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Cytotoxicity, confluency, high content imaging, high content analysis

Non-destructive quantification of
cytotoxicity in live HeLa cells using the
CELENA® X
DMSO

INTRODUCTION
Cytotoxicity assays are a crucial step in screening for and developing
therapeutic anti-cancer drugs. Most assays designed to measure
cytotoxicity in vitro evaluate cell membrane integrity or metabolic activity
after exposure, but are typically based on studying a single time point and
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require disturbing the growth of cells in culture.
Here, we demonstrate an automated, non-destructive method to monitor
and quantify cytotoxicity based on its effects on confluency. This method
uses brightfield imaging, which avoids the use of fluorescent stains that
can have toxic effects in and of themselves over long incubation times. In
this study, a combination of digital brightfield imaging with high content
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analysis using the CELENA® X High Content Imaging System provides
quantitative readouts for assessing and comparing confluency changes
over time.

APPLICATION
1.25 M CPT

To study cytotoxicity in vitro, we treated HeLa cells with different
concentrations of Camptothecin (CPT; Abcam, ab120115). HeLa cells
were counted with the LUNA-II™ Automated Cell Counter, seeded at a
density of 1x 104 cells/well of the 96-well plate, and cultured overnight.
Cells were then treated with serial dilutions of Camptothecin (DMSO,
0.3125 M, 0.625 M, 1.25 M, 2.5 M, and 5 M) at eight wells per
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condition and placed in the CELENA® X onstage incubator with 95%
humidity and 5% CO2 at 37°C. Cells were imaged automatically at twohour intervals for 16 hours with the CELENA® X High Content Imaging
System using a 4X LWD objective and image-based autofocusing.
Acquired images were analyzed using CELENA® X Cell Analyzer software.
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The strategy for confluency analysis with the Cell Analyzer software is
based on identifying cells and measuring the total area occupied by these
objects. A pipeline was created in Cell Analyzer to automatically batch
process and analyze images. To do this, the EnhanceEdges module was
used to create binary images that distinguished the foreground (the cells)

Figure 1. Image analysis of HeLa cells after
16 hours of CPT treatment. Red borders
illustrate the separation between background
and the areas covered by intact cells. Image
processing and object identification modules
were applied to determine confluency.

from the background. The Smooth module was used to reduce intensity
irregularities, which homogenized the cells, smoothed edges, and
removed debris from the background. The resulting segmented areas
were identified as cells using the IdentifyPrimaryObjects module and
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then measured using the MeasureImageAreaOccupied module to quantify
the surface area occupied by the cells within the field. The OverlayOutlines
module was used to overlay the original brightfield images with the
outlines of the segmented areas to visually confirm segmentation
precision.
Figure 1 shows the segmentation of brightfield HeLa cell images after 16
hours of CPT treatment. Image segmentation using the created Cell
Analyzer pipeline showed that compared to the control group, there was a
12.8%, 27.1%, and 44.6% reduction in confluency after 16 hours of
incubation with 1.25 M, 2.5 M, and 5.0 M CPT, respectively, whereas
Figure 2. Dose-response curves deduced from
confluency. A significant loss of cells was
observed with increasing concentrations of CPT.
N =8 wells. * p : <0.05.

incubation with 0.3125 M and 0.625 M had negligible results (Figure 2).

CONCLUSION
The determination of cytotoxicity is essential to drug development. In this
study, we analyzed the effects of Camptothecin on confluency using the
CELENA® X High Content Imaging System. Live cell imaging combined
with analysis of cell surface area occupying each well is a reproducible
and quantifiable approach for measuring cytotoxicity. The easy-to-use,
powerful building blocks of the Cell Analyzer software provides a simple
way to quantify confluency objectively.
For the cytotoxicity study here, the measurement of confluency as an
analysis tool for cytotoxicity was effective, simple, and most importantly,
highly reproducible. Using the CELENA® X High Content Imaging System
and CELENA® X Cell Analyzer software, the same experimental conditions
as well as the identical analysis pipeline can be reused to verify results.
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