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What is a cell line? 

Definition: 

• a cell line is a permanently established cell 
culture, derived from one cell or set of cells of 
the same type, that proliferates indefinitely, in 
an appropriate fresh medium and space. 



Isolation of cell lines from an animal tissue for in vitro culture 

Tissue of interest 

Enzymatic digestion 

Plating in fresh medium 

How to obtain a cell line? 

Dissection 

Primary culture 



Primary culture 

Secundary culture 

Stable culture 

Immortalized or 
cancer cells 

Senescence and death 

Sub-culture 

Sub-culture and 
selection 

Limited sub-culture Sub-culture: loss of 
control of cell growth 

neurons myoblasts fibroblasts 

CELL LINE 



Advantages in using cell lines: 
•homogeneity 
•continuous growth 
•ease manipulation 

Useful experimental models to study toxic 
effects of chemicals, mutagens, drugs and 
environmental contaminants, both as pure 
substances or combined in heterogeneous 
mixtures from different matrices (soil, 
water, food, etc)  



Eukaryotic cell cycle 

Cell population growth 

cycle of a human cell: 
duration of 24 h 



Cytotoxicity:  
Definition:  
•The potential of a compound to induce cell death, as a consequence 
of damage of cellular basic functions 
 
In vitro tests aim to evaluate: 
•Necrosis 
•Apoptosis 
•Cell cycle dysregulation 
 
 
 
 
We can distinguish: 
Acute cytotoxicity: effects induced after about 24 h of treatment 
Chronic cytotoxicity: effects induced by prolonged exposure 



 

Genotoxicity:  
Definition:  
•The potential of a compound to induce damage to DNA, including 
chromosome alteration and gene mutation 



Basic methods to evaluate cytotoxicity: 

 

• Trypan blue dye exclusion test 

• Crystal violet test 

• MTT assay 

• LDH release 

Eisembrand G et al. Methods of in vitro toxicology. Food and Chemical Toxicology 20 
(2002) 193-236. 



Trypan blue dye exclusion test 
 
Toluidine derivative which only stains dead cells in a cell suspension 
 
 
 
 
 
Dead cells – blue 
Living cells – white 
 

Burker chamber 

Cell viability = (n. of living cells/n. of total cells) x 100 



Crystal violet test 
 
Triarylmethane dye which binds DNA. 
 
Useful to detect the density of adherent 
cells into a well. Detached (dead) cells are 
removed. 
 
Cell density is quantified by measuring  
absorbance at 595 nm. 
 

Higher is the absorbance, more viable 
cells are present into the well 



MTT assay test 

Absorbance at  570 nm 
gives an estimation of cell 
viability 

Colorimetric assay, performed in microplate, monitoring the cell metabolic 
activity by the evaluation of the activity of mithocondrial oxidoreductases. 
Based on a tetrazolium dye (MTT) which is converted by these enzymes into 
formazan, a violet dye, by viable cells only. 

Formazan 
Formazan violet 

Higher is the absorbance, 
more viable cells are present 
into the well 



LDH release test 

Lactate dehydrogenase is a cytosolic enzyme which is released from damaged cells. 
The presence of LDH in the medium is evaluated by a coupled enzymatic assay. 

Absorbance at  590 nm gives an 
estimation of the residual cell viability 

Higher is the absorbance, less viable cells 
are present into the well 

Tetrazolium salt 

Red Formazan 



Methods to evaluate mechanisms of cytotoxicity: 

 

• Apoptosis 

• Reactive oxigen species (ROS) production 

• ER-stress or inflammation induction 

• Alteration of specific transcriptional and proteic 
expression patterns, which are characteristic of a 
biological response 

 

 



Caspase -3 activity assay to test apoptosis 

•In the assay, caspase-3 recognizes a 
tetrapeptide linked to aminoluciferin. 
•Upon activation of the enzyme 
aminoluciferin is liberated and used 
by luciferase to product light.  
•Light intensity gives an estimation of 
cell apoptosis. 



Basic methods to evaluate genotoxicity: 

 

• Ames test (in bacteria) 

• Chromosome aberrations assay 

• COMET assay 

 

 

 

Corvi and Madia. In vitro genotoxicity testing – Can performance be enhanced? Food 
and Chemical Toxicology 106 (2017) 600-608. 



Chromosome aberrations assay 

•Sensitive method to 
predict environmental 
mutagens and carcinogens 
 
•Cells are exposed to the 
potential genotoxic 
substance for a given 
period, then treated with a 
methapase-arresting agent, 
harvested, stained and 
observed by a microscope 
to detect the occurence of 
chromosome structural 
aberrations 
 



“COMET assay” 
Single Cell Gel Electrophoresis assay (SCGE) 

 
•The name refers to the microscopic image obtained after a microgel-
electrophoresis of DNA from a single cell. 
•The method allows to measure DNA strand breaks in eukaryotic cells.  

head 

tail 

Broken DNA is free to migrate far from the 
nuclear matrix (the “head”) generating a 
“comet tail”  

The extension of the tail and 
its fluorescence intensity are 
integrated in a “moment tail 
value” proportional to the 
number of DNA breaks 



Examples from recent literature of cytotoxicity and 
genotoxicity induced by emerging contaminants 

 
 
•4-nonylphenol: a detergent widely employed in 
industry, representing a common environmental 
contaminant present in waste waters and sediments, and 
also in drinking water and food.  
 
•Haloacetamides: a class of nitrogenous byproducts 
from chloramines disinfection of drinking water. 
 
 



•Caco-2 cells (human intestinal cell 
line) 
•Cytotoxicity evaluated by the 
MTT test 
•Mechanism of action: studies on 
apoptosis and ER-stress  



MTT assay: 
Dose-dependent reduction 
of cell viability 

Caspase-3 assay: 
induction of apoptosis 

ER-stress induction 



•13 haloacetamides identified as disinfection 
byproducts tested on CHO cells (chinese 
hamster ovary cells) 
•Cytotoxicity evaluated by the crystal violet test 
•Genotoxicity evaluated by the COMET assay 



Crystal violet test: 
reduction of cell density in a 
dose dependent-manner; 
each halocetamide  is 
effective in a different range 
of concentrations. 

Comet assay: 
Increased dose-dependent 
DNA damage well 
correlating with  
cytotoxicity 



Conclusions 

• Eukaryotic (mammalian) cells are a useful tool to investigate 
acute and chronic cytotoxicity and genotoxicity of a wide range 
of compounds presenting risks for human health 

 

• To date, a lot of methods and commercial kits are available for 
researchers to investigate toxicity of virtually all classes of 
substances present in various matrices 



Thank you! 


