
The Circulatory system 



Circulatory systemy y

 Blood (cardiovascular) vascular system Blood (cardiovascular) vascular system

 Lymphatic vascular system

 100,000-150.000 km

Endothelium (single layer of squamous epithelium Endothelium (single layer of squamous epithelium

 Interface between blood & organs

 Endothelial cells

S l i bili1. Selective permeability

2. Antithrombogenic

3. When & where WBC leave the circulation 

4. Paracrine factors for vessle contraction & cell growth



Heart 

Three major layersThree major layers

o Endocardium (inner layer)

 Endothelium & Supporting Connective tissue

 Myoelastic layer of smooth muscle

 Deep layer of connective tissue subendocardial layer Deep layer of connective tissue subendocardial layer 

o Myocardium

o Epicardiumo Epicardium 

 Single layer of squamous mesothelium

 Supporting loose connective tissue (nerve & vessel) 

 pericardium

Visceral  layer (epicardium) 

Parietal layer

Adipose tissue in epicardium protect the heart

Lubricant fluid of mesothelium layer



Interventricular & interatrial septa (dense fibrous connective tissue)

Conductive system of the heart
(subendocardium layer)

2 nodes:
1. Synoatrial (SA) node (pacemaker)

At i t i l d (AV)2. Atrioventricular node (AV)

Atrioventricular bundle (His)
conducting network (left & right)co duc g e o ( e & g )
in apex purkinje fibers

Ganglionic nerve near the nodes
Sympathetic & parasympathetic
Afferent free nerve ending (Between myocardium fiber )Afferent free nerve ending (Between myocardium fiber )
Angina pectoris 



 Defects of heart valves structure

Scars

Infections

Cardiovascular problems

 Additional sound

 Heart murmur

 Heart enlargement Heart enlargement

 Surgery (valves)

 No endothelium

i l h b i Anticoagulant to prevent  thrombosis



Tissue of the vascular wall

 Endothelium
 Smooth muscle
 Connective tissue

Endothelium
 Semipermeable barrier
Simple & active transport
R t di t d d t iReceptor mediated endocytosis
Transcytosis

 Squamous, Elongated polyhedral
 Very differentiated  basal lamina

Endothelial cell function
 Metabolic exchange

 Nonthrombogenic surface
Heparin, Tissue plasminogen activator, Von willebrand factorp , p g ,

 Vascular tone & blood flow (sctering factors)
Smooth muscle contraction (endothelin I, angiotencin converting enzyme)
Smooth muscle relaxation (NO)

 Inflammation & local immune response
P-Selectin
Weible-palade bodies
Interleukins

 Growth factor secretion Growth factor secretion
VEGF (vasculogenesis & angiogenesis)
Angiopoietin



 Helical Smooth muscle fibers (gap j.)

o Connective tissue components

 Fibers

Collagen (subendothium. Between smooth muscle fibers, outer covering)Collagen (subendothium. Between smooth muscle fibers, outer covering)

Elastic fibers (elastin in large arteries parallel lamella between muscles)

 Ground substancesGround substances

(hyaloronate & proteoglycans affect physical & metabolic activities & permeability)

Large vessel wall contains:Large vessel wall contains:

1. Tunica intima

2. Tunica media

3 Tunica externa (advantitia)3. Tunica externa (advantitia)



 Tunica intima

1. Endothelium 

2. Subendothelial layer (loose con. T. & smooth muscle fibers)

3. Internal elastic lamina (in large vessels, elastin & pores)

 Tunica media

1. Layers of smooth muscles (elastic fibers, reticular fibers, PrG.) 

2. External elastic lamina (in large vessel). te a e ast c a a ( a ge vesse )

 Tunica externa (advantitia)

Collagen & elastic fibers

Vasa vasorum in large vesselsVasa vasorum in large vessels

(in advantitia & external part of media)

Unmyelinated autonomic nerve in large vessels

Norepinephrine (vasoconstrictor specially arteries)



Vasculature 

El i Elastic artery

 Muscular artery

S ll t Small artery

 Arteriole

 Capillary Capillary

 Venule

 Small vein Small vein

 Medium vein

 Large veinLarge vein



Elastic (conducting) artery( g) y

 Aorta Aorta

 Pulmonary artery

 Their large branches

Properties:

 *large tunica media

Elastic lamella(10 μ) between  muscle fibers (50 in aorta)

 Well developed intima

Smooth muscle fibers in subendothelium

Internal elastic lamella (not easily visible)Internal elastic lamella (not easily visible)

 Thin adventitia (rather than media)

Elastic layers:

Uniform blood flow (elastin, collagen)



Atherosclerosis 

 Damaged Endothelial cells (LDL Oxidation) Damaged Endothelial cells (LDL Oxidation)

 Macrophage to intima

 LDL phagocytosis

 Foam cell 

 Fatty streak

 Atheroma (fibro-fatty plaque)

Smooth muscle cells, lymphocytes, foam cells. Col. fiber

 Reasons: Reasons:

HDL

Glucose

Hypertension

Smoking 

Aneurism 



Arterial sensory structuresy

Carotid sinus (proximal internal carotid)Carotid sinus (proximal internal carotid)
 Baroreceptor

 Thinner media

 Adventitia (many sensory nerve ending from IX cranial nerve)

Baroreceptor in aortic archBaroreceptor in aortic arch



Arterial sensory structuresy

Carotid bodies (carotid sinus) & Aortic bodies (aortic arch)Carotid bodies (carotid sinus) & Aortic bodies (aortic arch)

 Chemoreceptor (O2,CO2,PH) 

 Autonom system (paragangelion)

d d k f ill i Expanded network of capillaries

 Surrounded by glomus 

(neural crest cells contain dopamine & acetylcholine)

 Glomus protect by satellite cells

 Cranial nerve IX



Chemoreceptor 



Muscular arteryy

 Tunica Intima Tunica Intima 

Very thin subendothelium

Prominent internal elastic lamella

 Tunica Media

Muscle layer s(40) in external lamella

External elastic lamella (only in large muscular artery)

 Adventitia (connective tissue)

Lymphatic capillary, vasa vasarum, nerve

Up to external of tunica mediaUp to external of tunica media 



ArterioleArteriole 

 3-4 smooth muscle layers in small muscular artery3 4 smooth muscle layers in small muscular artery

 1-2 smooth muscle layers in arteriole (0.1 mm)

 Then microvasculature

 Small subendothelium

N l i l ll No elastic lamella

 Smooth muscle cell 

 Very thin & invisible Adventitiay



• Branch to form anatomizing network or capillary bed

• smooth muscle fibers as an sphincter

(periodic blood flow) 

Arterioles called resistance vesselsArterioles called resistance vessels

Determinant of systemic blood pressure 



� Simple pathway

� Arteriovenous shunt (Anastomosis)

 Thicker media & adventitia

 Sympathetic & parasympathetic enervationSympathetic & parasympathetic enervation

� Portal system

 LiverLiver

 Hypothalamus- hypophise



Capillary bedp y

Depend on:p
 Organ metabolic activity

 Arteriole
 Metarteriole Metarteriole
 Thoroughfare channel
 Post capillary venule

P ill hi t Precapillary sphincter

 Capillary:
single endothelial layer
0.4-1 μ diameter
50 μ length

90% of all blood vessel
5% of all blood (300 ml)5% of all blood (300 ml)

Endothelial cell:
 0.25 μ thickness 
 curved nucleus



Different levels of metabolic exchange 

 Endothelial continuity Endothelial continuity

 External lamina

 3 types

� Continuous capillaries

� fenestrated capillaries

� Discontin o s capillaries (sin soids)� Discontinuous capillaries (sinusoids)



Continuous capillariesp

 Most common typeMost common type

 Many tight j. 

 Many transcytisis vesicles

 In:

Muscular tissue

C i iConnective tissue

Lung, 

Exocrine glandsg

nervous tissue



Fenestrated capillariesp

 Sieve-like structure

 Fenestrated cells (fenestra: 80 nm)

 Proteoglycan diaphragm

 Continuous basement membrane (covering the fenestra)

 Fast exchange Fast exchange

 In:

Kidney

Endocrine glandsg

Intestine

Choroid plexus 



Discontinuous capillaries (sinusoids)p ( )

 Maximal macromolecule exchange

 Large perforating without diaphragm Large perforating without diaphragm

 Discontinuous layer of  cells

 Discontinuous basal membrane (30-40 μ)

 Slow blood flow

 In:

some endocrine glands

Liver

Spleen

Bone marrow



Different levels of metabolic exchange 
 Endothelial continuity
 External laminaExternal lamina
 3 types

� Continuous capillaries
 Most common type
 Many tight j. 
 In muscular tissue. Connective tissue, lung, exocrine glands, nervous tissue
 Many vesicles for transcytisis

� fenestrated capillaries
 Sieve-like structure
 Fenestrated cells (fenestra: 80 nm)Fenestrated cells (fenestra: 80 nm)
 Proteoglycan diaphragm
 Continuous basement membrane (covering the fenestra)
 Fast exchange
 Kidney, endocrine glands, intestine, choroid plexus 

� Discontinuous capillaries (sinusoids)
 Maximal macromolecule exchange

L f ti ith t di h Large perforating without diaphragm
 Discontinuous layer of  cells
 Discontinuous basal membrane (30-40 μ)
 Slow blood flow
 In liver, spleen, some endocrine glands, bone marrowIn liver, spleen, some endocrine glands,  bone marrow



In continuous capillaries & post capillary venules

 Pericyte (mesenchymal cell)Pericyte  (mesenchymal cell)

 Long cytoplasmic protrusions

 Contractile (actin, myosin, tropomyosin)

 Proliferation & differentiation after tissue injuries



• Hyperglycemia

Diabetic microangiopathy

Thick & diffused basal lamina

Lower  metabolic exchange in:

• Retina

• Kidney

• Skeletal muscle

• skin



Venules

 Post capillary venules Post capillary venules

like capillaries

Pericytes

15 20µ diameter15-20µ diameter 

Adherence & leave site of WBCs

Collecting venules Collecting venules

More contractile cells

M l l Muscular venule

2-3 smooth muscle layers

V l Venules

Large lumen diameter

Thinwall



Veins 

In small & medium veins:In small & medium veins:

10mm or less

 Intima 

Thin subendothelial layer

 Media

S ll b dl f th lSmall bundle of smooth muscle

Reticular fibers

Fine network of elastic fibers

 Adventitia

Well developed collagen layer



Large veins g

 Intima
well developed

 Media
ThinThin
Alternating layers of smooth muscle
Connective tissue

Ad titi Adventitia
Thicker than media
Bundles of longitudinal smooth muscle
Elastic fibers

No internal & external elastic laminae
Medium & large veins& g
Valve
Paired folds of Intima
Rich in elastic fibers
Coverd by endothelium on both sidesCoverd by endothelium on both sides





Lymphatic vascular systemy p y

 Thin wall channel Thin wall channel 

 Collect interstitial fluid (lymph)

 No RBC

 Rich in lightly proteins

 Lymphatic capillaries

 Close ended vessel with thin endothelial cells

 On incomplete basal lamina

 Anchoring elastic fibers connect cells to connective tissue

 Lymphatic capillaries converge in to lymphatic vessels.y p p g y p

 Lymph nodes 

 Lymph vessels in all organs exp. CNS& bone marrow



Lymphatic vascular systemy p y

 Larger lymph vessel like veins Larger lymph vessel like veins

 Thinner & no distinct separation between tunica

 More internal valves 

 Thoracic duct & right lymphatic duct

 many longitudinal & circular  smooth muscle in media

 Underdeveloped adventitia with vasa vasorum &  nerve


