
Non-fluorescence based detection

Colorimetric assays are based on a color change caused by 
the structural differences or metabolic impairment between 
live and dead cells. Assessment is based on retention of 
certain dyes or exclusion of others. For example, Trypan blue 
is useful in dye-exclusion because the cell membrane of live 
cells are intact and prevent the Trypan blue dye from entering, 
therefore live cells remain bright. Dye enters dead cells through 
their compromised cell membranes and colors them blue. 
By contrast, neutral red is a vital stain that concentrates in 
lysosomes of living cells, live cells become red and dead cells 
remain bright. 

Assays of metabolic activity are based on reduction of 
tetrazolium salts by mitochondrial enzymes into a colored 
formazan. Mitochondrial enzymes are inactivated shortly after 
cell death making this a reliable method for detecting live cells. 
Commonly used tetrazolium salts include MTT, XTT, and  
WST-1 (Tominaga, H 1999).

Chemiluminescence based detection 

The presence of ATP (adenosine 5'-triphosphate) is an 
indicator of live cells and can be used to quantify live cells 
in a sample, monitor cell proliferation or cytotoxicity, and 
detect bacterial contamination. Although different methods 
of quantifying ATP have been developed, chemiluminescent 
detection with luciferase is the most sensitive assay. Luciferins 
are small molecules substrates for specific luciferase enzymes 
and are naturally present in some organisms, including the 
firefly (Ford SR, et al.1996). 

Quantifying cell growth in terms of proliferation and viability 
is an essential tool for optimizing cell cultures, assessing 
the efficiency of molecules in screening, or evaluating the 
cytotoxicity of compounds for treating cancer. Cell viability and 
cytotoxicity can be assessed by measuring the amount of live 
and dead cells in a total cell sample. This can involve either 
counting the number of live cells in a sample or by measuring 
an indicator for healthy cells in a population. There are 
several methods available for these measurements, including 
fluorescence based detection, non-fluorescence based 
detection and chemiluminescence based detection.

Fluorescence based detection (Millard P et al. 1997)

One way to distinguish live cells from dead cells is by the 
presence or absence of esterases (Burghardt R, et al. 1994). 
Live cells contain esterases and are thus able to convert 
non-fluorescent esterase substrates into intensely fluorescent 
molecules and their intact intracellular membrane retains 
the cleaved fluorescent products inside the cell. Dead cells, 
on the other hand, are deficient in esterase activity and their 
compromised membranes lead to substrate leaks from cells.  
Cell-permeable esterase substrates, including calcein AM 
and fluorescein diacetate, can be used to not only measure 
esterase activity but also cell membrane integrity within a cell 
sample (Jones KH and Senft JA 1985). 

An alternate method of quantification utilizes non-permeable 
nucleic acid stains. These stains are only fluorescent when 
bound to nucleic acids of eukaryotic or prokaryotic cells and 
are commonly used in combination with esterase substrates. 

A third method detects live and dead cells based solely on cell 
permeability. Typical examples include impermeable dead cell 
indicators like ethidium homodimer and propidium iodide,  
or cell permeable calcein AM staining.

Cell Viability and Cytotoxicity

Protocol

Cell Counting

Bulletin 6234 



Life Science
Group

Bulletin 6234 Rev A     US/EG

Bio-Rad 
Laboratories, Inc.

11-0864    1111    Sig 1211

Web site www.bio-rad.com  USA 800 424 6723  Australia 61 2 9914 2800  Austria 01 877 89 01  Belgium 09 385 55 11 Brazil 55 11 5044 5699  
Canada 905 364 3435  China 86 21 6169 8500  Czech Republic 420 241 430 532  Denmark 44 52 10 00  Finland 09 804 22 00  
France 01 47 95 69 65  Germany 089 31 884 0  Greece 30 210 9532 220  Hong Kong 852 2789 3300  Hungary 36 1 459 6100  India 91 124 4029300  
Israel 03 963 6050  Italy 39 02 216091  Japan 03 6361 7000  Korea 82 2 3473 4460  Mexico 52 555 488 7670  The Netherlands 0318 540666  
New Zealand 64 9 415 2280  Norway 23 38 41 30  Poland 48 22 331 99 99  Portugal 351 21 472 7700  Russia 7 495 721 14 04  
Singapore 65 6415 3188  South Africa 27 861 246 723  Spain 34 91 590 5200  Sweden 08 555 12700  Switzerland 061 717 95 55  
Taiwan 886 2 2578 7189  Thailand 800 88 22 88   United Kingdom 020 8328 2000

References 
Burghardt R, et al. (1994). Application of cellular fluorescence imaging for 
in vitro toxicology testing. In Principles and Methods of Toxicology, 3rd Ed., 
Hayes AW, ed.  pp. 1231–1258. 

Jones KH and Senft JA (1985). An improved method to determine cell viability 
by simultaneous staining with fluorescein diacetate-propidium iodide.  
J Histochem Cytochem 33(1), 77–9.

Millard P et al. (1997). Fluorescence-based methods for microbiological 
characterization and viability assessment. Biotechnol Intl 1, 273–279.  

St John PA, et al. (1986). Analysis and isolation of embryonic mammalian 
neurons by fluorescence-activated cell sorting. J Neurosci 6(5), 1492–1512. 

St John PA, et al. (1982). Alternative fluorochromes to ethidium bromide for 
automated read out of cytotoxicity tests. J Immunol Methods 52(1), 91–96. 

Dive C, et al. (1990). Multiparametric analysis of cell membrane permeability  
by two colour flow cytometry with complementary fluorescent probes. 
Cytometry 11(2), 244–252.

Ford SR, et al. (1996). Use of firefly luciferase for ATP measurement: other 
nucleotides enhance turnover. J Biolumin Chemilumin. 11(3), 149–167.

Gratzner, HG (1982). Monoclonal antibody to 5-bromo- and 
5-iododeoxyuridine: A new reagent for detection of DNA replication.  
Science 218(4571), 474–475.

Tominaga, H (1999). A water-soluble tetrazolium salt useful for colorimetric  
cell viability assay. Anal Commun 36, 47–50.

Studinski, G (2000). Cell Growth, Differentiation and Senescence  
(Oxford University Press).

Mather JP and Roberts PE (1998). Introduction to cell and tissue culture 
(Plenum Press).

Abbreviations
ATP adenosine 5'-triphosphate

WST-1   4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-
tetrazolio]-1,3-benzene disulfonate

XTT   2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]-2H-
tetrazolium-5-carboxanilide

MTT  3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 
bromide


