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Abstract  

The present paper reports on an innovative route for the preparation of new hybrid 
nanostructured thin films based on hydroxyapatite and functionalized  
olyurethane. Hybrid nanopowders based on hydroxyapatite and functionalized 
polyurethane have been synthesized by a hydrothermal method with high pressure 
and low temperature conditions and further used for spin coating deposition. 
Biocompatible thin films with a thickness of about 50 nm have been deposited 
onto Si/SiO2/Ti/Au substrates and their properties recommend them suitable as 
possible electrodes for the fabrication of impedance biosensors. Hybrid materials 
with improved properties are obtained, combining the mechanical properties of 
polyurethane with biocompatible properties of hydroxyapatite (bioactivity and 
osteoconductivity). The presence of functional groups in polyurethane structure 
ensures the existence of strong interactions between components and an 
increased affinity of the thin films for further protein bonding in biosensor design. 
Hybrid nanostructured thin films based on hydrothermally synthesized 
hydroxyapatite–polyurethane nanopowders could enhance the amount of 
immobilized biomolecules in the construction of an impedance biosensor for 
diagnosis and therapy of bone diseases. 

 



1. Introduction  

Hydroxyapatite has been extensively studied as coating material for biosensor 
applications due to its excellent biocompatibility and bioactivity, forming strong 
bonds to bone tissue [1–4]. Coatings can be produced by ion sputtering, plasma 
spraying, sol–gel, electrolysis, biomimetic methods, spin coating, electrophoretic 
deposition, etc. [2,3]. Recently, biosensors based on hydroxyapatite–polymer 
composite have been developed [5,6]. To our knowledge, HAp–PU composites 
were previously prepared by adding inorganic component as ceramic filler, during 
polyurethane synthesis or mechanical mixing. Also, HAp–PU coatings were 
obtained by biomimetic deposition of hydroxyapatite on polyurethane surface, in 
SBF at 37 °C. The present paper studies a new route for the preparation of hybrid 
nanostructured thin films based on hydroxyapatite–polyurethane (HAp–PU). For 
the first time, specially designed polyurethane with COOH groups on its surface 
was used for high pressure hydrothermal synthesis of nanostructured hybrids. It 
was previously reported [7–10]. that high pressure plays an important role in the 
formation of strong interactions between inorganic and organic components. As a 
novelty, possible interactions between the two components of the hybrid material 
were established using Molecular Dynamics (MD) simulations at high pressures. 
The goal of the paper is to demonstrate the potential of hydrothermal synthesis 
followed by spin coating deposition to obtain biocompatible thin films for the 
design of biosensors. Consequently, in vitro measurements using mouse 
neuroblastoma cells were performed and potential use of HAp–PU coatings as 
materials for spinal cord injury will be addressed in the future. 

2. Materials and methods  

Table 1 presents the experimental conditions for the synthesis of nanostructured 
hybrid powders which were further used for spin coating process. HAp–PU 
nanopowders obtained by hydrothermal method were dispersed in water and 
stabilized as colloidal suspensions by the aid of a dispersing agent. Stable 
aqueous suspensions of hybrid nanostructured powders were spin coated onto 
Si/SiO2/Ti/Au substrates with 12 mm diameter and 500 μm thickness. 

Spin coating deposition was performed on a KW-4A spin coater at 550 rpm for 9 s 
followed by 1880 rpm for 10 s. 



 

2.1. Characterization methods  

The proliferation of mouse neuroblastoma (N2a) cells on n-HA/PU scaffold was 
determined using the MTT (3-{4,5-dimethylthiazol-2yl}- 2,5-diphenyl-2H-
tetrazoliumbromide) assay. At 24 h after seeding, the culture medium was 
replaced with 100 μl of MTT solution and the hybrid thin film samples were 
incubated for 1.5 h at 37 °C in 5% CO2. Afterwards, the MTT solution was replaced 
with 100 μl ofdimethylsulphoxide and the multiwell plate was mixed until complete 
salt crystal dissolution was obtained. Absorbance was measured using a BioTek 
PowerWave 340 microplate reader at a wavelength of 560 nm. The data were 
analyzed statistically using analysis of variance (ANOVA) 

2.2. Molecular Dynamics simulations  

Molecular Dynamics simulations were performed using AMBER 10 software [11]. 
The initial structure of PU was generated as a bulk configuration of this polymer by 
Amorphous Cell module of Materials Studio software package from Accelrys Inc. 
The (1 1 0) HAp surface (55 Å× 65 Å × 15 Å) was also generated using Materials 
Studio. These atomic type of models were consequently parameterized for the 
AMBER calculation using an Antechamber suite. General Amber Force Field (GAFF) 
was used to assign all the relevant bond, nonbond parameters [12]. Hap surface 
was fixed during simulations. SHAKE algorithm was used to constrain hydrogen 
stretching and to allow for an 2 fs integration step [13]. The weak-coupling 
algorithm was used to ensure constant temperature [14]. Pressure coupling 
algorithm as described also in [14] was used as the barostat.  

 

3. Results and discussion  

3.1. Molecular Dynamics simulations  



Molecular Dynamics simulations were used in order to study some possible 
interactions between Ca2+ ions (that built in hydroxyapatite and that free ones) 
and COO− groups of the polyurethane at different pressures (20 atm and 80 atm, 
respectively). The results of 7 ns of MD simulation between hydroxyapatite and 
polyurethane in explicit salt water (IS= 0.15 M) are illustrated in Fig. 1. This 
particular simulation was carried out with pressure set to 20 atm and temperature 
373 K. The HAp–PU interaction mainly via Ca2+ ions and COO− groups is also 
clearly evident from time averaged (over last 2 ns) radial distribution function of 
COO− oxygens of PU respect to Ca2+ ions from HA. Positionaly stable COO− 
oxygens were identified at a distance around 2.5 Å from the closest surface Ca2+ 
ion. The strong interaction of Ca2+ with COO− groups from PU was simultaneously 
verified also by simulation of standalone PU and free Ca2+ ions again in explicit 
salt water under 20 and 80 atm and T=373 K. This, 10 ns long simulation is 
illustrated in Fig. 2. A shrinkage of the polymer chain is observed, leading to a more 
compact structure, partially because of the high pressure but also because of the 
condensation of the Ca2+ ions. Similarly as in the case of the HAp–PU interaction 
study, simulations revealed very stable locations of the Ca2+ ions at the distance 
of cca 2.4 Å from the nearest oxygen of the COO− group. This stability is a little 
better for the pressure of 80 atm otherwise there are no remarkable differences 
between 20 and 80 atm from the point of view of MD simulation.  

 

3.2. Biocompatibility tests: MTT assay 

The MTT assay was performed to assess the viability and the proliferation of the 
cells on the HAp–PU thin films surface. The experimental data obtained on 
multiple sets of TF1, TF2 and TF3 thin films, respectively were statistically analyzed 
using ANOVA method and Graph pad prism software. The results are presented in 
Fig. 3. All the samples are comparable with the control. The tendency of cell 
viability is better in the case of sample TF2. Sample TF3 presents also good cell 
viability. Relatively good cell viability is observed in the case of a TF1 sample. The 
results are in accordance with MD simulations. Higher pressure leads to stronger 
interactions between organic (PU) and inorganic components (HAp) but there are 
no significant differences between 60 and 80 atm. Better properties of the hybrid 
coatings are expected due to their unique structure, compared to HAp–PU 
coatings obtained in the literature using biomimetic or mechanical methods. Cells 
viability of the hybrid nanostructured thin films is comparable with the control, 
suggesting that TF surfaces could be used as bioactive substrate for the design of 
new biosensors. 

 

 



4. Conclusions 

Hybrid nanostructured thin films based on hydroxyapatite and specially designed 
polyurethane were prepared using hydrothermal synthesis at high pressure 
followed by spin coating deposition. For the first time, hydroxyapatite–
polyurethane hybrids were obtained in high pressure conditions, dispersing the 
organic component (hard type polyurethane) into aqueous solution of 
hydroxyapatite precursor. A homogenous hybrid structure is obtained and each 
inorganic “nano-whisker” is surrounded by polyurethane matrix. In vitro tests of 
HAp–PU thin films presented were performed on mouse neuroblastoma cells 
(N2a) aiming to investigate their potential for spinal cord injury diagnosis/therapy. 
Biocompatible HAp–PU layers with strong interactions between Ca2+ ions and 
COO− groups present a great potential for further protein binding in new biosensor 
design. 

Acknowledgments 

We gratefully acknowledge the financial support of national research contract no. 
71-004/2007. We also acknowledge Czech national project OC10053, cost action 
TD0802, project “MULTI” sponsored by DECSCanton Ticino and USI and access to 
the MetaCentrum (super)computing facilities provided under the research intent 
MSM6383917201. 
 

 

References  

[1] Jianrong C, Yuqing M, Nongyue H, Xiaohua W, Sijiao L. Nanotechnology and 
biosensors. Biotechnol Adv 2004;22:505–18. 

[2] Vercik LCO, Menezes TAV, Rigo ECS, Vercik A, Zavaglia CAC. Hydroxyapatite 
coating on silicon for biosensor applications. The 6th Latin American Congress of 
Artificial Organs and Biomaterials 2010.  

[3] Chung RJ, Hsieh MF, Panda RN, Chin TS. Hydroxyapatite layers deposited from 
aqueous solutions on hydrophilic silicon substrate. Surface Coat Technol 
2003;165:194–200.  

[4] Nishikawa H, Okumura D, Kusunoki M, Hontsu S. Application of hydroxyapatite 
thin film as a biosensor. APS March Meeting. American Physical Society; 2006.  

[5] Lu L, Zhang L, Zhang X, Huan S, Shen G, Yu R. A novel tyrosinase biosensor 
based on hydroxyapatite–chitosan nanocomposite for the detection of phenolic 
compounds. Anal Chim Acta 2010;665:146–51.  



[6] Wang S, Lei Y, Zhang Y, Tang J, Shen G, Yu R. Hydroxyapatite nanoarray-based 
cyanide biosensor. Anal Biochem 2010;398:191–7.  

[7] Popescu LM, Meghea A, Piticescu RM, Vasile E. High pressure synthesis 
procedure to obtained nanostructured composites for regenerative medicine. J 
Optoelectron Adv M 2007;9:3354–7. 

[8] Piticescu RM, Popescu LM, Giurginca M, Chitanu GC, Negroiu G. Biocompatible 
structures based on hybrid organic–inorganic nanocrystalline materials. J 
Optoelectron Adv M 2007;9:3340–5.  

[9] Piticescu RM, Chitanu GC, Meghea A, Giurginca M, Negroiu G, Popescu LM. 
Comparative study of in situ interactions between maleic anhydride based 
copolymers with hydroxyl apatite. Key Eng Mater 2008;361–363:387–90.  

[10] Piticescu RM, Popescu LM, Meghea A, Badilita V, Vasile E. Development of 
new ternary nanostructured hybrids. Mol Cryst Liq Cryst J 2008;483:216–27.  

[11] Case DA, Darden TA, Cheatham III TE, Simmerling CL, Wang J, Duke RE, et al. 
AMBER 10. San Francisco: University of California; 2008.  

[12] Wang J, Wolf RM, Caldwell JW, Kollamn PA, Case DA. Development and testing 
of a general Amber force field. J Comput Chem 2004;25:1157–74.  

[13] Ryckaert JP, Ciccotti G, Berendsen HJC. Numerical integration of the Cartesian 
equations of motion of a system with constraints: molecular dynamics of n-
alkanes. J Comput Phys 1977;23:327–41.  

[14] Berendsen HJC, Postma JPM, van Gunsteren WF, DiNola A, Haak JR. Molecular 
dynamics with coupling to an external bath. J Chem Phys 1984;81:3684–90. 

  



 

Fig. 1. Simulation of HAp–PU interactions at P= 20 atm, T= 373 K, and IS= 0.15 
(IS=ionic strength). a) Start of the simulation and b) end of the simulation. 

  



 

Fig. 2. Simulation of Ca2+–PU interactions at 20 and 80 atm. The Ca2+ ions are 
trapped at the distance around 2.4 Å from the nearest COO− oxygens. 

 

 

Fig. 3. MTT assay. ANOVA one way analysis of variance. 


