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Types of epithelial and their locations 

Squamous Simple Mesothelium/serosa lines body cavity/pleura peritoneal (lubrication), 
blood vessel endothelium (nutrient diffusion), alveoli (gas diffusion), 
endocardium lines heart vessels  

Stratified 
 

Keratinized: Thick skin, thin hairy skin, anus (protect from abrasion) 

Non-keratinized: Oesophagus, tonsil, urethra (protect from abrasion) 

Cuboidal Simple Sweat ducts (excretory), kidney tubules (absorptive), salivary glands 
(secretory), germinal epithelium of ovary 

Stratified Large ducts, endocrine ducts, sweat ducts, salivary glands, pancreatic 
ducts (all for barrier or conduit  channel for H2O or fluids) 

Transitional Urinary tract + bladder (stretching, withstand toxicity of urea & urine) 

Columnar Simple + goblet Ciliated: Fallopian tube, uterus, GIT (absorptive), gallbladder 
(absorptive) 

No microvilli/cilia: Colon, stomach (secretory), bronchioles 

Pseudostratified + goblet Trachea (secrete mucus), efferent ductules of epididymis (has 
stereocilia), vas deferens 

- Avascular: nutrients obtained through BM via ECM 

- Epitheloid tissue: no free apical surface, located in the basement membrane, includes: Leydig cells of testis, 

Lutein cells of ovary, Islets of Langerhans, anterior lobe of pituitary gland 

- Cilia: Movement along the surface/beating to push mucus along 

- Microvilli: Increases surface area for absorption cells 

- Stereocilia: Epididymis only, absorbs excess H2Oconcentrates sperm 

Intracellular junctions 

- Tight junction: Prevent luminal contents from seeping through 

- Adhering junction: Attach cell in place for cytoskeletal parts with 

adjacent cells 

- Communicating junction: Passage of small molecules between cells 

- Desmosomes: Attach cell in place with adjacent cells 

- Hemidesmosomes: Anchors cell to BM 

 

Muscle 

 Skeletal Cardiac Smooth 

Location Attached to bone Heart Walls of internal organs; skin 

LS 

   
XS 

   
Body function Movement of bone Continuous beating of heart Movement of internal organs 

Control mode Voluntary Involuntary Involuntary 

Shape Long parallel cylinders Branching + intercalated disks Spindle shaped 

Characteristics Striated Striated Non-striated 

Nucleus Multiple peripheral (not 
smooth) 

Central uni- or bi-nucleate Single uni-nucleate 

Intracellular junctions 



Skeletal muscle 

- Satellite cells: located on the outside of a skeletal muscle fibre. 

- Sarcoplasmic reticulum: Surrounds myofibrils. Stores Ca2+ which causes contraction in SM when released 

- Neuromuscular junction (NMJ): Where axons of a neuron release a neurotransmitter (acetylcholine) from 

synaptic vesicles, which travels across the synaptic cleft and is received by the motor end plate of the muscle 

- Telodendria: when axon approaches the muscle, it loses its myelin sheath and branches into telodendria 

 

- Sarcomere: composed of actin and myosin protein filaments 

o Myosin (thick filament): convert ATP to energy of motion 

o Actin (thin filament): Tropomyosin cover myosin binding sites. Ca2+ binding to troponin moves 

tropomyosin away from myosin binding sites. Muscle contraction when myosin binds to actin 

o Z disc: anchors the actin filaments. Intercalates between each sarcomere 

o I band: actin filaments (LIGHT band) 

o A band: myosin and actin filaments overlapping (DARK band) 

o M line: thick myosin filaments 

Cardiac muscle: 

- Intercalated disks: allows muscle potential to spread across fibres to 

contract simultaneously. These disks are lined by desmosomes 

- Pacemaker/sinoatrial node: initialization of contraction 

Smooth muscle: 

- Non-striated but contain actin and myosin 

- Dense bodies: anchors actin filaments together and to the BM. Similar function to Z discs in skeletal/cardiac 

- Function: Slow sustained tireless movement. Has regenerative capacity 

 

Layers: 

- Muscle: Endomysium  Perimysium  Epimysium  Fascia 

- Nerves: Endoneruium  Perineurium  Epineurium 

 

 

Sacroplasmic reticulum Neuromuscular Junction Telodendria 



Blood and lymphatic vessels 

 Artery Vein Capillary Lymph vessel 

Tunica intima Thin, internal elastic 
lamina 

Thin, has valves in 
lumen 

1 layer 
endothelium 

1 layer endothelium, 
has valves too 

Tunica media Thick, has elastic fibres Thin N/A N/A 

Tunica 
adventitia 

Thin, may have vasa 
vasorum or nervi 

vascularis (contraction) 

Thick thickness, may 
have vasa vasorum 

N/A N/A 

Size ++ +++ + (big enough for 1 
RGB) 

Variable 

- Hilum: point where arteries, veins, nerves (neurovascular bundle) enters an organ 

- Vasa vasorum: smaller vessels within a large artery or veins’ adventitia layer 

- Nervi vascularis: nerves network to stimulate contraction, also in large artery or veins adventitia layer 

Arteries 

- Function: to pump oxygenated blood throughout the body, has thick tunica media with elastic fibres to 

withstand systolic blood pressure 

- Large elastic arteries: 

o Tunica media has elastic lamellae arranged in concentric layers that alternate with muscle layers. NO 

distinct external elastic lamina bordering TM-Adventitia 

o Fibro-elastic adventitia  CT made of elastin and collagen fibres 

- Small to medium muscular arteries: 

o Has a distinct internal and external elastic lamina 

- Arterioles: 

o Controls systemic blood pressure. Substance exchange 

o Tunica intima has NO sub-endothelial connective tissue layer 

o NO distinct external elastic lamina 

Veins 

- Function: return of deoxygenated blood, not under pressure. Has valves to prevent backflow against gravity 

(not seen in venules). Larger lumen due to larger volume return. Less elastin  collapsed/less circular lumen 

- Venules: Also substance exchange 

- Vena Cava (largest vein): has no valves 

Capillaries 

- Pericytes: Wrap around the capillary and can differentiate into other cells or vessels in wound repair. 

Otherwise they regulate blood flow via by squeezing the capillary since they don’t have tunica media 

- Continuous 

o Intercellular clefts sealed by occluding junctions  are leaky except in brain 

o Undergo pinocytosis where substances are taken up from the ECM via caveolae vesicles 

o Found in muscle, lung, CNS 

- Fenestrated 

o Has pores all over the endothelium  greater exchange 

o Found in Endocrine glands, gall bladder, kidney, GIT etc 

- Sinusoidal 

o Has gaps between the endothelium plates  FOR EVEN GREATER EXCHANGE! 

o Largest lumen (30 um) 

o Discontinuous BM 

o Found in liver, spleen, bone marrow 

Lymph vessels 

- ONE WAY FLOW of lymph (excess tissue fluid of interstitial spaces) 

Medium elastic artery 



- Lymph flow: Interstitial space  lymph vessel  lymph node  thoracic duct/right lymphatic trunk  

left/right subclavian vein (CV system)  back into tissue 

- Has valves as well 

- 1 layer of endothelium (like capillary) but bigger and no RBC in it 

Connective tissue/ECM 

- Function: Support, role in differentiation, communication between cells, diffusion of nutrients, O2 & waste 

- Embryonic origin of CT: Mesenchyme is derived from the middle layer (mesoderm) of the embryo 

o Is loose spongy tissue which serves as packing material for a developing organ 

o Forms CT of cartilage, bone, bone, lymphatic and haemopoietic tissues 

- Stroma: Background substance (e.g. fibrocytes, adipocytes, macrophages, collagen, ECM) 

- Parenchyma: Foreground (e.g. vessels, epithelial tissue, ducts) 

- ECM & importance of GAGS: ECM Is lost during preparation. It provides structural support, hydration and 

nutrition to cells. Contains GAGs and GP. 

o Glycosaminoglycans (GAGS): Brush like appearance which binds H2O 

o Made up of long polymers of repeating sugars (disaccharide hexosamine + uronic acid) which then 

covalently link to a protein to become a proteoglycan. They aggregate together and attract/bind salt 

ions and WATER. Role is to regulate movement of molecules through the CT matrix 

o Glycoproteins (GP): Structural protein with 1+ repeating sugar. Includes collagen, fibronectin, 

laminin, chondronetictin ( for cartilage). Ground substance: stuff between the fibres in ECM 

(water stable GP) 

- Collagen MAKES UP fibres and cartilage 

- 3 types of fibres:  

 Reticulin Collagen Elastin 

Location Basement membrane 
dominantly, also in lymph 

node mesh 

Cartilage, bones and 
everywhere. Note: has no 

nuclei. Fibroblasts in between. 

Loose connective tissue (skin) 
and blood vessels. Highly 

refractile. 

Composition Network of very fine fibrils of 
a SINGLE peptide chain  

flexible and light 

Made by fibroblasts. 
Composed of fine fibrils of 

THREE peptide chains twisted 
in a triple helix 

Also made by fibroblasts. 
Assembled like string bag; 

loose when relaxed, formation 
when stretched. GP cross link 
the fibres. Elaunin + oxytalan 

Collagen type III I N/A 

Image 

  
 

- Basement membrane: Made of ECM proteins, provides support and acts as selective membrane/barrier. 

Made up of 3 layers. 

- Role of other ECM molecules: 

o Laminin: major component of BM where its short arms bind to other laminin to form sheets. Long 

arm anchors actual organs to BM 

o Fibronectin: Aids in cell adhesion, growth, cell migration, differentiation, wound repair 

- Key cells of CT: 

o Fibrocytes: inactive fibroblasts. In wound healing, they can transform into pericytes, smooth muscle 

cells in vessels, or osteocytes and chondrocytes when bones are broken. They have a fusiform/cigar 

shaped cell. 

o Adipocytes: synthesize and storage of fat. Heat production for hibernation for brown fat. They have 

an empty cell with nucleus + cytoplasm pushed to the side. The fat is removed by solvents in prep. 

o Macrophages: Phagocytic and surveillance role. Aka monocyte in the tissue. 

o Mast cells: Secrete leukotrienes vasodilators and muscle contractants. Causes allergic reactions. Aka 

basophil in tissue. 



Bone and Cartilage 

- 3 types of cartilage:  

 Hyaline cartilage Elastic cartilage Fibrocartilage 

Location Large respiratory passages and 
at the ends of ribs near 

sternum 

Shell of the ear, the epiglottis 
and parts of larynx 

Spine, pelvis, knee 

Collage type II II I 

Elastin fibres - + - 

Perichondrium + + - 

Function Reduce friction at joint 
surfaces, support (trachea), 

bone growth 

Maintain shape and support 
and strengthen structure 

Shock absorber. Prevent joint 
dislocation at articular cavities 

Chondrocyte 
order 

Ordered in rows starting at the 
growth plate. 

Elsewhere; in cell nests of 2-4 

Running parallel with the 
elastic cartilage. Colour 

becomes progressively darker 

In rows in-between fibre 
bundles 

Image 

 
  

- DO NOT CONFUSE smooth muscle with fibrocartilage: chondrocytes are in visible lacunae 

- Cartilage does not regenerate. Can ossificate (turn to bone) when dead.  

- Forms the growth/epiphyseal plate 

- Perichondrium feeds the non-vascular cartilage below it 

- GAGS: In the matrix (composed of type 2 collagen, proteoglycans and more), H2O is bound to negatively 

charged GAGS 

Collagen in bone remineralization + remodelling 

- Compact bone: 

o Osteoid: cartilaginous precursor to compact bone  in embryo, it is replaced by mineralized bone as 

it grows 

o Collagen aligned in parallel layered cylinder sheets  osteon rings 

- Woven bone: 

o Collagen runs in various direction 

2 types of bones 

- Compact/cortical/lamellar/dense bone:  

o Function: weight bearing tissue of long bone 

o Lamellae: concentric rings of an osteon 

o Canaliculae: radiate from each lacuna and house osteocytes. They are tiny collecting channels that 

allow the exchange of nutrients between blood vessels and osteocytes. 

o Haversian canal: Canal in the middle of an osteon 

o Volkmann canal: Canal which branches off the Haversian canal and connects with other Haversian 

canals in other osteons. 

o Nutrients: inside these canals run neurovascular components, blood vessels, lymph vessels 

o Endosteum: lines marrow cavity 

o Perichondrium: lines the outside of the bone (other side of endosteum) capsule of mesenchymal 

cells, vascular supply which feeds the cartilage 

- Spongy/woven/trabecular/cancellous bone: 

o Function: Provides support in response to stress 

o Nutrients and O2 obtained via pores in-between spicules filled with nerves, blood vessels and 

marrow. 



o Osteoblast: forms bone 

o Osteoclast: breaks bone down 

o Osteocyte: Osteoblasts that have been trapped in the spicules. Maintain strength of bone matrix. 

o Osteoprogenitor cell: Bone that lines the peri and end-osteums. Endosteum lines the marrow 

cavity/medullary cavity 

 
Compact bone Spongy bone 


