Composite materials with the addition of mesoporous bioactive glasses doped with therapeutic ions
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Introduction Materials & methods

The Co- and Cu-doped mesoporous bioactive glasses (MBGs) S2: 80SiO0,—(16-x)CaO—xMeO—-4P,0O, (where x — 0, 5; Me — Co, Cu) were
obtained using modified sol-gel method. Then MBGs were introduced into the polymer matrix made of poly(e-caprolactone) (PCL) in
the amount of 30 wt.%. Composites in the form of films were obtained using solvent casting method. The aim of this research was to
assess the impact of the presence of Co- and Cu-doped MBGs on the bioactivity (SBF test), therapeutic ion release, as well as
mechanical, and surface (topography/morphology, wettability, surface free energy) properties of the obtained composites.

Composite materials are an extremely dynamically developing
group of biomaterials due to the possibility of combining desired
properties of the components. By combining various materials in
specific amounts, we can control the properties of the final
product, such as bioactivity, degradation or release of biologically
active substances.

Surface properties Tensile properties

900

In vitro bioactivity & lon release

PCL 82€o5

N
w

PCLsS2Cu5

= N
Ul o

roughness (Ra) [um]
5

Arithmetical mean

o
[

o
o

PCL_S2

W Bottom surface

PCL_S2Co5 PCL_S2Cu5

B Top surface

120

QO,/ Q \,/ 6;"/ ‘9’\,/ (JO/ (Jo/ (JQ./ (,Q/

& &9 P T

N7 N/ N7 N7
R R I

M Dispersive part ™ Polar part

(TS Y
a 00

PCL_S2

PCL_S2Co5 PCL_S2Cu5

800 -
¢
700 . &
)
600
— »
(T
a. 500 X
S ’ -
— 400 4
P - -
Ll
300 < .
200
100
0 -
¢
HV HFW | det | WD mag 40 um HV HFW | det | WD mag 40 pm HV HFW | det | WD mag
18.0 KV 194.8 ym|LVD | 5.9 mm | 3 000 x WIMIC-KCIMO 18.0 kV 194.8 um|LVD|6.2 mm |3 000 x WIMIC-KCiIMO 18.0 kV 194.8 um|LVD|5.9 mm |3 000 x

I 1 s »

PCL_S2 PCL_S2Co5 PCL_S2Cu5

=

Co [mg/dm3]
o ¥

%] [

Cu [mg/dm3]

o
&

o

0 2 4 6 8 10 12 14 16

Time [days]

o
N

Time [days]

—e—S2_Co5 ——S2 Cu5

4 6 8 10 12

o
100

20 14 90 27 30

5 80 — 12 25

[

s & 10 = 8 — 22 —

S 60 = £ € £ 20

Q s 8 2 80 N ©
g (o) Y, o 17 L —e ® o 15

8 40 6 E 75 £ E

g 4 S a 1 " 10 ‘:
220 2 70 — y 5 —o—

; 0 0 65 7 0

0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 6 8 10 12 14 16
PCL_S2 PCL_S2Co5 PCL_S2Cu5
PCL_S2 PCL_S2Co5 PCL_S2Cu5 Time [days] Time [days] Time [days]
W Bottom surface M Top surface
——S2 —e—-S2 Co5 —e—S2_Cu5 —e—S2 —e—-S2_Co5 —e—S2_Cu5 —e—S2 —e—S2 Co5 —e—S2_Cu5

45 12

£

E 40 10

€ 35 2 2,5

> 30 8 .

bo —_— 1,5 2

o 25 'O\—o‘ 6

20 = 1,5

14 16

Conclusions

Acknowledgments

The incorporation of MBGs doped with therapeutic ions into the polymer matrix enables to obtain
composite materials with extraordinary in vitro bioactive properties, with the additional function
of releasing biologically active ions (Co, Cu) supporting angiogenesis.

This work was supported by the National Science Centre, Poland, grant nos.

2019/32/C/ST5/00386

(MD). This work was partly supported by program ,,Excellence initiative — research university” for the

AGH University of Science and Technology.




