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1. lntroduction

The use of nanotechnology as a tool for the delivery of 

pharmaceuticals in a safer way (nanomedicine) is closely 

related to the advancement in the development of nanocarriers 

such as liposomes, micelles and polymer nanoparticles (NPs) 

as drug delivery systems [l]. Latter nanocarriers have been 
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widely studied due to their excellent biocompatibility, tunable 

proprieties and ability to convey a wide variety of pharma

ceuticals [2-4]. In general, a drug delivery system has to be 

able to avoid recognition by the macrophages and to accu

mulate preferentially in the target organ. The first feature is 

usually obtained with the addition of poly(ethylene glycol) 

(PEG), which is known to prevent opsonization and thus 

increase the half-life of the injected particles in the blood

stream [5, 6]. Tue targeting of specific organs or tumors can 



be achieved with surface functionalization with ligands such 

as folic acid [7-9], monoclonal antibodies [10, 11] and epi

dermal growth factors, which bind specific receptors and 

maximize the cellular uptak:e [12]. Another way to achieve 

preferential targeting in certain solid tumors is to exploit their 

leak:y vasculature, which is a long-known characteristic [13] 

that can lead to a greater accumulation due to a phenomenon 

known as the enhanced permeability and retention effect 

(EPR) [14]. However, despite the high number of carriers that 

rely on the EPR effect to accumulate in the tumor, only a 

slight few applications bave reached clinica! use [15]. This 

discrepancy is attributable to many factors, among which is a 

lack of deep understanding on how nanocarriers behave once 

injected in the body [16]. In addition, attention is often solely 

focused on the amount of NPs that reach the tumor and not on 

their overall biodistribution in the different organs [17]. NP 

characteristics, such as dimension, surface charge and func

tionalization, can greatly affect their behavior post injection in 

terms of both their biodistribution and their interaction with 

the body [18, 19]. Therefore, preclinical studies aimed at the 

understanding of NP biodistribution are a relevant step in 

their development; these tests are usually carried out by 

making fluorescent NPs [20], for example, by using a dye that 

can be either covalently bound [21] or simply loaded into the 

carrier [22, 23]. Another way revolves around the use of 

radiolabeled substances [24-27]. 

In this work, the biodistribution of PEGylated polymer 

nanoparticles based on poly e-caprolactone (PCL) and pro

duced through emulsion free radical polymerization is studied. 

These NPs are synthesized starting from PCL-based oligomers 

obtained through the ring opening polymerization (ROP) of e

caprolactone, and they are initiated by 2-hydroxy ethyl 

methacrylate (HEMA), using tin octoate as a catalyst [28]. The 

final products are PCL-based oligomers with a controllable 

length that are functionalized with a vinyl bond (HEMA-CLn
), 

which can be employed in a subsequent free radical poly

merization. NPs are produced by copolymerizing these oligo

mers with a PEGylated hydroxy ethyl methacrylate (HEMA

PEG) macromonomer through a surfactant free monomer

starved semi-batch emulsion polymerization (MSSEP) process 

[29]. Tue final products of this synthetic route are NPs com

posed by copolymers characterized by a poly(HEMA) back

bone with PCL-grafted chains confined in the core and PEG 

chains mainly localized in the outer shell. Tue versatility of the 

MSSEP process allows an easy functionalization of the NPs 

via a terpolymerization, with a fluorescent methacrylate 

monomer obtained by conjugating rhodamine B (RhB) and 

HEMA with dicyclohexil carbodiimide (DCC) [30]. 

These NPs bave already been successfully employed 

with hydrogels in a localized treatment for spinal cord injury 

[31]; bere, the presence of a dye covalently bound to the NPs 

allows the precise quantification of their cellular uptake 

in vitro, as well as in-depth study concerning their systemic 

in vivo biodistribution. The degradation of the produced NPs 

was followed in a cell medium at 37 °C, and NP bio

compatibility was evaluated by incubating B16/F10 mouse 

melanoma cells with different NP concentrations for 24 h. 

The obtained results showed slight cytotoxic effects only for 

high polymer concentrations, while the cellular uptak:e that 

combined the absolute cell count and the plate fluorimetry 

was quantitatively studied [32]. In vivo NP biodistribution 

was studied in mice bearing the same tumor; this study was 

aimed at fulfilling the total mass balance. At different times, 

after intravenous (i.v.) injection of the NPs, the plasma, tumor 

and the major organs, as well as the urine and feces, were 

fluorometrically measured in order to quantify the amount of 

the RhB present. Tue calibration curves, obtained by serial 

dilutions of NPs in the fluids (plasma and urine) and in the 

homogenized organs, allowed the measurement of the NP 

concentration. In particular, it was possible to determine the 

fate of 86% of the injected NPs, even after 72 h, with an 

almost time-constant NP accumulation in the tumor equal to 

about 3% of the injected dose per gram of tissue. For the 

adopted NPs, it was possible to calculate a half-life in the 

blood tream equal to about 30 min. Finally, ex vivo confocal 

microscopy analyses were performed to study the cellular 

localization of the NPs in different organs and then to obtain 

further details about their in vivo behaviour, which confirmed 

their ability to be intemalized in tumor cells in vivo. 

2. Materials and methods

2. 1. Materials

For macromonomer production and NP synthesis e-capro

lactone (CL, 99% ), 2-hydroxyethyl methacrylate (HEMA, 

�99% ), 2-ethylhexanoic acid tin(II) salt (Sn(Octh, ~95% ), 

potassium persulfate (KPS, �99% ), poly( ethylene glycol) 

methyl ether methacrylate (HEMA-PEG19, molecular weight: 

ca. 950 Da), rhodamine B (RhB, > 95% ), N,N' -dicyclohexyl 

carbodiimide (DCC, 99%), acetonitrile (anhydrous, >99.8%) 

and 4-(dimethylamino) pyridine (DMAP, >99%) were pur

chased from Sigma Aldrich and used without further treat

ment. Phosphate buffered saline solution (PBS, Biowest, 

Nuaillé, France), 0.05% trypsin-0.02% EDTA in PBS solu

tion (Biowest), a cell medium composed of high glucose 

DMEM (Biowest) and supplemented with 10% fetal bovine 

serum (Lonza, Basel, Switzerland) and 1 % L-glutamine 

(Biowest) were all used without further treatment. For the 

pharmacokinetic study RIPA buffer, paraformaldehyde 

(powder, 95%), Hoechst 33 258 and Sucrose (�99.5%) were 

purchased from Sigma Aldrich. n-pentane (�99%) was pur

chased from Carlo Erba Reagents. 

2.2. Nanoparticle synthesis and characterization 

Tue HEMA-CL3 macromonomer was synthesized through the 

ROP following a procedure reported in literature [28]. Briefly, 

the reaction was carried out in bulk conditions without using 

any solvent. 10 g of CL were first heated up in a stirred flask at 

130 ± 1 °C with the temperature controlled by an extemal oil 

bath. A mixture of Sn(Octh (30 mg) and HEMA (3.8 g) was 

prepared and left under continuous magnetic stirring at room 

temperature until complete dissolution of the Sn(Octh. This 

mixture was then added to the CL (CL/HEMA molar ratio 
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