
Live-Cell Imaging

T E C H N I C A L  N O T E

Cytotoxicity is the ability of exogenous factors, e.g. compounds, 
genetic modifications or immune cells to harm cells, and 
eventually kill them. Especially during drug development it is 
crucial to exclude cytotoxic compounds from further development 
phases as early as possible. 

Cytotoxicity assays are often performed as endpoint assays. This 
can complicate the assay if the kinetics of the compounds are 
unknown or compounds with different kinetics are tested. 
Another variable is the growth characteristic of the chosen cell 
model. If multiple cells types are used each may display a different 
proliferation rate and would require a different end point. This 
becomes even more complex when switching from 2D to 3D model systems as cells may have different growth 
properties in 3D. Being able to perfom kinetic or time-resolved assays allows to more precisely and easily determine 
cytotoxicity. For kinetic cytotoxicity assays, the use of fluorescent dyes over the whole time course can have negative 
effects on cell metabolism, proliferation and hence response to the exogenous factor to be analyzed. 

Here we show how brightfield images can be used to determine cytotoxic effects on cells by analyzing changes in  
cell growth or proliferation and how a live/dead marker can be added at the end of the timecourse. Furthermore,  
we compare the responses of three different cell lines to staurosporine and camptothecin both  
in 2D and 3D.

We Show

 •    Accurate quantification of cytotoxicity in  
a variety of cell models in 2D and 3D 

 •  Individual responses to compounds 
measured in long term kinetic assays

 •  Quantification of 2D confluency and 
spheroid growth in brightfield images 

Time-Resolved Live-Cell 
Cytotoxicity Assay in 2D  
and 3D Using the Muvicyte 
Live-Cell Imaging System
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Cytotoxicity Assay Preparation and Imaging

Materials and Methods

Live-Cell Imaging 
System

MuviCyte Live-Cell Imaging Kit (PerkinElmer, 
#HH40000000)

Spheroid Analysis 
Software

MuviCyte Spheroid Software (PerkinElmer 
#HH40000502)

TIBCO Spotfire® PerkinElmer

Cell Line and 
Growth Medium

A549 and CHO: Ham´s-F12 (Roth, #9108.1) + 
10% FBS (Sigma, #F9665)
HeLa: RPMI-1640 (Sigma, #R8758) + 10% FCS  
(Sigma, #F9665) 
PBS (Sigma, #D8537)

Microplate
CellCarrier Spheroid ULA 96-well (PerkinElmer, #6055330)
CellCarrier-96 Ultra (PerkinElmer, #6055302)

Dead Cell 
Indicator BOBO™-3 iodide (ThermoFisher, #B3586)

Cytotoxic 
Compounds

Dimethylsulfoxide (DMSO, vehicle) (Sigma, #D2650)
Staurosporine solution (Sigma, #S6942)
(S)-(+)-Camptothecin (Sigma, #C9911)

Table 1. List of materials and items used in 2D and 3D cytotoxicity assay. 

2D Cytotoxicity Assay
A549 (human lung epithelial carcinoma), CHO (Chinese hamster 
ovary) and HeLa (human cervix adenocarcinoma) cells were  
plated at 10 000 cells per well in 200 µl growth medium into  
a CellCarrier-96 Ultra plate. When cells reached about 20 % 
confluency, cytotoxic treatment was started by exchanging 100 µl 
of supernatant against 100 µl 2x concentrated camptothecin 
(anticancer drug, topoisomerase I inhibitor) or staurosporine 
(anticancer drug, antibiotic, inhibitor of protein kinases) or DMSO 
control. After 24 hours incubation time, 10 µl of BOBO-3 iodide,  
a cell membrane-impermeable DNA stain and dead cell marker 
(excitation/emission max. = 570/602), was added in 20-fold 
concentration to the wells to reach a final concentration of  
500 nM (no-wash-protocol). 

3D Cytotoxicity Assay
On day 0, A549, CHO and HeLa cells were plated at 5000 cells per 
well in 200 µl growth medium into a CellCarrier Spheroid ULA 
96-well plate (round-bottom ultra-low attachment). After 24 hours, 
spheroids of around 300 to 400 µm diameter had spontaneously 
formed and the cytotoxic treatment was started by adding 20 µl/
well of 11x concentrated camptothecin or staurosporine or DMSO 
control. On day 4, 50 % of medium was refreshed by removing 
the plate from the MuviCyte system between two time point 
measurements, and by aspirating 100 µl and adding 100 µl fresh 
medium containing the respective compound. 

Automated Live-Cell Time-Lapse Imaging 
To monitor the cytotoxic effect on the 2D and 3D cultures, a time-
lapse measurement was set up on the MuviCyte live-cell imaging 
system inside a cell culture incubator. Plates were equilibrated on 
the system for 15 minutes, followed by time-lapse imaging every 

six hours over a time period of 24 hours (2D) and 138 hours (3D), 
using a 4x objective and the brightfield channel. BOBO-3 stained 
2D cells were imaged at the end for another two hours every  
30 minutes using RFP and brightfield channels. 

2D Monolayer Cytotoxicity Assay

In order to quantify the cytotoxic effect of the two compounds, the 
changes in cell covered area were quantified in brightfield images 
over 24 hours using the Growth Curve module of the MuviCyte 
analysis software (Figure 1).

A plate overview of the results (confluency in [%]), over the five 
time points post compound addition, was created (Figure 2). All 
three cell lines react to the cytotoxic compounds in a dose- and 
time-dependent manner. CHO cells grow the fastest and are less 
affected by camptothecin compared to HeLa or A549 cells.

Figure 1. MuviCyte Analysis Software – Growth Curve module: three predefined 
combinations of the two parameters, Sensitivity and Background Level (A, B or C), are 
available for segmentation of the cell covered area (yellow). Individual adjustments of 
these parameters can be made if needed. The growth curve, i.e. confluency over time, 
is calculated in [%] cell covered area. The segmented area for the different cell lines and 
treatments indicated are displayed in yellow. 
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To compare the growth characteristics between the cell lines in more detail, results were exported and each well was normalized to timepoint 1. 
Figure 3 shows the normalized growth curves of the three cell lines for each treatment. 

Figure 3. Normalized confluency of 2D cytotoxicity assay over time: cell covered area quantified over 24 hours post compound addition, analyzed using the MuviCyte Growth Curve 
module and TIBCO Spotfire® for normalization. The differences in initial confluency required the normalization in order to directly compare the cytotoxicity of the two compounds 
on the cell lines. 
Control: CHO cells have the highest proliferation rate followed by A549 and HeLa cells. 
Camptothecin (Campto): All cell lines were inhibited by camptothecin in a dose dependent manner. 
Staurosporine (Stauro): Cells were stronger affected by staurosporine, at higher concentrations CHO cells reacted the most sensitive. 

Figure 2. Kinetic plate overview 2D cytotoxicity assay. Plate overview of growth area in [%] over 24 hours after treating monolayers of three different cell types with camptothecin 
and staurosporine, n=4. The cells display different growth characteristics, i.e. CHO cells grow faster under control conditions and seem to be less affected by camptothecin. This type 
of visualization can be generated at any time during the experiment and is ideal to determine the endpoint of the experiment. 
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To further evaluate the cytotoxic effect, dead cells were stained with BOBO-3 iodide and their number was quantified using the  
Attached Cell Counting module of the MuviCyte analysis software (Figure 4). To minimize negative side effects of the dead cell  
marker on cell viability it was added 2 hours before the end of the assay. 

Figure 4. MuviCyte Analysis Software – Attached Cell Counting module enables the quantification of single cells. The number of positive cells (middle image) can be normalized to 
the confluency value determined using the Growth Curve module (image on the right) with yellow segmentation mask. 

Figure 5. Ratio of dead cells normalized by confluency: Both compounds increased the number of dead cells. However, cytotoxicity also inherently decreases the confluency. Therefore, the  
number of dead cells per well was normalized to the overall confluency value and then multiplied by 100. Each bar represents the mean value of quadruplicates and their standard deviation. 

Normalizing the data by calculating the ratio of dead cells to the overall 
confluency allows a better comparison of the three cell lines and the 
effect of the two cytotoxic compounds (Figure 5). Looking at the 
resulting ratios it can be seen that camptothecin was most toxic to 
A549 cells while staurosporine caused the most cell death in CHO cells.

3D Spheroid Cytotoxicity Assay

In contrast to the monolayer cytotoxicity assay, for the  
3D/spheroid cytotoxicity assay the spheroids were imaged over  
a time period of 6 days post compound addition on the MuviCyte 
live-cell imaging system. The three cell lines formed spheroids of 
different sizes and with different kinetics, also when compared to 
the growth of the monolayer cultures. Under control conditions, 
CHO cells formed the smallest spheroids followed by HeLa and A549 
cells (Figure 6). To quantify cytotoxicity-induced changes in spheroid 

size (growth or shrinkage), a label-free image analysis was 
performed using the MuviCyte Spheroid analysis software. In 
order to determine the best endpoint of this assay, the analysis 
was applied during the time lapse experiment on already-
acquired images while the measurement was still ongoing. Five 
readouts can be calculated: diameter, area, volume, circularity 
and perimeter (Figure 6). The analysis software offers three  
pre-defined combinations of parameter settings thereby enabling 
a quick and easy spheroid segmentation. 

Looking at the plate overview of the spheroid area in µm² over a 
time period of 6 days (Figure 7), provides a first estimate of the 
growth behavior in the presence or absence of a cytotoxic 
compound. If spheroids fail to meet certain quality criteria they  
can be easily excluded with one click from further evaluations. 



5

Figure 6. MuviCyte Spheroid analysis software allows analysis of spheroid growth over time while the experiment is still running. 
A:  Example images of untreated and treated spheroids at different time points of the time-lapse measurement acquired on the MuviCyte live-cell imaging system using a 4x objective lens 

and the brightfield channel.
B:  MuviCyte Spheroid analysis software: A, B and C are predefined combinations of segmentation parameters which can be fine-tuned individually. Checking the box “Load saved  

parameter” is restoring all parameter settings used in a previous analysis. 
C:  Based on brightfield images, five readouts can be calculated: diameter, perimeter, area, volume and circularity. The blue line around the spheroid depicts the perimeter line mark, and the 

spheroid area mark is displayed in yellow. 

A A549 CHO HeLa

B C

2D vs. 3D Cytotoxicity Assay 

To compare the growth characteristics of the cell lines in more 
detail, the data was exported and each well was normalized to 
timepoint 1. Figure 8 shows the normalized spheroid growth of 
the three cell lines for each treatment. While in the monolayer 
control experiment HeLa cells displayed the slowest proliferation, 
they grew relatively fast in 3D, comparable to CHO cells. Even 
though A549 cells form the largest spheroid, the size increase 
over time is the lowest of all three cell lines. This comparison 
shows there are clear differences between monolayer and 3D cell  
cultures with respect to growth characteristics, spheroid formation 
and compactness. 

Another striking difference between 2D and 3D cytotoxicity assays 
is their time frame. It takes much longer for the spheroids to 
increase in size when compared to the confluency of monolayer 
cultures. Whereas in monolayer cultures changes in confluency 
can be clearly detected within 24 h, it takes about 40-70 h in  
3D to see the first significant changes in spheroid size. As a result, 
compounds will take much longer to show an effect on spheroid 
growth. Therefore, only when spheroids are observed under 
optimal cell culture conditions can compound effects be detected 
and quantified. 
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Figure 8. Normalized spheroid area in the presence of cytotoxic compounds over time: Spheroid area observed on the MuviCyte live-cell imaging system over approx. six days post  
compound addition and analyzed using the MuviCyte Spheroid analysis software and TIBCO Spotfire® for secondary calculations. As the spheroid size of the three different cell lines  
differed, the area of each time point was normalized to its corresponding first time point to facilitate comparison of cell lines and cytotoxic effects. 
Control: While the normalized area of HeLa and CHO spheroids experienced about the same increase over time in control wells, A549 spheroids, although being the biggest, were slower growing.
Camptothecin (Campto): The lowest concentration stimulated CHO spheroid growth while HeLa and A549 spheroid growth was negatively affected. However, with increasing  
camptothecin concentration, CHO cells were the most sensitive: they stopped growing and were shrinking especially at 1 µM camptothecin. 
Staurosporine (Stauro): With staurosporine, the spheroid growth of CHO and A549 cells was inhibited more strongly than that of HeLa spheroids. At higher staurosporine  
concentrations, A549 cells were exhibiting the strongest growth inhibition / shrinkage. 

Figure 7. Kinetic plate overview 3D cytotoxicity assay: Whole plate statistics present a valuable tool to easily judge the quality of an assay and an existing analysis. They can be created 
for each of the five readouts, here e.g. spheroid area [µm²] over 138 hours. Different colors show quadruplicates of treatments with vehicle (0.1% DMSO), camptothecin (Campto) and 
staurosporine (Stauro), each in three concentrations. A549 cells are on the left side (columns 1 to 4), CHO cells in the middle (columns 5 to 8) and HeLa cells on the right (columns  
9 to 12). One well was identified as an outlier, marked in red and excluded from further calculations of mean values and standard deviations.
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in 3D on brightfield images further reduces cellular stress and 
keeps protocols simple. The possibility of running cytotoxicity 
assays as kinetic assays and analyzing the data during the 
experiment enables the analysis of different cell lines and 
compounds in one experiment. 

In summary, we have shown that monolayer as well as 
spheroid kinetic cytotoxicity assays can be run reliably on the 
MuviCyte system. Normalization of growth curves can be 
achieved conveniently using Tibco Spotfire®. 
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Furthermore, the sensitivity of cells towards compounds was different 
in 3D. While in the monolayer experiment, CHO cells were least 
sensitive towards camptothecin, they showed highest sensitivity in 3D, 
starting at a concentration of 0.1 µM. CHO cells also showed highest 
sensitivity towards staurosporine, a magnitude earlier than in the 
monolayer experiment (0.01 µM in 3D vs. 0.1 µM in monolayer). In 
contrast, HeLa cells were less sensitive to staurosporine in 3D than in 
monolayer cultures.

Conclusions

Cytotoxicity assays require optimal cell culture conditions to avoid 
inducing additional stress factors that may influence results. The 
MuviCyte live-cell imaging system, which resides inside a cell culture 
incubator, provides optimal cell culture conditions even for long term 
assays. This is important for assays using 3D cell cultures which 
require a much longer time to grow and show compound-induced 
effects. Fluorescent dyes used in kinetic assays over the whole time 
course always bear the risk of negatively influencing the cells. Hence, 
label-free analysis of cell growth in monolayer and spheroid growth 


