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Abstract (300 word limit) 
Paclitaxel (PTX), one of the most effective drugs for the 
treatment of breast and lung cancer, is limited by its severe 
side effects and low tumor selectivity. We carried out pH 
responsive hollow-poly(4-vinylpyridine) (hollow-p4VP) and 
Au (Au@p4VP) nanoparticles (NPs) that have been used to 
generate PTX@p4VP NPs, employing a technique in which 
a gold core in the center of the NP is further oxidized to 
produce the hollow structure into which PTX molecules can 
be incorporated. The hollow-p4VP NPs exhibit good 
physicochemical properties and displayed excellent 
biocompatibility when tested on blood (no hemolysis) and 
cell cultures (no cytotoxicity). Moreover, mean diameter, 
ranging from 150 to 57 nm, can be accurately controlled 
upon varying the monomer concentration at synthesis. 
Interestingly, PTX@p4VP NPs significantly increased PTX 
cytotoxicity in human lung (A-549) and breast (MCF-7) 
cancer cells with a significant reduction of PTX IC50 (from 
5.9 to 3.6 nM in A-549 and from 13.75 to 4.71 nM in 
MCF-7). In addition, PTX@p4VP caused a decrease in 
volume of A-549 and MCF-7 multicellular tumor spheroids 
(MTS), an in vitro system that mimics in vivo tumors, in 
comparison to free PTX. This increased antitumoral activity 
is accompanied by efficient cell internalization and 
increased apoptosis, especially in lung cancer MTS. Our 
results offer the first evidence that hollow-p4VP NPs can 
improve the antitumoral activity of PTX. This system can be 
used as a new nanoplatform to overcome the limitations of 
current breast and lung cancer treatments. The good results 
obtained for PTX allowed us to extend the use the colloidal 
hybrid system to doxorubicin (Dox) and 5-fluorouracil 
(5Fu). Here we present a complete characterization of 
PTX@p4VP NPs together with our preliminary results for 
these two anticancer drugs included into hollow polymeric 
systems. 
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can be modulated by the concentration of monomer 

(N-vinylpyridine) during the polymerization process 

[36]. iii) Hollow core size can be modified by altering 

the diameter of the initial Au seed [37], which also 

increases the loading capacity of the final hollow- 

p4VP system. iv) The pH-responsive ability of p4VP 

can be exploited to trap and accumulate drugs within 

the polymer. 

2 Experimental 

2.1 Materials  

Paclitaxel was purchased from Tocris Bioscience. 

4-Vinylpyridine (#V3204), gold (III) chloride trihydrate 

(HAuCl4·3H2O, #G4022), 3-butenoic acid (#134716), 

hexadecyltrimethylammonium bromide cetyl- 

trimethylammonium bromide (CTAB) (#H6269), N,N’- 

methylenebisacrylamide (#146072), and 2,2’-azobis(2- 

methylpropionamidene) dihydrochloride (#440914) 

were purchased from Aldrich and used without 

further purification. 

2.2 Synthesis of core@shell Au@p4VP nanoparticles 

To carry out the encapsulation of gold NPs with 

p4VP, gold NPs with a diameter of approximately 

50 nm were first prepared using a modified seeded  

growth method [38] and subsequently coated with a 

p4VP polymer shell. To encapsulate the gold NPs with 

4-vinylpyridine, a vinyl-terminated 50-nm spherical Au 

colloidal dispersion (10 mL, 5 mM, 0.9848 g·mL–1) was 

heated to 70 °C under N2 flow. Then, 4-vinylpyridine 

(100 mM, 161.7 ΐL) and N,N’-methylenebisacrylamide 

(10 mM, 23.4 mg) were added under mild magnetic 

stirring. After 15 min at 70 °C, polymerization was initia-

ted by addition of 2,2’-azobis(2-methylpropionamidene) 

dihydrochloride (150 ΐL, 0.1 M in water). After 7– 

10 min, the reddish solution became turbid, the 

nitrogen flow was stopped and the reaction was 

allowed to proceed for 3 h at 70 °C. After this period, 

the mixture was allowed to cool to 20 °C under stirring. 

Finally, with the aim of separating Au@p4VP particles 

from free p4VP microgels, the solution was diluted 

with water (50 mL), centrifuged (30 min at 4,500 rpm), 

and the resulting pellet dispersed in water (10 mL). 

In order to ensure maximum separation between 

Au@p4VP and free p4VP microgels the centrifuga-

tion step was repeated 5 times. TEM images confirm 

a purification yield >95%. Scheme 1 presents the 

synthesis of Au@p4VP NPs schematically.  

In this scheme, Au15@CTAB and Au50@p4VP denote 

spherical 15 nm Au NPs coated with CTAB, which are 

 

Scheme 1 Schematic representations of the preparation of hollow-p4VP microgels (a) and the trapping of PTX within hollow-p4VP NPs
(PTX@p4VP) (b). 


