
5.0 The Lymphatic System


5.1.0 Lymphatic Vessels and Organs
· The Lymphatic system is composed of two parts, lymphatic vessels and lymphatic tissues and organs. 

· Lymphatic vessels return up to 3L of the leaked fluid plus plasma proteins into the circulatory system

· begin with microscopic blind-ended lymph capillaries 

· located throughout the body except in the in bones teeth, bone marrow and the CNS

· lymphatic capillaries are very permeable, aided by two unique structural modifications:

· The endothelial cells forming the walls of lymphatic capillaries are not tightly joined, instead adjacent cells overlap loosely, forming easily opened, flap-like minivalves
· Collagen filaments anchor endothelial cells to surrounding structures so that any increase in interstitial fluid volume, opens the minivalves

· Lymphatic tissues and organs are essential in body defense and resistance to disease


As blood circulates through the body, nutrients, wastes, and gases are exchanged 
between the blood and the interstitial fluid. The pressures operating at the capillaries 
force fluid out of the blood at the arterial ends. Most of the fluid is reabsorbed at the 
venous ends, but there is a net loss of fluid that remains and becomes part of the 
interstitial fluid. The extra fluid, needing to be returned to the blood stream to ensure 
sufficient blood volume, is collected into lymphatic vessels. Once into the lymphatic 
system, the interstitial fluid is referred to as lymph. 

· The right lymphatic duct drains the right side of the head and the right upper limb
· The thoracic duct drains the lower half of the body, the left side of the head and the left upper limb

5.1.1 Lymphoid Cells 


Lymphoid cells consist of immune system cells found in lymphoid tissues together with 
the supporting cells that form the ‘scaffolding’ of those tissues. 

· Lymphocytes - the main warriors of the immune system arise in red bone marrow, they mature into two main types of lymphocytes T-cells and B-cells, that protect the body against antigens. 
· T-cells - manage immune response and some of them directly attack and destroy infected cells
· B-cells - protect the body by producing plasma cells (which are daughter cells that secrete antibodies into the blood and other body fluids)
· Antibodies mark antigens for destruction by phagocytes or other means
· Macrophages - phagocytize foreign substances and by helping to activate T-cells

5.1.2 Lymphoid Tissues

Lymphoid tissue is an important component of the immune system, mainly because it 
houses and provides a proliferation (rapid reproduction of a cell, part of an organism) as 
well as furnishes an ideal surveillance vantage point for lymphocytes and macrophages. 

· Largely composed of a type of loose connective tissue called reticular connective tissue
· All Tissues except the Thymus
· Macrophages live on the fibers of the reticular connective tissue network 
· Lymphocytes temporarily occupy these spaces in between patrolling the body

5.1.3 Lymph Nodes

Lymph nodes are discrete, encapsulated collections of diffuse lymphoid tissue and 
follicles.

· They are approximately 2.5 cm long
· Divided into compartments by trabeculae
· Two distinct regions, the cortex and the medulla:
· Cortex: follicles with germinal centers, heavy with dividing B-cells 
· Medulla: Medullary cords (thin inward extensions from the cortical lymphoid tissue, and contain both types of lymphocytes) and large lymph sinuses (large lymph capillaries spanned by criss-crossing reticular fibers)


The principal lymphoid organs in the body are the lymph nodes. They are 
hundreds of small organs, however because they are usually embedded in the 
connective tissue, they are not ordinarily visible. 

· Large clusters of lymph nodes occur near the body surface in the inguinal, axillary, and cervical regions. 
· Have two basic functions:
· Filtration - as lymph is transported back to the bloodstream, the lymph nodes act as filters. Macrophages in the nodes remove and destroy microorganisms. 
· Activate immune system - located in areas where lymphocytes encounter antigens and are activated to mount an attack against them. 

Lymph enters the convex side of a lymph node through a number of afferent lymphatic 
vessels. It them moves through a large, bag-like sinus, the subcapsular sinus, into a 
number of smaller sinuses that cut through the medulla. The lymph then passes through 
the medullary sinuses and exits the node at its hilum, the indented region on the 
concave side, via efferent lymphatic vessels. 

· There are fewer efferent vessels draining the node than afferent vessels
· This forces the flow of lymph through the node to slow
· Allows time for lymphocytes and macrophages to carry out their protective functions
· Lymph passes through several nodes before it is fully cleansed

5.1.4 Other Lymphoid Organs

Other lymph organs include the spleen, the thymus, tonsils, and Peyer’s Patches. 
Except for the thymus, they are all composed of reticular connective tissue. Although 
these organs help protect the body, only lymph nodes filter lymph:



Spleen 

· largest lymphoid organ
· located beneath diaphragm 
· acts as the site for lymphocyte proliferation and immune surveillance & response 
· blood cleansing 
· stores RBC products (such as iron) for recycling
· RBC production in fetus 
· stores blood platelets 


Consists of two components: white pulp and red pulp. 

· White pulp is where immune functions take place
· Red pulp is where worn-out blood cells and bloodborne pathogens are destroyed


The spleen is not 100% essential for life. It is easily injured, and protected by the 

ribcage. 



Thymus

· Important functions primarily during the early years of life 
· Location of T-lymphocyte maturation (become immunocompetent)
· Prominent in newborns and continues to grow in the first year of life
· After puberty, the thymus starts to atrophy
· The thymus is the only lymphoid organ that does not directly fight antigens
· The stroma of the thymus consists of epithelial cells rather than reticular fibers which provide the physical and chemical environment 
· consists of star-shaped thymocytes that secrete thymosin & thymopoietin 


Tonsils



The tonsils forma  ring of lymphoid tissue around the entrance to the pharynx 

(throat) where they appear as swellings of the mucosa. 

· palatine tonsils: located on either side at the posterior end of the oral cavity (largest and most commonly infected) 
· lingual tonsil: the collective term for the lumpy group of lymphoid follicles at the base of the tongue 
· pharyngeal tonsils (adenoids): is in the posterior wall of he nasopharynx 
· tubal tonsils: surround the openings of the auditory tubes into the pharynx 


Aggregates of Lymphoid Nodules 


MALT includes Peyer’s patches, appendix, tonsils, nodules in wall of bronchi, 

areas of the GI tract, and the genitourinary system. 




Peyer’s patches: lymph nodule clusters (wall of ileum) 




Appendix: lymph nodules forming offshoot of cecum (destroys bacteria 


and generate memory lymphocytes)



5.2.0 Lymph Origin

Villi have small lymph nodes in the middle which absorb packaged fats to pour it into the 
blood stream. 

· Lymphatic system lacks an organ to act as a pump
· If lymph nodes are removed, a build up (swelling) of lymph fluid will occur, but will largely grow back in time 
· severe local edema
· drainage restored by regrowth from remaining vessels 
· Lymphatic collecting vessels have the same three tunics are veins, however:
· thinner walled
· more valves
· more anastomoses 

5.2.1 Lymph Transport


Lymph transport uses the same mechanisms as venous return:

· muscles squeezing
· respiratory pressure changes
· valves

Slow return system, speed of return is increased by local movement. 

