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During the second year of my PhD  the main focus of my research was the characterization of the effects of Vitamin E and Vitamin E Acetate addition to P(D,L)LA films on mechanical properties and biocompatibility.
Biodegradable polymers are widely used in the medical field,  both as drug delivery devices and scaffold for tissue engineering. In particular, polylactic acid (PLA) is a biocompatible aliphatic polyester that can degrade into nontoxic compounds; PLA was approved by the US Food and Drug Administration as far back as in the 1970s and is primarily used for biomedical applications such as absorbable sutures, stents, drug delivery systems, bone fixation devices and tissue engineering scaffolds. 
Since lactide is an enantiomeric compound, the general name PLA refers to three possible isoforms, namely poly (L-lactide) (PLLA), poly (D-lactide) (PDLA) and poly (D,L-lactide) (PDLLA), which are chemically identical, but differ in their crystallinity. PLLA is a semicrystalline polymer characterized by high tensile strength, low elongation and consequently high Young's modulus value, making it suitable for orthopedic applications and sutures. On the contrary, P(D,L)LA is an amorphous polymer exhibiting lower tensile strength, higher elongation and lower modulus, and is then less applicable than crystalline polymers for load-bearing applications. Moreover, P(D,L)LA, due to its amorphous structure, can degrade quickly; in fact, the degradation time of P(D,L)LA is about 12-16 month, compared to 3-5 years required by PLLA to be completely degraded.  Although P(D,L)LA mechanical properties are not adequate to fix the majority of bone fracture, it has been extensively investigated for biomedical coating for orthopedic implants because of its good osteoconductive potential, high mechanical adherence to substrates and excellent biocompatibility in vivo.
Vitamin E (Vit.E, α-tocopherol) is a natural biological anti-inflammatory and antioxidant agent protecting cells from the damaging effects of free radicals by preventing peroxides accumulation, and can potentially be used to prevent diseases associated with oxidative stress. Furthermore, several studies indicate that Vit.E has a positive effect on bone tissue, preventing bone loss,  maintaining bone mineral density and improving its mechanical properties. 
Vitamin E acetate (Vit. E Ac, tocopheryl acetate) is the artificial esterified forms of Vit E, commonly used as an alternative to tocopherol itself because its phenolic hydroxyl group is blocked resulting in a less acidic product. It is believed that this molecule, when absorbed at skin level, undergoes hydrolysis, regenerating alpha tocopherol.
In our laboratory we produced P(D,L)LA films enriched with Vit. E, and investigated the effects of different concentration (5-40% w/w) of Vit. E and Vit. E Ac to P(D,L)LA films on the polymer mechanical properties, along with the cellular behavior of human foreskin fibroblast cells and MC3T3 murine pre-osteoblast cells seeded onto the control and vit E and vit E Ac enriched P(D,L)LA (10% w/w) films. 
The thermal and mechanical tests were performed in collaboration with Dott. Diego Antonioli of the Department of Sciences and Technological Innovation in Alessandria.
The thermal properties of the various P(D,L)LA films and relative composites were investigated with differential scanning calorimetry (DSC). The introduction of Vit. E and Vit. E Ac into a P(D,L)LA matrix causes  decrease in the glass transition, suggesting the plasticizer effect of both additive.

Stress-strain analysis shown that the Young’s modulus as well as the tensile strength of both sample series increase with the increase of vitamin content until 10% and a parallel decrease in strain at break is registered. When the amount of additive exceeded 10%, Young’s modulus and stress at break of composites are comparable to pure matrix and the elongation at break increases.
So, thermal and mechanical analysis demonstrate that Vit. E and Vit. E Ac addition in a specific range (5-10%) improves P(D,L)LA mechanical properties for orthopedic application, as a bone substitutes should be strong enough to fulfill the required load-bearing functions, thus high tensile strength as well as high Young's modulus are required to match the mechanical properties of the native tissue. 
Biocompatibility is the most fundamental and crucial concern for designing implantable biomaterials; since 10% Vit. E and Vit. E Ac addition seems to increase Young's modulus value in a similar way, biocompatibility assays have been performed on this samples, focusing on cell adhesion and proliferation of two different cell models, human foreskin fibroblasts (HFF) and murine pre-osteoblast cells (MC3T3 E1).
HFF adhesion and proliferation was significantly higher onto 10% Vit. E and Vit. E Ac enriched P(D,L)LA compared to control P(D,L)LA films. It was noteworthy that cells seeded onto control and Vit. E Ac P(D,L)LA films display an elongated morphology, while cells seeded onto Vit. E enriched P(D,L)LA films showed a round shape.

MC3T3 adhesion onto native polymer was higher to that observed as compared to both Vit. E and Vit. E Ac blended ones; cell proliferation was significantly decreased onto 10% Vit E P(D,L)LA at each time point compared to that observed onto control P(D,L)LA films. On the contrary, MC3T3 proliferation onto 10% Vit E Ac P(D,L)LA was similar to that observed onto control sample.
As osteoblasts proliferation and differentiation enable the production of extracellular matrix (ECM), and as fibroblasts are the main source of connective tissue and play pivotal role in regulating ECM homeostasis,  the production of collagen-containing ECM has been investigated. 
Picro-sirius red staining was used to evaluate the secretion of the collagen-containing ECM by fibroblasts and pre-osteoblasts grown onto control,  Vit. E and Vit. E Ac enriched P(D,L)LA films. Considering HFF cells, no differences were observed in collagen production when grown onto the various polymers. On the other hand, there was no difference in collagen secretion by MC3T3 cells grown onto control and 10% Vit. E Ac blended P(D,L)LA films, while there was a significant decrease in collagen secretion when cells were grown onto 10% Vit. E blended films. 
These data demonstrate that 10% Vit. E Ac addition to P(D,L)LA films modify its mechanical behavior, improving  Young's modulus as well as tensile strength, thus increasing their toughness. Moreover, this modification improves or at least did not alter P(D,L)LA biocompatibility, and could make this biomaterial more attractive for orthopedic engineering applications.
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