Available online at www.sciencedirect.com
" ScienceDirect

International Journal of Pharmaceutics 325 (2006) 172-179

INTERNATIONAL JOURNAL OF

PHARMACEUTICS

www.elsevier.com/locate/ijpharm

Pharmaceutical Nanotechnology
PLA/PLGA nanoparticles for sustained release of docetaxel

T. Musumeci?, C.A. Ventura®, I. Giannone?, B. Ruozi®,
L. Montenegro?, R. Pignatello?, G. Puglisi **

& Department of Pharmaceutical Sciences, Faculty of Pharmacy, University of Catania, Viale A. Doria, 6-1-95125 Catania, Italy
b Pharmaco-Chemical Department, Faculty of Pharmacy, University of Messina, Viale Annunziata, 1-98168 Messina, Italy
¢ Department of Pharmaceutical Sciences, University of Modena and Reggio Emilia, Via Campisi 183, 41100 Modena, Italy

Received 30 March 2006; received in revised form 9 June 2006; accepted 17 June 2006
Available online 23 June 2006

Abstract

This study investigates the potentiality of nanosphere colloidal suspensions as sustained release systems for intravenous administration of
docetaxel (DTX). Nanospheres were prepared by solvent displacement method using polylactic acids (PLA) at different molecular weight and
polylactic-co-glycolic (PLGA) as biodegradable matrices. The systems were characterized by light scattering analysis for their mean size, size
distribution and zeta potential and by scanning electron microscopy (SEM) for surface morphology. The average diameters of the nanoparticles
ranged from 100 to 200 nm. Negative zeta potential values were observed for all systems, particularly the nanospheres produced with the lowest
molecular weight PLA showed a zeta potential value of —28 mV. Differential scanning calorimetry analysis (DSC) suggested that DTX was
molecularly dispersed in the polymeric matrices. A biphasic release of DTX was observed for all colloidal suspensions, after a burst effect in
which about 50% (w/w) of the loaded drug was released a sustained release profile for about 10 days was observed. To evaluate the influence
of the polymeric carrier on the interaction of DTX with biological membranes, we performed an in vitro study using lipid vesicles made of
dipalmitoylphosphatidylcholine (DPPC) as a biomembrane model. DSC was used as a simple and not invasive technique of analysis. DTX
produced a depression of DPPC pretransition peak, no variation of the main phase transition temperature and a significative increase of AH
value, showing a superficial penetration of the drug into DPPC bilayer. Kinetic experiments demonstrated that the release process of DTX form

nanospheres is affected by the molecular weight of the employed polymers.

© 2006 Published by Elsevier B.V.
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1. Introduction

Docetaxel (Taxotere®) (DTX, Fig. 1) is a second-generation
taxane derived from the needles of the European yew tree, Taxus
baccata (Herbst and Khuri, 2003). The synthesis of DTX starts
from 10-deacetylbaccarin III, a non-cytotoxic constituent of
European yew tree needles (Aapro and Bruno, 1995).

DTX acts by disrupting the microtubular network that is
essential for mitotic and interphase cellular functions. It pro-
motes the assembly of tubulin into stable microtubules and
inhibits their disassembly, causing inhibition of cell division
and eventual cell death. DTX shows 1.9-fold higher than pacli-
taxel affinity for microtubule. The clearance of DTX depends
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on the cytochrome P450 (CYP) 3A isoforms, notably CYP3A4
and CYP3AS, and the membrane transporter P-glycoprotein
(ABCBI1) (Aapro, 1996).

DTX shows a very low water solubility, then presently the
only available formulation for clinical use consists of a solution
(40 mg/ml) in a vehicle containing high concentration of Tween
80®. This vehicle has been associated with several hypersen-
sitivity reactions and has shown incompatibility with common
PVC intravenous administration sets (Gelderblom et al., 2001).
Itinterferes with the normal binding of DTX to serum proteins in
a concentration dependent-manner and can modulate the phar-
macokinetics of DTX in vivo (Baker et al., 2004).

In order to eliminate the Tween 80®-based vehicle and in
the attempt to increase the drug solubility, alternative dosage
forms have been suggested, including liposomes (Immordino et
al., 2003; Alexopoulos et al., 2004) and cyclodextrins (Grosse
et al., 1998).
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Fig. 1. Chemical structure of docetaxel.

Polymeric nanoparticles show some advantages with respect
to other drug delivery systems, such as more stability during
storage (Miiller et al., 2001). Moreover, these colloidal sys-
tems, after intravenous administration, may extravasate solid
tumours and into inflamed or infected sites, where the capillary
endothelium is defective (Barratt, 2000; Brigger et al., 2002),
thus passively targeting drug-loaded nanoparticles to the tumour
site. Polymeric nanoparticles could reduce the multi-drug resis-
tance that characterizes many anticancers drugs, including DTX,
by a mechanism of internalization of the drug (Davda and
Labhasetwar, 2002), reducing its efflux from cells mediated
by the P-glycoprotein (Brigger et al., 2002; Mu and Feng,
2003a,b).

In this work, we developed polymeric drug delivery systems
for intravenous administration of DTX, able to improve the drug
solubility. Polymeric nanoparticles were prepared by a “solvent
deposition method” (Giannavola et al., 2003) using as matrix
poly(pL-lactic acid) (PLA) and poly(pL-lactic-co-glycolic) acid
(PLGA) at different molecular weights. The systems were char-
acterized for surface morphology, size distribution and surface
chemistry. Technological studies were performed to evaluate the
drug encapsulation efficiency and in vitro release. Moreover, by
using DSC as a simple, powerful and precise method, we inves-
tigated the influence of DTX on DPPC biomembrane model
assembly and the drug—membrane interaction as a function of
DTX molar fraction. The influence of the polymeric carrier on
the kinetic interaction of DTX-loaded nanoparticles with DPPC
liposomes was also investigated.

2. Materials and methods
2.1. Materials

Polylactic acid (PLA) RES 203 (My, 16,000), RES 206
(M, 109,000), RES 207 (M, 209,000) and polylactic-co-
glycolic acid (RG502H, 50:50) were purchased from Boheringer
Ingheleim (Germany). Polyoxyethylene sorbitan monoleate
(Tween 80®) and docetaxel (DTX) was purchased from

Sigma—Aldrich S.rl. (Milan, Italy). Dipalmitoyl-rac-glycero-
3-phosphatidylcholine (DPPC) was purchased from Gen-
zyme Pharmaceuticals (Liestal, Switzerland). Hydroxypropyl-
B-cyclodextrin (HP-B-Cyd) with 0.6 degree average substitu-
tion, was kindly provided by Roquette Italia (Cassano Spinola,
ITtaly). All the other chemicals and solvents were of analyti-
cal reagent grade. Deionized double-distilled water was used
throughout the study.

2.2. Preparation of the DTX-loaded nanospheres

PLA and PLGA nanospheres were prepared following a
described solvent deposition method (Perracchia et al., 1998;
Giannavola et al., 2003). DTX (0.5% and 1%, in weight
drug/polymers) and polymer (75 mg) were dissolved in ace-
tone (20ml). The organic phase was poured into 40ml of a
water/ethanol mixture (1:1 v/v), containing 0.5% (w/v) of Tween
80®, under magnetic stirring, thus forming a milky colloidal sus-
pension. The organic solvent was then evaporated off under vac-
uum by a rotavapor. The PLA or PLGA colloidal formulations
were purified from untrapped DTX and unabsorbed surfactant
by centrifugation (15,000 x g) for 1h at 5°C using a Beck-
man (Fullerton, CA) model J2-21 centrifuge equipped with a
Beckman JA-20.01 fixed-angle rotor. The obtained surnatants
were collected and the pellets resuspended in water (50 ml),
then centrifuged again under the same conditions. This oper-
ation was repeated three times. After final washing nanospheres
were resuspended in 5 ml of water solution containing 5% (w/v)
HP-f3-Cyd as lyoprotectant agent (Musumeci et al., in press) and
freeze-dried (Edwards Modulyo 4 K).

2.3. Size and zeta potential measurements of nanoparticles

PLA and PLGA nanospheres mean size was determined by
photon correlation spectroscopy (PCS) (Zetamaster, Malvern
Instruments Ltd., Worcs, England). The experiments were car-
ried out using a 4.5-mW laser diode operating at 670 nm as light
source. Size measurements were carried out at a scattering angle
of 90°. To obtain the mean diameter and polydispersity index of
colloidal suspensions, a third-order cumulant fitting correlation
function was performed by a Malvern PCS submicron particle
analyzer. The real and imaginary refractive indexes were set at
1.59 and 0.0, respectively. The following parameters were used
for experiments: medium refractive index 1.330, medium vis-
cosity 1.0 mPas and a dielectric constant of 80.4.

Each freeze-dried sample (100 pg) was suitably diluted with
filtered water (10 ml) to avoid multiscattering phenomena and
placed in a quartz cuvette. The size analysis of each sample
consisted of 30 measurements, and the result was expressed as
mean size = S.D.

Zeta potential distribution was measured with the Zetamaster
particle electrophoresis analyzer setup equipped with a 5-mW
HeNe laser (633 nm). Measurements were performed on the
same samples prepared for size analysis (100 wl) diluted with
10 ml of filtered water. Zeta limits ranged from —120 to 120 V.
Strobing parameters were set as follows: strobe delay —1.00,
on time 200.00 ms, off time 1.00 ms. A Smoluchowsky constant
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F (K,) of 1.5 was used to achieve zeta potential values from
electrophoretic mobility.

2.4. Differential scanning calorimetry (DSC)

DSC scans of empty and DTX-loaded nonanoparticles were
performed on a Mettler DSC 12E equipped with a Haake
thermocryostate model D8-G. A Mettler TAZ9E and FP89 sys-
tem software was used for the data acquisition. Indium was used
to calibrate the instrument. The samples were scanned at a speed
of 5°C/min in 30-250 °C temperature range.

2.5. Surface morphology

Scanning electron microscopy (SEM) was performed to eval-
uate the surface morphology of nanoparticles using a SEM
Philips model 500. Nanoparticle samples were dried for 24 h
before the analysis. A small amount of nanoparticles was stuck
on a double-sided tape attached on a metallic sample stand, then
coated, under argon atmosphere, with a thin layer of gold, using
a POLARON E5100 SEM coating unit.

2.6. DTX encapsulation efficiency

Lyophilized nanospheres (50 mg) were dissolved in 1 ml of
acetonitrile and the drug amount was determined by HPLC
analysis. The encapsulation efficiency was determined as the
mass ratio of entrapped DTX in nanoparticles to the theoreti-
cal amount of drug used in their preparation. The entrapment
of DTX PLA and PLGA nanospheres was expressed as loading
capacity.

2.7. Invitro DTX release

Five hundred milligrams aliquots of freeze-dried DTX-
loaded nanoparticles were poured in screw-capped tubes and
suspended in 5 ml of isotonic pH 7.4 phosphate buffer solution
(PBS). The tube was placed under magnetic stirring in a water
bath maintained at 37 £ 0.5 °C. At fixed time intervals the tubes
were taken out from the water bath and centrifuged at 12,000 rpm
for 1 h. The pellets were resuspended in 5 ml of fresh PBS and
placed back into the water bath to continue release measure-
ment (Mu and Feng, 2003b). The collected supernatants were
extracted three times with 5 ml of dichloromethane. The extrac-
tion solvent was evaporated and DTX residue was solubilized
in 500 pl of acetonitrile. The obtained solution was analyzed
by HPLC to determine the drug concentration. The experiments
were carried out in triplicate.

The extraction efficiency (91.9 + 0.4%) was evaluated in trip-
licate using PBS solutions (5 ml) containing different known
concentrations (1.0-0.7 wg/ml) of pure DTX. All solutions were
submitted to the same extraction procedure above described.

2.8. HPLC analysis

HPLC analysis was performed at room temperature using
a 1050 Hewlett-Packard apparatus (Hewlett-Packard, Milano,

Italy) on a 5 wm Hypersil ODS cartridge (125 mm x 4 mm i.d.)
(Hewlett-Packard) equipped with a 5um Hypersil 100 RP-
18 guard cartridge (4 mm x 4 mm i.d.) (Hewlett-Packard) and
eluted isocratically with acetonitrile/water (65/35 v/v). The flow
rate was fixed at 1 ml/min and detection was obtained by UV
detection at 230 nm. The linear regression coefficient determined
in the range 0.7-37.9 pg/ml was 0.9999 (n = 6). The method sen-
sitivity was 0.01 wg/ml (signal to noise ratio, 3:1).

2.9. Liposome preparation

DPPC multilamellar liposomes were prepared in the presence
and absence of free drug, at a temperature above the gel-liquid
crystalline phase transition. Chloroform stock solutions of lipid
and drug were mixed in order to obtain the chosen molar factions
of the drug. The solvents were removed under nitrogen in a
rotoevaporator and the resulting film was kept for 4 h at 40 °C
under high vacuum (Buchi T-50) to remove the residual solvents.

DPPC vesicles were prepared by adding 400 1 of phosphate
buffer solution (pH 7.4) to the film, then alternatively vortexed
(3 min) and warmed in a water bath at 45 °C for 5 min. This pro-
cedure was repeated two times. The biomembrane suspension
was left at room temperature for 3 h to anneal the bilayer struc-
tures and reach a partition equilibrium of the drug within the
vesicles. Afterwards, aliquots of 40 .l (1 mg of the lipid) were
transferred in 40 .l DSC aluminium pans and submitted to DSC
analysis. All samples were submitted to four heating/cooling
cycles in the temperature range 20—60 °C at a scanning rate of
1 °C/min. Data from the first scan were always discarded to avoid
mixing artifacts. Due to periodic recalibration, a control sam-
ple consisting of a drug-free DPPC biomembrane suspension
accompanied each set of experiments. The endothermal peak
coming from the second scan of the control sample was used as
areference template. All samples, after calorimetric scans, were
extracted from the pans and aliquots were used to determine the
amount of the phospholipids by a phosphorus assay (Bartlett,
1959).

2.10. Kinetic experiments

DTX-loaded PLA R207 and PLA R203 nanospheres were
added to the DPPC liposomes in amounts to obtain a 0.06 molar
fraction of the drug with respect to the lipid (10 mg). Unloaded
PLA R207 and PLA R203 nanospheres were added to the lipo-
somes (10 mg in lipids) in the same amount in which the polymer
is present in DTX-loaded nanospheres. Forty microlitres of each
sample were placed in 40 1 DSC aluminium pans and incubated
in a Haake thermocryostate model D8-G at a temperature (37 °C)
lower than the polymer glass transition temperature, found at 43
and 40.5°C for PLA R207 and PLA R203, respectively. The
samples were analyzed immediately after preparation and after
different incubation times (12, 24, 36 and 48 h).

Each sample was submitted to the following procedure: (i)
a first scan (from 10 to 37 °C) to detect drug release bringing
the sample to 37 °C; (ii) 60 min at 37 °C, to detect drug release
after a long incubation time at a temperature simulating ‘in vivo’
temperature; (iii) a subsequent scan from 10 to 37 °C, after the
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60 min incubation at 37 °C followed by cooling down the sample
to 10°C.

3. Results and discussion
3.1. Nanosphere characterization

DTX-loaded PLA and PLGA nanospheres were obtained
by a solvent displacement method and freeze-dried. HP-3-Cyd
was used as lyoprotectant agent because our previous studies
(Musumeci et al., in press) demonstrated its ability to protect
nanosphere suspensions to physical aggregation due to dehy-
dratation, during the freeze-drying process. HP-B-Cyd is able
to maintain unchanged the mean size of nanospheres and their
technological properties. Moreover, due to its high tolerability
and biocompatibility this cyclic oligosaccharide does not com-
promise any in vivo administration way.

SEM was used to investigate the morphology of nanoparti-
cles. As showed in Fig. 2 both PLGA RG502H and PLA R203
nanospheres displayed a spherical shape with a smooth surface
and no aggregation was observed. No difference was observed
in the morphological properties of nanoparticles due to presence
of the drug. Similar pictures were obtained for the other systems
(not shown).

DTX-loaded nanoparticles were characterized to evaluate the
effect of the different polymers on mean particle size, size dis-
tribution and surface charge.

Using polylactides as matrices for the particles, different
characteristics can be obtained by modifying the formulation
parameters such as polymer molecular weight and monomer

PLA R203 PLA R206 PLA R207 PLGA RG502H
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Fig. 3. Zeta potential of unloaded and DTX-loaded nanospheres (0.5% and 1%,
w/w). Data are the average of 30 measurements &= S.D.

stereochemistry. The presence of an anionic surfactant is impor-
tant to reduce the dynamic interfacial tension and to stabilize the
nanosuspension. The surfactant is adsorbed on the nanosphere
surface, increasing the steric repulsion between particles. In this
study, Tween 80® was used at 0.5% (w/v) concentration, because
as reported by Giannavola et al. (2003), this concentration being
sufficient to obtain small PLA and PLGA nanoparticles and per-
mits to remove the excess of surfactant by centrifugation and
washing.

Zeta potential values are showed in Fig. 3. In Table 1 the
particle size and polydispersity index of unloaded and different
DTX-loaded nanoparticle formulations are reported.

— 2 LM

2 Mm

Fig.2. Scanning electron micrographs of unloaded PLGA RG502H nanospheres (A); unloaded PLA R203 nanospheres (B); DTX-loaded PLGA RG502H nanospheres

(0.5%, wiw) (C); DTX-loaded PLA R203 nanospheres (0.5%, w/w) (D).
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Table 1
The effect of the different type of polymers on the particle size, polydispersity index and encapsulation efficiency of DTX-loaded nanoparticles
Type of polymers My? DTX (%, wiw) Particle size (nm) PLb E.E. (%)
Polylactic acid
PLA R203 16000 0.0 100.7 £+ 2.9 0.058 £ 0.007 -
PLA R203 16000 0.5 129.1 £ 1.3 0.052 £ 0.025 16.13 £ 1.3
PLA R203 16000 1 1572 £ 1.2 0.210 £ 0.034 2212 £ 2.1
PLA R206 109000 0.0 1185 £ 1.2 0.097 £+ 0.012 -
PLA R206 109000 0.5 1225 £ 1.9 0.144 £ 0.003 1421 £0.8
PLA R206 109000 1 1284 £ 34 0.298 £+ 0.072 19.08 £ 1.6
PLA R207 209000 0.0 1375 £ 1.9 0.136 £ 0.080 -
PLA R207 209000 0.5 142.0 £ 4.8 0.261 +£ 0.040 10.52 £ 2.0
PLA R207 209000 1 179.4 £ 1.7 0.403 £ 0.030 1691 £ 1.3
Polylactic-co-glycolic acid
PLGA RG502H 0.0 98.7 £ 1.7 0.095 £ 0.023 -
PLGA RG502H 0.5 1572 £29 0.172 £ 0.008 16.82 £ 2.6
PLGA RG502H 1 172.0 +£ 4.9 0.470 £+ 0.070 23.09 £ 1.3

Data are shown as mean £ S.D. obtained from three formulations.

% Mw, mean molecular weight of PLA and PLGA polymers used for nanosphere preparations.

b P1I., polydispersity index.

All formulations showed a mean diameter in the range
100-200 nm, suitable to obtain an effective intracellular uptake
of nanoparticles. A decrease of unloaded PLA nanoparticle size
increasing polymer molecular weight was observed. This trend
can be the result of the enhancement of lipophilicity of the poly-
mer with increasing molecular weight. The consequent reduced
water solubility of the polymer, probably caused, during the
preparation procedure, a faster precipitation of the polymer, with
formation of a greater number of nanospheres and a limited size
increase. All unloaded formulations showed low polydispersity
index, evidencing the formation of very homogeneous systems.

The addition of the drug in the formulations probably pro-
duces an expansion of the polymeric matrix, increasing particle
size, particularly in the presence of the highest drug amount. In
all cases, the size was in an accepted range for parenteral use.

Zeta potential of nanoparticles was negative due to the pres-
ence of terminal carboxylic groups in the polymers. Miiller
(1991) demonstrated that a high potential value, of about
—25mV, ensures a high-energy barrier that stabilizes the
nanosuspensions. The PLA R203 particles seemed to possess
the ideal surface charge, ranging between —38 and —24 mV for
unloaded and DTX-loaded nanoparticles, respectively. Proba-
bly, the less negative value of the other systems was due to
the higher molecular weight of polymers with respect to PLA
R203. In fact, regardless the molecular weight of PLA, only two
carboxylic groups are present for each polymer molecule, an
increase in the molecular weight of the polymer then reduces
the percentage of carboxylic groups present in the nanospheres
(Fig. 3). Moreover, a higher concentration of surfactant could
be adsorbed on the particle surfaces with the formation of a
denser surfactant film on the nanosphere surface, thus eliciting
a reduced electrophoretic mobility.

The presence of DTX in PLA nanospheres always reduced
the negative zeta potential value; probably, there was a masking
effect of the superficial carboxylic groups by the drug adsorbed
on nanosphere surface. No influence was exerted by DTX on the
zeta potential value of PLGA nanospheres.

DSC studies were performed to investigate the physical state
of the drug in the nanoparticles, because this aspect could influ-
ence the in vitro and in vivo release of the drug from the sys-
tems. Different combinations of drug/polymer may coexist in
the polymeric carriers, such as: (i) amorphous drug in either
an amorphous or a crystalline polymer and (ii) crystalline drug
in either an amorphous or a crystalline polymer. Moreover, a
drug may be present either as a solid solution or solid dispersion
in an amorphous or crystalline polymer. Fig. 4 shows the DSC
thermograms of pure DTX, unloaded PLA R203 nanoparticles,
DTX-unloaded PLA R203 nanoparticles physical mixture and

(a)

(b)

(c)

Qo Zzm

(d)

I I I I I ] I I
30 60 90 120 150 180 210 240
temperature®C

Fig. 4. DSC curves of DTX (a), unloaded PLA R203 nanoparticles (b), DTX-
unloaded PLA R203 nanoparticles physical mixture (0.5%, w/w) (c), DTX-
loaded PLA R203 nanoparticles (0.5%, w/w) (d).
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DTX-loaded PLLA R203 nanoparticles. Pure DTX showed a sin-
gle sharp endothermic melting peak at 188.9 °C (Fig. 4a), that
was slightly shifted to a lower temperature (186 °C) (Fig. 4c)
in the thermogram of the physical mixture. DTX melting peak
totally disappeared in the calorimetric curve of loaded nanopar-
ticles, evidencing the absence of crystalline drug in the nanopar-
ticles samples, at least at the particle surface level. It might
be hypothesized that the polymer inhibited the crystallization
of DTX during nanoparticles formation. Therefore, it could be
concluded that DTX in the nanoparticles was in an amorphous
or disordered crystalline phase of a molecular dispersion or a
solid solution state in the polymer matrix after the production
(Dubernet, 1995). The polymer glass transition temperature was
not influenced by the preparation procedure. Similar results were
obtained for the other systems (data not reported).

3.2. Entrapment efficiency and in vitro drug release from
nanospheres

The entrapment efficiency of DTX in the nanospheres pre-
pared by the solvent displacement method ranged from about
10-16% and from 17% to 23% for nanoparticles prepared using
0.5% and 1% of DTX, respectively (Table 1). This low entrap-
ment efficiency was probably due to the high affinity of the drug
for the organic solvents used during the nanosphere prepara-
tion that caused a diffusion of DTX away from the polymer
matrix (Layre et al., 2005). PLA R203 and PLGA RG502H
nanospheres showed the better entrapment efficiency. Probably,
a more higher surface adsorption of the drug was observed for
these polymers with respect to PLA R206 and PLA R207, as
demonstrated by the in vitro release where a higher entrapment
efficiency was associated to a higher burst effect (Fig. 5). In fact,
all nanosphere formulations produced a biphasic DTX release
profile with an initial burst effect in which DTX release ranged
between 40% and 68% within the first sampling time (24 h).
This fast release is related to DTX adsorbed on the nanoparticle
surface (Magenheim et al., 1993) and/or to the release of the
drug encapsulated near to nanosphere surface. After this phase,

‘ T T T T 1
0 50 100 150 200 250 300 350
time (h)

—0—R203 —— R206 —— R207 —=— RGSOZHI

Fig. 5. DTX release from PLA at different molecular weights and PLGA
nanoparticles prepared with 0.5% (w/w) theoretical amount of the drug. Release
experiments were carried out in isotonic PBS (pH 7.4), at 37 £ 0.5 °C, imme-
diately after sample preparation. Each point represents the mean value of three
different experiments & S.D.

a constant slow DTX release until 70% and 95% of the loaded
drug amount was observed within 10 days, showing a typical sus-
tained and prolonged drug release that depends on drug diffusion
and matrix erosion mechanisms (Holland and Tighe, 1992).

3.3. Interaction with biomembrane models

The drug—cell membrane interaction could have a decisive
influence on partitioning, orientation, and conformation of the
drug as well as on the functioning of cell membranes. An in vitro
drug-biomembrane interaction study may provide important
and useful information for understanding of the drug pharma-
cology as well as optimizing the nanosphere formulation.

Pure lecithins, such as DPPC, have well-defined thermotropic
properties (Estep et al., 1978; Jain, 1988a) and hence any
change in these properties can be easily related to the kind of
drug—membrane interaction and to the localization in the ordered
structure of the bilayer (Jain, 1988b) of a foreign comound. To
evaluate the thermotropic properties of lecithin-based vesicles,
a DSC analysis was carried out.

The DSC thermograms obtained for pure DPPC liposomes
or in the presence of DTX are showed in Fig. 6.

Two endothermal transitions were observed for pure DPPC
liposomes the sharp acyl chain melting transition (Pg — L) at
41°C is associated to the passage from a highly ordered gel
state, in which phospholipid acyl chains are in all-trans con-
formation, to a less packed and more fluid liquid crystal phase
due to an increased trans—gauche isomerization of acyl chains.
A small broad pretransition, so-called Lg — Pg, was observed
at 36 °C, due to a conformational change and/or packing order
rearrangement at the level of phospho-diester groups and glyc-

erol backbone of DPPC.
f’@

Endo

AT A oS B
.20 30 40 50 60
temperature °C

Fig. 6. DSC scans in the heating mode of colloidal suspensions of multilamellar
DPPC vesicles prepared in the absence (curve a) and in the presence of 0.06 molar
fraction of DTX (curve b).
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Table 2

Thermotropic parameters of mesophase transition from gel to liquid crystalline
phase of DPPC multilamellar vesicle dispersions at different molar fractions of
DTX

DTX molar Transition AH (kJmol~™1) ATy (K)
fraction temperature (K)

0 314.3 —37.41 1.9

0.01 314.2 —38.87 2.1

0.02 314.2 —40.44 22

0.03 314.2 —42.87 2.6

0.04 310.1 —43.10 2.7

0.06 314.1 —45.25 2.8

The incorporation of DTX in DPPC liposomes produces at all
the considered molar ratios the disappearance of the pretransi-
tion peak. Because of this pretransition is highly sensitive to the
presence of foreign molecules in the polar region of the phospho-
lipids, the loss of pretransition cannot be ascribed to a specific
molecular change. No influence on the main phase transition
temperature of DPPC bilayer was exerted by DTX (Table 2) and
a little broadening of this peak was observed (see ATy, values
in Table 2). However, a significative increase of AH value asso-
ciated to the main phase transition was observed with increasing
the DTX molar ratio. The light broadening of the main transition
peak evidences a limited loss of co-operativity between phos-
pholipids alkyl chains, due to the superficial penetration of the
drug within the bilayers. The increase of AH value is due to
an increase of van der Waals reticular energy of the hydropho-
bic chains due to the lower electrostatic repulsion forces among
choline groups produced by a drug able to electrostatically inter-
act with DPPC polar heads. Thus, it is conceivable that the bulky
DTX is not able to deeply penetrate into the bilayer, limiting its
interaction with the polar headgroup layer of the phospholipids.
Similar results were obtained by Zhao and Feng (2004) for pacli-
taxel and are in agreement with the biological evidences about
an active transport of taxanes within viable cells (Smith et al.,
2005).

In Fig. 7 the release kinetics of DTX from nanospheres to
DPPC liposomes are shown. The 0.06 molar fraction of DTX

0,06

0,054

0,044

0,031

DTX molar fraction

0,021

0,014

0 10 20 30 40 50 60
Time (h)

Fig. 7. Molar fraction of DTX released from PLA R207 (A) and PLA R203 (O)
to void liposomes after incubating at 37 °C for 12, 24, 36 and 48 h.

dispersed in PLA R207 and PLA R203 nanospheres was chosen
to follow the release.

A limited amount of DTX was transferred from the PLA
R207 nanospheres to liposomes, and after 48 h the DTX amount
interacting with DPPC biomembranes corresponded to about
a 0.02 molar fraction. These findings showed that the drug was
not able to diffuse into the external medium through the polymer
matrix in a rigid glassy state. Therefore, the higher drug release
observed in the in vitro assay was probably due also to the degra-
dation of the polymer structure. Calorimetric studies performed
using unloaded PLA R207 nanospheres demonstrated no pres-
ence of free lactic acid due to the polymer degradation. In fact,
we did not observed any shift of DPPC transition temperature
nor broadening of the calorimetric peak (data not shown). Differ-
ent results were obtained in the presence of DTX-loaded PLA
R203 nanospheres. In this case the more rapid interaction of
DTX with DPPC liposomes (DTX release corresponding to a
0.03 molar fraction after 2 days of incubation) was related both
to the highest amount of DTX adsorbed on nanosphere surface,
thus rapidly released (see the high burst effect in Fig. 5) and
also to the fast degradation of this polymer with respect to PLA
R207, due to its low molecular weight.

In conclusion, the obtained results demonstrated that
biodegradable polymeric colloidal systems made up of PLA
or PLGA can entrap DTX providing a sustained drug release.
Nanospheres with suitable size for parenteral administration
were always obtained. The interaction studies with a biomem-
brane model suggested that diffusion is not the only kinetic
process involved in DTX release, but a complete erosion of poly-
mer matrix and longer times are needed to obtain complete drug
release.
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