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Standard Operation Procedure (SOP) and 
background documentation for real-time label-free 

impedance-based nanotoxicity assessment 
 

1. Background 
The xCELLigence dual plate real-time cell analyser (ACEA Biosciences, Inc., San 
Diego, CA) is an impedance-based system for label-free live monitoring of cell 
proliferation, adherence, and viability. It consists of a real-time cell analysis (RTCA) 
station, a computer with provided software, and single-use ‘E-Plates’ in which cells 
are grown (Figure 1). An E-Plate has 16 wells, each with a 5.0 ± 0.075 mm diameter, 
270 ± 10 µl volume, and 80% of the bottom covered by gold plated electrodes. 
 

 

Figure 1: Main components of the  xCELLigence system: real-time cell analysis dual plate 
station (middle), computer with software (left), and single-use E-Plates with gold plated 
electrodes at the bottom of the wells (right) (https://aceabio.com). 

Cell viability and proliferation assessment is based on the readout of the electrical 
impedance at the gold plated electrodes. The cell index (CI) is used to measure the 
relative change in electrical impedance to represent cell status. CI = (Zi – Z0)/15Ω, 
where Zi = impedance at an individual point of time during the experiment, and Z0 = 
impedance at the start of the experiment. Three CI are taken at 10, 25, and 50 kHz 
[1], [2].   A change in CI can be indicative of changes in cell number, cell adhesion, 
spreading, or cell morphology [3]. The CI goes up when the cell number increases, 
flattens at full confluency, and decreases when cells die (Figure 2).  
 

 
Figure 2: Cell Index. Baseline without cells (A). Cell attachment (B), proliferation and 
spreading (C) leads to an increase of the CI, which flattens at 100% confluency. Cell 
detachment and death leads to a CI decrease (D). 
 
2. Preparation of NM-dilutions  
 
Materials 
 Stock nanomaterial (NM)-dispersion (2,56 mg/mL) 
 Pipettes and pipette tips (sterile) 
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 Dulbecco's Modified Eagle Medium (DMEM) (Life Technologies-Gibco) 
supplemented with 10 % (v/v) Fetal Bovine Serum (FBS) (GE Healthcare-
HyClone™) and 1 % (v/v) Penicillin-Streptomycin (P/S) (10.000 UI/mL penicillin 
and 10.000 μg/mL streptomycin) (GE Healthcare-HyClone™)  

 McCoy’s 5A cell culture medium (ATCC) supplemented with 15 % (v/v) heat-
inactivated FBS and 1 % (v/v) P/S (see above) 

 Falcon tubes sterile, 15 and 50 mL (Sarstedt AG & Co) 
 Tube rotator SB3 (Bibby Scientific Limited) 
 
An NM stock dispersion of 2.56 mg/mL was prepared as specified in the generic 
NANOGENOTOX protocol. A 130 watt probe sonicator (VCX130, Vibra-Cell, 130W, 
Sonics & Materials) with a 12.8 mm probe with a replaceable tip was used for 16 min 
at 22% of the maximal amplitude. After sonication, a 100 μg/mL NM dispersion in 
complete cell culture medium was prepared by adding the calculated amount of stock 
dispersion to the medium and mixed using a tube rotator at 40 rpm for 2 min. 
Subsequently, five NM-concentrations were prepared: 100, 50, 20, 10, and 2 μg/mL 
(corresponding to 50, 25, 10, 5, and 1 μg/cm2) (Figure 3). 

 

 
Figure 3: Preparation of NM dispersions in medium for cell exposure. 

 
3. Cell culture and Impedance-based cell monitoring 

 
Materials 
- RTCA system with computer and provided software (ACEA Biosciences. Inc., San 

Diego, CA). 
- E plates (ACEA Biosciences. Inc., San Diego, CA) 
- Cell types: 

o Lung epithelial cancer (A549) cells were generously provided by the project 
partner Norwegian Institute for Air Research (NILU), which were shared by all 
the partners in task 5.6 (cell line originally from ATCC) 

o Human gingival fibroblasts (GF) were collected after informed consent from 
healthy patients who underwent extraction of wisdom teeth at the Department 
of Clinical Dentistry in Bergen (IKO, UiB) (ethical approval was obtained 
before the project start) 

o Osteosarcoma (SaOs-2) from ATCC 
- DMEM (Life Technologies-Gibco) supplemented with 10 % (v/v) FBS (GE 

Healthcare-HyClone™) and 1 % (v/v) P/S (GE Healthcare-HyClone™)  
- McCoy’s 5A (30-2007™, ATCC) cell culture medium supplemented with 15 % 

(v/v) heat-inactivated FBS and 1 % (v/v) P/S (see above)  
- Falcon tubes sterile: 15 and 50 mL (Sarstedt AG & Co) 
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- Pipettes and pipette tips (sterile) 
- Pasteur pipettes (sterile) 
- Laboratory liquid suction system with vacuum pump 
- NuncTM cell culture treated EasYFlasksTM: 75 cm2 and 175 cm2 (Thermo Scientific) 
- Phosphate-buffered saline (1 x PBS, Life Technologies-Gibco)  
- Trypsin-Versene: 200 mg/L versene (EDTA), 170.000 UI trypsin/L, (Lonza group 

AG) 
- Trypan blue solution 0.4% (InvitrogenTM, Molecular ProbesTM)  
- CountessTM cell counter and cell counting chamber slides (InvitrogenTM, Molecular 

ProbesTM)  
- Nikon Eclipse TS100 inverted microscope (10x NA 0.25 and 40x NA 0.55) 

 
Cell culture 
A549 and GF cells were cultured in complete DMEM and SaOs-2 cells in complete 
McCoy’s medium in cell culture flasks: 75 cm2 with 15 mL cell culture medium or 175 
cm2 with 25 mL cell culture medium. All cells were kept at 37°C in a humidified, 5% 
CO2 atmosphere. The medium was changed every 2-3 days and cells were passaged 
at 80% confluency. For the experiments, cells were used if their viability was above 
90% and underwent no more than 15 passages. When reaching 80% confluency, cells 
were washed twice with PBS, then exposed to trypsin (2.5 mL, 5-10 min), followed by 
addition of 5 mL of complete cell culture medium. The cell suspensions were then 
collected in 15 mL Falcon tubes and centrifuged (250 g for 5 min). After centrifugation 
the supernatant was removed, the cell pellet was re-suspended in complete cell culture 
medium, then cells were then stained with Trypan Blue for viability assessment and 
counted using a Countess automatic cell counter.   
 
Impedance-based monitoring  
Impedance measurements were performed with the xCELLIgence system according 
to the manufacturer’s instructions . First, 50 μL of complete medium were added to 
each well in the 16-well E-plates and kept for 30 min at room temperature (equilibration 
time). Then, the plates were transferred to the RTCA station inside the incubator (37°C, 
humidified 5% CO2) and the background impedance value for each well was measured 
in order to correct for initial offset errors (correcting for medium background and 
electrode production variations). Next, cells were plated in the E-plates: 10.000 
cells/well (i.e., 50.000 cells/cm2) for GF and SaOs-2 and 5.000 cells/well (i.e., 25.000 
cells/cm2) for A549 cells in a total volume of 150 μl/well. The starting density for A549 
cells, i.e., 5000 cells /well, was common for both partners employing the xCELLigence 
system (UiB and CEA). A higher cell density was used for GF and SaOs-2 due to their 
lower cell proliferation compared to A549, so that at the time of exposure to NMs, i.e., 
24 hrs after seeding, all three cell types reached similar cell densities.  
The electrical impedance was measured at 15 min-intervals. After 24 hrs, the 
supernatant was removed from the wells and NM dispersions in fresh complete 
medium were added at concentrations of 2, 10, 20, 50, and 100 μg/mL corresponding 
to 1, 5, 10, 25, and 50 μg/cm2 in a total volume of 100 μL per 0.2 cm2 well-area (Figure 
4). Fresh complete medium was added to the unexposed cells and to the wells without 
cells. 
Cell-free controls composed of complete culture medium with the highest NM 
concentration (100 µg/mL) were used to identify possible NM contribution to the 
impedance measurements. In addition, NM-free controls consisting of complete 
medium alone, were run in parallel. Each assay was performed in duplicate and 
repeated at least three times. Changes in cell proliferation were monitored every 15 
min for 24 hrs after NM-exposure by recording the impedance signals. 
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Subsequently, the single-normalized CI after the 24 hrs NM exposure was compared 
to the mean value of the negative control/untreated cells (mean of offset-corrected and 
normalized B1 and B2). A final double-normalized CI (single-normalized divided by 
mean of control) equal to 1 correlates to normal cell proliferation whereas values below 
1 indicate cell death or lower cell proliferation.  
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