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Fig. 1 Bioelectrical impedance spectroscopy instrument

(a) Schematic diagram of experimental equipment; (b) cuvette structure diagram.
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Fig. 2 Electric field and electric field line distribution of
embryo tissue at positions of the sensor under excitation
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Fig.4 Embryo images
(a) Active embryo; (b) dead embryo.
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Fig.5 Amplitude spectroscopy of suspension
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Table 1 Relaxation point parameters for three types of cell suspensions

Cell suspension type

Imaginary part of impedance (Z)/Q

Relaxation frequency (f)/Hz

Pure active Pure inactive Mixed Pure active Pure inactive Mixed
Suspension of 5% concentration 299 234 218 344 551 425 066 443 653
Suspension of 10% concentration 270 219 205 373 248 416 649 435653
Suspension of 15% concentration 251 215 201 365 857 410 836 431259
Suspension of 20% concentration 243 211 196 388 481 408 503 428 686
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Biological Cell Activity Label—free Assay Based on Bioelectrical Impedance
Spectroscopy”

XU Kai-Jie”, YE Xia"", DING Li", HU Song-Pei”, YAO Jia-Feng®
("College of Mechanical Engineering, Jiangsu University of Technology, Changzhou 213001, China;
DCollege of Mechanical & Electrical Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract Objective Based on bioelectrical impedance spectroscopy (BIS), we propose a label-free method for
real-time detection of biological cell activity. The method determines whether the cells are active or not based on
the differences in electrical properties of the cells at different concentrations, physiological and pathological
states. It is used to assist physicians to quickly and precisely locate the scalded tissues in patients and achieve
effective excision during clinical surgery. Methods Active zebrafish embryonic stem cells were used to simulate
human scalded tissues, and bioimpedance spectroscopy was used to identify the physiological state of the cellular
tissues. Results There were significant differences in the impedance amplitude changes of the cells in different
states, from which it could be found that the impedance amplitude of the active cells at the same concentration
was on average 17.25% higher than that of the dead cells, and the relaxation frequency of the active cells occurred
25% earlier than that of the dead cells. Conclusion The experimental data showed that the bioimpedance
spectroscopy method can effectively distinguish two types of physiological states of embryonic cells; according to
the clustering region, it can be seen that the BIS assay has obvious ability to distinguish cell activity and
concentration, which can quickly assist physicians to complete the detection of scalded tissues of patients

theoretically.
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