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Abstract: High sensitive and rapid detection of cancer cells is important to diagnosis and treatment of cancer. 
This study presented a portable micro-electrochemical system for detection of cancer cells by measuring 
electrochemical behaviors of molecule probe. The relevant hardware was divided into three parts, i.e., MCU 
circuit module, current measuring circuit  module and potentiostatic circuit module. Information between 
modules exchanged through the system bus. The software was designed for generating and acquisition of 
signals, communication between master and slave, and data analysis. The performance of this portable micro-
electrochemical system was validated by cyclic voltammetry (CV) and differential pulse voltammetry (DPV) of 
potassium hexacyanoferrate (III) solution at ITO electrode. Based on this portable instrumental system, a rapid 
detection of cancer cells was realized by using electrochemical probes.  This puts forward to the portable micro-
electrochemical system for rapid detection and diagnosis of cancers in clinical application. Copyright © 2015 
IFSA Publishing, S. L. 
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1. Introduction 

 

Cancer is one of the most serious disease to 
human health, with high morbidity and mortality. 
Accurate detection and effective treatment of tumor 
has been the focus in biomedical field. Current 
classical clinic diagnosis methods, including biopsy, 
endoscopy, and molecular imaging, have been widely 
utilized for cancer detections. However, there still 
exist many disadvantages for the relevant cancer 
diagnostic strategies such as time-consuming, risk of 
radiation, pain bearing and high cost, etc [1, 2]. Thus, 
based on these observations, we have tried to 
establish some new analysis strategy and biosensors 
to explore the possibility for the ultrasensitive and 
rapid detection of cancer cells by using spectroscopy 
and micro-electrochemical system. [3-6].  

The kinetic reaction process between biological 
molecular probes and cells can be readily measured 
by some biosensors, which can be used to identify 
different types of cells [4, 5]. Electrochemical 
biosensors have been widely used in biomedical 
applications, such as analysis of bioactive molecules 
and cell detection. The current electrochemical 
biosensors, which were usually based on the 
expensive, large and un-portable electrochemical 
workstations, were inconvenient to clinical 
applications, especially bed-side diagnostics. In view 
of these considerations, in this study we have 
developed a portable micro-electrochemical system 
for detection of cancer cells with molecular probes 
and identification of leukemia cells and leukocytes 
from clinical samples [7]. 
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2. Hardware Design 
 
Initially, in hardware design for our portable 

micro-electrochemical system, we have established 
the detection system hardware mainly including 
MSP430 minimum system circuit, power circuit, 
potentiostatic circuit module, current detecting 
circuit, DAC circuit. TI embedded microcontroller 
MSP430F149 is chosen as low machine processor for 
the detection system [8]. The relevant system block 
diagram is shown in Fig. 1. 

 
 

 
 

Fig. 1. System block diagram. 
 
 
2.1. MCU Circuit Section 

 
The Texas Instruments MSP430 family of 

ultralow-power microcontrollers consists of several 

devices featuring different sets of peripherals targeted 
for various applications. We choose MSP430F149  
as sensor systems processor to generate signals, 
capture analog signals, convert them to digital values, 
and process and transmit the data to a host system. 
Generate signals need expand the 8bit DAC 
(TLV5636). Voltage acquisition of the reference 
electrode and current acquisition of the work 
electrode could be realized because of 8 channels  
12 bit AD port integrated. MSP430 support serial 
communication and do not need additional chip. 
Because of these advantages, MSP430 is convenient 
to meet the basic requirements of the portable and 
low power detection system and easy to extend with 
low cost. 

 
 

2.2. System Power Modules 
 
Various operational amplifiers which need 

positive and negative voltage (± 5 V) are applied in 
the potentiostatic circuit and the signal conditioning 
circuit, and the processor supply-voltage is 3.3 V. So 
three different Voltage (+5 V, -5 V, 3.3 V) stabilizing 
circuits need to design. Universal USB interface 
power is convenient supply positive voltage. TI 
tps60110, tps60400, TLV1117 combination with 
capacitor filter circuits meet the requirement of 
system power modules which supply voltage stability 
with small ripple (See Fig. 2). 

 
 

 
 

Fig. 2. System power modules block diagram. 
 
 
2.3. Potentiostat Module Circuit 

 

The classical electrochemical potentiostat module 
circuit diagram is shown in Fig. 3. Chip-selection 
will be in accordance with the requirements of the 

basic principles of electrochemistry, while OP1 
should choose small input bias current to match the 
requirements of the potentiostat module circuit. The 
output of OP2 need reach the upper limit detection 
requirements so that electrochemical current signal 
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can be measured when the current of signal less than 
the current of amplifiers output  

OP1 select ADI AD8663 chip, where input bias 
current is typically 0.3 pA with condition of  
25 degrees under Vs = 5V, Vcm = 2.5V [9]. OP2 
select ADI OP777. The output is stable with 

capacitive loads of over 500 pF. Supply current is 
less than 300 μA per amplifier at 5 V. 500 Ω series 
resistors protect the inputs. With the condition of  
25 degrees, Vs = 5 V, Vcm = 2.5 V, the typical value 
is ± 10 mA.  

 
 

 
 

Fig. 3. Electrochemical potentiostat circuit block diagram. 
 
 
2.4. Current Measuring Circuit 

 

Two channels ADI OPA4227 is used in circuit 
voltage current converter circuit, which measure the 
work electrode current. Changing conversion 
multiple by programmable switches (SN74LV4052) 
could achieve accommodate circuit detection range 

and sensitivity [10]. Deal with the adjustable current-
voltage conversion circuit and second-order filter 
circuit could facilitate to achieve the required signal-
to-noise ratio. Meanwhile, the filter circuit play 
signal conditioning in front of ADC, and finally the 
work electrode current data could be collected by 
MCU AD2 channel (See Fig. 4). 

 
 

 
 

Fig. 4. Current measuring circuit. 
 
 
3. Software Design 

 

With regards to the software design, it mainly 
involved the upper computer serial communication 
software, lower computer system software. Lower 
computer software including DA signal generation 
program, AD data collection procedures, and serial 
communication. DA signal generation process is 

mainly according to the initial conditions to produce 
the corresponding output which excite 
electrochemical measurements. The AD data 
acquisition program is mainly based on the 
parameters of PC transfer to set the sampling 
frequency, which need set initial potential, high level, 
low level, scanning speed, direction, scanning, 
standing time and other parameters of experimental 
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techniques of cyclic voltammetry. These parameters 
can be set in the PC software, providing the basis for 
each parameter of the MSP430 resource initialization 
through the serial port. 

Meanwhile, the MSP430 initialization of system 
includes the system power and restart the allocation 
for each interrupt mode and the clock. When the 
interrupt module starts initialization, MSP430 
initialization and finish work in low power mode 3, 
the serial port to receive interrupt program for PC 
transmit data. Moreover, when the data transmission 
to the lower machine, the system wake up from low 
power mode 3, receive parameters and determine 
whether start command, if not to suspend or stop the 
corresponding to receive the corresponding 
parameters, finish DAC, ADC initialization, then 
start signal generation according to electrochemical 
techniques and data collection, and sends the data to 
the PC terminal. 

Besides, the relevant system uses VC++6.0 and 
MFC design upper computer software interface 
program, and the program write and read data 
through the serial port, real-time rendering curve, 
saving and checking the data and other basic 
functions. The design of communication interface of 
upper computer is compiled with VC6.0. 
Communication program realize the serial 
communication by MFC MSCOMM. 
Communication protocol setting could be readily 
realized by the user in accordance with their own 
computer serial port number, baud rate 9600, 1 parity 
bit, 8 data bits, 1 stop bit, and seizure of data format 
can be selected through 16 hexadecimal and character 
format.  

 
 

4. Experimental Section 
 
4.1. Instruments and Reagents 

 
All tests were carried out in the relevant home-

made electrochemical system described above. 
Potassium hexacyanoferrate(III), sodium dihydrogen 
phosphate and disodium hydrogen phosphate were 
purchased from Sinopharm Group Co., Ltd. 
(Shanghai, China). All reagents were analytical grade 
and used without any further purification. ITO glass 
was bought from CSG Holding Co., Ltd. (Shenzhen, 
China). Before electrochemical measurements, ITO 
electrodes were washed with acetone, alcohol and 
deionized water for 10 minutes with ultrasound, 
rinsed by deionized water and dried with N2 gas. 

 
 

4.2. Cell Culture and Isolation from Clinical 
Samples 

 
The K562 cells were cultured in RPMI  

1640 medium (GIBCO) with 10 % fetal calf serum 
(Sigma, USA), 100 mU/mL penicillin (Sigma, USA), 
and 100 mU/mL streptomycin (Sigma, USA) at  

37 °C with 5 % CO2. The drug resistant KA cells 
were maintained with 1 μg/mL Adriamycin (Sigma, 
USA). HepG2 cells were cultured in DMEM (Gibco) 
medium with 10 % fetal bovine serum, 100 U/mL 
penicillin, and 100 mg/mL streptomycin at 37 °C 
with 5 % CO2. 

This study was approved by Ethics Committee of 
Southeast University and adhered to Declaration of 
Helsinki. With regards to the relevant detection of 
clinic samples, Leucocytes and other cells were 
isolated from whole blood as previous reported  
[11, 12] by using Lymphocyte separation medium 
(Sinopharm Chemical Reagent Co., Ltd., China). 

 
 

4.3. System Performance Testing 
 
Multiple measurements of the CV and DPV were 

performed to validate the stability of the home-made 
electrochemical system. Experiments were carried 
out in potassium hexacyanoferrate (III) solution with 
a three electrode system, i.e. ITO as working 
electrode (WE), a platinum wire as the counter 
electrode (CE), and a silver electrode as reference 
electrode (RE).  

 
 

 
 

Fig. 5. Multiple measurements of cyclic voltammetry (CV) 
on portable micro-electrochemical system. CV study was 

carried out with a 100 mV/s scanning speed  
and a 1 mV sampling interval. 

 
 
4.4. Detection of Cancer Cells by Using this 

Portable Micro-electrochemical System 
 
The electrochemical behaviors of potassium 

hexacyanoferrate (III) (0.01 mM) with/without 
cancer cells were performed on the portable micro-
electrochemical system with DPV technique at ITO 
electrodes [13, 14]. A drop of suspension of cells 
mixed with potassium hexacyanoferrate (III) (10 μL) 
was placed onto the surface of ITO electrode, and 
then the CE and RE were immersed into the droplet. 
The experimental parameters for DPV were the same 
as described above. 
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As illustrated in Fig. 6, when a droplet of 
potassium hexacyanoferrate (III) solution mixed with 
different cancer cells, including Hela cells, HepG2 
cells, drug sensitive leukemia cells (K562) and drug 
resistance leukemia cells (KA) and so on, the relevant 
electrochemical behaviors were different from each 
other, accompanying with apparent peak potential 
shifts. It is evident that the peak potential for 
potassium hexacyanoferrate (III) itself is 0.135 V. 
There were positive shifts in peak potentials after 
suspended with cancer cells. In addition, the 
corresponding potential shifts varied from each other 
for different kinds of disease cells. The peak potential 
was 0.177, 0.188, 0.170 and 0.156 V for Hela, 
HepG2, K562 and KA cells, respectively, i.e., about 
42, 53, 35 and 21 mV shifts for each other when 
compared with potassium hexacyanoferrate (III) 
itself. On the basis of these observations, it is 
possible to utilize this system to detect different types 
of cancer cells through corresponding peak potential 
shifts. Most importantly, it can be used to readily 
identify the drug sensitive K562 leukemia cells and 
drug resistant KA leukemia cells.  

 
 

 
 
Fig. 6. (A) The differential pulse voltammograms (DPV) of 
behaviors of potassium hexacyanoferrate (III) (0.01 mM) 
with/without cancer cells, including Hela cells, HepG2 
cells, K562 cells, and KA cells. (B) Box plots of peak 
potentials for potassium hexacyanoferrate (III) (0.01 mM) 
with/without cells. DPV was measured in a 4 mV potential 
increment and a 0.2 s pulse period. 

The electrochemical recognition of leukemia cells 
from healthy individuals and leukemia patients have 
been also investigated in this study. The relevant 
peak potential of potassium hexacyanoferrate (III) 
resulted from interaction with leukemia cells were 
more positively shifted than that with leukocytes 
from blood of healthy individuals (Fig. 7). There 
were ca. 40 and 11 mV shifts for leukemia cells and 
leukocytes when compared with potassium 
hexacyanoferrate (III) alone. 

 
 

 
 

Fig. 7. (A) The differential pulse voltammograms (DPV) 
and (B) box plots of potassium hexacyanoferrate (III)  

(0.01 mM) with samples from leukemia patients  
and from normal blood samples. 

 
 
7. Conclusions 

 
In summary, in this contribution we have 

designed and manufactured a portable micro-
electrochemical system for identification of cancer 
cells based on the different electrochemical behaviors 
of molecular probes. The performance of the portable 
micro-electrochemical system was validated through 
multiple CV and DPV experiments. Additionally, the 
portable micro-electrochemical system could be 
readily utilized for the rapid detection of different 
types of cancer cells. There was significant difference 
in the peak potential shifts for different kinds of 
cancer cells. In addition, the portable micro-
electrochemical system has been applied in the 
identification of leukemia cells and leukocytes from 
clinical samples. In the future study, the portable 
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micro-electrochemical system can be extended with 
more electrochemical functions and advanced 
software for data analysis and has great possibility in 
clinical applications. 
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