LYMPHATIC SYSTEM LECTURE

I. General Introduction

A. Plasma

Plasma is the fluid found in blood.

B. Interstitial Fluid

Interstitial fluid is plasma that has left the blood vessels and that bathes the spaces between cells.
C. Lymph

The interstitial fluid is picked up by lymphatic vessels. At this point it is called lymph.
II. Functions of the Lymphatic System 
A. Transports Excess Interstitial Fluid Back to Bloodstream

The lymphatic system returns tissue fluids to help maintain normal blood volume and eliminate local variations in the composition of the interstitial fluid. 

B. Transport Dietary Lipids

The lymphatic system distributes substances that can’t enter the bloodstream directly. This includes large hormones, fats and other substances from their tissues of origin to the general circulation.

C. House Lymphocytes

Lymphocytes are cells that help defend the body against pathogens, abnormal body cells (e.g. virus-infected cells or cancer cells), and foreign proteins such as toxins released by some bacteria. Lymphocytes either physically or chemically (or both) attack these pathogens.

(Cancer cells have altered proteins on surface and thus are recognized as foreign)

There are 2 types of lymphocytes depending where the lymphoid stem cell matures.

1. B-lymphocytes. These are lymphocytes that mature in the red bone marrrow 
(b in bone marrow = b in B-lymphocyte)

2. T-lymphocytes. These mature in the thymus.

(t in thymus = t in T-lymphocyte)

D. Generates an Immune Response

Lymphatic structures have T-lymphocytes, B-lymphocytes, and macrophages (monocytes that have migrated out of the bloodstream.)

These cells constantly monitor the blood and interstitial fluid for antigens (any substance perceived as abnormal to the body-bacteria, viruses, and cancer cells)

If antigens are discovered, lymphatic cells initiate a systematic defense called an immune response.

In an immune response, 

1. Helper T-lymphocytes have receptors  (CD4+) that can recognize an antigen. When they do, they:
a. secrete cytokines (chemical signals that bind to receptors on other lymphatic cells and activate them) and 

b. present the antigen to a B-lymphocyte.

2. The B-lymphocyte divides, differentiating into plasma cells and memory B-lymphocytes.

3. Plasma cells secrete antibodies that immobilize the antigen (and then die in 4-5 days)

The Memory B-lymphocytes then remain to protect against future attacks by the same antigen.

4. If the same antigen enters the body later, the memory B-lymphocytes divide to make more plasma cells and memory cells.

The helper T-cells also activate the cytotoxic T-lymphocytes (CD8+) which can directly kill by secreting substances into abnormal cells that causes them to swell and burst or that causes them to commit suicide (apoptosis)
Natural killer cells (NK cells) kill a wide variety of infected and cancerous cells.

III. Lymphatic Vessels (Lymphatics)
A. Lymphatic Capillaries 
Function:

Lymphatic capillaries take up tissue fluid not recaptured by the nearby systemic capillaries. When it enters the lymphatic capillaries the fluid is then called lymph. Also take up solutes, viruses, bacteria, and cell debris

Lymph capillaries in the walls of the small intestine absorb digested fats (fatty acids) from the diet and carry them to the bloodstream. (L: these special lymph capillaries are called lacteals.)

Structure:

They are similar to capillaries of the circulatory system but lymphatic capillaries are larger, they lack a basement membrane, and they have overlapping endothelial cells that act as “flaps” to let fluids in but not out.

Lymph capillaries in the wall of the small intestine absorb digested fats (fatty acids) from the diet and carry them to the bloodstream. (L: these special lymph capillaries are called lacteals.)
The lymphatic capillaries converge to form lymphatic collecting vessels called lymphatic vessels.

B. Lymphatic Vessels.

These vessels resemble small veins (same 3 layers). Like veins they have valves which prevent lymph from pooling and prevent backflow.

Some lymphatic vessels connect directly to lymphatic organs called lymph nodes which filter the lymph of foreign substances.

C. Lymphatic Trunks
Lymphatic vessels merge to form lymphatic trunks. These parallel the systemic venules and veins, but contain more valves. (They have the same 3 tunics as veins but are thinner.)
D. Lymphatic Ducts

From the lymphatic trunks the lymph drains into larger vessels called lymphatic ducts.

The lymph eventually empties into either the 
1. Right lymphatic duct  drains lymph from the right arm and right halves of the head and thorax.  It empties into the right subclavian vein.

2. Thoracic duct drains lymph from 3/4s of body it drains into the left subclavian vein.

Contraction of skeletal muscles around, peristalsis in the intestines, gravity, pulsation of nearby arteries, tunica media of lymphatic vessels, and valves in the vessels keep the lymph fluid from flowing back.

Even so, flow is sporadic and slow which accounts for why people who stand for long times at work develop edema around ankles. When walk the edema should disappear.

IV. Lymphoid Nodules

Lymphoid nodules are masses of lymphoid tissue (areolar connective tissue and lymphocytes) that are NOT surrounded by a fibrous capsule.
Function: They contain B-lymphocytes, T-lymphocytes, and macrophages that attack pathogens.

Lymphoid nodules are found beneath the lining of various organs of the respiratory, digestive, and urinary systems.

A. Tonsils 
Tonsils are large groups of lymphatic nodules found in the walls of the nasal and oral cavities.
1. Function
They filter and attack antigens that enter the nose, ear, and throat region. 

2. Structure

Tonsils are lymphoid nodules in the wall of the pharynx. 

They are arranged in a ring to gather and remove pathogens.

3. Types

There are 3 tonsils: 
a.  pharyngeal tonsil (FAIR ehn gee ahl) also called adenoids) (one only) single

Is located in nasopharynx; also called adenoids.
b. palatine tonsils, (pair)

They are located in the posterolateral region of the tongue
c. lingual tonils (pair)
Found in root of tongue.

Notice they all guard the entrance to the digestive and respiratory system.

V. Lymphoid Organs

Lymphoid organs are made of lymphoid tissue surrounded by a fibrous capsule (dense irregular connective tissue). They include the lymph nodes, tonsils, and spleen

A. Lymph Nodes 
1. Function

Filter antigens from LYMPH and initiate an immune response when necessary.
2. Structure

Lymph nodes are masses of lymphoid tissue (loose connective tissue and lymphocytes) surrounded by a fibrous capsule (dense irregular connective tissue). 
The capsule is pierced by lymphatic vessels and are located along lymphatic vessels.
They are grouped in certain areas of body such as groin, armpit and neck. About 500 in body.

Lymph nodes contain lymphocytes and macrophages (both phagocytic cells) and occur in chains and clusters. Lymph vessels carry the lymph to and away from the lymph nodes. 
a. nodules (also called follicles) 

These are spherical masses of mostly B-lymphocytes. 

b. germinal centers 
These are areas in the nodules where the B lymphocytes undergo cell division and develop into plasma cells.

c. medullary cords 
These are clusters of lymphoid cells organized along a network of reticular fibers. They are made mostly of plasma cells. Have a very few macrophages and T-lymphocytes.

Function: site of antibody production by plasma cells.

d.  medullary sinuses 

These are lymph-filled spaces between medullary cords. They are continuous with the trabeculae spaces.

Lymph percolates through the sinuses.

Function: is part of channel system that allows lymph to filter through the nodes.

e. lymphocytes 

These are white blood cells that can attack a specific type of antigen (foreign molecule)

B. Thymus 
1. Function

The thymus is the organ where T cells become mature and differentiate. 
Nurse cells secrete thymic hormone which stimulates T-lymphocyte maturation.
It is much larger in a child than in an adult. In a child it functions to change undifferentiated lymphocytes into T lymphocytes and is a reservoir for lymphocytes.

Even as it atrophies (replaced by fat and connective tissue), over time it continues to produce mature T cells. 
It is only lymphoid organ that does not directly fight antigens.

2. Structure

a.  cortex  - outer part of each lobule,  stains darker than the medulla; It has immature T-lymphocytes.
b. medulla -  inner part of each lobule, stains lighter. It has more mature T-lymphocytes.

C. Spleen

This is the largest lymphoid organ
1. Functions
a. Initiates an immune response when antigens are found in the blood (white pulp function)

b. Serves as a reservoir for erythrocytes and platelets (red pulp function).

c. Phagocytizes old, defective erthyrocytes and platelets (red pulp function)

d. Phagocytizes bacteria and other foreign materials.

It is not a vital organ in the adult. 
2. Structure
a. capsule - dense irregular connective tissues and elastic and smooth muscle fibers.  Function: supports tissues of spleen.

b. trabeculae 
These are inward extensions of the capsule.
Function: provide structural support for the spleen.
c. red pulp 

This pulp surrounds the white pulp. Whole blood leaks from the sinuses into this tissue and macrophages then phagocytize any defective blood cells. Thus this tissue is responsible for the spleen’s ability to dispose of worn-out blood cells.

d. white pulp 

These are white nodules embeeded in the spleen. of lymphoid tissue. Blood-borne antigens enter this lymphoid tissue and are destroyed as they activate the immune response. Thus, this tissue provides the immune function of the spleen.

 (L: If spleen ruptures it leads to severe loss of blood due to hemorrhage into the peritoneal cavity. Can live a healthy life without spleen because macrophages in bone marrow and liver can take over most of spleen’s functions, however person is more susceptible to infections.

Hodgkin’s Lymphoma (Hodgkin’s Disease): cancer of LYMPH NODES. Is characterized by distinctive giant cells called Reed-Sternberg cells. Non-Hodgkin’s Lymphoma: includes all cancers of lymphoid tissue except Hodkin’s Lymphoma. )
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