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Toxicity

• Toxicity is the potential of a chemical to induce an adverse

effect in a living organism.

• Toxicity is the degree to which a substance can damage an

organism.

• Toxicity can refer to the effect on a whole organism, such as

an animal, bacterium, or plant, as well as the effect on a

substructure of the organism, such as a cell (cytotoxicity) or

an organ such as the liver (hepatotoxicity).



Cytotoxicity

• Cytotoxicity is a general term that describes the

detrimental effects of substances or

environmental changes on cell health.

• Exposure of cells to a cytotoxic stimulus may

compromise metabolic activity, inhibit cell growth

or division or ultimately produce cell death.



• Viability levels and/or proliferation rates of cells are  

good indicators of cell health.

• Physical and chemical agents can affect cell health  

and metabolism.



• These agents may cause toxicity on cells via different  

mechanisms such as;

• destruction of cell membranes,

• prevention of protein synthesis,

• irreversible binding to receptors,

• inhibition of polydeoxynucleotide



Cell Viability and ToxicityTests

• In vitro cell viability and cytotoxicity assays with cultured
cells are widely used for cytotoxicity tests of chemicals
and for drug screening.

• Application of these assays has been of increasing
interest over recent years.

• Currently, these assays are also used in oncological
researches to evaluate both compound toxicity and
tumor cell growth inhibition during drug development.



Cell Viability and ToxicityTests

• Because, they are rapid, inexpensive and do not

require the use of animals. Furthermore, they are

useful for testing large number of samples.

• They have also advantages of reduced cost and

potential for automation, and tests using human

cells may be more relevant than some in vivo animal

tests











Cell ViabilityTests

1. Qualitative Tests

2. Quantitative Tests













QuantitativeTests

1.Dye exclusion: Trypan blue, eosin, Congo red, erythrosine B

assays.

2.Colorimetric assays: MTT assay, MTS assay, XTT assay, WST-1

assay, WST-8 assay, LDH assay, SRB assay, NRU assay and crystal

violet assay.

3. Fluorometric assays: Alamar Blue assay and CFDA-AM assay.

4. Luminometric assays: ATP assay and real-time viability assay.



1. Dye exclusionassays

• The simplest and widely used one of the methods is dye exclusion

method. In dye exclusion method, viable cells exclude dyes, but dead

cells not exclude them.

• Determination of membrane integrity is possible via dye exclusion

method.

• A variety of such dyes have been employed, including eosin, Congo

red, erythrosine B, and trypan blue.

• Of the dyes listed, trypan blue has been used the most extensively



Trypan blue dye exclusionassay

• Trypan blue dye exclusion assay is based on the

principle that live cells possess intact cell

membranes that exclude this dye, whereas dead

cells do not.

• Viable cells will have a clear cytoplasm,

whereas dead cells will have a blue cytoplasm



Trypan blue dye exclusionassay



Trypan blue dye exclusionassay

• Number of viable and/or dead cells per unit volume

is determined by light microscopy as a percentage

of untreated control cells



Trypan blue dye exclusionassay

• Advantages: This method is simple, inexpensive,

and a good indicator of membrane integrity and

dead cells are colored blue within seconds of

exposure to the dye.



2. Colorimetricassays
• Principle of colorimetric assays is the measurement of a

biochemical marker to evaluate metabolic activity of the

cells.

• Reagents used in colorimetric assays develop a color in

response to the viability of cells, allowing the colorimetric

measurement of cell viability via spectrophotometer.

• Colorimetric assays are applicable for adherent or

suspended cell lines, easy to perform, and comparably

economical















MTT Assay

• Advantages: This method is far superior to the

because it is easy to

previously mentioned dye exclusion methods

use, safe, has a high

reproducibility, and is widely used to determine  

both cell viability and cytotoxicity tests











Neutral RedDye

• Neutral red uptake depends on the capacity of cells
to maintain pH gradients through the ATP
production. At physiological pH, net charge of the
dye is zero.
• This charge enables the dye to penetrate the cell

membranes. Inside the lysosomes, there is a proton
gradient to maintain a pH lower than that of the
cytoplasm.



• Thus, the dye becomes charged and is retained

inside the lysosomes. When the cell dies or pH

gradient is reduced, the dye cannot be retained















• Advantages: Reliability, speed, and simple

evaluation are some of characteristics of this assay.

Because, the loss of intracellular LDH and its

release into the culture medium is an indicator of

irreversible cell death due to cell membrane

damage



3. Fluorometricassays

• Fluorometric assays of cell viability and cytotoxicity are easy to

perform with the use of a fluorescence microscope, fluorometer,

fluorescence microplate reader or flow cytometer, and they offer

many advantages over traditional dye exclusion and colorimetric

assays.

• Fluorometric assays are also applicable for adherent or suspended

cell lines and easy to use. These assays are more sensitive than

colorimetric assays.



Alamar Blue (AB)assay

• The AlamarBlue assay is based on the conversion of

the pink fluorescent resoruin  

and other enzymes such

the blue nonfluorescent dye resazurin, which is

by  

as

converted to

mitochondrial

diaphorases



• Color of this compound is blue and it is  
cells, resazurin isnonluorescent. After entering

reduced to resoruin.
• Resorufin is red in highly luorescentcolor and

cells convert continuouslycompound. Viable
resazurin to resofurin, increasing overall
fluorescence and color of the cell culture medium.
• The quantity of produced resofurin is related to the  

number of viable cells.







Apoptosis vs.Necrosis
• Necrosis

• Toxicity-induced cell death.
• Requires no energy, passive.
• Cells swell and then karyolysis (dissolution of the chromatin and nucleus -

DNase).
• Release of cellular contents may cause inflammation.

• Apoptosis
• ‘Stimulation’-induced cell death.
• Energy required.
• Cell shrinkage, then pyknosis (chromatin condenses), followed by karyorrhexis  

(fragmentation of the nucleus).
• Do not release cellular contents and are readily phagocytosed by  

macrophages.



Apoptosis vs.Necrosis



Annexin V and Propidium iodide are the stains  

demonstrating cellular apoptosis





TUNEL Test



TUNEL Test



• Luminometric assays provide fast and simple
determination of cell proliferation and cytotoxicity
in mammalian cells. These assays can be performed
in a convenient 96-well and 384- well microtiter
plate format and detection by luminometric
microplate reader
• A remarkable feature of the luminometric assays is

the persistent and stable glow-type signal
produced after reagent addition. This atribute can
be harnessed to produce both viability and
cytotoxicity values from the same well

Luminometric Assays



ATPassay

• ATP (adenosine tri-phosphate) represents the most

important chemical energy reservoir in cells and is

used for biological synthesis, signaling, transport,

and movement processes. Therefore, cellular ATP is

one of the most sensitive end points in measuring

cell viability



ATPassay



• When cells damaged lethally and lose membrane

integrity, they lose the ability to synthetize ATP

and the ATP level of cells decreases dramatically

• The ATP assay is based on the reaction of luciferin

to oxyluciferin. Enzyme luciferase catalyzes this

reaction in the presence of Mg2+ ions and ATP

yielding a luminescent signal.

ATPassay







• Advantages: ATP assay is the fastest cell viability

assay to use, the most sensitive, and is less prone to

artifacts than other viability assays. The

luminescent signal reaches steady state and

stabilizes within 10 min after addition of reagent. It

does not have an incubation step for conversion of

substrate into colored compound. This also

eliminates a plate handling step


