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SENESCENCE OR AGEING IS A PROGRESSIVE DETERIORATION OF THE STRUCTURAL PROPERTIES AND
FUNCTIONAL EFFICIENCIES OF CELLS

GRADUAL LOSS OF THEIR REPARATIVE AND RESTORATIVE POWERS
REPRODUCTIVE PHASE GRADUALLY MERGES INTO SENESCENCE PHASE

LOSS IN STRUCTURE AND FUNCTION RESULT FROM CHANGES DUE TO WEAR AND TEAR



CHARACTERISTICS OF AGEING(SENILE SYMPTOMS)

* |NEFFICIENCY OF VITAL ORGANS

* FALL IN METABOLIC EFFICIENCY

e LOSS OF REPARATIVE AND RESTORATIVE REGENERATING POWERS
* LOW ADAPTABILITY FITNESS AND SURVIVAL POTENTIAL

* HIGH VULNERABILITY TO DISEASES AND ENVIRONMENTAL STRESSES



CHANGES ASSOCIATED WITH AGEING

MORPHOLOGICAL CHANGES

PHYSIOLOGICAL AND ANATOMICAL CHANGES

CELLULAR CHANGES

EXTRACELLULAR CHANGES



MORPHOLOGICAL CHANGES

¢ (OBSERVABLE CHANGES IN THE FORM AND APPEARANCE
* SHRIVELLED AND STOOPING BODY

e SAGGED AND WRINKLED SKIN

e (GREY HAIRS

* FRAGILE AND BRITTLE BONES

* WEAK AND FLABBY MUSCLES



ANATOMICAL AND PHYSIOLOGICAL CHANGES

*  CHANGES IN THE STRUCTURE AND FUNCTIONS OF INTERNAL ORGANS
* LOW HEART RATE CARDIAC OUTPUT

* REDUCED BLOOD SUPPLY TO BRAIN AND KIDNEYS

* |LOW CELLULAR UPTAKE OF OXYGEN

* Rebuceb probucTiON OF RBC

* LARGE SCALE DEATH OF BRAIN CELLS

* |LACK OF FUNCTIONAL COORDINATION BETWEEN BODY PARTS

* |LOW METABOLIC RATE

* Loss OF IMMUNE POWERS

* HIGH VULNERABILITY TO DISEASES



CELLULAR CHANGES

ABNORMAL CHANGES TAKING PLACE WITHIN THE CELLS

CHROMATIN CONDENSATION (HETEROPYCNOSIS) AND NUCLEAR SHRINKAGE (PYCNOSIS)

ABNORMAL SHORTENING AND THICKENING OF CHROMOSOMES LEADING TO DEATH OF THE CELL

DEGENERATION OF CYTOPLASMIC ORGANELLES

- DEGENERATION OF MITOCHONDRIA —DECREASE IN ENERGY SUPPLY

- DEGENERATION OF ENDOPLASMIC RETICULUM- IMPAIRS CELLULAR TRANSPORT AND SYNTHETIC PROCESS



* CHROMOSOMAL AND GENE MUTATIONS

- ABNORMALLY AFFECT DNA REPLICATION AND GENETIC TRANSCRIPTION AND TRANSLATION
-IRREVERSIBLE CHANGES IN GENETIC CODE CELL STRUCTURE CELL FUNCTION

* [DECREASE IN RATE OF CELL DIVISION

-SHIFT IN BALANCE BETWEEN THE CREATION OF NEW CELLS AND LOSS OF OLD ONES

-RESULTS IN LOSS OF WEIGHT



* -HAYFLICK LIMIT-LEONARD HAYFLICK
e THE FIXED NUMBER OF DIVISIONS A CELL MAY UNDERGO IS REFERRED TO AS HAYFLICK LIMIT
1. A SOMATIC CELL CAN DIVIDE ONLY A FIXED NUMBER OF TIMES
2.  IMMORTAL CELLS ARE CANCEROUS CELLS IN WHICH CELL DIVISION HAS GONE OUT OF CONTROL

* HAYFLICKS LIMIT APPEARS TO BE A POTENTIAL BARRIER TO THE IMMORTALISATION OF CELLS



CHANGES IN COLLAGEN

COMPONENT OF THE CONNECTIVE TISSUE CONTAINING FIBRILS MADE OF MONOMERS

IN YOUNG ANIMALS COLLAGEN IS FLEXIBLE SOLUBLE AND PERMEABLE TO MOLECULES

AS THE AGE ADVANCES IT BECOMES LESS FLEXIBLE AND LESS SOLUBLE

THIS PREVENTS THE FREE PASSAGE OF FOOD NITROGENOUS WASTE AND GASES THROUGH IT

RESULTS IN THE DECLINE OF METABOLIC ACTIVITIES OF AGEING CELLS AND THE ANIMAL AS A WHOLE

LEADS TO GERIATRIC SYMPTOMS
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- ADVERSELY AFFECT THE NORMAL CELLULAR FUNCTIONS
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3.  INCREASE IN THE SENSITIVITY OF SOME TISSUES TO INSULIN



THEORIES OF AGING

SOMATIC MUTATION THEORY

(GENE REGULATION THEORY

WEAR AND TEAR THEORY

ERROR CATASTROPHE THEORY

FREE RADICAL REACTION THEORY



SOMATIC MUTATION THEORY

AGEING IS DUE TO RANDOM MUTATIONS

MUTATIONS RESULT IN NON PRODUCTION OF FUNCTIONAL PROTEINS

SUCH PRODUCTS ACCUMULATE WITH AGE AND INACTIVATE THE CELLS

THE NUMBER OF FUNCTIONAL CELLS FALLS LOW WITH AGING

LEADS TO MALFUNCTION OF VITAL ORGANS AND ULTIMATE DEATH OF THE ORGANISM



GENE REGULATION THEORY

* (GENE CLOCK HYPOTHESIS

* BASIC CAUSE OF AGING LIES AT THE LEVEL OF THE GENE

* (GENES UNDERGO STRUCTURAL CHANGES RESULTING IN THE SYNTHESIS OF WRONG OR INACTIVE ENZYMES OR PROTEINS
* THE DEGREE OF EXPRESSION OF GENES MAY CHANGE WITH AGE CAUSING ALTERATIONS IN THE LEVELS OF ENZYMES

* HARMFUL GENES GET EXPRESSED

* LEADS TO MALFUNCTIONING

* EXAMPLE-ADULT PROGERIA ANDWERNER SYNDROME-PREMATURE AGING

* EXHIBIT SYMPTOMS OF DECELERATED GROWTH AND PREMATURE AGEING IN ADOLESCENCE

*  WERNER SYNDROME- SIMILAR TO PROJECT BUT ITS MANIFESTATIONS APPEAR IN LATER YEARS
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* HIGH INCIDENCE OF MALIGNANCY



ERROR CATASTROPHE THEORY

o LESLIE ORGET

* ERRORS IN THE TRANSCRIPTIONAL AND TRANSLATIONAL PROCESSES OF INFORMATION TRANSFER COST THE SYNTHESIS
OF ABNORMAL DEFECTIVE OR HARMFUL PROTEINS

* TRANSCRIPTIONAL ERRORS RESULT IN THE PRODUCTION OF DEFECTIVE MRNA

« TRANSLATIONAL ERRORS RESULT IN DEFECTIVE PROTEINS

e RESULTS IN THE ALTERATION OF TRIPLET CODON AND INCORPORATION OF AMINO ACIDS

* [NITIALLY ERRORS MAYBE LO BUT THEY ACCUMULATE EXPONENTIALLY WITH THE PASSAGE OF
e THIS LEAD TO AN ERROR CATASTROPHE RESULTING IN THE DEATH OF THE CELL



WEAR AND TEAR HYPOTHESIS

e (CELLS AND TISSUES ARE SUBJECTED TO CONTINUOUS WEAR AND TEAR DUE TO CONSTANT INTERNAL AND
EXTERNAL STRESSES

 DNA AND PROTEIN SYNTHETIC APPARATUS LOSE THE POWER OFF REPAIR

e RESULTS IN FUNCTIONAL DETERIORATION LEADING TO AGING



FREE RADICAL REACTION THEORY

* FREE RADICAL REACTIONS ARE INVOLVED IN AGING
* FREE RADICALS INTERACT WITH ENZYMES AND INACTIVATE THEM

e COUNTERED BY ANTIOXIDANTS- VITAMIN E



APOPTOSIS

* PROGRAMMED CELL DEATH

* SUPPLEMENTS CELL CYCLE REGULATION

o ESTABLISHES CELLULAR HOMEOSTASIS

* MAINTAIN DYNAMIC BALANCE BETWEEN PRODUCTION AND LOSS OF CELLS

 |NITIATED BY THE CELL ITSELF IN RESPONSE TO EXTRINSIC AND INTRINSIC STIMULI

» (OFTEN REGARDED AS CELL SUICIDE

* |MPORTANT ROLE IN THE FORMATION AND MAINTENANCE OF NORMAL TISSUES DURING DEVELOPMENT
* [NHIBITION CAN LEAD TO CANCER DEVELOPMENT



CELLULAR CHANGES DURING APOPTOSIS

» (CONDENSATION AND PERIPHERALIZATION OF CHROMATIN

* DEGRADATION AND FRAGMENTATION OF CHROMOSOMAL DNA

*  SHRINKAGE AND FRAGMENTATION OF NUCLEUS

o LOSS OF CYTOPLASM AND COMPACTION OF CELL ORGANELLES

* BREAKDOWN OF MITOCHONDRIA AND DEGRADATION OF ENERGY SYSTEM
e FusioNn oF ER WITH PLASMA MEMBRANE

* (CELL DETACHES FROM NEIGHBOURS AND UNDERGOES FRAGMENTATION IN TO NUMEROUS APOPTOTIC BODIES
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SECRETION OF DEATH LIGANDS

SENDS APOPTOTIC SIGNALS INTERIOR

ALSO INDUCE DEATH OF NEIGHBOURING CELLS
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RELEASE OF CYTOCHROME C FROM M

o CREATE IONIC IMBALANCEL ] APOPTOSIS




e AT NUCLEAR LEVEL

* |NVOLVES SYNTHESIS OF TUMOUR SUPPRESSOR PROTEIN P53 THROUGH TRANSCRIPTION AND TRANSLATION OF
RESPECTIVE GENE

* P53 CAN INDUCE APOPTOSIS IN RESPONSE TO EXTENSIVE DNA DAMAGE WHICH CELL CANNOT REPAIR

e 2 MAIN ROLES
L4 |NHIBITION OF CELL CYCLE

* |NDUCTION OF APOPTOSIS



APOPTOSIS IN DISEASES AND CANCER

* DEFECTIVE CONTROL OF APOPTOSIS-NEURODEGENERATION, IMMUNODEFICIENCY, CELL DEATH FOLLOWING
HEART ATTACK, STROKE

* |MPORTANT ROLE IN CANCER



SIGNIFICANCE OF APOPTOSIS

* |MPORTANT ROLE IN THE FORMATION MAINTENANCE AND MOULDING OF NORMAL TISSUES DURING DEVELOPMENT
* SPECIALISED MECHANISM FOR THE DISPOSAL OF UNWANTED CELLS

* AVOIDS AUTOIMMUNITY BY ELIMINATING SELF REACTIVE T CELLS

* ELIMINATION OF VIRUS INFECTED CELLS

* DEFENCE AGAINST INFECTIONS AND HARMFUL CHEMICALS

* PREVENTS TUMOUR FORMATION

» BALANCE BETWEEN CELL DIVISION AND APOPTOSIS- MAINTAINING A CONSTANT NUMBER OF CELLS IN THE BODY



EXAMPLES OF APOPTOSIS

* FORMATION OF GAPS BETWEEN HUMAN FINGERS AND TOES WHICH WOULD OTHERWISE BE WEBBED

®* LOSS OF LARVAL CELLS DURING METAMORPHOSIS-LOSS OF THE TAIL OF AMPHIBIAN TADPOLE DURING
METAMORPHOSIS

e DEsTRUCTION OF 90% OF THE T CELLS IN THYMUS
e DESTRUCTION OF CELLS WITH DNA DAMAGE
e DISINTEGRATION OF THE ENDOMETRIUM OF PRIMATES DURING MENSTRUATION

* ELIMINATION OF THE SURPLUS CELLS DURING THE FORMATION OF NEURONAL SYNAPSES IN THE BRAIN
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MECHANISM OF APOPTOSIS

o (CELLS SHRINK

* MITOCHONDRIAL BREAKDOWN

* DEVELOP BUBBLE LIKE BLEBS ON THEIR SURFACE

o (CHROMATIN DEGRADATION

* BREAK INTO SMALL MEMBRANE WRAPPED FRAGMENTS

* PHOSPHOLIPID ,PHOSPHATIDYLSERINE GETS EXPOSED ON THE SURFACE

» (GETS BOUND BY RECEPTORS ON PHAGOCYTIC CELLS LIKE MACROPHAGES

* PHAGOCYTIC CELLS SECRETE CYTOKINES THAT INHIBIT INFLAMMATION
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