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ABSTRACT

The purpose of this study was to develop CremdpBarfree nanoparticles loaded with Paclitaxel (PTX)
intended to be intravenously administered, ablenfrove the therapeutic index of the drug and diedithe
adverse effects of CremopfdEL. PTX-loaded PEGylated PLGA-based were prephyesimple emulsion and
nanoprecipitation.

The incorporation efficiency of PTX was higher witie nanoprecipitation technique. The release behat/
PTX exhibited a biphasic pattern characterizedrbyndial burst release followed by a slower andtawuous
release. The in vitro anti-tumoral activity wasesssed using the Human Cervix Carcinoma cells (Hbidhe
MTT test and was compared to the commercial fortiaar axof’ and to Cremoph8rEL. When exposed to
25ug/mlof PTX, the cell viability was lower for PTiéaded nanoparticles than for TaX@ICs, 5.5 vs 15.5 pg/
ml). Flow cytometry studies showed that the cetlulptake of PTX-loaded nanoparticles was concentrand
time dependent. Exposure of HeLa cells to T&esld PTX-loaded nanoparticles induced the samesptge
of apoptotic cells. PTX-loaded nanoparticles shogesghter tumor growth inhibition effect in vivo aihL.T
tumor, compared with Taxdl Therefore, PTX-loaded nanoparticles may be cemsitias an effective
anticancer drug delivery system for cancer chermaghe
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1. INTRODUCTION

Paclitaxel (PTX), a major anticancer drug isoldtedn the bark offaxus brevifoliahas antineoplasic activity
particularly against various types of solid tumd&$X is approved in many countries for its useea®ad line
treatment of ovarian and breast cancers [1,2]. Ra%a unique mechanism of action. It disrupts smachic
equilibrium within the microtubule system and blsdalells in the late G2 phase and M phase of theyeke,
thereby inhibiting cell replication [3]. It has bereported that Tax8linduces bcl2 phosphorylation followed by
apoptosis [4]. PTX is poorly soluble in water [5p enhance its solubility and allow parenteral adstiation,
PTX is currently formulated (Tax®) at 6 mg/ml in a vehicle composed of 1:1 blen€gmophof EL and
ethanol. However, CremopHoEL causes side effects e.g. hypersentivity, nepkitity and neurotoxicity as
well as effects on endothelial and vascular mustesing vasodilatation, labored breathing, lethamd
hypotension [6],

Numerous investigations have shown that both tissukecell distribution profiles of anticancer drugs be
controlled by their entrapment in submicronic ciolid systems. Accordingly, a number of alternative
formulations were investigated for the solubilipatiof PTX, including liposomes, microspheres, nantgles
and polymeric micelles [7-10]. The rationale behihid approach is to increase antitumor efficacylavh
reducing systemic side effects [11]. Nano-partiutirug delivery systems have been studied forraéve
decades now, and many of the features that make akteactive drug carriers are well known. Moregver
nanoparticles can escape from the vasculaturedhrthe leaky endothelial tissue that surroundguher and
then accumulate in certain solid tumors by theated Enhanced Permeation and Retention (EPR)t4ifat

A Cremophor-free formulation of PTX nanoparticlésraxané, has recently been approved by the FDA for
recurrent metastatic breast cancer [13].
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The aim of this study was to develop a polymerimdielivery system for PTX, CremopfidEL-free, intended
to be intravenously administered. To achieve thig 8 TX-loaded PEGylated PLGA-based nanoparticlesew
prepared by nanoprecipitation method [14]. Polyitecco-glycolide) (PLGA) was chosen for its
biodegradability properties, its biocompatibilitychits approval by FDA. Polg{caprolactone-co-ethylene
glycol) (PCL-PEG), an amphiphilic copolymer, waslad to take advantage of PEG repulsive propertied 6]
and to provide a higher stability of nanopartigtebiological fluids [17]. The nanoparticles weflgacacterized
in terms of size and charge. In vitro drug relemas evaluated. In vitro anti-tumoral activity of R-loaded
nanoparticles was performed using Human Cervix i@ansa cells (HeLa). In vitro cellular uptake andposis
were also studied. Finally, in vivo tumor growthiipition of PTX-loaded nanoparticles was also iigeged in
TLT-tumor bearing mice.

2. MATERIALSAND METHODS
2.1. Materials

PCL-PEG, PLGA, PLGA-PEG and PLGA-FITC polymers wsyathesized by ring opening polymerization
[16]. Molecular weights were determined by sizelesion chromatography (SEC) and NMR as described
previously (Table 1).

PTX was purchased from Calbiochem (Darmstadt, Geyind axof’ (Brystol-Myers Squibb) was obtained
from Cliniques Universitaires Saint-Luc, Belgiunaxd[® contains 6 mg/ml of PTX and 528 mg/ml of
Cremophof EL.

HeLa (Human Cervix Carcinoma) cells were acquiredifATCC (American Type Culture Collection,
Manassas, VA, USA). CremopHoEL, 4,6-diamidino-2-phenylindole (DAP1) and 3-Bidimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide) (MTT) wererghased from Sigma-Aldrich (St. Louis, MO, USA).
Dubelcco's modified Eagle's medium (DMEM), fetalime serum (FBS), trypsin-EDTA and penicillin-
streptomycin mixtures were from Gibt8RL (Carlsbad, CA, USA). Ultra-purified water wased throughout
and all other chemicals were of analytical grade.

NMR1 mice were purchased from Janvier, Genestl&tFsance.
2.2. Preparation of Paclitaxel-loaded nanoparticles

First, nanoparticles were prepared by simple emulgchnique [18]. Briefly, 7.5 mg of PLGA-PEG Gl

of dichloromethane and 7.5 mg of PCL-PEG in 500fidichloromethane were added to 35 mg of PLGA.2 m
of PTX was mixed with the polymer solution. 2 misafdium cholate 1% was added before a sonicatid® af
(70 W). The emulsion formed was added dropwise@hriil of sodium cholate 0.3% under magnetic stigrin
To evaporate dichloromethane, the solution warestid5 min at 37 °C.

Nanoparticles were also prepared by the interfalgpbsition method (nanoprecipitation) [14]. Biyethn
organic solution of PLGA (70 mg), PLGA-PEG (15 mBLL-PEG (15 mg) and PTX (1 mg) in 10 ml acetone
was added to 20 ml of water under magnetic stiraingpom temperature overnight to allow the evatmmaof
acetone.

To remove the non-encapsulated drug, the suspengiere filtered (1.2 um) and ultracentrifuged a02R g
for 1 h at 4 °C. The pellets were suspended in tL6f mltra-purified water.

Table 1: Chemical description of the polymers included i fiormulations

Polymer Mn (SEC)? g/mol Mn (NMR) g/mol®
PLGA 22,000
PLGA-FITC 23,600
PLGA-PEG 29,300 16,500-4600
PCL-PEG 22,400 15,200-4600

2 Polystyrene calibration.
® Determined by NMR by the following formuldz ¢/2)/(1s 2+ 7/2))x100, wherd, ;, is the signal intensity of the glycolide unit4a¥? ppm
(CH,OC=0) ands_, is the signal intensity of the lactide unit at pfEm (CH(CH)OC=0).
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2.3. Determination of Paclitaxel content in nanoparticles

The drug loading efficiency was determined in tcigle by HPLC (Agilent 1100 series, Agilent Teclogés,
Diegem, BE). The mobile phase consisted in acettatwater (70:30 v/v). The reverse phase colums wa
CC125/4 Nucleod UR100-5 C18. The column temperat@e maintained at 30 °C. The flow rate was sétGt
ml/min and the detection wavelength was 227 nm.@@asolution was injected at a volume of 50 pl. HRLC
was calibrated with standard solutions of 5 to 1@l of PTX dissolved in acetonitrile (correlaticoefficient
of R?=0.9965). The limit of quantification was 0.6 ng/mhe coefficients of variation (CV) were all withi
4.3%. Nanoparticles were dissolved in acetonitiited vigorously vortexed to get a clear solution.

The encapsulation efficiency was defined by thm rat measured and initial amount of PTX encapsulan
nanoparticles [19],

Encapsulation efficiency (%) = Amo‘;rrllitt?;l[;rrr)l(c:griaonfolfgzmles x100.

The recovery corresponds to the ratio of the amotiRTX in the supernatant and in the pellets ®itiitial
amount of PTX.

Amount of PTX supernatant + amount of PTX in NP "
Initial amount of PTX

Recovery (%) = 100.

2.4. Physicochemical characterization of Paclitaxel-loaded nanoparticles

The average patrticle size and size polydispersitii@nanoparticles prepared in water were detaschby
photon correlation spectroscopy in water using &/bta Nano ZS (Malvern Instruments, UK)Potential of
nanoparticles was measured in KCL 1mM with a MalMdano ZS (Malvern Instruments, UK) at 25 °C. The
instrument was calibrated with standard latex naniges (Malvern Instruments, UK). Experimentalues
were the average of 3 different formulations.

25.Invitrodrug release

PTX-loaded nanoparticles ( 1 mg of PTX) were dispdrin 10.0 ml of PBS (phosphate buffer solutidth,7p4)
and incubated at 37 °C under magnetic stirringd&termined time intervals, the tube was ultrackmged at
22.000 g for 1 h at 4 °C. 1 ml of supernatant miwéth 1 ml of acetonitrile was analyzed by HPLCdascribed
in Section 2.3 [20].

2.6. In vitro anti-tumoral activity
HelLa cells were grown in DMEM supplemented with 10#) fetal bovine serum and 100 1U/ml of penicill
G sodium and 100 pg/ml of streptomycin sulfate. Télks were maintained in an incubator suppliedh\sivo

C0,/95% air humidified atmosphere at 37 °C.

Table 2: Influence of the preparation method on the encaimu efficiency, the recovery rate and on the
physicochemical characteristics (n = 3)

Simple emulsion Nanopr ecipitation

PTX encapsulation efficiencyA) 37125 70+ 4
PTX/polymers %o) 0.4 £0.02 0.7 £0.04
PTX recovery ¢) 78 £3 96.7 £1.6
Size (nmj 190 £ 4.5 112+4
PDP 0.16 + 0.002 0.18 + 0.005

¢ potential (mV§ -7.76 £ 2.6 -0.556 + 5.7

¢ deviation (mV§ 6.18 + 0.98 6.46 +1.02

3 Measured by photon correlation spectroscopy wittatvern Nano ZS° Determined with a Malvern Nano ZS.

HelLa cells were seeded in 96-well plates at thesitienf 2500 viable cells per well and incubatedn2é allow
cell attachment. The cells were then incubated Watkol®, PTX-loaded nanoparticles (PTX concentrations of
0.025, 0.25, 2.5, 12.5 and 25 pg/ml at a PTX/polgnpercentage of 0.7%), Cremoph&L (0.022 to 2.2
mg/ml) and drug-free nanoparticles (polymers cotregion 10 mg/ml) for 24, 48 and 72 h. At deterndiriiene,
the formulations were replaced with DMEM containM@T (5 mg/ml) and cells were then incubated for
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additional 4 h. MTT was aspirated off and DMSO wdded to dissolve the formazan crystals [21 ]. Abaoce
was measured at 570 nm using a BioRad microplatdere Untreated cells were taken as control withpa0
viability and cells without addition of MTT were e as blank to calibrate the spectrophotometeerto z
absorbance. Triton X-100 1% was used as positinéraloof cytotoxicity [22]. The results were expses as
mean values/4standard deviation of 5 measurements.

2.7. In vitro cellular uptake of nanoparticles

Fluorescent nanoparticles were prepared by incatimyy PLGA-FITC instead of PLGA in the formulatioas
described in Section 2.2. Twelve-well plates wereded with 100000 Hela cells per well and the eedee
incubated at 37 °C for 24 h to allow cell attachimédfter 24 h, the medium was replaced by PTX-lahde
nanoparticles (PTX concentrations 2.5, 12.5 angd@#nl) for 30 min, 2 h and 24 h. After incubatidime
nanoparticles were removed and the wells were vaasiitd ice-cold PBS. The cells were then harvested
trypsinization and centrifuged at 254 g for 5 mid &C. Finally, the cells were resuspended in pDOf PBS
and stored on ice until analysis. The percentadkiofescent cells in the population and the flsomnce
intensity were measured using a flow cytometer (BA&h, Becton Dickinson). Data were analyzed usiag t
CellQuest (Becton Dickinson) software. The indiatifluorescence of 10.000 cells was collected &mhe
sample [23]. The counting of nanoparticles numbas also determined by flow cytometry [16],

2.8. Apoptosisinduced by PTX-loaded nanoparticles

Apoptosis was identified morphologically by 4,6-aidino-2-phenylindole (DAP1) staining. HelLa cellseng
seeded in 6-well plates containing a coverslip w0000 cells per well and cultured at 37 °C foh2€ells
were then incubated for 4 h with TaXpPTX-loaded nanoparticles (PTX concentration ofigml) and culture
medium as control. Samples were then fixed withpg¥aformaldehyde in PBS at room temperature fanif
stained with 0.2 pg/ml DAP1 in PBS at room tempa®afor 15 min and washed twice with PBS and with
water. Coverslips were mounted onto glass slidédeSwere then examined using a fluorescent mocos
with a 340/380 nm excitation filter and LP 430 narrier filter. Enumeration of apoptotic nuclei (aib@00
cells were counted) was made on slides picked wanaiom by two independent experimenters. Clusters
apoptotic bodies were given as a single count [24],

2.9. In vivo tumor growth inhibition study

The transplantable liver tumor TLT was implantedhea gastrocnemius muscle in the posterior legwé8ks
old male NMRI mice. All experiments were approvache ethical committee for animal care of the facaf
medicine of the Université Catholique de Louvain.

The effect of PTX-loaded nanoparticles on TLT gritowlas assessed by measuring daily the diametaeof t
tumors with an electronic caliper. When tumors healc8.0 £0.5 mm in diameter, the mice were randomly
assigned to a treatment group. Three groups of (Gioeice per group) were treated: group 1: PBtige;
group 2: Taxd! ((PTX concentration of 1 mg/kg; diluted in PBS)pgp 3: PTX-loaded nanoparticles (PTX
concentration of 1 mg/kg). The treatments werecbai@ through the tail vein. After treatment, tumeese
measured every day until they reached a diamet®8 afim, at which time the mice were killed. Bodyigte
change was also monitored.

2.10. Statistics

All results are expressed as mean + standard émvi&dne-way or Two-way ANOVA and Bonferroni posst
were performed to demonstrate statistical diffeesnfo<0.05); IG, values were calculated from a dose-response
graph (not shown) with sigmoidal function with \atsie Hill slope, using the software GraphPad P&sior
Windows. Survival curves were also calculated ftmsoftware GraphPad Prism 5 for Windows.

3. RESULTSAND DISCUSSION

3.1. Physicochemical characterization of Paclitaxel-loaded nanoparticles

Chemical description of polymers used in the fomtiohs is summarized in Table 1. The influencehef t
preparation method on the incorporation efficieang on the recovery rate is illustrated in Table 2.

Nanoparticles prepared with the nanoprecipitati@hmd could achieve higher incorporation efficiefitg%o)
than with the simple emulsion technique (37%). THss of PTX was also higher with the simple emulsio
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technique. Hence, the nanoprecipitation methodaokasen for the formulation of PLGA based PEGylated
nanoparticles.

Nanoparticles obtained by simple emulsion and neetipitation were characterized in term of size and
potential (Table 2). Nanoprecipitation techniqueayated nanoparticles smaller than those obtairitbctie
simple emulsion technique (112 vs 190 nm). Witthkethniques, nanopatrticles exhibited a narrow size
distribution (polydispersity index<0.2). Nanopalei obtained by both techniques exhibitetpatential close
to neutrality, confirming the presence of PEG chaihielding the negative charges present at thepaaticle
surface.

Consistent with previously published data [16,25& presence of PTX compared to free-drug nanapestdid
not affect the size and tligotential of nanoparticles (data not shown).

3.2. Invitrodrug release

The in vitro release profile of PTX-loaded nanojedet was investigated in PBS at 37 °C. The cunudat
percentage release is shown in Fig. 1. After tit@irburst release for about 4 h, the release ¢&®TX slowed
down and became an almost zero-order rate of (E&s0.97 ). PTX released in the first 4 h was equiviien
46.9 £ 5.7% of the initial drug load of nanopasgkl After 11 days, the amount of cumulated PT Xasdevas
75.3 £ 2.7%. The burst release of PTX may be dukedlissolution and diffusion of the drug that yeasrly
entrapped in the polymer matrix, while the slowed aontinuous release may be attributed to thesldh of
the drug localized in the PLGA core of the nandpkes. Similar burst effect was observed previo(i$8;26].

Fig. 1: Cumulative PTX release from PTX-loaded PLGA/PCL-R&Goparticles.
At preselected time intervals, the release PTX segmrated by ultracentrifugation and the amouftTof was measured by HPLC as
described in Section 2.5 (n=3).
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3.3. In vitro anti-tumoral activity

The in vitro cytotoxic activity of Tax8l Cremopho? EL, drug-free nanoparticles and PTX-loaded nartapes
was evaluated by the MTT assay using the HeLdipell The range of concentrations of PTX (0.022%0
png/ml) corresponds to plasma levels of the drugeaelble in humans [27], The range of concentratifns
Cremophof EL (0.022 to 2.2 mg/ml) corresponds to the corregiains present in solution of different
concentrations of TaxBltested.

At the concentration of 25 pg/ml TaXokell viability lower than 8% was achieved aftdrf2while lower PTX
concentrations achieved the same low cell viabdfter 48 h. The Igat 24 h was 15.5 pg/ml (Fig. 2A).

As reported previously [28,29], CremopfidL was cytotoxic at concentration above 1 mg/fig(2B).
When encapsulated in nanoparticles, 25 and 121l RJf X totally inhibited cell viability after 24 bf

incubation while a 40% decrease in cell viabilitgsaachieved at lower concentrations of PTX (2.6.6@5
pg/ml). 1G, value for Hela cells decreased from 15.5 pug/mitaxol® to 5.5 pg/ml for the PTX-loaded
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nanoparticles after 24 h incubation. At 12.5 pgdmdl 2.5 pg/ml PTX, PTX-loaded nanoparticles contell to
higher reduction in cell viability than TaxXo{p<0.01 and 0.05 respectively) (Fig 2D). Cell viailivas totally
suppressed after 48 h of incubation. No cytotogitvdy was observed for the drug-free nanoparticde10
mg/ml polymers.

It should be emphasized that in the case of Taadalignificant effect was attributed to the exaipi€remophd?
EL(absent in nanopatrticles), whereas in the cagTofloaded nanoparticles the cytotoxicity observes only
attributed to PTX (drug-free nanoparticles were-ngtotoxic). This decrease in cell viability, meesd by the
MTT test can result from an inhibition of cell griwor from cytotoxicity.

Both incubation time and concentration played aomajle in the in vitro cytotoxicity of PTX. For hger
incubation periods a larger number of cells erterG2 and M cell cycle phases during which PTX @en
active [3], During the first 24 h of incubationgtBignificant amount of free PTX released fromrhaoparticles
could be available to mediate some cytotoxicityv@&teheless, the cytotoxic effect may be a resuthef
presence of free PTX, or PTX-loaded nanopartictes @ombination of both.

Consistent with other published data, the incorfianaof PTX into nanoparticles enhanced its antidual
activity compared to Tax8I[30], showing smaller I§ over Taxof [20],

Fig. 2: Viability of HeLa cells with (A) Tax8) (B) Cremophdt EL and (C) PTX-loaded nanoparticles.

Cells were incubated with different concentrati@sl, 2 and 3 days as described in Section 2.6V{ability of HeLa cells incubated for
24 h with Taxd? (PTX concentrations: 25, 12.5 and 2.5 pg/ml), Grehof EL (concentrations corresponding to Té&xfarmulation: 2.2,
1.1 and 0.22 mg/ml), PTX-loaded nanoparticles (R&Kcentrations: 25, 12.5 and 2.5 pg/ml) and drag-franopatrticles (polymers
concentration 10 mg/ml). Cell viability was detenmil by the MTT assay. Untreated cells were takeregative control and Triton X-100
1% was used as positive control. The results goeeegsed as mean values t standard deviation oBSuraments of two independent
experiments. p<0.05, ** p<0.01.
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3.4. In vitro cellular uptake of nanoparticles

To check if the drug-loaded nanoparticles wererivtized in tumor cells, the cellular uptake of Rlbdéded
nanoparticles was evaluated on Hela cells at diffetime intervals and different concentration®®X using
flow cytometry. The percentage of cells that shoardncrease of fluorescence compared to the uattea
control cells and the fluorescence intensity amshin Fig. 3.

As the nanoparticles contained the same ratio 0f/pdlymers, the increase of PTX concentrations féhBnto

25 pg/ml lead to an increase in polymer concemwinadind nanoparticles number from approximatefyrilto
10°/ml. The uptake of the nanoparticles loaded withugml of PTX was very fast: 98% of the cells were
fluorescent after 30 min. After 2 and 24 h, thecpatage of fluorescent cells was the same, 99%césply
(p>0.05). The fluorescence intensity increased wighibcubation timep<0.05). The profile of cellular uptake

of nanoparticles loaded with 12.5 pg/ml of PTX waes same than for nanoparticles loaded with 25 igfim
PTX. For nanopatrticles loaded with 2.5 pg/ml of PIb€e percentage of fluorescent cells increasel thvi
incubation time [§<0.05). The cellular uptake of PTX-loaded nanopbes was time-dependent. The percentage
of fluorescent cells and the fluorescence interaityeased with the concentration of the nanogdesi<0.05).
The cellular uptake of PTX-loaded nanoparticles thas also concentration-dependent.

Fig. 3: Cellular uptake of PTX-loaded nanopatrticles contagnPLGA-FITC (PTX concentration of 2.5, 12.5
and 25 pg/ml).

Cells incubated with PBS and culture medium wekeriaas control. (A) Percentage of cells exhibifingrescence associated with PLGA-
FITC at different time interval$€4). (B) Fluorescence intensity associated witksl different time intervals€4). *p<0.05.
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These results are in accordance with those oftamtoral activity studies: almost total inhibitiohaell viability
and high cellular uptake were achieved after 2dchtation. Generally, nanoparticles are non-spedifi
internalized into cells via endocytosis or phagosig [31,32]. Nevertheless, it is possible thatRhEC-labeled
nanoparticles were not internalized in cells bigaslled non-specifically to the surface of the céiher
experiments should be carried out in order to mligtish these two mechanisms.

3.5. Apoptosisinduced by PTX-loaded nanoparticles

To examine if the encapsulation of PTX in nanopées modify the apoptosis induced by PTX, DAP 1nstey

of DNA was performed [33]. The nuclei of untreatéelLa cells showed homogenous fluorescence with no
evidence of segmentation and fragmentation afteP DAtaining. Exposure of the cells for 4 h at 3Z6C

Taxol® and PTX-loaded nanoparticles (25 pg/ml of PTX)tedegregation of the cell nuclei into segments,
indicating breakdown in the chromatin followed bi® condensation. The percentage of apoptotic cells
induced by Tax8l and PTX-loaded nanoparticles was not significadifferent indicating that nanoparticles did
not affect the mechanism of action of PTX compace@iaxof’ (Fig. 4). PTX encapsulated in the nanoparticles
or released in the extracellular medium was abladace apoptosis. Similar results were observedtioer

PTX concentration (12.5 and 2.5 pg/ml) and inculatime (8 h) (data not shown).

Fig. 4: DAPI staining of HeLa cells after incubation fohf culture medium as control, Takand PTX-

loaded nanoparticles (PTX concentration 25 pg/ml).

(A) Percentage of apoptotic cells (DAPI stainirg)umeration of apoptotic nuclei (about 200 cellsex@unted) was made on slides
picked up at random by two independent experimen@usters of apoptotic bodies were given asglesicount (B) Untreated cells as
control. (C) Taxdl. (D) PTX-loaded nanoparticles. (For interpretatidithe references to colour in this figure legethe, reader is referred
to the web version of this article.)

A i Cc

25+

]
==}
i

-
"
I

Apoptotic cells (%)
g

&
L

=]

Control PTX-loaded NP




Published in: Journal of Controlled Release (2008@), 133, iss. 1, pp. 11-17
Status: Postprint (Author’s version)

Fig. 5: (A) Antitumor effect of PTX-loaded nanoparticles daxof on TLT tumor-bearing mice.

One week after intramuscular TLT tumor implantativaatments were injected intravenously. Untreatedrol received PBS injection; the
treatments groups consisted in PTX-loaded nanatestand Tax8l (PTX concentration 1 mg/kg). Each point represémsmean of tumor
size + SEM (=5-6). (B) Survival rates of tumor-bearing miceatexl with PBS, PTX-loaded nanoparticles and Tag@TX concentration 1
mg/kg). *p<0.05.
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3.6. In vivo tumor growth inhibition study

The in vivo anti-tumor efficacy of PTX-loaded namoticles and Tax8lwas evaluated in TLT tumor-bearing
mice. The PTX-loaded nanoparticles inhibited tugmamwth most efficiently, followed by Taxdip< 0.05 )

( Fig. 5A). The study on the control ( PBS ) gramuled on the 7th day because the tumor volume was
excessively enlarged (about 18 mm), while otheugsdasted until the 11th day for Takaind the 14th day for
PTX-loaded nanoparticlep<0.001 ) (Fig. 5B). Body weight measurements shomedignificant differences
between the groups throughout the study. Thereavgight increase in body mass as a result of abamimal
growth (data not shown).

When encapsulated into nanoparticles, PTX coullratimor site through EPR effect and maintain the
effective therapeutic concentration for a long pemf time. The nanoparticle formulations allowedstppress
the use of Cremoph®IEL which causes serious adverse effects.

4. CONCLUSION

The aim of the study was to design polymeric nanapes loaded with the anticancer drug PTX. PT4ded in
the nanoparticles were more cytotoxic on Hela dals: Taxdl. However in contrast to CremopfidEL, no
cytotoxicity of the polymers was observed. Apoptdaiuced by the PTX-loaded nanoparticles and Tawals
similar. Cellular uptake of PTX-loaded nanoparscleas concentration and time dependent. In mic¥-PT
loaded nanoparticles showed noticeable anti-turfiimaey and enhanced survival rates, compared i@ifa
Based on these results, it can be concluded thdbtmulations developed in this work may be com®d as an
effective anticancer drug delivery for cancer chérampy.

Acknowledgments

The authors wish to thank Johnson & Johnson, Praratizal Research and Development, Division of Sams
Pharmaceutica, Belgium for providing Paclitaxelistiwork was supported by the FRSM (Belgium) (to \@Rjl
the Fonds J. Maisin (to OF). The authors also thamkzi Kostet from the FATH unit and Bernard Ucakam
the FARG unit (School of Pharmacy, Université Céthe de Louvain, Brussels, Belgium) for their teicial
support.



Published in: Journal of Controlled Release (2008@), 133, iss. 1, pp. 11-17
Status: Postprint (Author’s version)

References
[1] AK. Singla, A Garg, D. Aggarwal, Paclitaxel aitd formulation, Int J. Pharm. 235 (2002) 179-192.

[2] CM. Spencer, D. Faulds, Paclitaxel—a revievit®pharmacodynamic and pharmacokinetic propeatestherapeutic potential in the
treatment of cancer, Drugs 48 (5) (1994) 794-847

[3] P. Schiff, J. Fant, S.B. Horwitz, Promotionrofcrotubule assembly in vitro by Taxol, Nature Z1%79) 665-667

[4] S. Haldar, J. Chintapalli, C. Croce, Taxol-iméd BCL-2 phosphorylation and death of prostateeacells, Cancer Res. 56 (1996)
1253.

[5] B.D. Tarr, S.H. Yalkowsl<y, A new parenterahiele for the administration of some poorly soluafgi-cancer drugs, J. Parenter. Sci.
Technol. 41 (1987) 31-33.

[6] R.B. Weiss, R.C. Donehower, PH. Wiernik, Hyparsitivity reactions from Taxol, J. Clin. Oncol(8 (1990) 1263-1268.

[7] T Yang, M.K. Choi, Preparation and evaluatidrPaclitaxel-loaded PEGylated immunoliposome, ht@n. Release 120 (2007) 169-
177

[8] RT. Liggins, H.M. Burt, Paclitaxel-loaded poly{actic acid) microspheres 3: blending low andhhigolecular weight polymers to
control morphology and drug release, Int J. Pha8g.(2004) 61-71.

[9] Z. Zhang, S.-S. Feng, The drug encapsulati@inieficy, in vitro drug release, cellular uptakelaytotoxicity of Paclitaxel-loaded
poly(lactide)-tocopheryl polyethylene glycol suctie nanoparticles, Biomaterials 27 (2006) 4025-4033

[10] K.M. Huh, H.S. Min, S. Cheon Lee, H.J. LeeK8n, K. Park, A new hydrotopic block copolymer reile system for aqueous
solubilization of Paclitaxel, J. Control. Releag® 12008) 122-129.

[11] I. Brigger, C. Dubernet, P. Couvreur, Nanojedes in cancer therapy and diagnosis, Adv. DrutiMDRev. 54 (2002) 631-651.
[12] L. Brannon-Peppas, J.O. Blanchette, Nanogartind targeted systems for cancer therapy, Adwg Dreliv. Rev. 56 (2004) 1649-1659.

[13] A. Sparreboom, C.D. Scripture, V. Trieu, RMlliams, T. De, A Yang, B. Beals, W.D. Figg, M. tkins, N. Desai, Comparative,
preclinical and clinical pharmacokinetics of a Coghor-free, nanoparticles albumin-bound paclit#A&1-007) and paclitaxel formulated
in cremophor (Taxol), Clin. Cancer Res. 11 (1100&) 4136-4143.

[14] H. Fessi, F. Puisieux, J.Ph. Devissaguet, in#ury, S. Benita, Nanocapsule formation by intaigpolymer deposition following
solvent displacement Int. J. Pharm. 55(1) (198941

[15] D.E. Owens lIl, N.A. Peppas, Opsonization digtribution, and pharmacokinetics of polymeric ogaxticles, Int. J. Pharm. 307 (1)
(2006) 93-102.

[16] M. Garinot, V. Fiévez, V. Pourcelle, F. Stdffach, A. des Rieux, L. Plapied, I. Theate, H. éims, Ch. Jéréme, J. Marchand-
Brynaert, Y.J. Schneider, V. Préat, PEGylated PLl§a&ed nanoparticles targeting M cells for oral ireatéon, J. Control. Release 120
(2007) 195-204.

[17] A. Vila, H. Gill, O. McCallion, M.J. Alonso, fansport of PLA-PEG patrticles across the nasal sauceffect of particle size and PEG
coating density, J. Control. Release 98 (2004) 284

[18] L. Mu, S.S. Feng, A novel controlled releasmfulation for the anticancer drug Paclitaxel (TgxX®LGA nanoparticles containing
vitamin E TPGS, J. Control. Release 86 (2003) 33-48

[19] Z. Zhang, S.-S. Feng, The drug encapsulatificiency, in vitro drug release, cellular uptakedacytotoxicity of Paclitaxel-loaded
poly(lactide)-tocopheryl polyethylene glycol suctie nanoparticles, Biomaterials 27 (2006) 4025-4033

[20] U. Westedt, M. Kalinowski, M. Wittmar, T. Mead, F. Unger, J. Fuchs, S. Schaller, U. Bakowsk¥igsel, Poly(vinyl alcohol)-graft-
poly(lactide-co-glycolide) nanoparticles for loctlivery of paclitaxel for restenosis treatmentCdntrol. Release 119 (2007)41-51.

[21] T. Mosmann, Rapid colorimetry assay for caltujrowth and survival: application to proliferatiand cytotoxicity assays, J. Immunol.
Methods 65 (1983) 55-63.

[22] B. Vroman, M. Mazza, M.R. Fernandez, R JérovheRréat, Copolymers afcaprolactone and quaternizedaprolactone as gene
carrier, J. Control. Release 118 (2007) 136-144.

[23] B. Vroman, I. Ferreira, Ch. Jéréme, V. Pré&EGylated quaternized copolymer/DNA complexes rgydelivery, Int. J. Pharm. 344
(2007) 88-95.



Published in: Journal of Controlled Release (2008@), 133, iss. 1, pp. 11-17
Status: Postprint (Author’s version)

[24] R Kroning, A. Lichtenstein, Taxol can inducegsphorylation of BCL-2 in multiple myeloma cellsdapotentiate dexamethasone-
induced apoptosis, Leuk. Res. 22 (3) (1998) 275-286

[25] C. Fonseca, S. Simoes, R Gaspar, Paclitageldd PLGA nanoparticles: preparation, physicochainsttaracterization and in vitro
anti-tumoral activity, J. Control. Release 83 (20R23-286.

[26] Y. Hu, J. Xie, Y. W. Tong, C.-H. Wang, Effeat PEG conformation andparticlesizeon the cellujgtake efficiency of nanoparticles
with the HepG2 cells, J. Control. Release 118 (200%7.

[27] E. Raymond, A. Hanauske, S. Faivre, Effectprolonged versus short-term exposure paclitaxaxdl) on human tumor colony-
forming units, Anti-Cancer Drugs 8 (4) (1997) 37863

[28] J. Liebmann, J.A. Cook, J.B. Mitchell, CremoplEL solvent for Paclitaxel and toxicity, Lance23(8884) (1993) 1428.

[29] J. Liebmann, J.A. Cook, C. Lipschultz, D. TeagJ. Fisher, J.B. Mitchell, The influence of Coginor EL on the cell cycle effects of
Paclitaxel (Taxol) in human tumor cell lines, CanCaemother. Pharmacol. 33 (4) (1994) 331-339.

[30] M. Breuning, S. Bauer, A. Goepferich, Polymarsl nanopatrticles: intelligent tools for intraakdt targeting? Eur. J. Pharm. Biopharm.
68 (2008) 112-128.

[31] A. des Rieux, V. Fievez, M. Garinot, Y.-J. 8efider, V. Préat, Nanoparticles as potential oeliVdry systems of proteins and
vaccines: a mechanistic approach, J. Control. Rel@46 (2006) 1-27.

[32] G. Storm, S.O. Belliot, T. Daemen, D.D. Lasstirface modification of nanoparticles to opposekp by the mononuclear phagocyte
system, Adv. Drug Deliv. Rev. 17 (1995) 31-48.

[33] Z. Basco, RB. Everson, J.F. Eliason, The DNAmnexin V-binding apoptotic cell is highly fragnted, Cancer Res. 60 (2000) 4623-
4628.



