
A PTX-NPs Encapsulated by Metal-polyphenol Films: Synthesis and Cytotoxicity

Michelle Hunga, Ping Li*b, Wei Liu*c and Yanlian Yangb

aSt. Mark’s School, Southborough, Massachusetts
bNational Center for Nanoscience and Technology, Beijing, P.R. China

cUniversity of Chinese Academy of Sciences, Beijing, P.R. China

The morphology and size of PTX crystals fabricated by the aerosol spray method is well-controlled, while untreated PTX 

crystallizes into thick fibers due to its poor solubility in water. Different concentration of FeIII and TA led to different coating 

conditions. Slight increasing of TA and FeCl3·6H2O would result in the excess complex. PTX-NPs are uniform in size and about 

200 nm in diameter. The dispensability and stability of PTX-NPs are significantly improved after being coated by complex.

Fig.1 Left: SEM images of PTX-NPs (A), PTX-C (B) and PTX (C) in water. TEM images of PTX-NPs (D), TA/FeIII complex (E) and 

PTX-C(F); Middle: (A) and (B) SEM images of PTX-C with different concentration of complex ((A) 0.12 mg/mLFeCl3.6H2O and 0.15 

mg/mL TA, (B) 0.2 mg/mLFeCl3.6H2O and 0.25 mg/mL TA). (C) and (D) SEM images of PTX-NPs. (E) and (F) TEM images of PTX-

NPs; Right: Size distribution of the nanoparticles in PTX-NPs and PTX-C obtained by DLS.  

Fig. 3 (A) In vitro viabilities of MCF-7 cells after incubations with PTX, ABI-007, PTX-NPs and PTX-C for 72 h; (B) Intracellular 

localization of PTX-C labelled by Rhodamine B in MCF-7 cells; (C) Table: IC50(ng/mL) values of different PTX formulations after 

72 hours incubation with MCF-7 cells (n = 3, mean � SD); (D) CCK-8 assay of FeIII and TA on MCF-7 cells. 

The control experiment shows that the TA/FeIII complex is nearly non-cytotoxic. PTX-C is an efficient anti-tumor drug 

compared with PTX, PTX-NPs and ABI-007. Cellular uptake and distribution of Rhodamine B labelled PTX-C in MCF-7 cells 

indicates that PTX-C is endocytosed by cells and localized in lysosomes. The enhanced cytotoxicity can be attributed to the 

increased stability and dispersity of PTX-C in water, and the enhanced endocytosis because of the nanometer size of PTX-C. 

Abstract

Nano-particulate drugs hold great promise of improving drug efficacy because of 
their enhanced solubility, prolonged retention time, and higher bioavailability with 

tissues or cells. Generally, these nanoparticles are encapsulated to keep them 
well dispersed with specific particle size in the manufacturing process. The 

additional advantage of encapsulation is that a rationally selected coating agent 
may tailor the pharmacokinetics and control the release of therapeutic 

nanoparticles in the targeted tissue, simultaneously reducing the toxicity and side 
effects of drugs. Here we report paclitaxel nanoparticles (PTX-NPs) encapsulated 

by metal-polyphenol layer, produced by one-step aerosol spray method. PTX-NPs 
act as a template, which enables in-situ formation of a membrane of coordination 
complexes of polyphenol tannic acid and FeIII in the solution. The produced PTX-

NPs with metal-polyphenol encapsulation (PTX-C) are stable in water and have pH 
responsiveness for releasing. To investigate the safety and effectiveness of the 

PTX-C, an in vitro drug release and cytotoxicity assay is performed on human 
breast cancer cell line (MCF-7). The IC50 of PTX-C is lower than that of PTX-NPs 

and ABI-007. Cellular uptake and distribution of Rhodamine B labelled PTX-C in 
MCF-7 cells indicates that PTX-C could be endocytosed by cells and localized in 
lysosomes. A control experiment proved that TA/FeIII complex is nearly non-

cytotoxic, evidencing the potential of PTX-C for cancer therapies.

Experiment
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Conclusions

We have demonstrated a facile approach to encapsulate antitumor nanodrugs using 

metal ions/polyphenol complexation and aerosol spraying process. The PTX 

nanoparticles encapsulated by TA/FeIII complexes were fabricated with well-

controlled morphology and size. The highly efficient pH-responsive drug release, 

uptake by cells and localization at lysosomes contribute to PTX-C serving as an 

excellent anti-tumor nanodrug. The IC50 values of PTX-C are significantly lower than 

the values of PTX and ABI-007 in human breast cancer cell line (MCF-7). In a control 

experiment, the TA/FeIII complex is nearly non-cytotoxic. The novelty and scalability 

of the one-step encapsulating process, combined with pH responsiveness and 

negligible cytotoxicity, may pave the way for the fabrication of low cost, high 

efficiency drug delivery systems for cancer therapies.
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Fig.2 (A) pH-dependent transition of TA/FeIII complex; (B) Photograph of PTX-C at the indicated pH values; (C) TEM images of 

PTX-C containing or without nanoparticles at pH 7.4 and pH 5.2 respectively; (D) The drug release profiles of PTX-C in PBS at 

370C at pH 7.4 and pH 5.2.
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A change in pH can greatly influence the assembly behavior of the TA/FeIII complex. The similar pH-responsive phenomenon is 

observed in PTX-C suspension. As pH changes from 1.0 to 8.4, the colors of the suspension vary from colorless to blue and to 

red. Under different pH environment, PTX-C shows a significant difference in drug release behaviors. At pH5.2 and 7.4, drug 

release efficiency reached 51% and 30% respectively in 7 days. 


