0.7 1.31 ± 0.07
POT −10.5 ± 0.6 260.3 ± 3.1 0.70 ± 0.07 146.4 ± 2.8 0.18 ± 0.03 59.3 ± 2.2 1.15 ± 0.13
P 0.5
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OTC −37.3 ± 0.1 – – 163.0 ±
ata are the mean of three independent analyses ± S.D.; p < 0.05.

f 257.00 ± 4.95, 146.40 ± 2.76 and 163.00 ±0.55 nm, respec-
ively. On the other hand, the presence of cholesterol in the
reparation induces an increase of the mean size both for soni-
ated and extruded NPV.

The dimensions of TRYP containing NPV were controlled
ver 6 months. In Fig. 1 the dimensional variations over time
f empty (panel A) or TRYP-containing (panel B) NPV are
eported. Both empty and drug-containing POT and POTC NPV
roved to maintain their size over the considered 6 months. In
articular, empty POTC-NPV are characterized by size around
55 nm, empty POT-NPV show dimensions around 150 nm
nd TRYP-containing POTC-NPV around 163 nm and finally

RYP-containing POT-NPV around 147 nm.

Concerning POS-NPV, the dimensions of empty vesicles are
omprised between 213 and 223 nm while TRYP-containing

ig. 1. Effect of ageing on dimensions of POS (♦), POT(�) and POTC (©)
PV. Panel A: empty NPV. Panel B: NPV containing TRYP. Data represent the

verage of three independent experiments ± S.D. (p < 0.05).
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0.19 ± 0.08 55.5 ± 1.4 1.17 ± 0.05

esicles are comprised between 257 and 325 nm. On the basis
f this last higher dimensional range, POS-NPV is considered
ore unstable with respect to POT- and POTC-NPV.

.3. Preparation and characterization of drug containing
PV: BPTI and DTK

On the basis of the above reported results, POT- and POTC-
PV were chosen to carry BPTI and DTK. All the preparations
ere obtained by hydration method as described in Section 2. In

ddition, the overnight gentle shaking, at room temperature, was
erformed to possibly obtain an encapsulation enhancement of
he model drug.

It has to be underlined that, on the basis of previously pub-
ished results on DTK containing liposomes (Cortesi et al.,
006), DTK-NPV were not subjected to extrusion in order
o avoid peptide precipitation on the polycarbonate filter. The
ncrease in homogeneity of NPV was obtained by sonicating
he suspension for 4–5 min. In these conditions the stability of
TK was preserved as demonstrated by HPLC analysis (see
ig. 2).

Afterwards, ultrafiltration was performed to determine
he encapsulation efficiency of both BPTI and DTK within
PV. The encapsulation efficiency reached in POT-NPV was
7.94 ± 1.63% for BPTI and 62.14 ± 1.32% for DTK; while
n POTC-NPV was 62.37 ± 6.35 and 59.61 ±4.83% for BPTI
nd DTK, respectively (see Table 4). The obtained results
re in agreement with respect to other vesicle-containing
ydrophilic molecules characterized by percentages generally
elow 25–35% (Betageri et al., 1993).

From the analysis of the data reported in Tables 3 and 4
t is evident that all the prepared NPV are able to encapsu-
ate more than 50% of the model drugs used in the present
tudy. In particular, the lower percentage of encapsulation found
or TRYP with respect to BPTI and DTK could possibly be
scribed to the lower temperature of hydration used during
PV preparation (i.e. 25 ◦C for TRYP and 40 ◦C for BPTI and
TK).
Fig. 3 depicts the Cryo-TEM images of POT-NPV empty (A)

r DTK-containing (B). POT composition was taken as an exam-
le. In the case of empty-NPV many structures are evident, i.e.
pherical vesicles, partially multilamellar, large lamellar struc-

ures with normally two layers and at least two fractions of small

icelles between the vesicles.
The addition of small amounts of peptide induces a high

hange in the structure of NPV, such as the formation of
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Fig. 3. Cryo-TEM microphotographs of NPV. Panel A: empty NPV. Arrows
indicate spherical vesicles, partially multilamellar and large lamellar structures.
Panel B: NPV containing DTK. Arrows indicate membranous tubes and vesic-

T
C

N

B

D

D

ig. 2. HPLC chromatogram of DTK before NPV inclusion (panel A) and after
PV sonication (panel B).

embranous tubes and vesicular structures that interfuse and
robably form the macroscopic deposits responsible for streaks.

However, DTK-NPV may show considerable amounts of
rug in their external surface, allowing the peptide to be
romptly available in the administration site. These conclu-
ions can be ascribed to the analysis of the binding equilibrium
etween DTK and empty NPV. This analysis allowed us to

nd dissociation constants (KD) in the high millimolar range.
he mean KD value obtained after 6 h of incubation, namely
.8 ± 0.4 × 10−3 M (see Table 5), highlighted a weak interaction
ndeed between DTK and NPV.

ular structures. The bar is 500 and 200 nm in panels A and B, respectively. POT
composition was taken as an example.

able 4
haracteristics of BPTI- or DTK-containing NPV

PV name ζ Potential Day 1 Drug experiment Day 90

Diameter (nm) Polydispersity % Of drug encapsulated Drug content (mg/ml) Diameter (nm) Polydispersity

PTI
POT −13.05 ± 0.7 135.9 ± 4.2 0.32 ± 0.03 57.9 ± 1.6 1.98 ± 0.02 145.4 ± 3.7 0.22 ± 0.10
POTC −16.71 ± 0.6 156.4 ± 0.8 0.13 ± 0.03 62.4 ± 6.3 1.62 ± 0.01 157.7 ± 0.8 0.45 ± 0.04

TK
POT −35.15 ± 0.7 217.2 ± 3.4 0.65 ± 0.01 62.1 ± 1.3 1.09 ± 0.03 403.8 ± 27.4 0.79 ± 0.02
POTC −22.31 ± 1.1 390.6 ± 8.7 0.95 ± 0.03 69.6 ± 4.8 0.99 ± 0.02 407.8 ± 55.3 1.00 ± 0.01

ata are the mean of three independent analyses ± S.D.; p < 0.05.
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Table 5
Evaluation of KD between NPV and DTK

[P] [N] [PN] KD KD ± S.D.a

2.70 × 10−4 7.90 × 10−3 5.30 × 10−4 4.0602 × 10−3 3.8 ± 0.4 × 10−3

2.25 × 10−4 8.03 × 10−3 4.69 × 10−4 3.8523 × 10−3

4.00 × 10−5 8.40 × 10−3 9.60 × 10−5 3.5000 × 10−3

2.25 × 10−5 8.43 × 10−3 7.45 × 10−5 2.5460 × 10−3

1 −5 −3 10−5 −3

1 10−5

3

w
l
b
h
t
a
C

s
t
t
a
O
c

o
d
p
a
o

t
i
(
w
w

3

F
t

.30 × 10 8.47 × 10 3.37 ×

.02 × 10−5 8.49 × 10−3 1.51 ×
a Standard deviation; data are obtained as indicated in Section 2.

.4. Size stability of NPV containing BPTI or DTK

The stability of encapsulated TRYP and BPTI molecules
as evaluated by assaying their enzymatic activity. Particu-

arly, both activity and enzyme concentration were measured
y determining the hydrolysis rate of a synthetic substrate. It
as to be underlined that this method not only allows a quan-
itative determination of the enzyme, but also demonstrate that
fter encapsulation the enzyme maintains its biological activity.
oncerning DTK, its integrity was supported by HPLC analysis.

NPV containing BPTI or DTK were checked for dimensional
tability over 3 months by PCS analysis. Particularly, BPTI con-
aining NPV made of POT and POTC remain stable in size over

he 3 months showing dimensions comprised between 156.40
nd 157.70 nm for POTC and 135.88 and 145.45 nm for POT.
n the other hand, DTK-containing NPV (i.e. POT vesicles) are

haracterized by mean size passing from 217.16 to 403.8 nm
f
c

ig. 4. AFM images of DTK-containing POT-NPV after 1 (panel A) and 60 days
hree-dimensional image. Red arrows indicate 118 and 184 nm in panels A and B, res
3.2674 × 10
5.7350 × 10−3

ver 3 months. In Fig. 4 AFM images of POT-NPV 1 and 60
ays old are reported. It has to be pointed out that POT-NPV
ass from 113.28 to 183.59 nm within 2 months. These values
re in agreement with PCS data confirming a quite good stability
f vesicles.

Taken together the above reported results demonstrated that
he aging of the NPV suspension does not heavily influence the
nitial vesicle size in the case of BPTI-containing POT and POTC
as confirmed by the polydispersity values, data not shown),
hile DTK-containing NPV showed a doubling of their size
ithin 2 months.

.5. In vitro studies: peptide release and stability
The study of the in vitro availability and drug release profiles
rom colloidal carriers (such as liposomes, micro- and nanoparti-
les) has commonly been performed by two different approaches

(panel B) from preparation. Each sample analysis was reported as bi- and
pectively.
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Fig. 5. Release profile of BPTI (panel A) and DTK (panel B) from POT (�)
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Table 6
Antiproliferative activity of empty NPV

NPV name IC50 (mM)

K562 cells L1210 cells

POS 0.167 ± 0.004 0.200 ± 0.006
POT 0.076 ± 0.020 0.107 ± 0.018
P
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c 50
nd POTC (©) NPV. The releases were determined by dialysis method. As
omparison drug release from aqueous solution is reported (�). Data represents
he average of three independent experiments ± S.D. (p < 0.05).

Magenheim and Benita, 1991), namely dialysis techniques and
ontinuous flow methods. In the present investigation the hori-
ontal shaker method was employed. It should be pointed out that
he dialysis method was criticised (Washington, 1990; Nastruzzi
t al., 1994) because of its low in vivo predictivity in the case
f intravenous or oral administration of microparticles, where
iological sink conditions are predominant.

Nevertheless, in our opinion, dialysis technique could more
trictly reproduce the situation of subcutaneously injected or
ucousal administered particles in which the carriers are pre-

umably surrounded by a stagnant layer that, causing a slow
iffusion of the drug, does not reproduce sink conditions.

In Fig. 5 the BPTI and DTK release profiles from NPV and, as
comparison, from aqueous solutions, determined by dialysis,

re reported.
From the analysis of the reported release profiles it is evident

hat the free solution of both DTK and BPTI linearly increase
ith time until reaching plateau between 6th and 7th hour for

PTI, and between 8th and 9th hour for DTK. Concerning the
00% achievement of the aqueous curves, it should be under-
ined that DTK solution reaches the 100% after 24 h, taking into
onsideration the S.D. values. In addition, DTK integrity was

r
b
s
t

OTC 0.217 ± 0.004 0.242 ± 0.002

ata are the mean of three independent analyses ± S.D.; p < 0.05.

upported by HPLC analysis. For BPTI, the not reached 100%
elease should be possibly ascribed to the method of quantifi-
ation of the polypeptide. In fact, the concentration of BPTI
olecule was evaluated by assaying its enzymatic activity. This
ethod, surely useful to demonstrate the keeping of the bio-

ogical activity of BPTI after encapsulation, only evaluates the
ctive enzyme and not the un-active one. In this view, a possible
nderestimation of the enzyme concentration can be obtained.

The BPTI and DTK release profile from NPV is typically
onstituted of two different phases: an initial period, charac-
erized by a relatively fast phase, followed by a second one,
haracterized by a slower release of the drug. In particular, when
PTI and DTK are NPV carried, the release is characterized by
more evident control with respect to those obtained by the

orresponding free form in aqueous solution. However, it has
o be underlined that in the case of BPTI release a slight lag
hase is evident. Moreover, the plateau is reached between 6th
nd 9th hour showing a maximum around 50% for BPTI and
round 60–70% for DTK. These data give rise to a low bioavail-
bility that can be quantified, in the overall fold investigated,
round 20–30%. This value seems to depend on the drug abil-
ty to bind the vesicles at the external surface, in agreement
ith the above-described results where, under similar experi-
ental conditions, almost 25% of DTK is able to bind the empty
PV.
In addition, it should be stressed that both the release profiles

re a function of NPV composition. The presence of cholesterol,
ndeed, by reducing membrane permeability and increasing
ilayer rigidity, determine a reduction of both BPTI and DTK
elease (see Fig. 5).

.6. In vitro studies: NPV activity on cell growth

In order to obtain information on possible toxicity of the
btained vesicles, in vitro antiproliferative activity of empty
PV was performed on both human erythroleukaemic K562

nd murine lymphocyte L1210 leukaemic cells. For the experi-
ents scalar concentrations of the single component were tested,

amely 0.059–1.9 mM for POS NPV, 0.264–0.846 mM for POT
PV and 0.0716–2.3 mM for POTC NPV. After 6 days of cell

ulture, cells were electronically counted and the number of
ells per millilitre was compared with the values obtained in the
ase of untreated cells. As clearly evident from the IC values

eported in Table 6, all the NPV preparations are characterized
y a discrete antiproliferative activity (p < 0.05). In addition it
hould be mentioned that K562 cells seem to be more responsive
o NPV effect as compared to L1210 cell line.
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. Conclusions

In the last years, a large number of studies were performed on
he possible use of liposomal and niosomal vesicles as therapeu-
ic drug carrier systems aimed to the reduction of drug toxicity
y alterating their pharmacokinetics or to the modification of
he drug delivery in order to prolong the drug action at the target
ite. The present investigation led to a simple, but positive result
n the pharmaceutical technology area. Particularly, our study
ndicates that the produced non-phospholipid vesicles contain-
ng three model molecules, such as TRYP, BPTI and DTK (i) are
ble to encapsulate the model drugs over 49%, (ii) are character-
zed by dimensions compatible with applications on the mucous

embrane, (iii) remain stable in size for at least 3 months and
iv) can release the peptide following the same behaviour of the
orresponding free solution.

It has to be underlined that the results on the investigations of
he physicochemical interactions between NPV and the model
rugs used in the present study will be the object of a future paper
Cortesi et al., manuscript in preparation). Moreover, further
tudies are in progress in order to evaluate the ability of the
ifferent NPV to interact to the cells at the mucous membrane
ite and efficiently release the encapsulated peptide.

cknowledgements

The authors are grateful to Dr. Fabrizio Bortolotti (University
f Ferrara) for HPLC technical assistance, to Dr. Remo Guerrini
UFPeptides, Ferrara) for peptide supplying and Prof. Alessan-
ro Dalpiaz (University of Ferrara) for helpful discussion. The
uthors thank the National Research Council of Italy (CNR “Pro-
etto Finalizzato Biotecnologie”) and the Ministry of University,
cientific Research and Technology of Italy (COFIN-2002 and
RiN-2004) for financial support.

eferences

scenzi, P., Bocedi, A., Bolognesi, M., Spallarossa, A., Coletta, M., Cristofaro,
R., Menegatti, E., 2003. The bovine basic pancreatic trypsin inhibitor (Kunitz
Inhibitor): a milestone protein. Curr. Protein Pept. Sci. 4, 231–251.
aillie, A.J., Florence, A.T., Hume, L.R., Muirhead, G.T., Rogerson, A., 1985.
The preparation and properties of niosome-non ionic surfactant vesicles. J.
Pharm. Pharmacol. 37, 863–868.

etageri, G.V., Jenkins, S.A., Parsons, D.L., 1993. Liposome Drug Delivery
Systems. Technomic Publishing Company, Lancaster.

v

W

f Pharmaceutics 339 (2007) 52–60

ortesi, R., Ascenzi, P., Colasanti, M., Venturini, G., Bolognesi, M., Pesce, A.,
Nastruzzi, C., Menegatti, E., 1998. Activity and formulation study of the
cross-enzyme inhibitor gabexate mesylate. J. Pharm. Sci. 87, 1335–1340.

ortesi, R., Argnani, R., Esposito, E., Dalpiaz, A., Scatturin, A., Bortolotti, F.,
Lufino, M., Guerrini, R., Incorvaia, C., Menegatti, E., Manservigi, R., 2006.
Cationic liposomes as potential carriers for ocular administration of peptides
with antiherpetic activity. Int. J. Pharm. 317, 90–100.

choyen, L.E., Hernandez, J.C., Kaifer, A.E., Gokel, G.W., Echoyen, L., 1988.
Aggregates of steroidal lariat ethers: the first example of non-ionic liposomes
(niosomes) formed from neutral crown ethers compounds. J. Chem. Soc.,
Chem. Comm. 8, 836–837.

ofland, H.E.J., Bouwstra, J.A., Ponec, M., Bodde, H.E., Spies, F., Verhoef,
J.C., Junginger, H.E., 1991. Interactions of non-ionic surfactant vesicles
with cultured kertinocytes and human skin in vitro: a survey of toxicological
aspects and ultrastrucural changes in stratum corneum. J. Control Release
16, 155–168.

uber, R., Bode, W., 1978. Structural basis of the activation and action of trypsin.
Acc. Chem. Res. 11, 114–122.

aquerre, S., Argnani, R., Anderson, D.B., Zucchini, S., Manservigi, R., Glo-
rioso, J.C., 1998. Heparan sulfate proteoglycan binding by herpes simplex
virus type 1 glycoproteins B and C, which differ in their contributions to virus
attachment, penetration, and cell-to-cell spread. J. Virol. 72, 6119–6130.

eong, J.M., Chung, Y.C., Hwan, J.H., 2002. Enhanced adjuvantic property of
polymerized liposome as compared to a phospholipid liposome. J. Biotech-
nol. 94, 255–263.

ozzio, C.B., Lozzio, B.B., 1975. Human chronic myelogeneous leukemia cell
line with positive Philadelphia chromosome. Blood 45, 321–334.

agenheim, B., Benita, S., 1991. Nanoparticle characterization: a comprehen-
sive physicochemical approach. STP Pharm. Sci. 1, 221–241.

astruzzi, C., Esposito, E., Cortesi, R., Gambari, R., Menegatti, E., 1994.
Kinetics of bromocriptin e release from microsphere: comparative analysis
between different in vitro models. J. Microencapsul. 11, 565–574.

avlisko, A., Rial, A., De Vecchi, S., Coppes, Z., 1997. Properties of pepsin and
trypsin isolated from the digestive tract of Parona signata Palometa J. Food
Biochem. 21, 289–308.

erkins, W.R., Minchey, S.R., Ostro, M.J., Taraschi, T.F., Janoff, A.S., 1988.
The captured volume of multilamellar vesicles. Biochim. Biophys. Acta
943, 103–107.

chwert, G.W., Takenaka, Y., 1955. A spectrophotometric determination of
trypsin and chymotrypsin. Biochim. Biophys. Acta 16, 570–575.

hieh, M.T., WuDunn, D., Montgomery, R.I., Esko, J.D., Spear, P.G., 1992. Cell
surface receptors for herpes simplex virus are heparan sulfate proteoglycans.
J. Cell Biol. 116, 1273–1281.

chegbu, I.F., Florence, A.T., 1995. Non-ionic surfactant vesicles (niosomes):
physical and pharmaceutical chemistry. Adv. Colloid Interface Sci. 58, 1–55.

chegbu, I.F., Vyas, S.P., 1998. Non-ionic surfactant based vesicles (niosomes)
in drug delivery. Int. J. Pharm. 172, 33–70.
an Hal, D., Bouwstra, J.A., Junginger, H.E., 1992. Preparation and characteri-
zation of new dermal dosage form for antipsoriatic drug dithranol, based on
non-ionic surfactant vesicles. Eur. J. Pharm. Biopharm. 38, 47s.

ashington, C., 1990. Drug release from microdisperse systems: a critical
review. Int. J. Pharm. 58, 1–12.


	Non-phospholipid vesicles as carriers for peptides and proteins: Production, characterization and stability studies
	Introduction
	Materials and methods
	Chemicals
	NPV preparation
	Trypsin determination
	BPTI determination
	DTK determination
	NPV morphology
	Dimensional and zeta potential analysis
	Evaluation of KD between NPV and DTK
	In vitro studies: model drug release and stability
	Cell growth studies
	Data analysis and statistics

	Results and discussion
	NPV preliminary study
	Preparation and characterization of drug containing NPV: trypsin
	Preparation and characterization of drug containing NPV: BPTI and DTK
	Size stability of NPV containing BPTI or DTK
	In vitro studies: peptide release and stability
	In vitro studies: NPV activity on cell growth

	Conclusions
	Acknowledgements
	References


