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Abstract

Cell culture involves a complex of processes of cell isolation from their natural environment (in vivo)
and subsequent growth in a controlled environmental artificial condition (in vitro). Cells from
specific tissues or organs are cultured as short term or established cell lines which are widely used
for research and diagnosis, most specially in the aspect of viral infection, because pathogenic viral
isolation depends on the availability of permissible cell cultures. Cell culture provides the required
setting for the detection and identification of numerous pathogens of humans, which is achieved via
virus isolation in the cell culture as the “gold standard” for virus discovery.

Introduction

Cell culture is a fundamental technique used in various fields of biological research and
biotechnology. It involves the growth and maintenance of cells in a controlled laboratory
environment, providing an artificial system that allows researchers to study cellular behavior,
function, and responses under controlled conditions. Cell culture has revolutionized our
understanding of cell biology, disease mechanisms, drug development, and tissue engineering.

The process of cell culture typically begins with the isolation of cells from a tissue or
organism of interest. These cells are then cultured in vitro, meaning outside of their natural
environment, in specialized containers called culture dishes or flasks. The cells are placed in a
suitable growth medium, which contains all the necessary nutrients, growth factors, and signaling
molecules required for their survival and proliferation.

The growth medium is carefully formulated to mimic the physiological conditions that cells
would experience in their natural environment. It usually consists of a balanced mixture of salts,
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amino acids, vitamins, sugars, and other components necessary for cell growth. Additionally, serum,
such as fetal bovine serum, may be added to provide essential proteins and factors that support cell
growth.

Maintaining a sterile environment is crucial in cell culture to prevent contamination by
bacteria, fungi, or other microorganisms that could compromise the integrity of the culture.
Therefore, strict aseptic techniques are employed, including working in a laminar flow hood, using
sterilized equipment, and regularly testing for contamination.

Cells in culture require a controlled environment to thrive. This typically involves
maintaining specific temperature, humidity, and carbon dioxide (CO2) levels to mimic physiological
conditions. Specialized incubators are used to provide these optimal conditions, ensuring the cells'
viability and growth.

Cell culture techniques can be classified into two broad categories: primary cell culture and
cell lines. Primary cell culture involves culturing cells directly derived from tissues or organs,
providing a more representative model of the in vivo system. On the other hand, cell lines are
immortalized cells that have undergone genetic modifications or acquired the ability to proliferate
indefinitely in culture. Cell lines are widely used due to their convenience and availability, although
they may not fully recapitulate the characteristics of the original tissue.

Cell culture is a versatile tool with numerous applications in biomedical research. It allows
scientists to investigate cell behavior, cellular responses to stimuli, cell signaling pathways, and the
effects of drugs or toxins. It also plays a vital role in producing biological molecules, such as
therapeutic proteins or vaccines, through large-scale production of cells in bioreactors.

In summary, cell culture is a powerful technique that enables the growth and study of cells in a
controlled laboratory environment. It has revolutionized our understanding of cellular biology,
disease mechanisms, and drug development, and continues to be an essential tool in various scientific
and medical fields.

Cell Culture Technique

There are several types of cell culture techniques, each serving different purposes and
applications. Here are some common types of cell culture:

1. Adherent Cell Culture: Adherent cell culture involves growing cells that require attachment
to a surface for growth and proliferation. These cells adhere to the culture vessel, such as a
petri dish or flask, and form a monolayer. Examples of adherent cell types include fibroblasts,
epithelial cells, and endothelial cells.

2. Suspension Cell Culture: Suspension cell culture involves growing cells that can thrive and
proliferate in a suspended state without requiring attachment to a surface. These cells are typically
grown in culture vessels such as flasks or bioreactors that allow for efficient mixing and aeration
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of the culture medium. Suspension cell culture is commonly used for culturing immune cells,
lymphocytes, and certain types of cancer cells.

3. Primary Cell Culture: Primary cell culture involves the isolation and culture of cells directly
derived from tissues or organs. These cells maintain their original characteristics and closely
resemble the in vivo environment. Primary cell cultures are often used to study cell behavior, tissue
development, and disease models. However, they have a limited lifespan and can undergo
senescence after a few passages.

4. Cell Line Culture: Cell line culture involves the growth of immortalized cells that have undergone
genetic modifications or acquired the ability to proliferate indefinitely. These cell lines are derived
from primary cells but have been altered to bypass senescence and possess an unlimited growth
potential. Cell lines are widely used in research and biotechnology due to their convenience and
availability. Well-known examples include HeLa cells, HEK293 cells, and CHO cells (Chinese
Hamster Ovary cells).

5. Organoid Culture: Organoid culture involves the growth of three-dimensional structures that
resemble specific organs or tissues. Organoids are derived from primary cells or stem cells and can
recapitulate the architecture and functionality of the original organ to a certain extent. They are
valuable tools for studying organ development, disease modeling, and drug screening.

6. Co-Culture: Co-culture involves culturing two or more different cell types together in the same
culture system. This technique allows researchers to study cell-cell interactions, cell signaling, and
complex cellular responses in a more physiologically relevant context. Co-culture can involve
different cell types from the same tissue or different tissues altogether.

7. 3D Cell Culture: 3D cell culture techniques aim to recreate the three-dimensional architecture and
microenvironment found in vivo. These cultures can involve scaffolds, hydrogels, or other support
structures that provide a matrix for cells to grow and interact. 3D cell cultures are advantageous for
studying cell behavior, tissue development, and drug screening, as they better mimic the in vivo
environment compared to traditional two-dimensional cultures.

Cell Culture Application

Cell culture has numerous applications across various fields, including biomedical research,
biotechnology, pharmaceutical development, and regenerative medicine. Here are some common
applications of cell culture:

1. Basic Cell Biology Research: Cell culture is extensively used in basic research to study
fundamental cellular processes, such as cell division, differentiation, metabolism, and gene
expression. Cultured cells provide a controlled and reproducible system for investigating
cellular mechanisms.
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2. Drug Discovery and Development: Cell culture plays a crucial role in drug discovery and
development. Researchers can use cultured cells to test the efficacy, toxicity, and side effects
of potential drug candidates before conducting animal or clinical trials. Cell culture models
can provide valuable insights into drug absorption, distribution, metabolism, and excretion.

3. Disease Modeling: Cell culture allows scientists to create disease models by culturing cells
derived from patients with specific diseases. These models, known as "in vitro disease
models," enable researchers to study disease mechanisms, screen potential drugs, and develop
personalized medicine approaches. Examples include cancer cell lines, neuronal cell cultures
for neurodegenerative diseases, and hepatocyte cultures for liver diseases.

4. Vaccine Development: Cell culture is essential for vaccine production. Viruses or bacteria
used in vaccines are often grown in cell cultures to generate large quantities of the infectious
agents. Cell culture systems, such as Vero cells for polio vaccine or chicken embryonic cells
for influenza vaccine, provide a controlled environment for efficient viral replication.

5. Tissue Engineering and Regenerative Medicine: In tissue engineering, cell culture is used
to grow and manipulate cells outside the body to create functional tissues and organs.
Researchers can seed cells onto biodegradable scaffolds in the culture dish, allowing the cells
to proliferate and differentiate into specific tissue types. These engineered tissues can
potentially be used for transplantation or as models for studying tissue development and
disease progression.

6. Toxicity Testing: Cell culture is employed in toxicity testing to assess the potential adverse
effects of chemicals, drugs, or environmental factors on living cells. By exposing cultured
cells to various substances, scientists can evaluate cell viability, proliferation, and specific
cellular responses, helping to identify and understand potential hazards.

7. Bioproduction: Cell culture is used for large-scale production of biopharmaceuticals, such
as recombinant proteins, monoclonal antibodies, and vaccines. Cultured cells, such as
Chinese hamster ovary (CHO) cells or human embryonic kidney (HEK) cells, are genetically
modified to express the desired protein or vaccine antigen and are grown in bioreactors to
produce high yields of the desired product.

Difficulties and their prevention in cell culture: -

Cell culture is a fundamental technique used in various fields of research, including biomedical,
pharmaceutical, and biotechnological applications. However, there can be several difficulties
associated with cell culture, which can impact the success and reproducibility of experiments. Here
are some common difficulties encountered in cell culture and prevention measures:
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Contamination: Contamination with bacteria, fungi, yeast, or other cell lines is a significant
challenge in cell culture. It can lead to unreliable results and the loss of valuable cell lines.
To prevent contamination:

e Practice strict aseptic techniques, including proper handwashing, wearing sterile
gloves, and working in a laminar flow hood.
e Regularly clean and disinfect the cell culture hood, incubators, and other equipment.
o Test and quarantine new cell lines or reagents before introducing them into the cell
culture environment.
« Use antibiotics, antifungal agents, or other appropriate agents in the culture media, if
necessary.
Cell line misidentification: Accidental misidentification or cross-contamination of cell lines
can occur, leading to erroneous results and wasted efforts. To prevent cell line

misidentification:

e Authenticate cell lines regularly using techniques such as DNA profiling, short
tandem repeat (STR) analysis, or other reliable methods.

« Maintain a detailed record of the origin and passage history of each cell line.

« Handle and store cell lines separately to avoid cross-contamination.

Cell adhesion and growth issues: Certain cell lines may have difficulties adhering to the
culture vessel or growing properly. To address adhesion and growth issues:

o Optimize the culture conditions, including the type of culture vessel, coating materials
(e.g., extracellular matrix proteins), and culture media formulation.

o Adjust the seeding density to achieve an optimal cell density for growth.

o Periodically check and maintain the health of the cell lines, ensuring they are free
from viral infections and genetic alterations.

Cell death and apoptosis: Cells can undergo cell death or apoptosis due to various factors,
including incorrect culture conditions, oxidative stress, or suboptimal handling. To prevent
cell death:

e Optimize the culture conditions, including temperature, pH, humidity, and gas
composition (e.g., CO2 levels).
o Use appropriate culture media and supplements to support cell survival and growth.
« Handle the cells gently during passaging, avoiding excessive pipetting or mechanical
stress.
Cross-contamination between cell lines: Cross-contamination can occur when cells from
different lines come into contact, leading to the contamination of both cultures and compromised
experimental outcomes. To prevent cross-contamination:

o Strictly adhere to proper aseptic techniques and avoid mixing cells from different lines.

o Designate separate areas and equipment for different cell lines, minimizing the risk of
accidental cross-contamination.

e Regularly monitor and confirm the identity of cell lines to ensure their purity.
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6. pH shifts and osmotic stress: Fluctuations in pH or osmolarity can affect cell viability and
functionality. To prevent pH shifts and osmotic stress:

e Maintain proper pH and osmolarity levels in the culture media by regularly monitoring and
adjusting as needed.
o Use appropriate buffering systems to stabilize pH.
o Carefully calculate and adjust the concentration of osmolites (e.g., salts, sugars) in the culture
media.
7. Nutrient depletion and waste accumulation: Over time, cell culture media can become depleted
of essential nutrients, while waste products accumulate, adversely affecting cell growth and function.

To address nutrient depletion and waste accumulation:

e Regularly change the culture media to ensure an adequate supply of nutrients and remove

waste products.
e Optimize the feeding regimen based on the specific requirements of the cell line (e.g., batch

culture, fed
References

Merten O. Virus contaminations of cell cultures — A biotechnological view. Cytotechnology. 2002;39:91—
116

Pan C, Kumar C, Bohl S, Klingmueller U, Mann M. Comparative Proteomic Phenotyping of Cell Lines and
Primary Cells to Assess Preservation of Cell Type-specific Functions. Mol Cell
Proteomics. 2009;8(3):443-450

Strober W. Trypan blue exclusion test of cell viability. Current Protocols in Immunology, Appendix 3B. 2001

1168

Official Website

J% www.thescienceworld.net
b.;ﬂ 5" il @4 thescienceworldmagazine@gmail.com

Published 26.06.2023



http://www.thescienceworld.net/
mailto:thescienceworldmagazine@gmail.com

