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PHARMACEUTICAL MICROBIOLOGY
UNIT 5
TOPIC :

e Types of spoilage, factors affecting the microbial spoilage of
pharmaceutical products, sources and types of microbial
contaminants,
assessment of microbial contamination and spoilage.
Preservation of pharmaceutical products using antimicrobial
agents,
evaluation of microbial stability of formulations.

Growth of animal cells in culture, general procedure for cell
culture,

Primary, established and transformed cell cultures.
Application of cell cultures in pharmaceutical industry and
research.
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Spoilage

» Spoilage is the process by which a material, substance, or product
becomes unsuitable, unusable, or unsafe for its intended purpose due
to degradation or deterioration.

» In pharmaceuticals, spoilage refers to the deterioration of drugs,
formulations, or dosage forms over time, leading to a loss of potency,
safety, stability, and quality.

» Spoilage not only causes economic loss but also poses serious health

risks to patients.

Types of Spoilage
Spoilage can be broadly classified into:

1. Microbial Spoilage
2. Non-Microbial Spoilage
o Physical Spoilage
o Chemical Spoilage
o Enzymatic Spoilage
o Other (pest/insect/rodent related) Spoilage

1. Microbial Spoilage

 Deterioration of products due to the growth and metabolic activity of
microorganisms such as bacteria, molds, and yeasts.
. Microbes cause fermentation, putrefaction, discoloration, foul odor,
gas production, and toxin release, rendering the product unsafe.
. Examples:
o Moldy bread caused by fungi
o Syrups or liquid preparations contaminated with bacteria/yeast
o Antibiotic degradation by resistant microorganisms
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2. Non-Microbial Spoilage
a) Physical Spoilage
. Caused by mechanical, environmental, or storage-related factors rather
than microorganisms.
. Damage may not directly involve microbial action but increases
susceptibility to microbial contamination.
. Examples:
o Broken packaging — exposure to air, light, and moisture
o Caking of powders due to humidity
o Tablet cracking due to improper compression
b) Chemical Spoilage
. Caused by undesirable chemical reactions occurring in the product,
such as oxidation, hydrolysis, or Maillard reaction.
. Leads to loss of potency, discoloration, off-odor, and toxicity.
. Examples:
o Rancidity in oils and fats due to oxidation
o Hydrolysis of esters (e.g., aspirin — salicylic acid + acetic acid)
o Browning of potatoes/bananas due to oxidation
¢) Enzymatic Spoilage
. Caused by enzymes naturally present in the product or raw material.
. Enzymes act as biological catalysts, leading to degradation of proteins,
carbohydrates, or lipids.
. Examples:
o Autolysis of proteins by proteolytic enzymes
o Opver-ripening and softening of fruits due to enzyme activity
o Enzyme-mediated discoloration of plant materials
d) Other Spoilage
. Caused by external biological agents such as insects, rodents, birds, or
pests.
. Leads to contamination, nutrient loss, color change, foul odor, or
physical damage.
. Examples:
o Rodent damage to packaging of drug powders
o Insect infestation in stored grains or plant drugs VP
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Factors Affecting Microbial Spoilage

» Microbial spoilage of pharmaceutical products is influenced by several

intrinsic (formulation related) and extrinsic (environmental and
storage related) factors. Understanding these factors is essential to
design proper storage, packaging, and preservation strategies.

1. Types & Size of Microorganism

Different microbes (bacteria, molds, yeasts) have different spoilage
mechanisms.

Molds (Aspergillus, Penicillium) can grow on surfaces and may produce
mycotoxins harmful to humans.

Bacteria can penetrate deeper into formulations, leading to extensive
spoilage.

Viruses generally do not cause spoilage but may contaminate biological
preparations.

Size also matters — smaller microbes penetrate faster, while larger
fungi/yeasts cause surface spoilage.

2. Nutritional Factors

Microorganisms require nutrients (carbohydrates, proteins, vitamins,
minerals) for energy and multiplication.

Nutrient-rich pharmaceutical preparations (e.g., syrups, protein
formulations, vitamin solutions) support faster microbial growth
compared to nutrient-poor tablets/powders.

3. Water (Moisture Content)

Availability of free water (water activity, aw) is critical for microbial
survival.

High water content products (creams, injections, liquid orals) are more
prone to microbial spoilage.

Dry dosage forms (tablets, powders) are relatively stable due to lack of
water.

4. Storage Temperature

Microorganisms grow optimally between 20°C-60°C.
Refrigeration (2-8°C) or deep freezing (-20°C) inhibits microbial
activity.
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. Example: Water for injection is stored at 80°C to prevent bacterial
growth before use.
5. pH of the Formulation
. Each microorganism has a preferred pH range:
o Bacteria — Neutral pH (6.5-7.5)
o Fungi/Yeasts — Acidic pH (4-6)
. Extreme pH values (very acidic or very alkaline) inhibit microbial
growth.
. Example: Syrups preserved by maintaining acidic pH.
6. Packaging Design
. Poor packaging (cracks, leaks, improper sealing) exposes the product
to environmental contamination.
. Multi-dose containers are more susceptible to contamination due to
repeated opening.
. Proper use of airtight, moisture-proof, and sterile packaging reduces
spoilage.
7. Storage Conditions
. Environmental factors like high humidity, oxygen exposure, light, and
temperature fluctuations accelerate spoilage.
« Oxygen can favor aerobic microbial growth and also cause chemical
degradation.
. Controlled storage (cool, dry, airtight, and light-resistant conditions)
helps in extending product stability.
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Sources of Microbial Contamination

» Microbial contamination of pharmaceutical products may occur during
manufacture, processing, packaging, storage, or handling.
Contamination reduces product quality, safety, and shelf-life, making it
a major concern in pharmaceutical industries.

» The main sources are:

1. Raw Materials

. Both active pharmaceutical ingredients (APIs) and excipients can
harbor microorganisms if not properly sourced, processed, or stored.

. Plant-derived excipients (e.g., starch, gums) are especially prone to
contamination.

. Contamination can occur during transport, weighing, mixing, or
transfer of raw materials.

2. Airborne Particles

. Dust, spores, and microorganisms may be present in the air of
production areas.

. Ifnot controlled by HEPA filters, air conditioning, and laminar flow
systems, they can settle on exposed surfaces and sterile products.

3. Personnel

« Humans are the major carriers of contamination.

. Microbes are shed from skin, hair, hands, and respiratory tract.

. Improper gowning, poor hygiene, and lack of training can lead to
contamination, especially in aseptic areas.

4. Equipment

. Manufacturing equipment (mixers, filling machines, conveyors, etc.)
can be a source if not properly cleaned, sterilized, and maintained.
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. Microbes may persist in dead spaces, joints, or uncleaned surfaces,
leading to repeated contamination.

5. Water Systems

. Water is one of the most critical raw materials in pharmaceutical
manufacturing.

. Contaminated water (used for formulation, cleaning, or rinsing) can
introduce microorganisms and endotoxins.

. Purified water, distilled water, and water for injection (WFI) must be
stored under controlled conditions to prevent microbial growth.

6. Aseptic Processing

. Inadequate aseptic techniques during filling, sealing, or transfer of
sterile products can cause direct contamination.

. Common causes include improper laminar flow handling, poor
sterilization, or operator error.

7. Storage Conditions

. Poor storage (e.g., high humidity, improper temperature, exposure to
light/oxygen) supports microbial proliferation.

. Improper sealing or damaged packaging may allow entry of
contaminants during storage and distribution.
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Types of Microbial Contaminants

Microbial spoilage of pharmaceuticals, food, and related products is caused
by different types of microorganisms. Each group has unique properties,
contamination sources, and effects on product safety and stability.

1. Bacteria

. Characteristics: Single-celled organisms that multiply rapidly in
favorable conditions (moisture, nutrients, neutral pH).
. Role in spoilage: Can cause turbidity, discoloration, odor, or even
toxin production in formulations.
. Examples:
o Pseudomonas spp.: Common in water and aqueous products;
causes spoilage in syrups, eye drops, and injections.
o Klebsiella spp.: Found in oral and topical preparations; leads to
contamination and product degradation.
o Staphylococcus spp.: Often introduced through human
handling and poor hygiene; survives in creams and ointments.

2. Fungi (Molds and Yeasts)

Characteristics:
o Molds = multicellular, filamentous.
o Yeasts = unicellular, reproduce by budding.
. Growth Conditions: Prefer warm, moist, nutrient-rich, acidic
environments; capable of surviving at low water activity and low pH.
. Effects: Visible spoilage (growth on surface), production of
mycotoxins (toxic secondary metabolites).
. Examples: Aspergillus, Penicillium, Candida.
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3. Spore-forming Microorganisms

. Characteristics:
o Produce resistant spores that withstand heat, desiccation, and
disinfectants.
o Spores remain dormant under adverse conditions and germinate
when conditions become favorable.
. Examples: Bacillus, Clostridium species.
. Impact: Can cause serious contamination in sterile formulations;
highly difficult to eliminate.

4. Algae

. Characteristics: Photosynthetic microorganisms, usually green or
blue-green in color.

. Source: Found in contaminated water systems used in manufacturing.

. Impact: Rare but possible contaminants of pharmaceutical water
systems, syrups, and liquid formulations.

5. Protozoa

. Characteristics: Single-celled eukaryotic organisms, larger than
bacteria.

« Occurrence: Less common in pharmaceuticals but may contaminate
water supplies.

. Impact: Can carry pathogenic potential (e.g., Acanthamoeba in contact
lens solutions).
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Assessment of Microbial Contamination & Spoilage

Ensuring microbial quality of pharmaceutical products is essential to
maintain their safety, efficacy, and shelf-life. Contamination may reduce
therapeutic activity, alter product stability, or even cause infections in
patients. Therefore, different analytical and microbiological methods are
used for detection and quantification of microbial presence.

1. Physical and Chemical Indicators

. Microbial spoilage can change the physicochemical properties of a
formulation.
. Indicators include:
o Alterations in viscosity (due to microbial enzymes breaking down
excipients).
o Change in pH (acidic or alkaline metabolites produced).
o Loss of emulsion stability.
o Change in surface activity (due to breakdown of surfactants).
. These serve as early warning signs of microbial growth.

2. Microbial Limit Tests (MLT)

. Used for non-sterile pharmaceutical products.
. Aim: To ensure microbial counts remain within acceptable
pharmacopoeial limits.
. Includes:
o Total Aerobic Microbial Count (TAMC)
o Total Yeast and Mold Count (TYMC)
o Tests for specified microorganisms (e.g., E. coli, Salmonella,
Pseudomonas, Staphylococcus aureus).
. Ensures that products comply with IP, BP, USP standards.
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3. Sterility Testing

. Required for sterile products (e.g., injections, ophthalmic
preparations).

« Purpose: To confirm complete absence of viable microorganisms.

. Two main methods:

1. Direct Inoculation Method: Product is directly inoculated into
suitable culture media and incubated.

2. Membrane Filtration Method: Product is passed through a sterile
membrane filter that traps microorganisms; the filter is then
incubated in culture media.

. Ensures sterility throughout manufacturing and packaging.

4. Environmental Monitoring

. A preventive approach to detect potential contamination sources in
manufacturing and clean areas.
. Involves:
o Air sampling (settle plates, impaction, air samplers).
o Surface monitoring (swab/rinse tests, contact plates).
o Personnel monitoring (hand/finger dab tests, gown sampling).
. Helps in maintaining Good Manufacturing Practices (GMP) and
cleanroom classification standards.

A 4

Page | 14



Preservatives

> Preservatives are chemical agents that are added to pharmaceutical

formulations to prevent microbial contamination and spoilage during
manufacturing, storage, and usage.

» Their main role is to ensure safety, sterility, efficacy, and stability of

products by inhibiting or destroying bacteria, fungi, and molds.

They are particularly important in:

Multi-dose formulations (where repeated use may introduce
microorganisms).

Aqueous preparations (which provide a good medium for microbial
growth).

Products exposed to the environment during use (e.g., eye drops,
Ssyrups, creams).

Ideal Characteristics of Preservatives

An effective preservative should have the following qualities:

1.

Broad-spectrum antimicrobial activity
— Active against bacteria (Gram + and Gram -), yeasts, and molds.

. Non-toxic and safe to humans

— Should not cause irritation, allergy, or systemic toxicity.

. Physically and chemically stable

— Must remain effective under different pH, temperature, and light
conditions.

. Non-reactive with API, excipients, or packaging material

— Should not form complexes or reduce drug potency.

. Effective at low concentrations

— Ensures minimal risk of toxicity while maintaining antimicrobial
effect.

. Non-volatile and non-odorous

— Should not evaporate, alter product smell, or affect patient

compliance.

Rapid in action

— Must quickly inhibit or kill contaminating microorganisms. A
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Types of Preservatives

> Preservatives used in pharmaceutical formulations can be classified on

the basis of their chemical nature and mechanism of action.

1. Antimicrobial Preservatives

These preservatives inhibit or kill microorganisms (bacteria, fungi,

molds) and protect products from microbial spoilage.

Mechanisms of Action:

. Cell membrane disruption — damaging microbial cell wall and

membrane.

. Protein denaturation - altering microbial enzymes and proteins.

. Inhibition of nucleic acid synthesis - preventing microbial
replication.

Types of Antimicrobial Preservatives:

1. Parabens

o Examples: Methylparaben, Propylparaben.

o Effective mainly against fungi and some bacteria.

o Commonly used in syrups, creams, ointments.
2. Organic Acids

o Examples: Benzoic acid, Sorbic acid.

o Most effective in acidic formulations (low pH).

o Used in oral liquids, beverages, topical formulations.
3. Alcohols

o Examples: Ethanol, Benzyl alcohol.

o Possess broad-spectrum antimicrobial activity.

o Used in oral solutions, injectables, topical products.
4. Quaternary Ammonium Compounds

o Example: Benzalkonium chloride.

o Effective mainly against Gram-positive bacteria and fungi.

o Common in ophthalmic and nasal preparations.
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5. Phenolic Compounds
o Examples: Phenol, Chlorocresol.

o Provide broad-spectrum antimicrobial activity.
o Used in ointments, creams, vaccines.

2. Antioxidant Preservatives

These prevent oxidative degradation of drugs and excipients, which

otherwise could lead to product instability and secondary microbial
growth.

. Examples: Butylated Hydroxytoluene (BHT), Butylated
Hydroxyanisole (BHA), Ascorbic Acid, Sodium Metabisulfite.
. Commonly used in lipid-based formulations, oils, and emulsions.

3. Chelating Agents

These agents bind to metal ions (iron, copper, etc.) which are required by
microorganisms for growth and also catalyze oxidative reactions. By

removing these ions, they enhance preservative and antioxidant activity.

. Example: Disodium Edetate (EDTA).

. Often used in combination with other preservatives to increase
efficacy.
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Classification of Preservatives Based on Source

1. Natural Preservatives
o These are obtained from natural sources such as plants, animals,
or minerals.
o Examples:
Neem oil/extract — effective against bacteria and fungi.
Lemon juice (citric acid) - acidic environment prevents
microbial growth.
Salt (sodium chloride) and sugar - used in
food/pharmaceutical preservation by osmotic effect.
Honey - natural antimicrobial property.
o Advantages: Biocompatible, safe, and eco-friendly.
o Limitations: Less potent, variable efficacy, sometimes unstable.
2. Artificial (Synthetic) Preservatives
o These are chemically synthesized compounds, widely used in
pharmaceuticals because they are highly effective even at low
concentrations.
o Examples:
Benzoates (sodium benzoate).
Nitrites.
Parabens (methylparaben, propylparaben).
Phenolic compounds.
o Advantages: Strong, stable, reproducible activity.
o Limitations: Possible toxicity or allergic reactions in sensitive
individuals.
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Factors Affecting the Efficacy of Preservatives

The effectiveness of a preservative in a pharmaceutical formulation depends
on multiple factors:

1. Type of Microorganism
o Different microorganisms show different susceptibility.
o Example: Gram-negative bacteria are often more resistant than
Gram-positive bacteria.
2. Concentration of Preservative
o Too low — Ineffective, allowing microbial growth.
o Too high — Can be toxic, cause irritation, or interact with
drug/excipients.
3. pH of the Product
o Preservatives have optimal pH ranges.
o Example: Benzoic acid is effective only in acidic conditions (pH <
5).
4. Incompatibility with Excipients
o Some excipients may adsorb or react with preservatives, reducing
their activity.
o Example: Surfactants can inactivate parabens.
5. Temperature
o High temperature can degrade some preservatives and reduce
effectiveness.
6. Nature of the Formulation
o Aqueous formulations (syrups, injections) are more prone to
microbial growth than solid dosage forms, thus requiring
stronger/more preservatives.
7. Packaging and Storage Conditions
o Interaction with packaging material (e.g., plastics absorbing
parabens).
o Exposure to air, light, or moisture can also affect stability and
activity.
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Evaluation of Microbial Stability of Formulations

Microbial stability testing ensures that pharmaceutical formulations remain
free from microbial contamination throughout their shelf life. It is essential
for:

. Safety - to prevent infections.
. Efficacy - to avoid drug degradation by microbes.
. Stability - to maintain the desired therapeutic effect.

The key method to evaluate microbial stability is the Preservative Efficacy
Test (PET), also called the Antimicrobial Effectiveness Test.

Preservative Efficacy Test (PET)

. A standard procedure used to determine whether the preservatives in a
product can effectively control microbial growth.

. Widely applied to pharmaceuticals, cosmetics, and personal care
products.

Procedure

1. Selection of Test Microorganisms
o The product is challenged with a panel of standard organisms
recommended by pharmacopeias (IP, USP, BP, EP):
Bacteria:
Staphylococcus aureus (Gram-positive)
Escherichia coli (Gram-negative)
Pseudomonas aeruginosa (Gram-negative)
Yeast:
Candida albicans
Mold:
- Aspergillus brasiliensis
2. Inoculation
o A known concentration of these microorganisms is introduc% @
into the product.

Page | 20



o This creates a "worst-case contamination” scenario.
3. Incubation
o The inoculated product is stored under controlled environmental
conditions (temperature, humidity, pH) for a specified period
(commonly 28 days).
4. Sampling
o At defined intervals (e.g., 7, 14, and 28 days), samples are
withdrawn.
o The number of viable microorganisms is determined using plate
count or other microbiological methods.
5. Evaluation (Acceptance Criteria)
o The reduction in microbial counts is measured against
pharmacopeial requirements:
- USP <51>, BP, IP define log-reduction criteria for bacteria,
yeast, and mold.
- Example: Bacteria should show at least a 3 log reduction
(99.9%) within 14 days with no increase thereafter.

Factors Affecting PET Results

. Type and concentration of preservative.

. Product pH and composition.

. Packaging material interaction.

. Storage conditions.

. Type of dosage form (aqueous > more prone to contamination).
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Animal Cell Culture

Animal Cell Culture is a laboratory technique in which animal cells are
grown, maintained, and propagated outside their natural environment (in
vitro) under controlled physical and chemical conditions.

It is a fundamental method in biological and medical research, enabling
scientists to study:

Cellular structure, physiology, and function

Effects of drugs, toxins, and chemicals

Production of vaccines, hormones, and monoclonal antibodies
Tissue engineering and regenerative medicine

Key Principles of Animal Cell Culture

1. Aseptic Techniques

o Maintaining a sterile environment is essential to prevent
contamination from bacteria, fungi, mycoplasma, or viruses.

o This includes sterilization of media, equipment, and use of
laminar air flow hoods.

2. Culture Medium

o Provides essential nutrients, growth factors, and the right
physiological environment for cells.
o Typically includes:
- Basal medium (e.g., DMEM, RPMI-1640, MEM) — supplies

amino acids, salts, vitamins, glucose.
Serum (commonly fetal bovine serum, FBS) — provides
hormones, attachment factors, and growth promoters.
Antibiotics/antimycotics (e.g., penicillin, streptomycin,
amphotericin B) — reduce risk of microbial contamination.

3. Growth Factors

o Specific proteins that stimulate cell proliferation, differentiation,
and survival.
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o Common examples: Epidermal Growth Factor (EGF), Fibroblast

Growth Factor (FGF), Insulin-like Growth Factor (IGF).
4. Physical Parameters

o Temperature: Usually 37°C (mimics mammalian body
temperature).

o pH: Maintained around 7.2-7.4 using buffers (e.g., sodium
bicarbonate + CO, atmosphere).

o Humidity: High humidity prevents evaporation of culture
medium.

o Oxygen/CO, balance: Typically 5% CO, for maintaining pH.

General Procedure for Animal Cell Culture

1. Preparation of Culture Media
o Media sterilized by filtration; serum and antibiotics added under
aseptic conditions.
2. Isolation of Cells
o Obtained from tissues (primary culture) or from pre-established
continuous cell lines.
o Cells can be adherent (attach to flask surface) or suspension
(grow free in medium).
3. Sterilization and Aseptic Techniques
o Carried out in a laminar flow cabinet.
o All glassware and plasticware are sterilized by autoclaving or
gamma radiation.
4. Seeding of Cells
o Cells are transferred into culture flasks or Petri dishes containing
sterile medium.
5. Incubation
o Cultures placed in CO, incubators at controlled temperature,
humidity, and gas balance.
6. Monitoring and Maintenance
o Cells observed under an inverted microscope for growth,
morphology, and contamination.
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o Medium is replenished regularly to supply nutrients and remove
waste products.
o Sub-culturing (passaging) is done when cells reach confluency.

Types of Cell Culture

Animal cell cultures can be classified based on their origin, growth pattern,
and lifespan. The major types include:

1. Primary Cell Culture

. Definition: Cells directly isolated from living tissues (e.g., organ,
blood, embryo) and grown in an artificial controlled environment
(culture dish/flask).

 Characteristics:

o Retain most of the physiological and biochemical properties of
the tissue of origin.
o More representative of in vivo conditions, hence valuable for
biological and medical research.
o Have a limited lifespan before they senesce (stop dividing).
. Subtypes:
1. Adherent Cell Culture
- Cells attach to the surface of culture vessels (flasks, dishes).
Require proper surface (plastic/glass) and nutrients for
attachment.
Example: Fibroblasts, epithelial cells.
Need regular removal of old medium and replacement with
fresh medium.
2. Suspension Cell Culture
Cells do not attach to the vessel surface; they remain free-
floating in the culture medium.
Example: Blood cells, lymphocytes, hybridoma cells.
Easier to scale up for bulk production.

2. Secondary Cell Culture (Sub-culture/Passage) PP
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Definition: Obtained when cells from a primary culture are
transferred (sub-cultured) to a new vessel with fresh nutrient medium.
Purpose:
o Provides more space and nutrients for continued growth.
o Helps remove unwanted cells and creates a more uniform
population.
o Extends the life of the culture for experimental use.

3. Cell Lines

Definition: Cell populations derived from primary or secondary
cultures that can be propagated and maintained in vitro under
controlled conditions.
Characteristics:

o Genetically more stable compared to primary cultures.

o Can be finite (limited lifespan) or continuous (immortalized).

a. Finite Cell Lines

Derived from normal tissue.

Have a limited lifespan and undergo only a finite number of cell
divisions (due to the Hayflick limit).

Preserve most characteristics of the original tissue.

Useful for studies requiring cells with normal physiology and limited
genetic changes.

Example: Human diploid fibroblast line.

b. Continuous Cell Lines

Derived from tumor cells or transformed normal cells (via spontaneous
or induced transformation).

Immortalized — can divide indefinitely under proper conditions.
Often show altered morphology, rapid growth, and chromosomal
abnormalities.

Extensively used in:
o Cancer research A
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o Vaccine development (e.g., HeLa cells for polio vaccine)
o Recombinant protein and monoclonal antibody production
. Examples: Hela cells, Vero cells, CHO (Chinese Hamster Ovary) cells.
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Applications of Cell Culture

» Cell culture is the process of growing animal or human cells in a

controlled artificial environment outside their natural setting (in vitro).
It is a powerful technique widely used in pharmaceutical industry,
biotechnology, and medical research.

1. Drug Screening and Toxicity Testing

Cultured cells are used to test the safety and efficacy of new drugs
before human or animal trials.

Helps to detect possible toxic effects at the cellular level.

Saves time, cost, and reduces risk in later clinical studies.
Example: Testing anticancer drugs on cultured tumor cell lines.

2. Vaccine Development

Many viruses required for vaccine production can only grow inside
living cells.

Cell cultures provide a suitable environment for viral multiplication.
Essential for producing vaccines against diseases like polio, influenza,
hepatitis B, rabies, and COVID-19 (using Vero or CHO cells).

3. Studying Disease Mechanisms (Pathophysiology)

Researchers use cultured cells to study how bacteria, viruses, and
toxins affect cells.

Allows direct observation of cellular changes, mutations, and
molecular mechanisms of diseases.

Useful for developing novel therapies and understanding cancer
biology, genetic disorders, and infectious diseases.

4. Production of Therapeutic Proteins and Biopharmaceuticals

Genetically engineered cultured cells can produce medically important
proteins in large amounts.
Examples:
o Insulin for diabetes (from recombinant DNA technology in CHO
cells).
o Monoclonal antibodies for cancer and autoimmune diseases.
o Interferons, clotting factors, growth hormones. ¥ 9
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5. Cancer Research
. Cancer cell lines (e.g., HeLa cells) are used to study tumor growth,
metastasis, and drug resistance.
. Helps in developing and screening anticancer drugs.
6. Reducing Animal Testing (Ethical Advantage)
. Cell cultures serve as alternatives to animals for many experiments.
. Provides faster, reproducible results while reducing ethical concerns
related to animal use.
7. Genetic Engineering and Gene Therapy Research
. Cell culture is essential in studying gene function and gene expression.
. Used to introduce new genes into cells (transfection).
. Plays a role in CRISPR-Casg gene editing and developing gene
therapies for inherited diseases.
8. Tissue Engineering and Regenerative Medicine
. Stem cells cultured in vitro can differentiate into specific tissues.
. Potential use in organ repair, artificial tissues, skin grafts, and wound
healing.
. Example: Cultured skin cells for burn patients.
9. Testing Cosmetics and Chemicals
. Cosmetic industries use cultured cells to test irritation or toxicity of
beauty products.
. Safer and more ethical compared to animal testing.
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