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Introduction
Chemical exposure is an everyday reality, with implications for 

human health and the environment. Traditional methods for assessing 
chemical toxicity often rely on animal testing, which can be resource-
intensive and ethically contentious. The increasing recognition of 
animal welfare issues and the need for more efficient testing methods 
have led to the development of in vitro models [1,2]. These systems 
allow for the examination of chemical effects on biological processes 
in a controlled environment, providing insights into mechanisms of 
toxicity and potential health risks.

In vitro models can simulate various aspects of biological systems, 
enabling researchers to investigate cellular responses to chemical 
exposure without the complications associated with whole-organism 
studies. This article reviews the types of in vitro models used in 
toxicology, their applications, and the challenges they face.

Types of In Vitro Models
Cell Lines

Cell lines are one of the most common in vitro models used to assess 
chemical toxicity. These are cultures of cells that can be maintained 
and propagated indefinitely under controlled laboratory conditions. 
Commonly used cell lines in toxicology include:

•	 HeLa Cells: Derived from cervical cancer, HeLa cells are 
used extensively due to their robust growth and susceptibility to a wide 
range of chemicals.

•	
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•	 Tissue Mimicry: 3D cultures better replicate the 
microenvironment of tissues, including cell-cell interactions and 
extracellular matrix components [4].

•	 Enhanced Drug Response: They often exhibit more accurate 
drug responses and toxicity profiles compared to 2D cultures.

Limitations:

•	 Complexity: The preparation and maintenance of 3D 
cultures can be more complex and time-consuming.

•	 Standardization Challenges: Variability in 3D culture 
setups can complicate comparisons across studies.
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