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ANIMAL CELL CULTURE









Cell Culture Media

A growth medium or culture medium is a solid, liquid or semi-solid designed to 
support the growth of microorganisms or cells, or small plants. Different types of 
media are used for growing different types of cells.

In the early years, the natural media obtained from various biological 
sources were used.

Body fluids:
Plasma, serum, lymph, amniotic fluid, ascitic and pleural fluids, aqueous humour
from eyes and insect hemolymph were in common use. These fluids were tested for 
sterility and toxicity before their utility.

Tissue extracts:
Among the tissue extracts, chick embryo extract was the most commonly employed. 
The extracts of liver, spleen, bone marrow and leucocytes were also used as culture 
media. Some workers still prefer natural media for organ culture.

Artificial Media:
The artificial media (containing partly defined components) have been in use for cell 
culture since 1950.



i. The medium should provide all the 
nutrients to the cells.

ii. Maintain the physiological pH around 
7.0 with adequate buffering.

iii. The medium must be sterile, and 
isotonic to the cells.

Minimal of a medium for animal cell cultures

The basis for the cell culture media was the balanced salt solution which was 
originally used to create a physiological pH and osmolarity required to maintain 
cells in vitro. For promoting growth and proliferation of cells, various constituents 
(glucose, amino acids, vitamins, growth factors, antibiotics etc.) were added, and 
several media developed.



BASIC COMPONENTS  OF CULTURE MEDIA 



PHYSICOCHEMICAL PROPERTIES OF CULTURE 
MEDIA

The culture media is expected to possess certain physicochemical properties 
(pH, O2, CO2, buffering, osmolarity, viscosity, temperature etc.) to support 
good growth and proliferation of the cultured cells.

pH:

Most of the cells can grow at a pH in the range of 7.0-7.4, although there are 
slight variations depending on the type of cells (i.e. cell lines). 

The indicator phenol red is most commonly used for visible detection of pH of the 
media.

Its colouration at the different pH is shown below:

At pH 7.4 — Red

At pH 7.0 — Orange

At pH 6.5 — Yellow

At pH 7.8 — Purple



CO2, bicarbonate and buffering:

Carbon dioxide in the medium is in a dissolved state, the concentration of which 
depends on the atmospheric CO2 tension and temperature. CO2 in the medium exists as 
carbonic acid (H2CO3), and bicarbonate (HCO–

3) and H+ ions as shown below.

CO2 + H2O ↔ H2CO3 ↔ H+ + HCO–
3

As is evident from the above equation, the concentrations of CO2, HCO–
3 and pH are 

interrelated. By increasing the atmospheric CO2, the pH will be reduced making the 
medium acidic.

Addition of sodium bicarbonate (as a component of bicarbonate buffer) neutralizes 
bicarbonate ions.

NaHCO3 ↔ Na+ + HCO–
3

In fact, the commercially available media contain a recommended concentration of 
bicarbonate, and CO2 tension for the required pH. In recent years HEPES (hydroxyethyl 
piperazine 2-sulfonic acid) buffer which is more efficient than bicarbonate buffer is being 
used in the culture media.
However, bicarbonate buffer is preferred by most workers because of the low cost, less 
toxicity and nutritional benefit to the medium. This is in contrast to HEPES which is 
expensive, besides being toxic to the cells. The presence of pyruvate in the medium 
results in the increased endogenous production of CO2 by the cells. This is advantageous 
since the dependence on the exogenous supply of CO2 and HCO–

3 will be less.



Oxygen:

A great majority of cells in vivo are 
dependent on the O2 supply for 
aerobic respiration. This is in fact 
made possible by a continuous 
supply of O2 to the tissues by 
hemoglobin. The cultured cells 
mostly rely on the dissolved O2 in 
the medium which may be toxic at 
high concentration due to the 
generation of free radicals. 
Therefore, it is absolutely necessary 
to supply adequate quantities of 
O2 so that the cellular requirements 
are met, avoiding toxic effects.

Some workers add free-radical scavengers (glutathione, mercaptoethanol) to nullify the 
toxicity. Addition of selenium to the medium is also advocated to reduce O2 toxicity. 
This is because selenium is a cofactor for the synthesis of glutathione.

In general, the glycolysis occurring in cultured cells is more anaerobic when compared 
to in vivo cells. Since the depth of the culture medium influences the rate of 
O2 diffusion, it is advisable to keep the depth of the medium in the range 2-5 mm.



Temperature:

In general, the optimal temperature for a given cell culture is 
dependent on the body temperature of the organism, serving as the 
source of the cells. Accordingly, for cells obtained from humans and 
warm blooded animals, the optimal temperature is 37°C.

In vitro cells cannot tolerate higher temperature and most of them die 
if the temperature goes beyond 40°C. It is therefore absolutely 
necessary to maintain a constant temperature (± 0.5°C) for 
reproducible results.

If the cells are obtained from birds, the optimal temperature is slightly 
higher (38.5°C) for culturing. For cold blooded animals (poikiltherms) 
that do not regulate their body heat (e.g. cold-water fish), the culture 
temperature may be in the range of 15-25°C. Besides directly 
influencing growth of cells, temperature also affects the solubility of 
CO2 i.e. higher temperature enhances solubility.



Osmolality:

In general, the 
osmolality for most of 
the cultured cells 
(from different 
organisms) is in the 
range of 260-320 
mosm/kg. This is 
comparable to the 
osmolality of human 
plasma (290 
mosm/kg). 

Once an osmolality is selected for a culture medium, it should be maintained at 
that level (with an allowance of ± 10 mosm/kg). Whenever there is an addition of 

acids, bases, drugs etc. to the medium, the osmolality gets affected. The 
instrument osmometer is employed for measuring osmolalities in the laboratory

The terms osmolarity takes into account the total concentration of penetrating 

solutes and non-penetrating solutes, whereas tonicity takes into account the total 

concentration of onlynon-penetrating solutes.



BALANCED SALT SOLUTIONS:

The balanced salt solutions (BSS) are primarily composed of inorganic 
salts. Sometimes, sodium bicarbonate, glucose and HEPES buffer may 
also be added to BSS. Phenol red serves as a pH indicator.

The important functions of balanced salt solutions are listed 
hereunder:

i. Supply essential inorganic ions.

ii. Provide the requisite pH.

iii. Maintain the desired osmolality.

iv. Supply energy from glucose.

In fact, balanced salt solutions form the basis for the preparation of complete 
media with the requisite additions. 

Further, BSS is also useful for a short period (up to 4 hours) incubation of cells.



The composition of two most widely used BSS namely Earle’s BSS and Hank’s BSS 

Composition of Balanced Salt Solutions (BSS)
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COMPLETE CULTURE MEDIA

The complete media, in general, contains a large number of components amino 
acids, vitamins, salts, glucose, other organic supplements, growth factors and 
hormones, and antibiotics, besides serum. Depending on the medium, the 
quality and quantity of the ingredients vary.

In the early years, balanced salt solutions were supplemented with various 
nutrients (amino acids, vitamins, serum etc.) to promote proliferation of cells in 
culture. Eagle was a pioneer in media formulation. He determined (during 1950-
60) the nutrient requirements for mammalian cell cultures. Many developments 
in media preparation have occurred since then. There are more than a dozen 
media now available for different types of cultures.

Some of them are stated below:

EMEM—Eagle’s minimal essential medium

DMEM—Dulbecco’s modification of Eagle’s medium

CMEM—Glasgow’s modification of Eagle’s medium

RPMI 1630 and RPMI 1640—Media from Rosewell Park Memorial Institute.



COMPOSITION OF THREE COMMONLY USED CULTURE MEDIA  



Amino acids:

All the essential amino acids (which cannot be synthesized by the cells) 
have to be added to the medium. In addition, even the non-essential 
amino acids (that can be synthesized by the cells) are also usually added 
to avoid any limitation of their cellular synthesis. Among the non-
essential amino acids, glutamine and/or glutamate are frequently added 
in good quantities to the media since these amino acids serve as good 
sources of energy and carbon.

Vitamins:

The quality and quantity of vitamins depends on the medium. For 
instance, Eagle’s MEM contains only water soluble vitamins (e.g. B-
complex, choline, inositol). The other vitamins are obtained from the 
serum added. The medium M 199 contains all the fat soluble vitamins 
(A, D, E and K) also. In general, for the media without serum, more 
vitamins in higher concentrations are required.



Hormones and growth factors:
For the media with serum, addition of hormones and growth factors is usually not 
required. They are frequently added to serum-free media.

Other organic supplements:
Several additional organic compounds are usually added to the media to support 
cultures. These include certain proteins, peptides, lipids, nucleosides and citric acid 
cycle intermediates. For serum-free media, supplementation with these 
compounds is very useful.

Antibiotics:
In the early years, culture media invariably contained antibiotics. The most commonly 
used antibiotics were ampicillin, penicillin, gentamycin, erythromycin, kanamycin, 
neomycin and tetracycline. Antibiotics were added to reduce contamination. However, 
with improved aseptic conditions in the present day tissue culture laboratories, the 
addition of antibiotics is not required. In fact, the use of antibiotics is associated with 
several disadvantages.

i. Possibility of developing antibiotic-resistant cells in culture.

ii. May cause anti-metabolic effects and hamper proliferation.

iii. Possibility of hiding several infections temporarily.

iv. May encourage poor aseptic conditions.

The present recommendation is that for the routine culture of cells, antibiotics should 
not be added. However, they may be used for the development of primary cultures.



SERUM

Serum is a natural biological fluid, and is rich in various components to support 
cell proliferation. The major constituents found in different types of sera are 
listed in next slide. The most commonly used sera are calf serum (CS), fetal 
bovine serum (FBS), horse serum and human serum. While using human 
serum, it must be screened for viral diseases (hepatitis B, HIV).

Approximately 5-20% (v/v) of serum is mostly used for 
supplementing several media. Some of the important features of 
the serum constituents are briefly described.

Proteins:
The in vitro functions of serum protein are not very clear. Some of them are involved 
in promoting cell attachment and growth e.g. fetuin, fibronectin. Proteins increase 
the viscosity of the culture medium, besides contributing to buffering action.

Nutrients and metabolites:
Serum contains several amino acids, glucose, phospholipids, fatty acids, nucleosides 
and metabolic intermediates (pyruvic acid, lactic acid etc.). These constituents do 
contribute to some extent for the nutritional requirements of cells. This may 
however, be insignificant in complex media with well supplemented nutrients.



MAJOR CONSTITUENT OF SERUM
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Growth factors:

There are certain growth factors in the serum that stimulate the proliferation of 
cells in the culture:
i. Platelet-derived growth factor (PDGF).

ii. Fibroblast growth factor (FGF).

iii. Epidermal growth factor (EGF).

iv. Vascular endothelial growth factor (VEGF).

v. Insulin-like growth factors (IGF-1, IGF-2).

In fact, almost all these growth factors are commercially available for use in tissue 
culture.

Hormones:
Hydrocortisone promotes cell attachment, while insulin facilitates glucose uptake 
by cells. Growth hormone, in association with somatomedins (IGFs), promotes cell 
proliferation.

Inhibitors:
Serum may also contain cellular growth inhibiting factors. Majority of them are 
artefacts e.g. bacterial toxins, antibodies. The natural serum also contains a 
physiological growth inhibitor namely transforming growth factor β (TGF-β). Most 
of these growth inhibitory factors may be removed by heat inactivation (at 56°C 
for 30 minutes).



Selection of Medium and 
Serum:
As already stated, there are 
around a dozen media for the 
cell cultures. The selection of a 
particular medium is based on 
the cell line and the purpose 
of culturing. For instance, for 
chick embryo fibroblasts and 
HeLa cells, EMEM is used.

The medium DMEM can be 
used for the cultivation of 
neurons. A selected list of cells 
and cell lines along with the 
media and sera used is given 
in Table 34.4. In fact, 
information on the selection of 
appropriate medium for a 
particular cell line is available 
from literature.

The selection of serum is also based on the type of cells being cultured.



The following criteria are taken into consideration while choosing serum:

i. Batch to batch variations.

ii. Quality control.

iii. Efficiency to promote growth and preservation of cells.

iv. Sterility.

v. Heat inactivation.

In recent years, there is a tendency to discontinue the use of serum, and switch 
over to more clearly defined media.

Supplementation of the Medium with Tissue Extracts:

Besides serum, the culture media can also be supplemented with certain tissue 
extracts and microbial culture extracts. The examples are—chick embryo extract, 
proteolytic digests of beef heart, bactopeptone, lactalbumin hydrolysate, tryptose. 
The chick embryo extract was found to contain both high molecular weight and low 
molecular weight compounds that support growth and proliferation of cells.







HEPES Buffer 



TECHNIQUE USED FOR PRIMARY CELL 

CULTURE

The three types of technique are: 

(1)Mechanical Disaggregation 
(2) Enzymatic Disaggregation
(3) Primary Explant Technique.

Primary culture broadly involves the culturing techniques carried following 
the isolation of the cells, but before the first subculture. Primary cultures are 
usually prepared from large tissue masses. Thus, these cultures may contain 
a variety of differentiated cells e.g. fibroblasts, lymphocytes, macrophages, 
epithelial cells.





TECHNIQUE # 1. MECHANICAL DISAGGREGATION:

For the disaggregation of soft tissues (e.g. spleen, brain, embryonic 
liver, soft tumors), mechanical technique is usually employed. This 
technique basically involves careful chopping or slicing of tissue into 
pieces and collection of spill out cells.

The cells can be collected by two ways:

i. Pressing the tissue pieces through a series of sieves with a gradual 
reduction in the mesh size.

ii. Forcing the tissue fragments through a syringe and needle.

Although mechanical disaggregation involves the risk of cell damage, 
the procedure is less expensive, quick and simple. This technique is 
particularly useful when the availability of the tissue is in plenty, 
and the efficiency of the yield is not very crucial. It must however, 
be noted that the viability of cells obtained from mechanical techniques 
is much lower than the enzymatic technique.



TECHNIQUE # 2. ENZYMATIC DISAGGREGATION

Enzymatic disaggregation is mostly used when high recovery of cells is required from a 
tissue. Disaggregation of embryonic tissues is more efficient with higher yield of cells by 
use of enzymes. This is due to the presence of less fibrous connective tissue and 
extracellular matrix. Enzymatic disaggregation can be carried out by using trypsin, 
collagenase or some other enzymes.

Disaggregation by trypsin:
The term trypsinization is commonly used for disaggregation of tissues by the enzyme, 
trypsin.

Many workers prefer to use crude trypsin rather than pure trypsin for the following reasons:
i. The crude trypsin is more effective due to the presence of other proteases
ii. Cells can tolerate crude trypsin better.
iii. The residual activity of crude trypsin can be easily neutralized by the serum of the culture 
media (when serum-free media are used, a trypsin inhibitor can be used for neutralization).

Disaggregation of cells can also be carried out by using pure trypsin which is less toxic and more 
specific in its action. The desired tissue is chopped to 2-3 mm pieces and then subjected to 
disaggregation by trypsin. There are two techniques of trypsinization-warm trypsinization and 
cold trypsinization





WARM TRYPSINIZATION 

This method is widely used for disaggregation of cells. The chopped tissue is 
washed with dissection basal salt solution (DBSS), and then transferred to a 
flask containing warm trypsin (37° C). The contents are stirred, and at an 
interval of every thirty minutes, the supernatant containing the dissociated 
cells can be collected. After removal of trypsin, the cells are dispersed in a 
suitable medium and preserved (by keeping the vial on ice).

The process of addition of fresh trypsin (to the tissue pieces), incubation 
and collection of dissociated cells (at 30 minutes intervals) is carried out for 
about 4 hours. The disaggregated cells are pooled, counted, appropriately 
diluted and then incubated.



COLD TRYPSINIZATION 

This technique is more appropriately referred to as trypsinization with cold pre-
exposure. The risk of damage to the cells by prolonged exposure to trypsin at 37°C 
(in warm trypsinization) can be minimized in this technique.

After chopping and washing, the tissue pieces are kept in a vial (on ice) and soaked 
with cold trypsin for about 6-24 hours. The trypsin is removed and discarded. 
However, the tissue pieces contain residual trypsin. These tissue pieces in a medium 
are incubated at 37°C for 20-30 minutes. The cells get dispersed by repeated pi-
pettings. The dissociated cells can be counted, appropriately diluted and then used.

The cold trypsinization method usually results in a higher yield of viable cells with 
an improved survival of cells after 24 hours of incubation. This method does not 
involve stirring or centrifugation, and can be conveniently adopted in a laboratory. 

The major limitation of cold trypsinization is that it is not suitable for 
disaggregation of cells from large quantities of tissues.

LIMITATIONS OF TRYPSIN DISAGGREGATION
Disaggregation by trypsin may damage some cells (e.g. epithelial cells) or it may be 
almost ineffective for certain tissues (e.g. fibrous connective tissue). Hence other 
enzymes are also in use for dissociation of cells.



DISAGGREGATION BY COLLAGENASE

Collagen is the most abundant structural protein in higher animals. It is mainly present in the 
extracellular matrix of connective tissue and muscle. The enzyme collagenase (usually a 
crude one contaminated with non-specific proteases) can be effectively used for the 
disaggregation of several tissues (normal or malignant) that may be sensitive to trypsin.

Highly purified grades of collagenase have been tried, but they are less effective 
when compared to crude collagenase. The important stages in collagenase disaggregation, 
depicted in Fig. 36.3, are briefly described hereunder.

The desired tissue suspended in basal salt solution, containing antibiotics is chopped into pieces. 
These pieces are washed by settling, and then suspended in a complete medium containing 
collagenase. After incubating for 1-5 days, the tissue pieces are dispersed by pipetting. The 
clusters of cells are separated by settling. The epithelial cells and fibroblastic cells can be 
separated.

Collagenase disaggregation has been successfully used for human brain, lung and several 
other epithelial tissues, besides various human tumors, and other animal tissues. Addition of 
another enzyme hyaluronidase (acts on carbohydrate residues on cell surfaces) 
promotes disaggregation.

Collagenase in combination with hyaluronidase is found to be very effective for 
dissociating rat or rabbit liver. This can be done by per-fusing the whole organ in situ. Some 
workers use collagenase in conjunction with trypsin, a formulation developed in chick serum, for 
disaggregation of certain tissues.



Technique # 3. PRIMARY EXPLANT TECHNIQUE

The primary explant 
technique was, in fact 
the original method, 
developed by 
Harrison in 1907. 
This technique has 
undergone several 
modifications, and is 
still in use. The 
simplified procedure 
adopted for primary 
explant culture is 
depicted in Fig. 36.4, 
and briefly described 
below.



The tissue in basal salt solution is finely chopped, and washed by settlings. The basal salt solution is 
then removed. The tissue pieces are spread evenly over the growth surface. After addition of 
appropriate medium, incubation is carried out for 3-5 days. Then the medium is changed at weekly 
intervals until a substantial outgrowth of cells is observed. 

Now, the explants are removed and transferred to a fresh culture vessel.
The primary explant technique is particularly useful for disaggregation of small quantities of tissues 
(e.g. skin biopsies). The other two techniques mechanical or enzymatic disaggregation however, are 
not suitable for small amounts of tissues, as there is a risk of losing the cells.

The limitation of explant technique is the poor adhesiveness of certain tissues to the growth surface, 
and the selection of cells in the outgrowth. It is however, observed that the primary explant 
technique can be used for a majority of embryonic cells e.g. fibroblasts, myoblasts, epithelial cells, 
glial cells.

SEPARATION OF VIABLE AND NON-VIABLE CELLS:
It is a common practice to remove the nonviable cells while the primary culture is prepared from the 
disaggregated cells. This is usually done when the first change of the medium is carried out. The very 
few left over non-viable cells get diluted and gradually disappear as the proliferation of viable cells 
commences.

Sometimes, the non-viable cells from the primary cultures may be removed by centrifugation. The 
cells are mixed with ficoll and sodium metrizoate, and centrifuged. The dead cells form a pellet at 
the bottom of the tube.
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PRIMARY CELL CULTURE 





CRITERIA/ CHARACTERISTICS FOR EFFICIENT 
DEVELOPMENT OF PRIMARY CULTURES:

1. Embryonic tissues rather than adult tissues are preferred for primary cultures. 
This is due to the fact that the embryonic cells can be disaggregated easily and 
yield more viable cells, besides rapidly proliferating in vitro.

2. The quantity of cells used in the primary culture should be higher since their 
survival rate is substantially lower (when compared to subcultures).

3. The tissues should be processed with minimum damage to cells for use in 
primary culture. Further, the dead cells should be removed.

4. Selection of an appropriate medium (preferably a nutrient rich one) is 
advisable. For the addition of serum, fetal bovine source is preferred rather 
than calf or horse serum.

5. It is necessary to remove the enzymes used for disaggregation of cells by 
centrifugation.



They are broadly categorized into two groups:
1. Physical fractionation for cell separation.
2. Chemical blockade for cell separation.

CELL SEPARATION

Cell Separation by Physical Means:
Physical fractionation or cell separation techniques, based on 
the following characteristics are in use:
a. Cell density.
b. Cell size.
c. Affinity of antibodies on cell surface epitopes.
d. Light scatter or fluorescent emission by labeled cells.

The two commonly used techniques namely centrifugal 
elutriation and fluorescence-activated cell separation are 
briefly described hereunder.



Cell Differentiation:
The various cell culture conditions favour maximum cell proliferation and 
propagation of cell lines.

Among the factors that promote cell proliferation, the following are 
important:
i. Low cell density
ii. Low Ca2+ concentration
iii. Presence of growth factors
For the process of cell differentiation to occur, the proliferation of cells has to be 
severely limited or completely abolished.

Cell differentiation can be promoted (or induced) by the following 
factors:
i. High cell density.
ii. High Ca2+ concentration.
iii. Presence of differentiation inducers (e.g. hydrocortisone, nerve growth factor).

As is evident from the above, different and almost opposing conditions are 
required for cell proliferation, and for cell differentiation. Therefore if cell 
differentiation is required two distinct sets of conditions are necessary.
1. To optimize cell proliferation.
2. To optimize cell differentiation.



METHODS OF CELL TRANSFORMATION AND CHARACTERISTICS OF 
TRANSFORMED CELLS

Cell transformation due to changes in the genetic material, and 
cell cloning involving the production of a population single cell 
are described here.

The four aspects of Cell Transformation are: 
(1) Genetic Instability
(2) Immortalization
(3) Aberrant Growth Control and
(4) Tumorigenicity.

Transformation of Cells:

Transformation broadly refers to the change in phenotype of a cell due to a 
new genetic material. As regards the cultured cells, transformation involves 
spontaneous or induced permanent phenotypic alterations as a result of 
heritable changes in DNA, and consequently gene expression.

Transformed Cells:
Transformation is the phenomenon of the change in phenotype due to the 
acquirement of new genetic material. Transformation is associated with 
promotion of genetic instability.



1. Growth rate
2. Mode of growth
3. Longevity
4. Tumorigenicity
5. Specialized product formation.

While characterizing the cell 
lines, it is necessary to 
consider the above characters 
to determine whether the cell 
line has originated from 
tumor cells or has undergone 
transformation in culture

The transformed and cultured cells exhibit alterations in many 
characters with reference to



Transformation of cells may occur due to any one of the following 
causes that ultimately result in a changed genetic material:

i. Spontaneous.
ii. Infection with transforming virus.
iii. From gene transfection.
iv. Exposure to chemical carcinogens.
v. Exposure to ionizing radiations.

The normally occurring genetic variations in the 
cultured cells are due to the following causes:

1. High rate of spontaneous mutations in the in vitro conditions, possibly 
due to high rate of cell proliferation.

2. The continued presence of mutant cells in the culture, as they are not 
normally eliminated.



CHARACTERISTICS OF TRANSFORMED 
CELLS

The general characters of transformed 
cells are given in Table.They are 
grouped as genetic, structural, growth 
and neoplastic, and listed.

Transformation is associated with genetic 
instability, immortalization, aberrant 
growth control and malignancy. These 
aspects are briefly described.

Genetic Instability:
In general, the cell lines in culture are 
prone to genetic instability. A majority of 
normal finite cell lines are usually 
genetically stable while cell lines from 
other species (e.g. mouse) are genetically 
unstable, and can get easily transformed. 
The continuous cell lines derived from 
tumors of all species are unstable.



Immortalization

The acquisition of an infinite life span by a cell is referred to as 
immortalization. Most of the normal cells (from different 
species) have a finite life span of 20-100 generations. But some 
cells from mouse, most of the tumor cells have infinite life 
span, as they go on producing continuous cell lines.

Control of finite life span of cells

The finite life span of cultured cells is regulated by about 10 
senescence genes. These dominantly acting genes synthesize 
products which inhibit the cell cycle progression. It is strongly 
believed that immortalization occurs due to inactivation of 
some of the cell cycle regulatory genes e.g. Rb, p53 genes.



Among the above viral genes, SV40LT is most commonly used to induce 
immortalization. The product of this gene (T antigen) binds to senescence genes 
such as Rb and p53. This binding restricts surveillance activity of senescence 
genes. The result is an increased genomic instability and activity, leading to 
further mutations favouring immortalization.

For the process of immortalization, the cells are infected with retroviruses 
containing immortalizing gene before they enter senescence. By this way, the life 
span of the cells can be extended by 20-30 population doublings. Thereafter, the 
cells cease to proliferate, and enter a crisis phase that may last for several 
months. At the end of the crisis phase, a small portion of cells can grow, and 
eventually become immortalized.

Immortalization of cells by viral genes:
Several viral genes can be used to immortalize cells. Some of these 
genes are listed below.

1. SV40LT
2. HPV16E6/E7
3. hTRT
4. Ad5E1a
5. EBV.



Immortalization of human fibroblasts:

The human fibroblasts are most successfully immortalized by the viral 
gene namely SV40LT. The process of fibroblast immortalization is 
complex and indirect with a very low probability i.e. about 1 in 107cells.

Immortalization of cells by telomerase-induction:

The most important cause of finite life span of cells (i.e. senescence) is 
due to telomeric shortening, followed by cell death (apoptosis). If the 
cells are transfected with telomerase gene htrt, the life span of the cells 
can be extended. And a small proportion of these cells become 
immortal.



CELL CULTURE

The cell culture can be initiated by the cells derived from a tissue through 
enzymatic or mechanical treatments. Primary culture is a selective process that 
finally results in a relatively uniform cell line. The selection occurs by virtue of the 
capacity of the cells to survive as monolayer cultures (by adhering to substrates) or 
as suspension cultures.
Among the cultured cells, some cells can grow and proliferate while some are 
unable to survive under the culture environment. The cells continue to grow in 
monolayer cultures, till the availability of the substrate is occupied.
The term confluence is used when the cultured cells make close contact with one 
another by fully utilizing the available growth area. For certain cells, which are 
sensitive to growth limitation due to density, the cells stop growing once 
confluence is reached. However, the transformed cells are insensitive to confluence 
and continue to overgrow.

When the culture becomes confluent, the cells possess the following 
characters:
1. The closest morphological resemblance to the tissue of origin (i.e. parent tissue).
2. The expression of specialized functions of the cells comparable to that of the 
native cells.



BIOLOGY OF CULTURED CELLS. 

Development of continuous cell lines:
Certain alterations in the culture collectively referred to as transformation, can give rise to 
continuous cell lines. Transformation may be spontaneously occurring, chemically or 
virally- induced. Transformation basically involves an alteration in growth characteristics 
such as loss of contact inhibition, density limitation of growth and anchorage 
independence. The term immortalization is frequently used for the acquisition of infinite 
life span to cultured cells.

Genetic variations:
The ability of the cells to grow continuously in cell lines represents genetic variation in the 
cells. Most often, the deletion or mutation of the p53 gene is responsible for continuous 
proliferation of cells. In the normal cells, the normal p53 gene is responsible for the arrest 
of cell cycle. Most of the continuous cell lines are aneuploid, possessing chromosome 
number between diploid and tetraploid value.

Normal cells and continuous cell lines:
A great majority of normal cells are not capable of giving rise to continuous cell lines. For 
instance, normal human fibroblasts go on proliferating for about 50 generations, and then 
stop dividing. However, they remain viable for about 18 months. And throughout their life 
span, fibroblasts remain euploid. Chick fibroblasts also behave in a similar fashion. 
Epidermal cells and lymphoblastic cells are capable of forming continuous cell lines.







Evolution and Development of Cell Lines: The primary culture grown after the first 
subculture is referred to as cell line. A given cell line may be propagated by further sub 
culturing. As the subcultures are repeated, the most rapidly proliferating cells dominate 
while the non- proliferating or slowly proliferating cells will get diluted, and consequently 
disappear.

Senescence: The genetically determined event of cell divisions for a limited number of 
times (i.e. population doublings), followed by their death in a normal tissue is referred to as 
senescence. However, germ cells and transformed cells are capable of continuously 
proliferating. In the in vitro culture, transformed cells can give rise to continuous cell lines.
The evolution of a continuous cell line is depicted in Fig. 35.4. The cumulative cell number 
in a culture is represented on Y-axis on a log scale, while the X-axis represents the time in 
weeks. The time for development of a continuous cell line is variable. For instance, for 
human diploid fibroblasts, the continuous cell line arises at about 14 weeks while the 
senescence may occur between 10 to 20 weeks; usually after 30 and 60 cell doublings.

Dedifferentiation: Dedifferentiation refers to the irreversible loss of specialized 
properties of cells when they are cultured in vitro. This happens when the differentiated in 
vitro cells lose their properties In the in vivo situation, a small group of stem cells give rise 
to progenitor cells that are capable of producing differentiated cell pool. On the other hand, 
in the in vitro culture system, progenitor cells are predominantly produced which go on 
proliferating. Very few of the newly formed cells can form differentiated cells. The net result 
is a blocked differentiation. Dedifferentiation implies an irreversible loss of specialized 
properties of the cells. On the other hand, de-adaptation refers to the re-induction of 
specialized properties of the cells by creating appropriate conditions.





GROWTH CYCLE OF CULTURED CELLS: The growth cycle of cultured cells 

is represented by three phases — the lag phase, the log (exponential) phase and the plateau phase 

The lag phase: The lag phase represents a period of adaptation during which the cell forms the cell 
surface and extracellular matrix (lost during trypsinization), attaches to the substrate and spreads out. 
There is an increased synthesis of certain enzymes (e.g. DNA polymerase) and structural proteins, 
preparing the cells for proliferation. The production of specialized products disappears which may not 
reappear until the cell proliferation ceases. The lag phase represents preparative stage of the cells for 
proliferation following subculture and reseeding.

The plateau phase: As the cells reach 
confluence, the growth rate is much reduced, and 
the proliferation of cultured cells almost stops.
This stage represents plateau or stationary 
phase, and is characterized by:
a. Low motility of cells.
b. Reduced ruffling of plasma membrane.
c. Cells occupying minimum surface area.
d. Contact inhibition.
e. Saturation density.
f. Depletion of nutrients and growth factors.
g. Reduced synthesis of structural proteins.
h. Increased formation of specialized products.

The log phase: The log phase is characterized by an exponential growth of cells, following the lag phase. 
During the log phase, the cultured cells are in the most uniform and reproducible state with high viability. 
This is an ideal time for sampling. The log phase terminates after confluence is reached with an addition of 
one or two population doublings.
The duration of log phase depends on the cells with reference to:
a. Seeding density.
b. Growth rate.
c. Density after proliferation.



PLATING EFFICIENCY OF CULTURED CELLS

1. Plating efficiency, representing colony formation at low cell density, is a measure used for analyzing cell 
proliferation and survival.

2. When the cells, at low densities, are cultured in the form of single cell suspensions, they grow as discrete 
colonies. Plating efficiency is calculated as follows.

3. Plating efficiency = No. of colonies formed/No. of cells seeded × 100
4. The term cloning efficiency is used (instead of plating efficiency) when each colony grows from a single cell.
5. Seeding efficiency representing the survival of cells at higher densities is calculated as follows.

Seeding efficiency = No. of cells recovered/No. of cells seeded × 100

Cell Synchronization: Synchronization literally means to make two or more things happen exactly 
simultaneously. For instance, two or more watches can be synchronized to show exactly the same time. The cells 
at different stages of the cell cycle in a culture can be synchronized so that the cells will be at the same phase. 
Cell synchrony is required to study the progression of cells through cell cycle. Several laboratory techniques 
have been developed to achieve cell synchronization. 
Some Highlights of Cell Synchronization:
1. Cell separation by physical methods is more effective than chemical procedures.
2. Chemical blockade is often toxic to the cells.
3. Transformed cells cannot be synchronized by nutritional deprivation.
4. A high degree of cell synchrony (>80%) can be obtained in the first cycle, and in the second cycle it would 

be <60%. The cell distribution may occur randomly in the third cycle.

Cellular Senescence: The growth of the cells is usually measured as population doublings (PDs). The PDs 
refer to the number of times the cell population doubles in number during the period of culture and is 
calculated by the following formula.

Log10 (No. of cells harvested) – log10 (No. of cells seeded)/ log102

The phenomenon of senescence has been mostly studied with human fibroblast cultures. After 30-60 
populations doublings, the culture is mainly composed of senescent fibroblasts. These senescent fibroblast 
are unable to divide in response to mitotic stimuli. It must be noted that the cells do not appear suddenly, but 
they gradually accumulate and increase in number during the life span of the culture.



CHARACTERIZATION OF CULTURED CELLS

Characterization of cultured cells or cell lines is important for dissemination of cell lines through cell 
banks, and to establish contacts between research laboratories and commercial companies.

Characterization of cell lines with special reference to the following aspects is 
generally done:
1. Morphology of cells,                     2. Species of origin,               3. Tissue of origin.
4. Whether cell line is transformed or not,         5. Identification of specific cell lines.

Morphology of Cells: A simple and direct identification of the cultured cells can be done by 
observing their morphological characteristics. However, the morphology has to be viewed with 
caution since it is largely dependent on the culture environment. For instance, the epithelial cells 
growing at the center (of the culture) are regular polygonal with clearly defined edges, while those 
growing at the periphery are irregular and distended (swollen).
The composition of the culture medium and the alterations in the substrate also influence the 
cellular morphology. In a tissue culture laboratory, the terms fibroblastic and epithelial are 
commonly used to describe the appearance of the cells rather than their origin.

Fibroblastic cells: For these cells, the length is usually more than twice of their width. Fibroblastic 
cells are bipolar or multipolar in nature.

Epithelial cells: These cells are polygonal in nature with regular dimensions and usually grow in 
monolayers. The terms fibroblastoid (fibroblast-like) and epitheloid (epithelial-like) are in use for 
the cells that do not possess specific characters to identify as fibroblastic or epithelial cells.



Measurement of Growth Parameters of Cultured Cells:
Information on the growth state of a given culture is required to:
a. Design culture experiments.
b. Routine maintenance of culture.
c. Measurement of cell proliferation.
d. Know the time for subculture.
e. Determine the culture response to a particular stimulus or toxin.
Some of the commonly used terms in relation to the measurement of growth of cultured cells are 
explained.
Population doubling time (PDT):
The time interval for the cell population to double at the middle of the logarithmic (log) phase.
Cell cycle time or generation time:
The interval from one point in the cell division to the same point in the cycle, one division later. 
Thus cell cycle time is measured form one point in the cell cycle until the same point is reached 
again.
Confluence:
It denotes the culture stage wherein all the available substrate (growth area) is utilized, and the 
cells are in close contact with each other.
Contact inhibition:
Inhibition of cell motility and plasma membrane ruffling when the cells are in complete contact 
with other adjacent cells. This mostly occurs at confluence state, and results in the ceasation of 
the cell proliferation.
Cell density:
The number of cells per ml of the medium.
Saturation density:
The density of the cells (cells/ml2, surface area) in the plateau phase.



MEASUREMENT OF CELL GROWTH IN CULTURES 

a. Direct measure of cell number.
b. Determination of DNA/RNA content.
c. Estimation of protein/ATP concentration

MEASUREMENT OF SENESCENCE
a. Loss of metabolic activity
b. Lack of labeled precursor (3H-thymidine) incorporation into DNA.
c. Certain histochemical techniques.

SENESCENCE-ASSOCIATED Β-GALACTOSIDASE ACTIVITY ASSAY

There occurs an overexpression of the lysosomal enzyme β-galactosidase at 
senescence. This enzyme elevation is also associated with an increase in the 
cell size as the cell enters a permanent non-dividing state. The number of 
senescent cells in a culture can be measured by senescence-associated β-
galactosidase (SA-β) assay.



The development and various other aspects of primary culture are 
described above. The term cell line refers to the propagation of culture 
after the first subculture.

In other words, once the primary culture is sub-cultured, it becomes a cell 
line. A given cell line contains several cell lineages of either similar or 
distinct phenotypes.

It is possible to select a particular cell lineage by cloning or physical cell 
separation or some other selection method. Such a cell line derived by 
selection or cloning is referred to as cell strain. Cell strains do not have 
infinite life, as they die after some divisions.

CELL LINES (FINITE AND CONTINUOUS) 
SELECTION AND ROUTINE MAINTENANCE



Continuous Cell Lines :
A few cells in culture may acquire a different morphology and get altered. Such 
cells are capable of growing faster resulting in an independent culture. The 
progeny derived from these altered cells has unlimited life (unlike the cell strains 
from which they originated). 

They are designated as continuous cell lines.
The continuous cell lines are transformed, immortal and tumorigenic. The 
transformed cells for continuous cell lines may be obtained from normal primary 
cell cultures (or cells strains) by treating them with chemical carcinogens or by 
infecting with oncogenic viruses.

Finite Cell Lines :

The cells in culture divide only a limited number of times, before their growth 
rate declines and they eventually die. The cell lines with limited culture life 
spans are referred to as finite cell lines. The cells normally divide 20 to 100 
times (i.e. is 20-100 population doublings) before extinction. The actual 
number of doublings depends on the species, cell lineage differences, culture 
conditions etc. The human cells generally divide 50-100 times, while murine 
cells divide 30-50 times before dying.



Selection of Cell Lines:

Several factors need to be considered while selecting a cell line.

1. Species:
In general, non-human cell lines have less risk of biohazards, hence 
preferred. However, species differences need to be taken into account while 
extrapolating the data to humans.

2. Finite or continuous cell lines:
Cultures with continuous cell lines are preferred as they grow faster, easy to 
clone and maintain, and produce higher yield. But it is doubtful whether the 
continuous cell lines express the right and appropriate functions of the cells. 
Therefore, some workers suggest the use of finite cell lines, although it is 
difficult.

3. Normal or transformed cells:
The transformed cells are preferred as they are immortalized and grow 
rapidly.

4. Availability:
The ready availability of cell lines is also important. Sometimes, it may be 
necessary to develop a particular cell line in a laboratory.



5. Growth characteristics:

The following growth parameters need to be considered:
i. Population doubling time
ii. Ability to grow in suspension
iii. Saturation density (yield per flask)
iv. Cloning efficiency.

6. Stability:
The stability of cell line with particular reference to cloning, generation 
of adequate stock and storage are important.

7. Phenotypic expression:

It is important that the cell lines possess cells with the right 
phenotypic expression.



Maintenance of Cell Cultures:
For the routine and good maintenance of cell lines in culture (primary 
culture or subculture) the examination of cell morphology and the periodic 
change of medium are very important.

Cell Morphology:
The cells in the culture must be examined regularly to check the health status 
of the cells, the absence of contamination, and any other serious 
complications (toxins in medium, inadequate nutrients etc.).

Replacement of Medium:
Periodic change of the medium is required for the maintenance of cell lines 
in culture, whether the cells are proliferating or non-proliferating. For the 
proliferating cells, the medium need to be changed more frequently when 
compared to non-proliferating cells. The time interval between medium 
changes depends on the rate of cell growth and metabolism.
For instance, for rapidly growing transformed cells (e.g. HeLa), the medium 
needs to be changed twice a week, while for slowly growing non-transformed 
cells (e.g. IMR-90) the medium may be changed once a week. Further, for 
rapidly proliferating cells, the sub-culturing has to be done more frequently 
than for the slowly growing cells.





THE FOLLOWING FACTORS NEED TO BE CONSIDERED FOR 
THE REPLACEMENT OF THE MEDIUM:

1. Cell concentration: The cultures with high cell concentration utilize the 
nutrients in the medium faster than those with low concentration; hence the 
medium is required to be changed more frequently for the former.

2. A decrease in pH: A fall in the pH of the medium is an indication for change of 
medium. Most of the cells can grow optimally at pH 7.0, and they almost stop 
growing when the pH falls to 6.5. A further drop in pH (between 6.5 and 6.0), the 
cells may lose their viability. The rate of fall in pH is generally estimated for each 
cell line with a chosen medium. If the fall is less than 0.1 pH units per day, there 
is no harm even if the medium is not immediately changed. But when the fall is 
0.4 pH units per day, medium should be changed immediately.

3. Cell type: Embryonic cells, transformed cells and continuous cell lines grow 
rapidly and require more frequent sub-culturing and change of medium. This is 
in contrast to normal cells, which grow slowly.

4. Morphological changes: Frequent examination of cell morphology is very 
important in culture techniques. Any deterioration in cell morphology may lead 
to an irreversible damage to cells. Change of the medium has to be done to 
completely avoid the risk of cell damage.



PLURIPOTENT AND TOTIPOTENT STEM 
CELLS 

HIERARCHY OF CELL POTENCY

Totipotent Stem Cells: Totipotent (omnipotent) stem cells can give rise 

to any of the 220 cell types found in an embryo as well as extra-

embryonic cells (placenta).

Pluripotent Stem Cells: Pluripotent stem cells can give rise to all cell 

types of the body (but not the placenta).

Multipotent Stem Cells: Multipotent stem cells can develop into a 

limited number of cell types in a particular lineage.







Totipotent vs Pluripotent vs Multi-potent Comparaison Charte



 Stem cells from the umbilical cord are special. They are young, potent, and viable. Numerous 

clinical studies are being conducted worldwide researching the suitability of stem cells for the 

regeneration of damaged tissues after accidents, degenerative diseases like e.g. slipped 

intervertebral discs, or cancer treatment.

 Stem cells have been applied in the treatment of serious diseases for more than 55 years. 

They are applied especially to treat cancers, which require high-dose chemotherapy within the 

scope of medical care. The patient’s own stem cells are extracted from bone marrow or 

peripheral blood prior to high-dose chemotherapy, stored temporarily and transplanted after 

the treatment in order to minimize the side effects of the aggressive chemotherapy and to 

support the regeneration of destroyed cells.

 Besides cancer, several 100,000 people come down with common diseases like dementia, 

which belongs to the neurodegenerative diseases, cardiac infarction, stroke, arthritis, or 

diabetes every year. The lifelong therapy causes enormous costs in the health care system. 

Stem cell therapy offers great potential for the treatment of such diseases. Experts expect that 

every seventh person up to the age of 70 will need a therapy based on stem cells in the future 

to regenerate sick or aged cells and tissues.

STEM CELLS ARE CALLED THE BUILDING BLOCKS OF LIFE, BECAUSE AN ENTIRE HUMAN BEING DEVELOPS 
FROM THE VERY FIRST STEM CELL. THE POTENTIAL OF STEM CELLS THEREFORE IS ENORMOUS AND 
ALREADY PROVIDES FOR ENTIRELY NEW THERAPEUTIC OPTIONS IN THE FIELD OF INDIVIDUALIZED, 
REGENERATIVE MEDICINE

APPLICATION OF STEM CELLS 



Stem cells have already been applied successfully for:

•Hematopoietic disorders

• Acute and chronic leukemia (AML/ALL or CML/CLL)

• Myelodysplastic syndrome

• Lymphomas (Hodgkin lymphoma, non-Hodgkin lymphoma)

• Aplastic anemia

• Sickle cell anemia

• Beta thalassemia

•Immunodeficiency

• SCID

• Whiskott Aldrich syndrome

•Metabolic disorders

• Mucopolysaccharidosis

•Cancer

• Multiple myeloma

• Neuroblastoma



In clinical studies and treatment attempts, stem cell therapies are tested 

with the following indications:

•Autoimmune diseases

• Diabetes mellitus type 1

• Rheumatoid arthritis

• Lupus

• Crohn’s disease

•Graft-versus-host disease (GvHD)

•Impairments of the brain

• Dementia, in particular Alzheimer’s disease

• Stroke

• Brain injuries due to accidents or cancer

• Infantile brain damage (cerebral paresis)

•Cardiovascular diseases

• Cardiac infarction

•Multiple sclerosis

•Amyotrophic lateral sclerosis

•Autism

•Hearing loss

•HIV

•Cirrhosis of the liver

•Epidermolysis bullosa (“butterfly children”)







MEASURE OF VIABILITY AND TOXICITY 

The parameters that define cell viability in a particular experiment can be as diverse as

the redox potential of the cell population, the integrity of cell membranes, or the activity of

cellular enzymes such as esterases. Each assay provides a different snapshot of cell

health, and can individually or together form the basis of an assay for cell viability,

cytotoxicity, or drug efficacy with several integrated components.

Specially designed cell viability indicators have been developed for sensing the different

characteristics and providing a visual readout of cell health using a fluorescence

microscope, microplate reader, or flow cytometer. All indicators have positive and

negative attributes; however, their sensitivity, reliability, and compatibility with relevant cell

lines are important factors in determining utility.







CYTOTOXICITY ASSAYS: IN VITRO METHODS TO 
MEASURE  DEAD CELLS
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