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Mo Doped Cuprorivaite: Preparation, Antibacterial Performanceand Cytocompatibility
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Abstract: Copper-containing biomaterials have excellent inhibitory effect on bacteria growth by releasing copper
ions at high concentration, which may have cytotoxicity at the same time. Although low concentration of copper ions
has good cytocompatibility, the antibacterial activity is unsatisfactory. Therefore, it is of great significance to develop
copper- containing biomaterials, which have excellent antibacterial property and good cytocompatibility. In this study,
on considering the antagonistic effect between copper and molybdenum, molybdenum doped cuprorivaite (Mo-Cup) was
synthesized by Sol-Gel method and its antibacterial properties and cell compatibility were evaluated by bacterial plate
experiment and cell activity assay. The results showed that copper ions with high concentration (above 8.87 pg'mL™")
released from Mo-Cup had a good inhibitory effect on Saphylococcus aureus. In addition, because the antagonistic
effect between copper and molybdenum ions released from Mo-Cup can reduce the cytotoxicity of high concentration
of copper ions, the survival rate of umbilical vein endothelial cells (HUVECs) was as high as 90% in the extracts of

Mo-Cup at a high Cu ion concentration (9.65 pg'mL ). Therefore, molybdenum doping can be considered as an
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effective approach to reduce the cytotoxicity of copper-containing biomaterials for the development of low-toxic

antibacterial biomaterials.

K ey words: Cu; biomaterial; Mo; doping; cuprorivaite; bacteria inhibition; cytocompatibility
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Fig. 1 Properties of Mo doped cuprorivaite (Mo-Cup)
(a) XRD patterns, SEM images of (b) SMo-Cup and (c) 10Mo-Cup, and content of (d) copper ion, (¢) molybdenum ion and
(f) silicon ion released from Cup, 5SMo-Cup and 10Mo-Cup in bacterial culture medium (BCM) and cell culture medium (ECM)
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K2 B AREES A (a~f)5Mo-Cup Al(g~1)10Mo-Cup HJ(a,g)SEM M8 Fi & H(b~f, h~1) TG 40 41 &
Fig. 2 (a,g) SEM images of (a-f) 5SMo-Cup and (g-1) 10Mo-Cup and (b-f, h-1) corresponding elemental maps
(b, h): Si; (c, i): Ca; (d, j): O; (e, k): Cu; (f, 1): Mo

S.A.—Blank

P 3 A () A0 B Y VB 8 Y VR < o € 2] Bk T PO 4
Fig. 3 Effect of different concentrations of copper ion (CuSO,-5H,0) solution and
molybdenum ion ((NHy)sMo;0,4-4H,0) solution on Saphylococcus aureus
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Fig. 4 Effects of culture medium containing 10 pg-mL™' copper ion, molybdenum ion and
copper-molybdenum ions on cell activity assay
(a) Effects of molybdenum ions on the proliferation of human dermal fibroblast (HDFs) and human umbilical vein endothelial cells
(HUVECs)(xMo stands for medium containing X pg-mL " molybdenum ion; x=2, 4, 6, 8, 10); (b) Effects of copper molybdenum
ions combination on the proliferation of HDFs and HUVECs (10Cu+yMo stands for medium containing 10 pg-mL™"
copper ions and y pg'-mL™" molybdenum ions; y=2, 4, 6, 8, 10). **: p<0.01
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bacterial culture medium after different dilutions

Dilutions of Cu ion/ Si ion/ Mo ion/
the extract (ugrmL™) (ug'mL™) (ng'mL™)
1 709.86 88.71 243.10
1/40 17.75 222 6.08
1/80 8.87 1.11 3.04
1/160 4.44 0.55 1.52

1/160 10M6=Cup

()

1/80-10Mo=€up
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W >
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20

1 1
1/160 1/80 1/40 1/20 1/10
Extract of 10Mo-Cup in BCM

K5 10Mo-Cup 4 [ 55 IR FE R AR BUR <6 B 0008 4] 2R b8 (1470
IR

Fig. 5 Inhibition effect of extract from 10Mo-Cup bacterial
culture medium on Saphylococcus aureus

(a) Number of Saphylococcus aureus after being treated with different

dilutions of 10Mo-Cup medium extract; (b) Related antibacterial rate.
*: p<0.05; **: p<0.01
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1/4 38.59 19.71 67.14
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1/16 9.65 4.93 16.79
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Fig. 6 Effects of 10Mo-Cup culture medium extracts with
different concentrations on (a) HDFs and (b) HUVECs activity
assay. **: p<0.01
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