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N E W  T E C H N O LO G I E S

Assessing compound cytotoxicity is a critical step in pharmaceutical 

development. Assays for cell proliferation or metabolism as indicators 

of cell health are typically performed individually or together in cell-

based systems. In oncology research, these assays can be used to test 

for selective cytotoxicity, or anti-proliferative effects, against a target 

cell type. Proliferation is also a convenient measure of population 

dynamics in studies of cytokines or growth factors, or in bioprocess 

optimization work. To expand the CyQUANT® family of cell prolif-

eration assay kits, we recently introduced the CyQUANT® Direct Cell 

Proliferation Assay. This fluorescence-based assay is fast, sensitive, and 

ideal for high-throughput screening (HTS) applications. 

Cytotoxicity and cell proliferation studies
THE CYQUANT® DIRECT CELL PROLIFERATION ASSAY.

An alternative to metabolism-based assays
Although metabolism-based cytotoxicity assays are widely used, 

metabolic activity is influenced by a variety of factors that can affect 

the reliability and reproducibility of results. By comparison, cellular DNA 

content is tightly regulated, and nucleic acid–based assays provide 

accurate and sensitive measures of cell proliferation, cell numbers, 

and cytotoxicity. DNA binding of the CyQUANT® dye is not reliant 

on metabolic state, resulting in relatively consistent signal windows 

and intensities across a wide range of assay conditions and cell types. 

Accurately measure cell proliferation and cytotoxicity
The CyQUANT® Direct assay is based on a cell-permeant DNA-binding 

dye that exhibits strong fluorescence enhancement when bound to 

cellular nucleic acids (excitation/emission maxima ~480/520 nm). In 

combination with a background suppressor component that masks 

staining of dead cells and cells with compromised cell membranes, 

only viable cells are measured, resulting in an accurate and sensitive 

assay for cell number and for tracking proliferation.

Recent studies using diverse sets of cytotoxic compounds and 

assay types have shown that cell number quantitation by a nucleic 

acid readout is among the most sensitive indicators of cytotoxicity.1–3 

The CyQUANT® Direct assay can be used to obtain reliable cytotoxicity 

data. This was demonstrated by excellent concordance of IC50 values 

Table 1. Consistent IC50 (µM) values for tamoxifen across four cell lines.

Assay

Cell type

Hep G2 Jurkat HASMC HPASMC

CyQUANT® Direct 40.7 41.5 16.4 15.8

alamarBlue® 44.6 35.5 16.8 16.1

CellTiter-Glo® 39.6 35.8 13.8 12.3

CellTiter 96® AQueous 41.9 43.7 15.5 15.8

HASMC = human aortic smooth muscle cells; HPASMC = human pulmonary artery 
smooth muscle cells.

Figure 1. Cytotoxicity measurements using the CyQUANT® Direct 
Cell Proliferation Assay. Cytotoxicity assays were performed using 
the CyQUANT® Direct assay across different cell types. Hep G2, 
Jurkat, human aortic smooth muscle cells (HASMC), and human 
pulmonary artery smooth muscle cells (HPASMC) were seeded in 
384-well plates at a density of 5,000 cells per well in 30 µL medium 
containing 10%  FBS. Increasing concentrations of tamoxifen were 
added, and following an incubation at 37°C for 48 hr, CyQUANT® 
Direct reagent (30 µL per well) was added. Fluorescence measure-
ments were made after 60 min. Each data point represents the mean 
± SD of 8 measurements. As shown in the figure, the two primary 
cell types (HASMC and HPASMC) were significantly more sensitive to 
tamoxifen treatment than the transformed cell lines (adherent Hep 
G2 and suspension Jurkat cells).
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measured using the CyQUANT® Direct assay with assays based on met-

abolic activity, including alamarBlue®, CellTiter-Glo®, and CellTiter 96® 

AQueous (Promega) assays (Figure 1 and Table 1). The Z´ values, which 

are broadly accepted as a standard measure of HTS assay robustness, 

were >0.5 across all cell types tested using the CyQUANT® Direct assay.

An ideal assay for high-throughput screening
With a homogeneous format and fast “add-mix-read” protocol, the 

CyQUANT® Direct assay is ideal for HTS applications (Figure 2). The assay 

can be completed in 1 hour, with no washes, cell lysis, temperature 

equilibrations, or radioactivity required. The signal is stable for more 

than 7 hours, offering workflow convenience and robustness in projects 

with large sample numbers (Figure 3).

Figure 2. CyQUANT® Direct assay protocol. The CyQUANT® Direct assay 
is a homogeneous, lysis-free cell proliferation and cytotoxicity assay 
designed for use with multiwell plates. The reagent is added directly to 
cells in complete medium and incubated for 30–60 min. Fluorescence is 
measured using standard plate readers. 

Figure 3. Linearity and stability of CyQUANT® Direct assay signal. 
(A) CHO cells were plated at densities of 0–20,000 per well in a 
384-well microplate. Cells were labeled with CyQUANT® Direct 
reagent according to the microtiter plate assay format protocol. 
Fluorescence intensities, measured with a fluorescence microplate 
reader using a FITC filter set, varied linearly with respect to cell 
number over the range of 40–20,000 cells. The inset shows the 
measurement range from 0 to 1,250 cells per well. Each data point 
represents the mean of 8 measurements. (B) CyQUANT® Direct 2X 
detection reagent was added to adherent CHO cells in serum-
containing medium, and fluorescence was read from 5 min to 
7.5 hr after reagent addition. Fluorescence signal intensity reached 
a plateau within 30–60 min after reagent addition, and remained 
stable for more than 7 hr.

Product Quantity Cat. no.
CyQUANT® Direct Cell Proliferation Assay, 10-plate size 1 kit C35011

CyQUANT® Direct Cell Proliferation Assay, 100-plate size 1 kit C35012

The sensitivity of the CyQUANT® Direct Cell Proliferation Assay, 

as low as 40 to more than 20,000 cells per well for most cell types, 

means that it can be used in 96-, 384-, or 1,536-well microplate for-

mats (Figure 3). Because cells are not lysed during the procedure, the 

CyQUANT® Direct assay can be measured using both HTS and HCS 

fluorescence readers. The assay is available in two configurations: a 

10-plate assay kit for smaller sample sizes, and a 100-plate assay kit for 

higher-throughput applications. 

Measure cell viability and proliferation with confidence
The CyQUANT® Direct Cell Proliferation Assay is designed for use with 

mammalian cells of most adherent and suspension types. Treatments 

such as lysis and permeabilization are not necessary, nor do the 

cells have to be metabolically active to be stained. This results in 

a readout that provides a direct measure of both cell proliferation 

and viability. The CyQUANT® Direct assay can therefore be used to 

assess cell growth, cell viability, or compound toxicity in a range of 

applications, from high-throughput screening to bioproduction. To 

learn more about the CyQUANT® Direct Cell Proliferation Assay, visit 

www.invitrogen.com/bp59. ■

alamarBlue® is a registered trademark of Trek Diagnostics.

References
1. Schoonen, W. et al. (2005) Toxicol In Vitro 19:491–503.
2. O’Brien, P. et al. (2006) Arch Toxicol 80:580–604.
3. Abraham, V. et al. (2008) J Biomol Screening 13:527–537.

Add reagent
and incubate

Measure fluorescence 
from bottom

Grow cells
in microplate wells

Live cells
labeled

Time (min)
0 500200100755025

Fl
uo

re
sc

en
ce

 in
te

ns
ity

10,000

100,000

1,000,000

1,000

Signal

Bkg

Cells/well
0 20,00015,00010,0005,000 25,000

Fl
uo

re
sc

en
ce

 in
te

ns
ity

50,000

100,000

150,000

200,000

0

0

20,000

10,000

5,000

15,000

0 500 1,000 1,500

A

B


