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ABSTRACT

In this research study the synthesis of Ag or Eu doped hydroxyapatite in simulated body fluid (SBF) nanoparticles and the optical and biological studies are presented. We have developed two pho-
toluminescent samples based on Ag/Eu:HAp SBF with biological properties. The PL studies on Ag/Eu:HAp SBF nanoparticles revealed that the concentrations of Ag or Eu have an important role on
the photoluminescent properties. On the other hand, the antimicrobial activity 1s also strongly influenced by the Ag or Eu concentration in the samples. The efficiency of microbial activity of the
Ag:HAp SBF samples 1s more obvious than in the case of Eu:HAp SBF samples. However, the bacterial adhesions tests showed that the Ag/Eu:HAp SBF nanoparticles reduce the adhesion of S. aureus
and E. coli bactenial strains. All 1n all, the results suggest that Ag/Eu:HAp SBF nanoparticles could be used as prommising materials for biomedical applications.

EXPERIMENTAL SECTION

The HAp:Eu (xg,=1; 10%) and HAp:Ag (xag=1; 10%) nanopowders were obtained using an adapted sol gel method. All the precursors were used without further purification. In order to obtain
Eu:HAp nanopowders, calcium nitrate the [Ca(NOs3),-4H,O, Aldrich, USA], ammonium hydrogen phosphate ((NH4),HPO,4; Alpha Aesare) and europium nitrate pentahydrate (Eu(NOs); SH,0O, Alpha

Aesare, Germany,)/ silver nitrate pentahydrate (Ag(NO3); SH,0O, Alpha Aesare, Germany,) were used .
On the other hand, the HAp:Eu 6h SBF and HAp:Ag 6h SBF samples were obtained by immersing HAp:Eu and HAp:Ag samples into SBF solution. This mixture was maintained at body temperature

and incubated for 6h After incubation, the powders are removed from SBF solution and dried at room temperature.

Steady-State Photoluminescence (PL). Steady-state photoluminescence spectra are collected from the front-face geometry of the samples with a Jobin-Yvon Fluorolog spectrometer using a xenon
lamp (500 W) as an excitation source. The antibacterial activity of the tested substances were determined against ATCC reference and clinical microbial strains, Gram-positive (Staphylococcus aure-
us 0364) and Gram-negative (Escherichia coli ATCC 25922) on Mueller-Hinton Agar (MHA) medium. The tested substances were solubilized in DMSO and the starting stock solution was of 1 mg/L con-
centration. The quantitative assay of the antibacterial activity against planktonic microbial strains was performed using the liquid medium microdilution method by measuring the absorbance of the bacte-

rial suspensions at 620 nm.

RESULTS

In the emission spectra obtained for the samples HAp:Eu 6h SBF can be easily distinguished three important regions: 570—582 nm mainly attributed to “Dy-'F, transition, 582 — 603nm assigned to

"Dy-'F; transition and 603—640 nm corresponding D,-F, transition, respectively . All this transitions are specific to Eu’" ions . —— HAp Eu 1% 6h SBF
——— HAp:Eu 10% 6h SBF The maximum at 578 nm appears due to the Eu’’ —— HAp Eu 10% 6h SBF
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= On the other hand in the excitation spectra revealed -
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Emission spectra of HAp:Eu 6h SBF (xg, = 1; 10%) particles after 6

hours soaking in SBF solution at 37 °C .

in the visible range, which would avoid damage to living
cells during examinations (currently excitation is done

using ultraviolet radiation, radiation that damage cells).
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Excitation spectra of HAp:Eu 6h SBF (xg, = 1; 10%) particles after 6

hours soaking in SBF solution at 37 °C .
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The antibacterial activity of HAp:Eu 6h SBF and HAp:Ag 6h SBF nanoparticles was tested using the most common bacterial pathogens E. coli ATCC 25922 (Gram-negative) and Staphylococcus aureus 0364 (Gram-positive). The
studies regarding the bactericidal effect of the HAp:Eu 6h SBF and HAp:Ag 6h SBF nanoparticles indicated that their antibacterial properties are dependent on the Eu/Ag concentration.

For the HAp:Eu 6h SBF samples, the results of the antibacterial studies revealed that they present antibacterial activity against the tested strains. Although, all HAp:Eu 6h SBF tested samples presented antibacterial activity against
E. coli and S. aureus strains, a good antibacterial activity was observed for the samples with a higher europium concentration. The results of the antibacterial studies indicated that HAp:Eu 6h SBF (xg,=0.2) nanoparticles presented a
good antibacterial activity against S aureus beginning with a concentration of 0.5 mg/L relative to the control (M+).

In the case of HAp:Ag 6h SBF nanoparticles, the quantitative assay of the antibacterial activity against planktonic microbial strains indicated that the antibacterial activity of HAp:Ag 6h SBF nanoparticles 1s present and 1s also influ-
enced by the silver concentration. For the HAp:Ag 6h SBF with x,,=~0.2 nanoparticles, the results showed that they inhibited the growth of both S. aureus and E. col1 for all tested concentrations (starting from 1.25 mg/L).

The results obtained 1n this study demonstrated that both silver doped hydroxyapatite nanoparticles and europium doped hydroxyapatite nanoparticles exposed to SBF may offer an effective alternative to antibiotic treatments, ex-
hibiting a specific spectrum of antibacterial activity and also that the antibacterial activity of Ag:HAp SBF samples isbetter than that of the Eu:HAp SBF samples These results and methods could be interesting for academic and indus-
trial researchers 1n biomaterials, potential orthopedic medical materials, and drug carriers.

CONCLUSIONS

The PL studies on Ag/Eu:HAp SBF nanoparticles revealed that the concentrations of Ag or Eu have an important role on the photoluminescent properties. On the other hand, the antimicrobial activity 1s also strongly

influenced by the Ag or Eu concentration in the samples. The efficiency of microbial activity of the Ag:HAp SBF samples 1s more obvious than in the case of Eu:zHAp SBF samples.
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