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Cell ageing and cell death



Cellular ageing is generally defined as the progressive decline in the 
resistance to stress and other cellular damages, causing a gradual loss 
of cellular functions and resulting eventually in cell death



Intracellular changes
Free radicals

➢Free radical is an uncharged molecule (typically highly

reactive and short-lived) having an unpaired valency

electron.

➢Free radicals and other ROS are derived either from

normal essential metabolic processes in the human body or

from external sources such as exposure to X-rays, ozone,

cigarette smoking, air pollutants, and industrial chemicals.







•Free radical formation occurs continuously in the cells as a

consequence of both enzymatic and nonenzymatic reactions.

•Enzymatic reactions, which serve as source of free radicals,

include those involved in the respiratory chain, in

phagocytosis, in prostaglandin synthesis, and in the

cytochrome P-450 system.



Some internally generated sources of free radicals are

•Mitochondria

•Xanthine oxidase

•Peroxisomes

•Inflammation

Some externally generated sources of free radicals are:

•Cigarette smoke

•Environmental pollutants

•Radiation

•Certain drugs, pesticides

•Industrial solvents

•Ozone









Free radicals cause damage in four ways:

Damage to lipids: cell membranes and organelles (e.g. 

mitochondria) are largely composed of lipids. 

When they incur damage from free radicals their function becomes 

impaired.

Damage to proteins: free radicals attack the amino acids that are 

the building blocks of protein structures.



Damage to genetic material:

free radicals attack the nucleic acids (RNA and DNA),

thus affecting the function, growth and repair of cells dependent 

on proper protein function.

This is the first step in the development of cancer.

Lysosome destruction: 

lysosomes are small, enzyme-containing lipid-membrane 

sacs.When the lysosome is destroyed, the enzymes are released 

and the cell effectively digests itself. 

The destructive effect of the enzymes is passed to adjacent cells 

and creates a widespread effect.



•An antioxidant is a molecule stable enough to donate an

electron to a rampaging free radical and neutralize it, thus

reducing its capacity to damage.

•These antioxidants delay or inhibit cellular damage mainly

through their free radical scavenging property.

• These low-molecular-weight antioxidants can safely interact

with free radicals and terminate the chain reaction before vital

molecules are damaged.

• Some of such antioxidants, including glutathione, ubiquinol,

and uric acid, are produced during normal metabolism in the

body.



•Other lighter antioxidants are found in the diet.

Although there are several enzymes system within the

body that scavenge free radicals, the principle

micronutrient (vitamins) antioxidants are vitamin E (α-

tocopherol), vitamin C (ascorbic acid), and B-carotene.





Extracellular changes

The extracellular matrix (ECM) is a collection of sugars, proteins

and other molecules which act not only as a scaffold but also as a

place where signals affecting cell migration and differentiation

originate.

The extracellular matrix (ECM), consists of molecules secreted by

cells such as collagen, elastin, and proteoglycan. The properties of

these excretions and chemistry of the environment they create,

provide direction for stem cell activities. The state of the ECM

plays a significant role during ageing, particularly with regards to

stem cell generation and function.



For example, age-related changes to the ECM such as 

inflammation affect the microenvironment where stem cells 

cannot be maintained or differentiate properly and this 

eventually results in loss of cellular function.



Aging of connective tissues is important for the understanding of

aging mechanisms of tissues rich in extracellular matrix and of age-

dependent diseases often affecting such tissues. Aging mechanisms

of such tissues can be divided as follows: (1) age-dependent

modifications of matrix biosynthesis; (2) postsynthetic

modifications of extracellular matrix, and (3) modifications of cell-

matrix interactions.



Collagen is one of the important Extracellular component of 

connective tissue. Alternation in its structure and quantity  and 

comparable changes in elastin are responsible for some 

manifestations of ageing in mammals.

E.g. Increase in quantity of collagen and elastin may result in 

loss of flexibility of skin.

Such changes are also responsible for reduction in vital capacity 

of lungs.



Cell death is the event of a biological cell ceasing to carry out its functions. 
This may be the result of the natural process of old cells dying and being 
replaced by new ones, or may result from such factors as disease, localized 
injury, or the death of the organism of which the cells are part.



➢Apoptosis is a form of programmed cell death that occurs in 

multicellular organisms. Biochemical events lead to characteristic cell 

changes (morphology) and death.   

➢These changes include blebbing, cell shrinkage, nuclear 

fragmentation, chromatin condensation, chromosomal DNA 

fragmentation, and global mRNA decay. The average adult human 

loses between 50 and 70 billion cells each day due to apoptosis.

https://en.wikipedia.org/wiki/Bleb_(cell_biology)
https://en.wikipedia.org/wiki/Plasmolysis
https://en.wikipedia.org/wiki/Karyorrhexis
https://en.wikipedia.org/wiki/Pyknosis
https://en.wikipedia.org/wiki/Apoptotic_DNA_fragmentation
https://en.wikipedia.org/wiki/MRNA
https://en.wikipedia.org/wiki/1,000,000,000


➢In contrast to necrosis, which is a form of traumatic cell death 

that results from acute cellular injury, apoptosis is a highly 

regulated and controlled process that confers advantages 

during an organism's lifecycle. For example, the separation of 

fingers and toes in a developing human embryo occurs because 

cells between the digits undergo apoptosis. 

➢Unlike necrosis, apoptosis produces cell fragments called 

apoptotic bodies that phagocytic cells are able to engulf and 

remove before the contents of the cell can spill out onto 

surrounding cells and cause damage to them.

https://en.wikipedia.org/wiki/Necrosis
https://en.wikipedia.org/wiki/Phagocytic_cells


Because apoptosis cannot stop once it has begun, it is a highly 

regulated process. Apoptosis can be initiated through one of two 

pathways. In the intrinsic pathway the cell kills itself because it 

senses cell stress, while in the extrinsic pathway the cell kills itself 

because of signals from other cells. 

Both pathways induce cell death by activating caspases, which 

are proteases, or enzymes that degrade proteins.

https://en.wikipedia.org/wiki/Cellular_stress_response
https://en.wikipedia.org/wiki/Caspase
https://en.wikipedia.org/wiki/Protease




Significance of apoptosis



Necrosis is a form of cell injury which results in the premature death

of cells in living tissue due to disease, injury, or failure of the blood

supply.

E.g.

Coagulative necrosis occurs primarily in tissues such as the kidney,

heart and adrenal glands. Severe ischemia most commonly causes

necrosis of this form.

Fat necrosis is specialized necrosis of fat tissue, resulting from the

action of activated lipases on fatty tissues such as the pancreas. In

the pancreas it leads to acute pancreatitis, a condition where

the pancreatic enzymesleak out into the peritoneal cavity, and

liquefy the membrane

https://en.wikipedia.org/wiki/Ischemia
https://en.wikipedia.org/wiki/Fat_necrosis
https://en.wikipedia.org/wiki/Lipase
https://en.wikipedia.org/wiki/Pancreas
https://en.wikipedia.org/wiki/Pancreatitis
https://en.wikipedia.org/wiki/Pancreatic_enzymes
https://en.wikipedia.org/wiki/Peritoneum



