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Introduction 

Tissue Culture is the growth of tissues or cells 

in an artificial medium separate from the 

organism. This is typically facilitated via the 

use of a liquid, semi-solid, or solid growth 

medium, such as broth or agar. 

 



History of tissue 

culture 

The 19th-century English physiologist Sydney Ringer developed salt solutions containing the 

chlorides of sodium, potassium, calcium and magnesium suitable for maintaining the beating of an 

isolated animal heart outside the body. In 1885, Wilhelm Roux removed a portion of the medullary 

plate of an embryonic chicken and maintained it in a warm saline solution for several days, 

establishing the principle of tissue culture. Ross Granville Harrison, working at Johns Hopkins 

Medical School and then at Yale University, published results of his experiments from 1907 to 1910, 

establishing the methodology of tissue culture. 

Cell culture techniques were advanced significantly in the 1940s and 1950s to support research 

in virology. Growing viruses in cell cultures allowed preparation of purified viruses for the 

manufacture of vaccines. The injectable polio vaccine developed by Jonas Salk was one of the first 

products mass-produced using cell culture techniques. This vaccine was made possible by the cell 

culture research of John Franklin Enders, Thomas Huckle Weller, and Frederick Chapman Robbins, 

who were awarded a Nobel Prize for their discovery of a method of growing the virus in 

monkey kidney cell cultures. 

 



Some terms 

frequently used in 

tissue culture 

Along with brief synopses  



1. Cell culture 

Cell culture is the process by which cells are grown under controlled conditions, 

generally outside their natural environment. After the cells of interest have 

been isolated from living tissue, they can subsequently be maintained under 

carefully controlled conditions. These conditions vary for each cell type, but 

generally consist of a suitable vessel with a substrate or medium that supplies 

the essential nutrients (amino-acids, carbohydrates, vitamins, minerals), growth 

factors, hormones, and gases (CO2, O2), and regulates the physio-chemical 

environment (pH buffer, osmotic pressure, temperature). Most cells require a 

surface or an artificial substrate (adherent or monolayer culture) whereas others 

can be grown free floating in culture medium (suspension culture). The lifespan 

of most cells is genetically determined, but some cell culturing cells have been 

“transformed” into immortal cells which will reproduce indefinitely if the optimal 

conditions are provided. 



2. Primary cell culture 

This is the first culture (a freshly isolated cell culture) or a culture which is 

directly obtained from animal or human tissue by enzymatic or mechanical 

methods. These cells are typically slow growing, heterogeneous and carry all the 

features of the tissue of their origin. The primary objective of this culture is to 

maintain the growth of cells on an appropriate substrate, available in the form of 

glass or plastic containers, under controlled environmental conditions.  Since 

they are directly obtained from original tissue they have the same karyotype 

(number and appearance of chromosomes in the nucleus of a eukaryotic cell) as 

the original tissue. Once sub-cultured, primary cell cultures can gives rise to cell 

lines, which may either die after several subcultures (such cell lines are known as 

finite cell lines) or may continue to grow indefinitely (these are called continuous 

cell lines).  



Primary cells which are directly obtained from human or animal 

tissue using enzymatic or mechanical procedures can be classified 

into two types: 

 Anchorage-dependent or adherent cells. Adherent cells are those 

cells which require attachment for growth and are also called 

anchorage-dependent cells. In other words, these cells are capable 

of attaching on the surface of the culture vessel. These types of cells 

are often derived from the tissues of organs, for example from the 

kidney, where the cells are immobile and embedded in connective 

tissue.  

 Anchorage-independent or suspension cells. Suspension cells do 

not require attachment or any support for their growth and are also 

called anchorage independent cells. All suspension cells are isolated 

from the blood system, for example white blood cell lymphocytes, 

and are suspended in plasma. 



3. SECONDARY CELL 

CULTURE 

This simply refers to the first passaging of cells, a switch to a 
different kind of culture system, or the first culture obtained 
from a primary culture. This is usually carried out when cells 
in adherent cultures occupy all the available substrate or 
when cells in suspension cultures surpass the capacity of the 
medium to support further growth, and cell proliferation 
begins to decrease or ceases completely. So as to maintain 
optimal cell density for continued growth and to encourage 
further proliferation, the primary culture has to be 
subcultured. This process is known as secondary cell 
culture. 



Differences between primary and 

secondary cell culture  

Primary Cell Culture Secondary Cell Culture 

1. Directly obtained from animal or 

plant tissue. 

1. Originates from a primary 

cell culture. 

2. Closely resembles the parental 

tissue. 

2. Does not closely resemble 

the parental tissue. 

3. The biological response of the cell 

may be closer 

to that in an in vivo environment. 

3. The biological response of 

the cell differs from 

that an in vivo environment. 

4. The first cultured cells are derived 

from original cells/ tissue (from an in 

vivo environment). 

4. Derived from an existing 

culture. 



Primary Cell Culture Secondary Cell Culture 

5. Cannot be transformed 5. Can be transformed. 

6. Less chance of mutation. 6. Can increase the chance of mutation or 

genetic alteration of primary cells. 

7. Acquired through steps of 

rinsing, dissection, 

and mechanical or enzymatic 

disaggregation. 

7. If the primary culture is an adherent 

culture, the first step is to detach cells from 

the Attachment (the surface of the culture 

vessel) by mechanical or enzymatic means. 

Then, the cells have to be detached from each 

other to form a single-cell suspension. 

8. Finite life span. 8. Prolongs the life span of cells. Periodic 

subculturing may produce immortal cells 

through transformation or genetic alteration of 

primary cells. 

9. The risk of contamination is 

high. More difficult to maintain. 

9. The risk of contamination is lower. 

Comparatively easy to maintain. 



TWO IMPORTANT TERMS 

Cell line: Once a primary culture is sub-cultured or passaged it represents a cell line. 

A cell line that experiences indefinite growth of cells during subsequent subculturing is 

called a continuous cell line, whereas finite cell lines experience the death of cells after 

several subcultures. 

Cell strain: A cell line is a permanently established cell culture which will proliferate 

forever if a suitable fresh medium is provided continuously, whereas cell strains have 

been adapted to culture but, unlike cell lines, have a finite division potential. A cell 

strain is obtained either from a primary culture or a cell line. This is done by selection 

or cloning of those particular cells having specific properties or characteristics (e.g. 

specific function or karyotype) which must be defined. 



Concepts in 

mammalian cell 

culture 

Vital Concepts in Zoological Tissue 

Culture  



Isolation of cells 

Cells can be isolated from solid tissues by digesting the 

extracellular matrix using enzymes such as collagenase, trypsin, 

or pronase, before agitating the tissue to release the cells into 

suspension. Alternatively, pieces of tissue can be placed 

in growth media, and the cells that grow out are available for 

culture. This method is known as explant culture. Cells that are 

cultured directly from a subject are known as primary cells 



Maintaining cells in 

culture 

For the majority of isolated primary cells, they undergo the 
process of senescence and stop dividing after a certain number 
of population doublings while generally retaining their viability 
(described as the Hayflick limit). 

Cells are grown and maintained at an 
appropriate temperature and gas mixture (typically, 37 °C, 
5% CO2 for mammalian cells) in a cell incubator. Culture 
conditions vary widely for each cell type, and variation of 
conditions for a particular cell type can result in 
different phenotypes. 

 



Aside from temperature and gas mixture, the most 

commonly varied factor in culture systems is the 

cell growth medium. Recipes for growth media can vary 

in pH, glucose concentration, growth factors, and the 

presence of other nutrients. The growth factors used to 

supplement media are often derived from the serum of 

animal blood, such as fetal bovine serum (FBS), bovine 

calf serum, equine serum, and porcine serum. One 

complication of these blood-derived ingredients is the 

potential for contamination of the culture with viruses 

or prions, particularly in medical biotechnology 

applications.  



Plating density 

Plating density is the number of cells per volume 

of culture medium. It plays a critical role for some 

cell types. For example, a lower plating density 

makes granulosa cells exhibit estrogen production, 

while a higher plating density makes them appear 

as progesterone-producing theca lutein cells. 

 



Cells can be grown either in suspension or adherent 

cultures. Some cells naturally live in suspension, 

without being attached to a surface, such as cells that 

exist in the bloodstream. There are also cell lines that 

have been modified to be able to survive in suspension 

cultures so they can be grown to a higher density than 

adherent conditions would allow. Adherent cells require 

a surface, such as tissue culture plastic or microcarrier, 

which may be coated with extracellular matrix (such as 

collagen and laminin) components to increase adhesion 

properties and provide other signals needed for growth 

and differentiation. Most cells derived from solid tissues 

are adherent.  



Components of cell culture 

media 

Component Function 

Carbon source 

(glucose/glutamine) 
Source of energy 

Amino acid Building blocks of protein 

Vitamins Promote cell survival and growth 

Balanced salt solution 

An isotonic mixture of ions to maintain optimum osmotic 

pressure within the cells and provide essential metal ions to act 

as cofactors for enzymatic reactions, cell adhesion etc. 

Phenol red dye 
pH indicator. The color of phenol red changes from orange/red at pH 

7–7.4 to yellow at acidic (lower) pH and purple at basic (higher) pH. 

Bicarbonate /HEPES buffer It is used to maintain a balanced pH in the media 



Parameter 

Temperature 37  °C 

CO2 5% 

Relative Humidity 95% 

Typical Growth conditions 



Cell line cross-

contamination 

To address this problem of cell line cross-contamination, 

researchers are encouraged to authenticate their cell lines at an 

early passage to establish the identity of the cell line. 

Authentication should be repeated before freezing cell line stocks, 

every two months during active culturing and before any 

publication of research data generated using the cell lines. Many 

methods are used to identify cell lines, 

including isoenzyme analysis, human lymphocyte antigen (HLA) 

typing, chromosomal analysis, karyotyping, morphology and STR 

analysis. 

 



Technical problems in 

cell culture 

As cells generally continue to divide in culture, they generally grow to fill the 
available area or volume. This can generate several issues: 

Nutrient depletion in the growth media 

Changes in pH of the growth media 

Accumulation of apoptotic/necrotic (dead) cells 

Cell-to-cell contact can stimulate cell cycle arrest, causing cells to stop dividing, 
known as contact inhibition. 

Cell-to-cell contact can stimulate cellular differentiation. 

Genetic and epigenetic alterations, with a natural selection of the altered cells 
potentially leading to overgrowth of abnormal, culture-adapted cells with 
decreased differentiation and increased proliferative capacity. 

 



Manipulation of 

cultured cells 

Among the common manipulations carried out on culture cells are media 

changes, passaging cells, and transfecting cells. These are generally performed 

using tissue culture methods that rely on aseptic technique. Aseptic technique 

aims to avoid contamination with bacteria, yeast, or other cell lines. 

Manipulations are typically carried out in a biosafety cabinet or laminar flow 

cabinet to exclude contaminating micro-organisms. Antibiotics (e.g. penicillin 

and streptomycin) and antifungals (e.g.amphotericin B and Antibiotic-

Antimycotic solution) can also be added to the growth media. 

As cells undergo metabolic processes, acid is produced and the pH decreases. 

Often, a pH indicator is added to the medium to measure nutrient depletion. 

 



Media changes 

In the case of adherent cultures, the media can 

be removed directly by aspiration, and then is 

replaced. Media changes in non-adherent 

cultures involve centrifuging the culture and 

re-suspending the cells in fresh media. 

 



Passaging cells 

Passaging (also known as subculture or splitting cells) involves 

transferring a small number of cells into a new vessel. Cells can be 

cultured for a longer time if they are split regularly, as it avoids the 

senescence associated with prolonged high cell density. Suspension 

cultures are easily passaged with a small amount of culture containing a 

few cells diluted in a larger volume of fresh media. For adherent cultures, 

cells first need to be detached; this is commonly done with a mixture 

of trypsin-EDTA; however, other enzyme mixes are now available for this 

purpose. A small number of detached cells can then be used to seed a new 

culture. Some cell cultures, such as RAW cells are mechanically scraped 

from the surface of their vessel with rubber scrapers. 

 



Transfection and 

transduction 

Another common method for manipulating cells involves the 

introduction of foreign DNA by transfection. This is often 

performed to cause cells to express a gene of interest. More 

recently, the transfection of RNAi constructs have been realized 

as a convenient mechanism for suppressing the expression of a 

particular gene/protein. DNA can also be inserted into cells 

using viruses, in methods referred to as transduction, infection 

or transformation. Viruses, as parasitic agents, are well suited to 

introducing DNA into cells, as this is a part of their normal 

course of reproduction. 

 



Applications of 

cell culture 

With special synopses on Tissue 
Engineering and Vaccine Production 



Mass culture of animal cell lines is fundamental to the manufacture of viral vaccines and 

other products of biotechnology. Culture of human stem cells is used to expand the 

number of cells and differentiate the cells into various somatic cell types for 

transplantation. Stem cell culture is also used to harvest the molecules and exosomes 

that the stem cells release for the purposes of therapeutic development. 

Biological products produced by recombinant DNA (rDNA) technology in animal cell 

cultures include enzymes, synthetic hormones, immunobiologicals (monoclonal 

antibodies, interleukins, lymphokines), and anticancer agents. Although many simpler 

proteins can be produced using rDNA in bacterial cultures, more complex proteins that 

are glycosylated (carbohydrate-modified) currently must be made in animal cells. An 

important example of such a complex protein is the hormone erythropoietin. The cost of 

growing mammalian cell cultures is high, so research is underway to produce such 

complex proteins in insect cells or in higher plants, use of single embryonic cell 

and somatic embryos as a source for direct gene transfer via particle bombardment, 

transit gene expression and confocal microscopy observation is one of its applications. It 

also offers to confirm single cell origin of somatic embryos and the asymmetry of the first 

cell division, which starts the process. Cell culture is also a key technique for cellular 

agriculture, which aims to provide both new products and new ways of producing existing 

agricultural products like milk, (cultured) meat, fragrances, and rhino horn from cells and 

microorganisms. It is therefore considered one means of achieving animal-free 

agriculture. It is also a central tool for teaching cell biology. 



Tissue culture and engineering: 

Cell culture is a fundamental component of tissue 

culture and tissue engineering, as it establishes the basics of 

growing and maintaining cells in vitro. The major application of 

human cell culture is in stem cell industry, where mesenchymal 

stem cells can be cultured and cryopreserved for future use. Tissue 

engineering potentially offers dramatic improvements in low cost 

medical care for hundreds of thousands of patients annually. 

Vaccines: 

Vaccines for polio, measles, mumps, rubella, and chickenpox are 

currently made in cell cultures. Due to the H5N1 pandemic threat, 

research into using cell culture for influenza vaccines is being 

funded by the United States government. Novel ideas in the field 

include recombinant DNA-based vaccines, such as one made using 

human adenovirus (a common cold virus) as a vector, and novel 

Adjuvant. 


