
LECTURE THREE 
 
Cellular Injury 
 

 
 
Ischemia is a major cause of injury →	  no aerobic energy generation and no removal of wastes. The first 
thing affected is mitochondrial oxidative phosphorylation, leading to ATP depletion. The activity of the 
sodium pump is reduced, causing water to rush into the cell in turn causing swelling and eventual lysis. 
Decreased ATP causes anaerobic glycolysis, increasing AMP, leading to an accumulation of lactic acid 
dropping intracellular pH → impaired enzyme function. 
 
Free radicals are also a major cause of injury. They have a single unpaired electron, making them unstable 
and very reactive. They are a mechanism of radiation injury, oxygen toxicity, aging and phagocytosis. 
Normal respiration generates superoxide radicals in the process of electron transfer to oxygen, to form 
water.  
 
Superoxide dismutase, glutathione peroxidase and catalases are free radical scavengers. The transition 
metals (e.g. copper, iron) accept or donate electrons and thus catalyse free radical formation. 
 
Damage by free radicals includes lipid peroxidation of membrane (attack of double bonds), DNA 
fragmentation with free radical – thymine interaction causing single-strand breaks and cross linking of 
proteins.  
 
Cells can adapt to injury through atrophy, hypertrophy, hyperplasia, metaplasia or dysplasia.  
 
 
Alcohol and the Brain 
 

• Developing brain particularly sensitive 
• Functional loss 
• Atrophy 
• Irreversible cell loss if excess consumption continues 

 
 
 

Oxygen Deprivation – Hypoxia 
 

• Ischemia: loss of blood supply to tissue 
• Reduced O2 in tissue, e.g. CO poisoning 

 
Chemicals 
 

• Affect osmotic environment 
• Alter membrane permeability, e.g. snake 

venom causes lysis of RBCs 
• Enzymes 

 
Infectious Agents 
 

• Bacteria 
• Viruses 
• Protozoans 

 

Nutritional Imbalances 
 

• Deficiencies 
• Excess, e.g. obesity 

 
Trauma 
 

• Temperature extremes 
• Radiation: UV, microwaves 
• Atmospheric pressure 

 
 
Immunological Reactions 
 

• Anaphylaxis 
• Autoimmune disease 

 



 
Atrophy and Lysosomes 
 
The cellular basis of atrophy involves two proteolytic systems… 
 

• Lysosomes: proteases digest endocytosed molecules 
• Ubiquitin pathway: digestions in proteasomes 

 
Atrophy may be accompanies by an increase in autophagic vesicles – a fusion of lysosomes with 
intracellular organelles. Lysosomes role is to fuse with vacuoles containing material destined for recycling 
and then break down the material in two ways… 
 

1. Heterophagy: environmental substances are taken up, endocytosed & fused with lysosome 
- Neutrophils 
- Macrophages 

 
2. Autophagy: area of cytoplasm or damaged organelles are enclosed in an autophagic vacuole & then 

this fuses with the lysosome 
- Occurs when cells undergo atrophy induced by nutritional deprivation 

 
Lysosomes degrade most proteins and carbohydrates, but some lipids remain undigested and persist in the 
cell as residual bodies. Lysosomes store substances that cannot be completely metabolised. There are 35 
hereditary disorders of lysosomal storage, due to enzyme deficiencies. One well-known disorder of this type 
is Tay-Sachs disease – a deficiency in hexosaminidase A. Another disorder is Hurler syndrome, a defect in 
mucopolysaccharide degradation and hence mucopolysaccharide accumulation in cytoplasm.  
 
 
Tay-Sachs Disease 
 

• Hexosaminidase A deficiency 
• Blind, muscles rigid by 8 months age 
• NS deterioration 
• Death at 4 years age 
• Lipid accumulation in nerve cells 

 
Hyperplasia 
 
… can arise due for physiological reasons, e.g. hormonal reasons during puberty and pregnancy or as 
compensation due to a removal of part of a tissue, or for pathological reasons. These reasons are most 
commonly excessive hormones – e.g. endometriosis causes hyperplasia due to an imbalance between 
estrogen and progesterone. This is reversible, unlike cancer.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

LECTURE THIRTEEN 
 
Collagen 
 

• Most abundant body protein – 25% 
• Secreted by fibroblasts 
• Triple-stranded helix 
• Polypeptide alpha chain 

 
There are three types of collagen. These are… 
 

1. Fibrillar collagens 
2. Fibril associated collagens: found in cartilage, fibrillar collagens together (IX, XII) 
3. Network forming collagens: form mesh of basal lamina (IV, VII) 

 
Collagens are proline and glycine rich. The alpha chains are encoded by 42 different genes. The most 
common collagens are I, II, III, V and XI (1, 2, 3, 5 & 9). These are fibrillar collagens found in skin and 
bone, constituting 90% of all collagen. Type 1 is the most common form of collagen.  
 
Collagen is secreted into the extracellular environment, assembled to form polymers (fibrils) and then these 
fibrils are organised into collagen fibres. The gene encoding collagen alpha chains are very large – about 50 
exons, which arose from a duplication of a primordial gene. The collagen in bone may last ten years, which 
is a very long time as most proteins last only a few hours or days.  
 
Collagen Synthesis and Secretion 
 

• Polypeptide chains made 
• Passed to the ER as pro-α chains, with propeptide on the N and C terminals 
• In the ER, proteins and lysines hydroxylated and glycosylated 
• Formation of a triple helix – procollagen  
• Hydroxylation stabilizing the helix 

 
Collagens are secreted from the cell and acted on by enzymes to form collagen fibrils. These fibrils have a 
staggered arrangement and are cross-linked to provide strength.  
 
Scurvy 
 
Scurvy is due to a vitamin C deficiency. In scurvy proline hydroxylation cannot happen and so the pro-α 
chains are degraded resulting in fragile blood vessels and loose teach, and potential cerebral hemorrhage.  
 
 
Fibril-associated Collagens 
 

• Types IX, XII 
• Form parallel layers, networks or 3D networks 
• Bind to surface of fibrillar collagens, involved in fibrillar collagen organisation 

 
Osteogenesis Imperfecta 
 

• Mutations in collagen 1 gene  
• Collagen 1 in skin, tendons and bone to provide tensile strength 
• Weak bones 
• Severity depends on location 



- Mutation in middle to C-terminal part of the molecule is lethal 
 
Chondrodysplasias 
 

• Mutations in collagen 2 
• Collagen 2 found in cartilage 
• Abnormal cartilage, bone and joint deformities 

 
Ehlers-Danlos Syndrome 
 

• Six major types 
• Defects in different collagens 
• Due to abnormal assembly of collagen fibrils 
• Elastic skin 

 
Elastin 
 
Elastin is a 750 AA long protein that is important for recoil in the ears and blood vessels. It is secreted into 
the extracellular environment, where the fibres become cross-linked and are covered with a sheet of 
glycoproteins, essential for its function.  
 
Marfan Syndrome 
 

• Defect in microfibrils 
• Defective gene encodes a connective tissue protein called fibrillin-1 
• Most common hereditary group of connective tissue disorders 
• Affects eye, skeleton, cardiovascular system 
• Arachnodactyly due to lack of support of perichondrium and pristeum 
• Rupture of aorta due to thinning of elastin 
• Dislocation of eye lens causing impaired vision 

 
 


