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 UNIT III: Part A  
Maintaining Dynamic Equilibrium I


Homeostasis

Textbook Reference: Chapter 9

The word homeostasis is derived from the Greek words homeo (meaning the same) and stasis (meaning standing still).  From a biological perspective, homeostasis means the body’s ability to maintain a relatively stable environment despite changing external conditions.  It results from the conditions inside every cell remaining constant.

Homeostasis occurs despite constant changes in the external environment such as temperature, light, sound etc.  It also occurs despite changes despite constant changes in a person’s activity such as sleeping, eating, exercising etc.

Homeostasis is an example of dynamic equilibrium which is a state of balance within an environment achieved by control mechanisms that continuously oppose outside forces that would change that environment.

Many factors in the human body must be regulated such as body temperature, blood sugar, heart rate and breathing rate.  This regulation will involve many organs and systems such as the nervous system, the endocrine system, the respiratory system, the excretory system, the immune system, the digestive system and the circulatory system.  (See Figure 9.2 on page 301)

The role of the nervous system in temperature regulation involves a negative feedback loop, consisting of 3 parts:

1. Receptors: 

· Detect changes in the environment

· For example, sensory receptors in the skin detect any change in the body’s temperature and then send nerve impulses to the hypothalamus in the brain (integrator)
2.  Integrator:

· Processes incoming information and sends instructions to the effectors

· Messages are sent via nerves (nervous system) or hormone (endocrine system)

3.  Effectors:
· Various tissues and organs that are active in maintaining homeostasis

· For example, in temperature regulation changes will depend on whether the body needs to lose heat or conserve heat  

	Draw Figure 9.4 p. 303




Temperature Regulation
Homeotherms

· Warm blooded

· Include mammals and birds

· Keep their body temperature relatively constant despite environmental temperatures

Poikilotherms
· Cold blooded or ectothermic

· Include all fish classes, reptiles and amphibians

· Body temperature changes depending on the temperature of the environment

The human body produces heat as a by product of metabolism and must control the rate of heat loss that occurs through the skin in order to maintain a normal body temperature of about 37.5°C

The Role of the Circulatory System in Temperature Regulation
Vasoconstriction

· Blood vessels close to the skin’s surface constrict (narrow) when the body needs to conserve heat

· Extremities may become numb and turn blue because of the reduced blood flow

Vasodilation

· Blood vessels close to the skin’s surface dialate (widen) when the body needs to release heat

· Skin appears flushed and warm to the touch because of the increased flow of blood.

Questions

Section 9.1 #’s 1-7.

The Circulatory System

Textbook Reference: Sections 9.2, 9.3 and 9.4

The circulatory system (or cardiovascular system) is a transport system that provides every cell of an organism with essential materials from the environment and releases harmful products into the environment.  Small organisms will have their cells in direct contact with the environment and do not require a transport system. All vertebrate animals have a closed circulatory system which means the blood travels through vessels 

There are two main transport systems in the human body:

a. Circulatory System: blood

b. Lymphatic System: lymph

Both also play a role in immunity.

Function

The transport of matter and energy to and from all parts of the organism, including:

· Gases (oxygen and carbon dioxide) 

· nutrients 

· cellular waste 

· hormones 

· antibodies

· heat energy

Parts of the Circulatory System

A. Heart:  This is a strong muscular organ that pumps blood throughout the body.  It is found in the thoracic or chest cavity under the ribs and sternum and is between the two lungs.  It is composed of involuntary, cardiac muscle.  This muscle consists of branching, interlocking network of individual cardiac muscle cells these cells contain many mitochondria. It possesses a tough, outer, protective covering called the pericardium.

B. Lungs:  These organs are responsible for the exchange of oxygen and carbon dioxide with the blood vessels leading to and from the heart.

C. Blood Vessels:  These organs transport blood throughout the body.  There are many types of blood vessels:

· Aorta:  This is the largest blood vessel in the body and leads directly from the heart.  Most carry oxygenated blood (exception: pulmonary artery carries deoxygenated blood, to the lungs) 

· Artery:  This is the main blood vessel containing oxygenated blood.
· Arterioles:  These are the smallest blood vessels containing oxygenated blood and lead into the capillaries
· Capillaries:  These vessels form the site in which nutrients are exchanged between the bloodstream and body cells
· Venules:  These are the smallest blood vessels that contain deoxygenated blood.  They lead away from the capillaries.
· Veins:  This is the main blood vessel containing deoxygenated blood.  (exception: pulmonary vein carries oxygenated, blood from the lungs)
· Vena Cava:  This is the largest vein in the body that carries deoxygenated blood back to the heart.  It is divided as follows:
Superior Vena Cava:  Returns blood from the upper portions of the body.

Inferior Vena Cava:  Returns blood from the lower portions of the body.

Types of Circulation

The heart can be considered to be a double pump. The right side of the heart pumps blood to the lungs and the left side pumps blood throughout the body.  This forms two main types of circulation:

A. Pulmonary:  This is blood flow between the heart and the lungs.  The pulmonary artery carries deoxygenated blood and the pulmonary vein carries oxygenated blood.
B. Systemic:  This is blood flow throughout the entire body.  This type of circulation begins in the aorta and returns via the vena cava.  It is composed of three types:

(i) Coronary/cardiac:  Supplies blood to the muscles of the heart

(ii) Hepatic-Portal: Carries blood from the digestive tract to the liver to maintain the balance of nutrients (ie. glucose) in the blood

(iii) Renal: Carries blood to and from the kidneys so that nitrogenous wastes can be removed from the blood and excreted by the kidneys.
Structure of Blood Vessels

Artery:

· Thick outer coat of connective tissue

· Composed of thick layer of smooth muscle

· Thick layer of elastic and fibrous tissue found throughout. Able to expand and contract as the heart pumps blood through them.  This creates the pulse.

· Inside layer of epithelial cells.

· Located deep inside for protection

Vein:
· Compared to arteries they are relatively thin with much less elasticity.  This is due to the fact that there is little pressure on them.

· Thin outer coat of connective tissue

· Thin layer of smooth muscle

· Elastic and fibrous tissue found throughout

· Inside layer of epithelial cells

· Found closer to the surface than arteries

· Valves are found every few centimeters.  They ensure the blood flows back to the heart since there is very little pressure to do so.  The movement of muscles surrounding veins enables the flow of blood

· Varicose veins form when a valve fails and blood builds up in a vein.  The walls become stretched and lose their elasticity

Capillary:

· Vessels containing single-layered epithelial cells to allow for the diffusion of small molecules

· Fitted with rings of muscles on the arteriol end to control blood flow into them.

· Capillaries are the most numerous blood vessels in the body.  If all capillaries were to open at the same time, there would not be enough blood in the body to fill them.

	Draw cross-sections of blood vessels: (Figure 9.8, p. 306)



Questions:

1. Distinguish between the structure of arteries and veins. (t-chart)
2. Why do capillaries contain single-layered epithelial cells?
3. How does blood move through arteries?
4. How does blood move through veins?
Blood

There are two types of circulatory systems in which  blood is used:

A. Open Circulatory System: Blood is contained in the blood vessels for only part of the time.  While outside the vessels, it filters through the body tissue.  The blood in such a system does not transport oxygen.  It is slow and inefficient and therefore found in only smaller organisms.

B. Closed Circulatory System: Blood is always contained in the blood vessels.  The blood in such a system transports oxygen.  It is fast and efficient and therefore found in large complex organisms.

Functions of Blood: 

· Transport of materials to and from cells

· Distribution of heat

· To provide defense against invading organisms

· To serve as a regulator in the body (homeostasis)

An adult human has between four to six liters of blood in their body.
The Composition of Blood

The blood is made up of two major divisions:

a. Plasma (55%): solvent

b. Formed Elements (45%): solute in which 1% is w.b.c.’s and 44% is r.b.c.’s.

A. Plasma: This is the liquid component of the blood.  It is a clear straw colored liquid composed of the following:

(i) Water (90%)

(ii) Dissolved substances (10%):

· Salts/electrolytes

· Glucose

· Amino acids

· Fatty acids

· Vitamins

· Enzymes

· Hormones

· Cellular wastes

· Proteins*
· Dissolved gases 

*Note:  There are three (3) main forms of proteins:
1. Fibrinogen: Important in blood clotting

2. Globulin: Used in body defense and transport

3.     Albumin: Used to regulate blood volume and blood pressure. (osmotic balance)
B. Formed Elements: This is the solid component of the blood.  It consists of red blood cells (r.b.c.), white blood cells (w.b.c.) and platelets.  Each will be described below:

(i) Red Blood Cells (Erythrocytes):

· 5 million per cubic millimeter

· 30 trillion per adult

· produced in the bone marrow

· disc shaped

· possess no nuclei

· life span of 120 days

· 2 million destroyed per second and new ones produced at the same rate.

· dead r.b.c.’s removed from the circulation by the liver and the spleen

· contains the iron–containing protein hemoglobin that combines with oxygen to form oxyhemoglobin.  This occurs at the lungs.  
· Transports carbon dioxide from the body cells to the lungs.  It does this in two ways: 

1. Carbon dioxide combines with hemoglobin to form carboxyhemoglobin.
2. Carbon dioxide combines with water inside the cell.

Disorders of the Red Blood Cells:

a. Anemia: Caused by a lack of hemoglobin or too few red blood cells.  Symptoms include dizzines, weakness and pale color.
b. Sickle-Cell Anemia: This is hereditary disorder caused by an abnormal form of hemoglobin.  The cells are sickle shaped and therefore carry little oxygen and tend to become clogged in the blood vessels.

(ii) White Blood Cells (Leucocytes):

· 8000 per cubic millimeter

· 60 billion per adult

· produced in the bone marrow and lymphatic tissue

· larger than red blood cells and contain a nucleus

· defends the body against disease by (1) engulfing bacteria or (2) producing antibodies.

· Macrophages are phagocytic cells that can move out of the blood vessels into body tissues and engulf and digest pathogens. Lymphocytes are non-phagocytic and enable the body to recognize and destroy specific pathogens.

· Increase in number at times of infection such as to as much as 30, 000 or more per cubic millimeter.

Disorder of the White Blood Cells:

Leukemia is cancer of the white blood cells.  There are abnormally high levels of white blood cells.

(iii) Platelets: 

· 300, 000 per cubic millimeter

· 1.5 trillion per adult

· Produced in the bone marrow when bits of the cytoplasm pinch off from larger cells within the marrow.  These are cell fragments.

· Contain no nucleus

· Play a major role in blood clotting

· Live for about a week to 10 days

Blood Counts as a Diagnostic Tool

· Low r.b.c. counts (below 5 million per cubic millimeter) indicates anemia.

· High w.b.c. counts (30, 000 per cubic millimeter) indicates an infection in the body

· Abnormally high w.b.c. counts with ever increasing numbers indicates leukemia

Blood Clotting
Blood clotting maintains homeostasis by preventing the loss of blood from the torn or ruptured blood vessels.  The major stages of blood clotting are as follows:

1. Blood platelets strike a rough surface such as that created by a torn blood vessel.  The platelets break and release the protein thromboplastin.

2. Thromboplastin in the presence of calcium ions causes the plasma protein prothrombin to change to thrombin.

3. Thrombin acts as an enzyme and causes fibrinogen to form fibrin threads.

4. Fibrin is insoluble and settles out as long strands that trap r.b.c’s and platelets to form a blood clot.
	Blood vessel injury
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Blood Typing

A person’s blood typing depends on the presence or absence of two special proteins called antigens A and B.  These proteins are found on the surface of the red blood cell.

An individual is born with antibodies against red blood cell antigens that do not exist in his/her blood.  These special antibodies are called agglutinins.  For example, blood type A has protein A on its red blood cells but contains anti-B antibodies or agglutinins in the plasma of the blood.

Major Blood Types
	Type
	Antigen(s)
	Agglutinin

	A
	A
	Anti-B

	B
	B
	Anti-A

	AB
	A and B
	None

	O
	None
	Anti-A and Anti-B


Blood Transfusions

Knowledge of blood typing is important in blood transfusions.  If a person receives the wrong type of blood, the agglutinin in his/her plasma will react with the antigen on the red blood cell of the donor.  The blood will agglutinate or clump.  The blood vessels will become blocked and death will occur.

	Blood Transfusion Chart

	Type
	Antigen
	Agglutinin
	Receive from
	Donate to

	A
	A
	Anti-B
	A,O
	A,AB

	B
	B
	Anti-A
	B,O
	B, AB

	AB
	A,B
	None
	A,B,AB,O
	AB

	O
	none
	Anti-A, Anti-B
	O
	A,B,AB,O


Note: O is Universal donor & AB is universal recipient
Rh Factor

Another protein called the Rh factor has been found on the red blood cell.  It was first discovered in the rhesus monkey, hence the name Rh factor.

About 85% of the human population have the Rh factor on their red blood cells.  They are considered to be Rh positive.  The remaining 15% lack this Rh factor and are said to be RH negative.

Rh Factor and Blood Transfusions

A person with Rh positive blood can receive both Rh + and Rh- blood.

A person with Rh-negative blood can only receive Rh- blood.  If given the Rh+ blood, the recipient’s blood plasma produces anti-Rh antibodies, causing the blood to agglutinate.

Questions: 9.2 Section Review (p.313) #’s 1 and 5
1. Compare the cellular components of the blood by completing the table below. Use the notes as well as information in Table 9.2, page 308.
	Characteristic
	Red Blood Cells
	Leukocytes
(WBC)
	Lymphocytes

(WBC)
	Platelets

	# per mm3 of blood
	
	
	
	

	Nucleus 
(yes or no)

	
	
	
	

	Cells or cell fragments
	
	
	
	

	Origin
	
	
	
	

	Life Span
	
	
	
	

	Function
	
	
	
	


2. Complete the following by filing in the missing information.
	Blood vessel injury
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Structure of the Heart

· Composed of 4 chambers: 2 atria and 2 ventricles
	Right Atrium
	Left Atrium

	Right Ventricle
	Left Ventricle


Left and Right Atria 

· Collecting chambers: collect blood from veins 

· Thin-walled

· Blood first enters the heart into the atria. 

· Right atrium receives oxygen-poor blood from the body 

· Left atrium receives oxygen-rich blood from the lungs 

Left and Right Ventricles

· Pumping chambers: pump blood through arteries
· Thick-walled
· Blood from the atria enter the ventricles. 
· Right ventricle pumps blood to the lungs. 
· Left ventricle pumps blood to the rest of the body 
Septum

· The wall that separates the left and right ventricles
· Prevents mixing of oxygenated and deoxygenated blood
Major Blood Vessels Entering and Exiting the Heart

Aorta:

· the largest artery in the human body. 

· Blood enters the Aorta from the left ventricle. 

· The aorta branches into smaller arteries that will carry oxygenated blood throughout the entire body. 

Vena Cava:

· the largest vein in the human body. 

· Carries deoxygenated blood from the body (except the lungs) to the right atrium

· Has 2 sections:


· Superior vena cava: from the upper body

· Inferior vena cava::  from the lower body 

Pulmonary Arteries:

· carry blood from the right ventricle to each of the lungs, in order to pick up oxygen (& remove carbon dioxide)

Pulmonary Veins:

· carry blood from the lungs to the left atrium 

Heart Valves

· prevent the backflow of blood. 

· open and close in response to pressure from blood

	Valve
	Location

	Bicuspid valve (A-V valve )
	Between the left atrium and the left ventricle

	Tricuspid valve (A-V valve)
	Between the right atrium and the right ventricle

	Pulmonary Semilunar valve
	Between the right ventricle and the pulmonary arteries

	Aortic Semilunar valve
	Between the left ventricle and the aorta


Questions: The Pathway of Blood in the Heart

1. Why do ventricles have thick muscular walls compared to the atria? ____________________ 

__________________________________________________________________________
2. What type of circulation is associated with the right side of the heart? ___________________
3. What type of circulation is associated with the left side of the heart? ____________________
4. What is the function of a valve?  Describe what happens when heart valves are defective?
__________________________________________________________________________

__________________________________________________________________________
5. Describe the pathway of blood through the heart.  ( For consistency, begin at the vena cava)

__________________________________________________________________________

__________________________________________________________________________
__________________________________________________________________________
6. Draw a diagram of the heart from page 314 and label the following parts:

· Right atrium

· Right ventricle

· Left atrium

· Left ventricle
· Tricuspid
· bicuspid
· pulmonary semilunar valve
· aortic semilunar valve
· right pulmonary artery
· left pulmonary artery
· right pulmonary vein
· left pulmonary vein
· aorta
· vena cava
Blood Pressure

Blood pressure is simply the pressure of blood against the walls of the blood vessels as it circulates around the body. There are two main ways that blood pressure is regulated:

a. Cardiac Output/Arteriol Resistance: Special nerves in blood vessels measure blood pressure.  If it is too low, they signal the S-A node of the heart to increase cardiac output.  They also cause a constriction in the rings of muscles found on the arterioles leading to the capillaries.  Blood pressure will rise.

Cardiac Output consists of two factors: 
(i) Stroke volume: The quantity of blood pumped per beat

(ii) Heart Rate: The number of times the heart beats per minute.

If the blood pressure is too high, the nerves signal the S-A node to decrease cardiac output and cause dilation in the rings of muscles at the end of the arterioles.  Blood pressure decreases.

b. Kidneys: The kidneys regulate the water content of the blood.  If the blood pressure is too low, the kidney takes in less water from the blood and allows the blood pressure to rise.  If the blood pressure is to high, the kidney takes more water out of the blood to lower the blood pressure.

Measurement of Blood Pressure

Blood pressure is measured using a device called a sphymomanometer.  It measures blood pressure in terms of the height of a column of mercury in millimeters.  There are two parts to the measurement:

a. Systolic Pressure: This is the highest pressure and occurs when the ventricles contract.

b. Diastolic Pressure: This is the lowest pressure and occurs when the ventricles are relaxed.

The pressure reading is recorded:
Systolic






Diastolic 

The normal blood pressure for an adult is 120/80.  For children, it is lower.

Blood pressure changes as it moves away from the heart.  It is the highest in the aorta and the arteries and drops as it passes into the arterioles and the capillaries.  It is the lowest in the veins.  It is so low that blood flow in the veins is helped by the squeezing action of the skeletal muscles as the body moves.  The blood moves towards the heart since valves prevent the back flow of blood.

When these valves fail, varicose veins are formed.  Pooling of blood causes veins to over-stretch and form bulbous protrusions.  Circulation is reduced.

The Heartbeat (Cardiac) Cycle

A rhythmic cycle in which the chambers of the heart alternate between 2 phases:

A. Diastole:  the relaxation phase (heart fills with blood).
During this period, the right and left atria are relaxed.  Blood flows into the right atrium from the vena cava and into the left atrium from the pulmonary veins.  The Atrioventricular valves (A-V = tricuspid & bicuspid) are open and blood flows from the atria into the ventricles.  By the end of diastole, the ventricles are about 70% full.

B. Systole: the contraction phase (heart pumps blood)
This begins with the contraction of the atria which forces blood into the ventricles, filling them completely. The ventricles contract causing the A-V valves to close and the semilunar valves (pulmonary & aortic) to open.  Blood is pushed into both the pulmonary artery and the aorta.

When the ventricles relax, a new period of diastole begins and the cycle repeats.

Control of Heartbeat

Sinoatrial node (S-A node or pacemaker)

· Located in the wall of the right atrium

· Consists of  specialized muscle tissue that  sets the rate at which all cardiac muscle cells contract

Heartbeat is a two stage process:

Stage I:

A current originates in the S-A node and passes over the atria, causing them both to contract. This current arrives at a second region of specialized muscle tissue, the atrioventricular node 

(A-V node),in the wall between the right atrium and right ventricle

Stage II:

A current moves from the A-V node over the ventricles causing them to contract.

S-A          current
     Atria 
  current         A-V     current      Ventricles

Node


   contract

         node

       contract

Rate of Heartbeat

The rate of heartbeat is regulated by two pairs of nerves that run from the medulla oblongata (part of the brain) to the S-A node.  

A. Cardioaccelerator nerves: speeds up the S-A node.

B. Vagus nerves: slows down the S-A node.

The actual heartbeat rate observed at any given time is affected by a number of factors, such as:
(i) the amount of oxygen in the blood

(ii) blood pressure

(iii) the amount of muscular activity

(iv) body temperature

The average heartbeat rate is between 70 to 72 beats per minute.

Heart Disorders

A. Arteriosclerosis:  This is a group of disorders that cause thickening and loss of elasticity of artery walls.  Cholesterol and other fatty material become deposited under the inner lining of the arteries.  They create a hardened substance celled plaque. 

Plaque builds up and blocks the flow of blood.  Obstruction can damage platelets and trigger the formation of a blood clot.  The blood clot may cause body tissues to die or may break free and find its way to the heart or brain (embolism).  
Atherosclerosis is the most common type of arteriosclerosis. Cholesterol-rich plaques are deposited in the innermost layer of the arterial walls. This will result in the hardening (loss of elasticity) and narrowing of the arteries.  This can result in decreased blood flow and the heart must work harder to supply tissues with blood. If this occurs in the arteries of the heart it can cause coronary artery disease. This can cause angina, shortness of breath or heart attack. In the brain, it may cause stroke.
Exercise and improved diet is recommended.  Doctors recommend diets low in saturated fats and cholesterol and diets high in fruits and vegetables.  Diets high in HDL’s (ie. olive oil and fish) are also important because HDL’s take cholesterol from tissues to the liver.  

Aspirin can be used to prevent platelets from sticking together.  Digitalin (foxglove) can be used to strengthen the heart contractions and slow heart rate.  The reduces blood pressure but maintains cardiac output.  Clot busting drugs can also be used to dissolve clots.  These drugs can work within three hours and prevent the full onset of a stroke.  Angioplasty is a surgical procedure in which a fine plastic tube is inserted into a clogged artery and a balloon is inflated to push the artery open.  
Coronary by pass involves removing a segment of a healthy blood vessel and using it to create a new pathway around a blocked vessel in the heart.  A coronary shunt is used during by pass surgery to redirect blood away from the suturing site and allows for uninterupted blood flow during the surgery and a bloodless field of view during surgery.

B. Improper closing of heart valves: This may cause a backflow of blood at certain times during the heartbeat cycle when a valve fails to close properly. A valve that fails to open properly can restrict the flow of blood into the heart. This produces an abnormal sound called a heart murmur.  This may lead to heart failure or rhythm irregularities.  It may require heart valve surgery.

C. Hypertension: This is high blood pressure.  The heart must work harder to pump blood and it weakens over time.  This may result in a heart attack. Blood vessels in the brain may rupture causing a stroke (cerebral hemorrhage). Arteries outside the heart are also more likely to develop leaks.  

There are a great number of causes of hypertension.  It can be caused by atherosclerosis. A diet high in cholesterol can cause arteries to become clogged and reduce their elasticity. A diet high in salt can cause the blood to retain more water and increase the volume of blood.  Nicotine, caffeine and alcohol can increase heart rate and therefore hypertension.  Heredity, age, lack of exercise, smoking and obesity can increase hypertension.

D. Hypotension: This is low blood pressure and causes poor circulation.  Low blood pressure slows down the rate at which blood flows through the body.  Parts of the body far away from the heart such as the hands, feet, and the head do not receive enough blood and are more prone to easy chilling and injury in cold weather.  Blood flow to the brain is reduced, causing dizziness and fainting.

E. Angina:  This chest pains from the partial blockage of coronary arteries due to atherosclerosis.  Inadequate blood supply reaches the heart.

F. Heart Attack:  This is also known as Myocardial infarction.  It is the sudden death of part of the heart muscle.  If it is severe enough, it can lead to heart failure – reduced pumping efficiency of the heart.  It can be caused by hypertension and by atherosclerosis of the coronary arteries.

G. Septal Defect:  The septum is not completely closed during birth and the mixing of oxygenated and deoxygenated blood can occur.  This can be treated with surgery.

Textbook Questions:  p. 328 #’s 3-5
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