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Abstract 

The study of metabolism of cellular cultures is of great interest. Although some papers reports the monitoring of 

parameters such as pH, potassium, dissolved oxygen and temperature in cellular cultures using different kind of sensors, no 

definitive solution has been found to get reproducible and feasible results. The advantage of using sensors fabricated with 

microelectronic technology is focused on their small size, rapid response and the possibility of having an integrated array of 

microelectrodes, which favors the measurement of small volumes and fast cell metabolism changes. In this work, the viability of 

using a multisensor platform of microelectrodes, such as potassium and pH ISFETs, amperometric microelectrodes for dissolved 

O2 and pseudo-reference microelectrodes for the study of metabolism of cellular cultures is described. Preliminary results of pH 

ISFETS’ response in neuronal cultures is reported. 
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1. Introduction 

Spinal Cord Injury is a serious problem that induces the lack of movement in people. The study of neuronal 

regeneration through electro stimulation is addressed to solve the incapacity of Central Nervous System neurons to 

regenerate them. During neuronal regeneration it would be desirable to monitor the cell metabolism to assess the 

effectiveness of the process. Actually the mortality rate of cells is measured by means of fluorescence microscopy, 

but this technique gives no information about the cells evolution during the regeneration process. For the 

examination of living cells, optical and radioactive markers permitting the screening of a high number of cell 

populations are usually employed. More detailed information of many cell biological aspects can be obtained by 

methods like fluorescence imaging microscopy of fluorescence-activated cell scanning, but they do not allow 

kinetics investigations over long time periods [1]. To overcome these limitations, sensor-based systems have been 

developed to analyze physiologic parameters of cell populations. These techniques do not require the use of optical 

or radioactive markers thus dynamics measurements are possible under well-defined conditions for extended periods 

of time [2-5]. Monitoring of parameters such as pH, potassium, dissolved oxygen and temperature in cellular 
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cultures using different kind of sensors is reported in the literature but no definitive solution has been found to get 

reproducible and feasible results [1]. 

The aim of this work is to fabricate a multisensor platform of microelectrodes that could be applied to the cellular 

culture monitoring during electro stimulation. The advantage of using sensors fabricated with microelectronic 

technology is focused on their small size; rapid response and the possibility of integrate several microelectrodes in 

the same substrate as well as the circuitry, which favors the measurement of small volumes and fast cell metabolism 

changes. This multisensor will monitor the acidification rate and potassium changes using ISFETs (Ion Selective 

Field Effect Transistors), and the dissolved O2 with an amperometric microelectrode. An integrated pseudo-

reference microelectrode is included in the platform. A preliminary result of pH ISFETs’ response in neuronal 

cultures is reported.   

2. Experimental Section 

ISFETs with standard CMOS technology were fabricated at the Instituto de Microelectrónica de Barcelona (IMB-

CNM) [6]. For the potassium ISFET a photocured polyurethane membrane sensitive to K+ was deposited over the 

ISFET gate. Preparation and deposition of this membrane is reported elsewhere [7]. 

Au microelectrodes were fabricated at the IMB-CNM according to standard photolithographic technology. The 

fabrication process is explained elsewhere [8]. The pseudo-reference electrode was fabricated by means of 

electrodeposition techniques using an Au microelectrode. First an Ag thin film was electrodeposited onto an Au 

electrode, at constant intensity, using an Ag-cyanided solution (SILVERTMS, Enthone OMI). Secondly this silver 

film was clorinizated, at constant intensity, using a solution 0.1 M acid chloride (Panreac) [9].  

Once the chips were fixed in the PCB, encapsulation to protect electrical parts was performed with a photocured 

polymer layer [10], (see figure 1). 

 

 

 

 

Figure 1 Picture of the encapsulated multisensor platform. 

Firstly a standard characterization of microelectrodes in an aqueous medium with inorganic salts present in 

neuronal cultures (0.026 M NaHCO3, 0.051 M NaCl, 9x10-4 M NaH2PO4 and 0.01 M HEPES) was carried out to 

evaluate the behaviour of sensors. Secondly, a solution with composition similar to that of neuronal culture medium 

(Neurobasal medium GIBCO #370-1103, GIBCO, Grand Island; NY) was used to assess the stability of sensors in 

this media.  

The characterization methodology of pH and potassium ISFETs is explained in [7]. The Au microelectrodes were 

initially cleaned and activated following the protocols previously established in [8]. The characterization of 

amperometric dissolved O2 is made by following the reduction of O2 by linear sweep voltammetry at 0.8 V relative 

to an Ag/AgCl reference electrode. The characterization of integrated pseudo-reference microelectrodes was 

performed with potentiometric techniques using an Ag/AgCl reference electrode with 0.1 M lithium acetate as 

external liquid [9].  

Measurements with cellular cultures were carried out with neurons from the cerebral cortex of rat’s embryos 

which were supplied by the Hospital Nacional de Parapléjicos, Toledo, Spain. A PDMS assembly was used to 

delimit the culture area onto the multisensor platform. The culture cell was located under a fluorescence microscope 

in order to observe the state of the culture cell. 

3. Result and discussion 

The response of the microelectrodes in the aqueous medium using a commercial reference electrode and an 

integrated pseudo-reference microelectrode is shown in figure 2. These results confirm the good performance of the 

microsensors and the pseudo- reference microelectrode.  
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Figure 2. Response of microsensors in aqueous medium using a commercial reference electrode and a pseudo-reference microelectrode for a) pH 

ISFETs, b) potassium ISFET and c) amperometric dissolved O2 microelectrode. 

Sensor’s response was recorded during several hours in Neurobasal medium to assess their stability in this 

medium (figure 3). As shown, for pH ISFETs the value of the drift for 16 h measurement was around 4-5 mV/h. 

This value is reasonable, taking into account the reported drift of pH ISFETs in aqueous solution -1 mV/h- and the 

variation of the pH due to the carbonatation process in the medium. This value was used to calculate the variation of 

pH in the experiment with neuronal cells.  

For potassium ISFETs the value of the drift presents two zones: during the first 3 h the drift is -9 mV/h and 

during the next 13 h this value is reduced to -0.2 mV/h (figure 3.b). This response indicated that the membrane-

solution interface needs several hours to achieve equilibrium and afterwards is quite stable. 

To study the effect of the Neurobasal medium for the amperometric microelectrodes they were immersed in the 

medium and every 10 minutes cyclic voltamperometric scans in K3Fe(CN)6 were recorded. As shown in figure 3c 

the oxide-reduction peaks of Fe suffer a slight variation thus indicating that pasivation is not produced at least 

during 1 hour the experiment was performed. 
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Figure 3. Dynamic response of microsensors in Neurobasal medium for a) pH ISFET, b) potassium ISFET and c) Voltamperometric response of 

the amperometric microelectrode in K3Fe(CN)6. 

A preliminary experiment was made with neuronal cells, measuring the rate of acidification of the culture 

medium with a pH ISFET. Figure 4a shows the gate of the pH ISFET with a group of neurons close to it. The 

variation of the pH in the culture was measured during 70 min and compared with the response in the neurobasal 

medium without cells. In the minute 45 a solution of Triton X was added to the culture (Figure 4b). Response 

(considering base line curve 1) indicated that within the first 58 min there was a pH reduction of 0.72 units (85 % of 

total signal), that could be attributed to cells respiration. The addition of Triton causes the cells death because of a 

cellular lysis. This effect is reflected by a variation in the pH tendency signal with a pH reduction of 0.23 units. 

These results are in agreement with some experiments performed with cellular cultures [2-5].  
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Figure 4. a) Image of the pH ISFET with a group of neurons close to it. b) Potentiometric response of the pH ISFET, (1) in the neurobasal 

medium and (2) in the culture cell.  

4. Conclusions 

These results, although preliminary, show the feasibility of measuring the pH in a cellular culture with an ISFET. 

Further work will be addressed to develop a flux cell, in order to get a more compacted and closed system for 

measuring pH, potassium, dissolved O2 and temperature. 
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