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In situ EIS Study on Titanium/Living Cells Interface

HU, Ren LIN, Li-Wen ZHANG, Fan LIN, Chang-Jian”
(State Key Laboratory of Physical Chemistry of Solid Surfaces, College of Chemistry and Chemical Eugineering,
Xiamen University, Xiamen 361005, P. R. China)

Abstract Using a home-made in situ electrochemical cell of electrochemical impedance spectroscop (EIS), the
impedance behaviors of the titanium/MG63 cells interface were measured to elucidate the interfacial structure and to
monitor the interactions of biomaterials and living cells in a physiological condition. The in situ electrochemical cell
was designed to detect the dynamic EIS behavior of living cells growing on a tiatanium surface. A three-well design of
electrochemical cell was used to decrease system error and a home-made Ag/AgCl electrode was introduced as a
reference electrode to eliminate the distortion phenomena in high frequency range. The EIS spectra and its time
dependency of titanium/MG63 cells interface showed that the polarization resistance was increased with the decreasing
of CPE constant () and a new time constant in high frequency range was detected. It suggested that the adhesion and
growth activities of the living cells on the biomaterial surface may influence the surface status and the structure of the
double layer at the interface, and thus alter its electrochemical characteristics.
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Fig.1 Schematic illustration of the in situ EIS
electrochemical cell
(a) scenograph, (b) sterogram; 1) working electrode (Ti),
2) counter electrode (Pt), 3) reference electrode (Ag/AgCl)
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Fig.2 The potential vstime curves of home-made Ag/

AgCl electrode in different solutions

a) in 0.9% NacCl, b) in RPMI 1640 medium,

c) in RPMI 1640 medium (+10% fetal bovine serum)
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Fig.3 EISspectra of Tisurfaces
a) without cells, b) with living cells;
dot: experimental data, line: simulated data
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Table 1 Simulated data for fit parameters
Q
Sample R, R Y,
om) MQm)
@m) ( m) (RO cm? s n
TIWIMOW  308:03 1.99:0.14  5.35:008  0.936:0.001
TWIth 505411 7104038  4.91#0.18  0.929+0.003

living cells

R.: solution resistance, R,: polarization resistance, Q: constant phase
element (CPE), Y;: CPE constant, n: CPE exponent
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Fig.4 Time dependence of EIS spectra of Ti surfaces
a) without cells, b) with living cells; N: Nyquist diagram, B: Bode diagram
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Fig.5 Dependence of normalized value at f=3981 Hz

on culture time for different Ti surfaces

! a) without cells, b) with living cells. R and C are resistance

1 ) and capacitance respectively.
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Table 2 Dependence of OCP (V, vs Ag/AgCl in cell culture
medium) on culture time [ N -
A Y
Culture time (d) Qa Qeey
Sample
0 1 2 3 6 /
Ti without cells -0.352 -0278 -0.162 -0.142 Fig.6 Equivalent circuit for the titanium/cell
Ti with living cells -0367 -0318 -0290 -0.258 interface
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