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Abstract
Bionanocomposites based on poly(lactic acid) (PLA), plasticized with commercial tributyl o-acetyl citrate (ATBC) and 
containing hydrolyzed collagen (HC) up to 10 wt% and silver nanoparticles (AgNPs), were prepared by a melt mixing pro-
cedure. The properties of antimicrobial PLA based formulations were investigated in terms of morphology (atomic force 
microscopy, AFM), mechanical, thermal (differential scanning calorimetry, DSC), spectral (by attenuated total reflectance, 
Fourier-transform infrared spectroscopy), cell proliferation (by flow cytometry) and immunohistochemical properties induced 
by collagen. The incorporation of HC into antimicrobial PLA biocomposites led to the slight reduction both in mechanical 
properties and the degree of crystallinity with respect to those of PLA/ATBC sample. These properties can be attributed to 
the smooth surface improvement of the bionanocomposite. In vitro testing using L929 fibroblasts in the presence of PLA-
based bionanocomposites showed that all samples presented good biocompatibility, as it was indicated by the cell cycle 
distribution and DNA content analyses. Furthermore, these new biocomposites induced an increase of collagen production 
in vitro. Overall, PLA/HC5/AgNPs and PLA/HC10/AgNPs bionanocomposites showed very good in vitro biocompatibility, 
and therefore, could be considered as valuable materials for medical devices, such as tubes, catheters, drains or connectors, 
with a relatively long service life.
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Introduction

Usually, medical devices are manufactured from a variety 
of biomaterials including metals, polymers and ceram-
ics. Among all, the petrochemical-based plastics such as 
poly(vinyl chloride) (PVC) and poly(ethylene) (PE) are the 

most utilized materials in medical applications like tubes, 
catheters, drains, connectors, etc. [1]. Despite their favorable 
mechanical characteristics and low cost, they exhibit low 
biocompatibility, high risk of infections with pathogenic 
microorganisms and are made from limited petrochemical 
resources.

In recent years, the interest among researchers and manu-
facturers for antimicrobial polymers with performance prop-
erties has increased significantly.

A variety of antimicrobial agents have been considered in 
several comprehensive reviews, from which silver nanopar-
ticles (AgNPs) has proved its high bactericidal activity for 
different medical devices [2, 3], fibrous mats [4] and food 
packaging [5, 6].

Poly(lactic acid) (PLA) is a linear aliphatic thermoplastic 
derived from 100% renewable resources such as sugar, corn, 
potatoes, cane, beet, etc. [7]. PLA has been approved by the 
Food and Drug Administration (FDA) for implantation in 
the human body, and therefore, is extensively studied for 
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