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dable composite and an attractive biomaterial for bone 

tissue engineering, however, hydrophobicity of PLLA 

based composites is major limitation for their use as 

scaffolds for cell culture. In our study lecithin was 

used to improve hydrophilicity and cytocompatibility 

 

by solvent-casting technique. Comparative analysis of 

not change hydrophilicity of PLLA. The hydrophilicity of 

-

site surpassed the degradation of PLLA while addition 

of lecithin diminished the degradation of composite. 

The cytocompatibility of composites were studied in 

7 day long in vitro assay. Human bone derived cells 

were seeded on all tested surfaces. Cell viability was 

estimated by Live/Dead fluorescent staining and Ala-

mar Blue test. Surprisingly, although lecithin addition 

improved hydrophilicity of the PLLA-based composite, 

adhesion and proliferation of human bone derived cells 

-

ve effect we found of lecithin addition on hydrophilicity 

and stability of PLLA-based composite, its effect on 

cell attachment and proliferation is negative. Hence, 

incorporation of lecithin did not improve properties 

tissue regeneration. 
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Current strategies of tissue engineering are focused 

on the combination of cells with supportive scaffolds. The 

biomaterials used to fabricate the scaffolds need to be 

compatible with the cells used for tissue regeneration. 

Polylactide (PLLA) is a polymer commonly used for scaf-

fold manufacturing for bone tissue regeneration. The main 

hydrophobic properties of this material are a cause of 

poor cell adhesion and its main limitation in bone tissue 

engineering applications [1]. Moreover, PLLA can elicit an 

desired to improve its properties as a biomaterial for bone 

and osteoconductive ceramic which improve the scaffold 

to PLLA allows stabilization of degradation and improve-

ment of biocompatibility in tissue engineering applications 

established and presents higher cytocompatibility in vitro 

than pure PLLA, it remains hydrophobic and unfavorable 

for cell adhesion and proliferation. Addition of lecithin – 

natural amphiphilic phospholipid - was shown to improve 

hydrophilicity and cytocompatibility of PLLA [7]. Therefore, 

composite will improve its properties important for applica-

tion in bone tissue engineering. The physical properties 

and in vitro

the biocompatibility of the composites, human bone derived 

cell (hBDC) culture in vitro was performed. 

Polylactide (PLLA) of medical purity (Purasorb PL 24, 

Purac) was dissolved in the 1:1 (v/v) mixture of chloroform 

(Carlo Erba) and dichloromethane (Chempur) to obtain 

30% (w/v) solution. The PLLA solution was used directly to 

phosphate (Sigma Aldrich) in 100 ml of 30% (w/v) PLLA 

and 1.5 g of lecithin (Serva) in 100 ml of 30% (w/v) PLLA 

solution. All PLLA suspensions were mixed vigorously for  

a clean glass and forming a layer of controlled thickness 

(50 µm) using the Elcometer 3700. Films were dried at 37°C 

until total solvent evaporation and peeled-away. Circles of 

used for further experiments and cell culture.

The contact angle was measured for all three types of 

lecithin by the use of goniometer (CAM 200, KSV) and the 
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The composite hydrolysis time was measured for all three 

types of obtained materials. The 4 circles from each type of 

protocol. Each circle was incubated in the 50 ml of PBS 

solution (pH = 7.4) with addition of sodium azide (0.1% w/v) 

at 37oC in closed container for 4 weeks. The PBS solution 

was changed every week. After 4 weeks circles were dried 

until constant mass at 37oC and weighted.

Cytocompatibility of materials was tested in vitro on 

human bone-derived cells (hBDC) isolated from pieces of 

bone explanted postsurgery. HBDC isolation was performed 

according to the protocol described previously [8] and was 

approved by the Local Ethics Committee of the Medical 

of the connective tissue, cut into fragments of diameter  

1-2 mm, rinsed with PBS (Life Technologies) and incubated 

overnight on magnetic stirrer in medium containing colla-

genase (Sigma-Aldrich) at 37oC. Bone fragments were then 

rinsed in PBS, moved into the culture bottles and incubated 

addition of Foetal Bovine Serum, 1% L-glutamine, 1% 

Antibiotic-Antimycotic (all media from Life Technologies) 

and ascorbic acid (30 µg/ml; Sigma-Aldrich). HBDC were 

cells covered 70-80% of available area in culture bottles. 

Prior to the experiments cell culture was rinsed with PBS. 

HBDC were then consecutively incubated in collagenase 

solution for 20 min., rinsed with PBS and detached from 

the support with trypsin (Life Technologies).

Samples of biomaterials were placed into wells of 96-

well plate and seeded with hBDC. Density of cell seeding 

was 18 000 cells per cm2 for Live/Dead staining and 36 000 

cells per cm2 for Alamar Blue assay. In vitro culture was 

continued in DMEM-based medium supplemented with 

ascorbic acid described above.

HBDC cultured on biomaterial samples for 24 hours were 

Technologies). Living cells converted calcein acetoxymethyl 

impermeant ethidum homodimer-1 labels nucleic acids of 

-

rescent microscope (Nikon, Japan).

HBDC viability was analyzed by Alamar Blue assay 

(Life Technologies) [9]. Metabolic activity of living cells is 

proportional to their redox potential, measured as cell ability 

in the ELISA reader (FLUOstar OPTIMA, BMG LABTECH, 

Germany).

addition on the PLLA surface wettability. The results of the 

contact angle measurements of the three types of materi-

als produced are presented in FIG. 1. The contact angles 

The weight loss of the materials during 4 weeks of 

incubation in PBS solution is presented in TABLE 1.  

-

estingly, acceleration of composite degradation was evened 

unexpected since in majority of reports, addition of ceramic, 

to slow down the rate of degradation of the polylactide.  

 



10 However, this opinion is not univocal since other authors 

-

tion [12]. Degradation of polylactide and its composites de-

copolymer ratio, crystallinity, molecular weight, morphology, 

porosity (reviewed in [13]). Therefore, heterogeneity of in-

vestigated materials, applied methodology and methods of 

degradation analysis may explain discrepancies between 

obtained results (TABLE 1) and reports in literature. 

The addition of the 1.5% lecithin improves the hydrophilic-

ity of material surface. Therefore we expected that biocom-

as well. Live/Dead staining showed numerous, well spread, 

alive hBDC on control culture surface as well as on PLLA 

cells were less numerous (FIG. 2D). Moreover, presence 

of spherical and propidium iodide positive hBDC indicated 

increased cell death.

observations. Results from day 1 suggest that adhesion of 

different from that of the control. However, blending the 

resulting in less than 50% of seeded cell attached to the 

surface in comparison to control (p<0.001). HBDC cultured 

-

1 and 7, reaching cell numbers higher than in the control. In 

of the experiment (FIG. 3). 

Decrease in adhesion and proliferation of hBDC on 

in view of obtained results showing that addition of lecithin 

 

reported that PLLA containing 5% lecithin were more fa-

vorable for mesenchymal stem cells proliferation than pure 

PLLA or PLLA containing 10% or 15% lecithin [14]. However, 

searching for explanation of unexpected results we consider 

on the stability of lecithin. Further, lecithin - unsaturated 

fatty acid, may undergo oxidation under atmospheric air 

to form lipid hydroperoxides, resulting in the impairment of 

its bioactivity and toxicity toward cells [15]. Other possible 

explanation of low adhesion and impaired proliferation 

of hBDC is the formation of harmful chemical or physical 

complexes (microparticles, micelles) of lecithin and calcium 

phosphate, since lecithin contains phosphoric acid group 

able to interact with calcium cations. Further, lecithin addi-

tion may change mechanical properties of the material [7].  

Sample Weight loss [%]

PLLA 6.3 ±0.9 

9.1 ±0.6*

7.2 ±2.3*
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Reduced cell attachment and spreading on softer substrata 

is a known phenomenon [16]. Therefore, surface with higher 

lecithin concentration, characterized by lower stiffness, 

of low rigidity, but not osteoblasts. 

The main message from our study is that despite posi-

tive effect of lecithin on surface hydrophilicity, it can have 

negative effect on cell attachment and proliferation. There-

fore functionalization of composites with lecithin may not 

unexpected results which need to be addressed further, 

such as elucidation of lecithin properties as an additive for 

improvement of composite hydrophilicity.

In this work, we demonstrate that although lecithin addi-

tion improved hydrophilicity of the PLLA-based composite, 

it does not improve adhesion and proliferation of cells. Such 

statement is supported by Live/Dead staining and viability/

proliferation test.
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