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DISCLAIMER - This presentation was prepared using draft rules. There may be some changes in the final
copy of the rules. The rules which will be in your Coaches Manual and Student Manuals will be the official
rules.
BE SURE TO CHECK THE 2015 EVENT RULES for EVENT PARAMETERS and TOPICS FOR
EACH COMPETITION LEVEL
TRAINING MATERIALS:
•

Training Power Point presents an overview of material in the training handout

•

Training Handout presents introductory topic content information for the event

•

Sample Tournament has sample problems with key

•

Event Supervisor Guide has event preparation tips, setup needs and scoring tips

•

Internet Resource & Training Materials are available on the Science Olympiad website at
www.soinc.org under Event Information.

•

A Biology-Earth Science CD, an Anatomy/A&P CD as well as the Division B and Division C Test
Packets are available from SO store at www.soinc.org

BASIC ANATOMY AND PHYSIOLOGY
•

Cardiovascular System (new for B&C)

•

Immune System (new for Div. B)

•

Integumentary System

•

Major Diseases

•

Treatment and prevention of diseases

PROCESS SKILLS - observations, inferences, predictions, calculations, data analysis, and conclusions.
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Cardiovascular System
Components of the Cardiovascular System
•
•
•
•
•
•

consists of the heart plus all the blood vessels
transports blood to all parts of the body in two 'circulations': pulmonary (lungs) & systemic (the rest
of the body)
responsible for the flow of blood, nutrients, oxygen and other gases, and hormones to and from cells
about 2,000 gallons (7,572 liters) of blood travel daily through about 60,000 miles (96,560
kilometers) of blood vessels
average adult has 5 to 6 quarts (4.7 to 5.6 liters) of blood, which is made up of plasma, red blood
cells, white blood cells and platelets
In addition to blood, it moves lymph, which is a clear fluid that helps rid the body of unwanted
material
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ANATOMY OF THE HEART
•
•
•
•
•
•
•
•
•

The heart is a muscular organ a little larger than your fist weighing between 7 and 15 ounces
(200 to 425 grams).
It pumps blood through the blood vessels by repeated, rhythmic contractions. The average heart
beats 100,000 times per day pumping about 2,000 gallons (7,571 liters) of blood.
The average human heart beating at 72 BPM (beats per minute), will beat approximately 2.5
billion times during a lifetime of 66 years.
The heart is usually situated in the middle of the thorax with the largest part of the heart slightly
offset to the left underneath the breastbone or sternum and is surrounded by the lungs.
The sac enclosing the heart is known as the pericardium.
The right side of the heart is the pulmonary circuit pump.
Pumps blood through the lungs, where CO2 is unloaded and O2 is picked up.
The left side of the heart is the systemic circuit pump.
Pumps blood to the tissues, delivering O2 and nutrients and picking up CO2 and wastes.
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•
•
•
•
•
•
•
•
•
•
•
•
•

Right Atrium: It collects deoxygenated blood returning from the body (through the vena cava)
and then forces it into the right ventricle through the tricuspid valve.
Left Atrium: It collects oxygenated blood returning from the lungs and then forces it into the
left ventricle through the mitral valve.
The atrioventricular (AV) valves (Mitral & Tricuspid Valves) prevent flow from the
ventricles back into the atria.
Right Ventricle: It collects deoxygenated blood from the right atrium and then forces it into the
lungs through the pulmonary valve.
Left Ventricle: It is the largest and the strongest chamber in the heart. It pushes blood through
the aortic valve and into the body.
The pulmonary and aortic valves prevent back flow from the pulmonary trunk into the right
ventricle and from the aorta into the left ventricle.
Cardiac muscle cells are joined by gap junctions that permit action potentials to be conducted
from cell to cell.
The myocardium also contains specialized muscle cells that constitute the conducting system of
the heart, initiating the cardiac action potentials and speeding their spread through the heart.
Aorta: It is the largest artery and carries oxygenated blood from the heart to the rest of the body.
Superior Vena Cava: Deoxygenated blood from the upper parts of the body returns to the heart
through the superior vena cava.
Inferior Vena Cava: Deoxygenated blood from the lower parts of the body returns to the heart
through the inferior vena cava.
Pulmonary Veins: They carry oxygenated blood from the lungs back to the heart.
Pulmonary Arteries: They carry blood from the heart to the lungs to pick up oxygen.
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ELECTRICAL SYSTEM OF THE HEART

1.
2.
3.
4.
5.
6.
7.
8.

Sinoatrial Node (SA Node)-Pacemaker of the heart
Intra-atrial Pathway-carries electricity through atria
Internodal Pathway-carries electricity through atria
Atriaventricular Node (AV Node)-Back up pacemaker. Slows conduction
Bundle of His-last part of conduction in atria
Right Bundle Branch-carry electricity through R. Ventricle
Purkinje Fibers-distribute electrical energy to the myocardium
Left Bundle Branch-carries electricity through L. Ventricle

HEARTBEAT COORDINATIN
• Cardiac muscle cells must undergo action potentials for contraction to occur.
o The rapid depolarization of the action potential in atrial and ventricular cells (other than those in
the conducting system) is due mainly to a positive feedback increase in sodium permeability.
o Following the initial rapid depolarization, the membrane remains depolarized (the plateau phase)
almost the entire duration of the contraction because of prolonged entry of calcium into the cell
through slow plasma-membrane channels.
• The SA node generates the current that leads to depolarization of all other cardiac muscle cells.
o The SA node manifests a pacemaker potential, which brings its membrane potential to threshold
and initiates an action potential.
o The impulse spreads from the SA node throughout both atria and to the AV node, where a small
delay occurs. The impulse then passes in turn into the bundle of His, right and left bundle
branches, Purkinje fibers, and nonconducting-system ventricular fibers.
• Calcium, mainly released from the sarcoplasmic reticulum (SR), functions as the excitationcontraction coupler in cardiac muscle, as in skeletal muscle, by combining with troponin.
o The major signal for calcium release from the SR is calcium entering through voltage-gated
calcium channels in the plasma membrane during the action potential.
o The amount of calcium released does not usually saturate all troponin binding sites, and so the
number of active cross bridges can be increased if cytosolic calcium is increased still further.
• Cardiac muscle cannot undergo summation of contractions because it has a very long refractory
period.
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Electrocardiogram (ECG or EKG) = record of spread of electrical activity through the heart

P wave
= caused
by atrial
depolari
zation
(contract
ion)
QRS
complex
= caused
by
ventricul
ar
depolarization (contraction) and atrial relaxation
T wave = caused by ventricular repolarization (relaxation)
ECG = useful in diagnosing abnormal heart rates, arrhythmias, & damage of heart muscle
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MECHANICAL EVENTS OF THE CARDIAC CYCLE
•

•
•
•

The cardiac cycle is divided into systole (ventricular contraction) and diastole (ventricular
relaxation).
o At the onset of systole, ventricular pressure rapidly exceeds atrial pressure, and the AV
valves close. The aortic and pulmonary valves are not yet open, however, and so no ejection
occurs during this isovolumetric ventricular contraction.
o When ventricular pressures exceed aortic and pulmonary trunk pressures, the aortic and
pulmonary valves open, and ventricular ejection of blood occurs.
o When the ventricles relax at the beginning of diastole, the ventricular pressures fall
significantly below those in the aorta and pulmonary trunk, and the aortic and pulmonary
valves close. Because AV valves are also still closed, no change in ventricular volume occurs
during this isovolumetric ventricular relaxation.
o When ventricular pressures fall below the pressures in the right and the left atria, the AV
valves open, and the ventricular filling phase of diastole begins.
o Filling occurs very rapidly at first so that atrial contraction, which occurs at the very end of
diastole, usually adds only a small amount of additional blood to the ventricles.
The amount of blood in the ventricles just before systole is the end diastolic volume. The volume
remaining after ejection is the end-systolic volume, and the volume ejected is the stroke volume.
Pressure changes in the systemic and pulmonary circulations have similar patterns but the
pulmonary pressures are much lower.
The first heart sound is due to the closing of the AV valves, and the second to the closing of the
aortic and pulmonary valves.
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THE CARDIAC OUTPUT
•

The cardiac output is the volume of blood pumped by each ventricle and equals the product of
heart rate and stroke volume.
1. Heart rate is increased by stimulation of the sympathetic nerves to the heart and by
epinephrine; it is decreased by stimulation of the parasympathetic nerves to the heart.
2. Stroke volume is increased by an increase in end-diastolic volume (the Frank-Starling
mechanism) and by an increase in contractility due to sympathetic-nerve stimulation or to
epinephrine.
Inherent rates for each of the three pacemaker sites
Sinus Node
AV Junction
Ventricles

60 to 100 beats per minute
40 to 60 beats per minute
20 to 40 beats per minute

Relevant Formulas
Stroke volume (SV) = milliliters of blood pumped per beat
Heart rate (HR) = number of beats per minute
Cardiac output (CO) = heart rate times stroke volume
CO = HR x SV
Pulse pressure (PP) = the difference between systolic pressure (SP) and diastolic pressure (DP)
PP = SP – DP
Mean Arterial Pressure (MAP) (2 equations):
Formula 1: MAP = diastolic pressure + 1/3 pulse pressure
Formula 2: MAP = 2/3 diastolic pressure + 1/3 systolic pressure

Mean arterial pressure, the
primary regulated variable
in the cardiovascular
system, equals the product
of cardiac output and total
peripheral resistance.
The factors that determine
cardiac output and total
peripheral resistance are
complex and include
venous pressure,
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inspiration, stroke volume, and nervous activity.
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Flow of Blood through the Body:
vena cava  right atrium  tricuspid valve  right ventricle  pulmonary valve  pulmonary artery
 pulmonary capillary bed pulmonary veins left atrium  bicuspid (mitrial valve) 
left ventricle  aortic valve aorta arteriesarterioles  tissue capillaries  venules  veins 
vena cava
PRESSURE, FLOW, & RESISTANCE
• The cardiovascular system consists of
two circuits: the pulmonary circulation,
from the right ventricle to the lungs and
then to the left atrium; and the systemic
circulation, from the left ventricle to all
peripheral organs and tissues and then to
the right atrium
• Arteries carry blood away from the
heart, and veins carry blood toward the
heart
• In the systemic circuit, the large artery
leaving the left heart is the aorta, and the
large veins emptying into the right heart
are the superior vena cava and inferior
vena cava. The analogous vessels in the
pulmonary circulation are the pulmonary
trunk and the four pulmonary veins.
• The microcirculation consists of the
vessels between arteries and veins: the
arterioles, capillaries, and venules.
• Flow between two points in the
cardiovascular system is directly
proportional to the pressure difference
between the points and inversely
proportional to the resistance: F= P/R
• Resistance is directly proportional to the
viscosity of a fluid and to the length of
the tube. It is inversely proportional to
the fourth power of the tube's radius,
which is the major variable controlling
changes in resistance.
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THE VASCULAR SYSTEM

Blood Vessels
Arteries – largest vessels – carry
blood from the heart.
Arterioles- smaller version of
arteries, carry blood to the capillaries
Capillaries – smallest vessels, one
cell thick, transfer materials to and
from blood
Venules – small version of veins,
carry blood from capillaries to veins
Veins – carry blood back to heart,
have valves to stop backflow
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ARTERIES
• The arteries function as low-resistance conduits and as pressure reservoirs for maintaining
blood flow to the tissues during ventricular relaxation.
• The difference between maximal arterial pressure (systolic pressure) and minimal arterial
pressure (diastolic pressure) during a cardiac cycle is the pulse pressure.
• Mean arterial pressure can be estimated as diastolic pressure plus one-third pulse pressure.
ARTERIOLES
• Arterioles, the dominant site of resistance to flow in the vascular system, play major roles in
determining mean arterial pressure and in distributing flows to the various organs and tissues.
• Arteriolar resistance is determined by local factors and by reflex neural and hormonal input.
o Local factors that change with the degree of metabolic activity cause the arteriolar
vasodilation and increased flow of active hyperemia.
o Flow autoregulation, a change in resistance that maintains flow constant in the face of
a change in arterial blood pressure, is due to local metabolic factors and to arteriolar
myogenic responses to stretch.
o The sympathetic nerves are the only innervation of most arterioles and cause
vasoconstriction via alpha-adrenergic receptors. In certain cases noncholinergic, nonadrenergic neurons that release nitric oxide or other noncholinergic vasodilators also
innervate blood vessels.
o Epinephrine causes vasoconstriction or vasodilation, depending on the proportion of
alpha- and beta-adrenergic receptors in the organ.
o Angiotensin II and vasopressin cause vasoconstriction.
o Some chemical inputs act by stimulating endothelial cells to release vasodilator or
vasoconstrictor paracrine agents, which then act on adjacent smooth muscle. These
paracrine agents include the vasodilators nitric oxide (endothelium-derived relaxing
factor) and prostacyclin, and the vasoconstrictor endothelin-1.
• Arteriolar control in specific organs varies considerably, including influences from metabolic
factors, physical forces, autoregulation, and sympathetic nerves.
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CAPILLARIES
• Capillaries are the site of exchange of nutrients and waste products between blood and
tissues.
• Blood flows through the capillaries more slowly than in any other part of the vascular system
because of the huge cross-sectional area of the capillaries.
• Capillary blood flow is determined by the resistance of the arterioles supplying the capillaries
and by the number of open precapillary sphincters.
• Diffusion is the mechanism by which nutrients and metabolic end-products exchange
between capillary plasma and interstitial fluid.
o Lipid-soluble substances move across the entire endothelial wall, whereas ions and
polar molecules move through water-filled intercellular clefts or fused-vesicle
channels.
o Plasma proteins move across most capillaries only very slowly, either by diffusion
through water-filled channels or by vesicle transport.
o The diffusion gradient for a substance across capillaries arises as a result of cell
utilization production of the substance. Increased metabolism increases the diffusion
gradient and increases the rate of diffusion.
• Bulk flow of protein-free plasma or interstitial fluid across capillaries determines the
distribution of extracellular fluid between these two fluid compartments.
o Filtration from plasma to interstitial fluid is favored by the hydrostatic pressure
difference between the capillary and the interstitial fluid. Absorption from interstitial
fluid to plasma is favored by the plasma protein concentration difference between the
plasma and the interstitial fluid.
o Filtration and absorption do not change the concentrations of crystalloids in the
plasma and interstitial fluid because these substances move together with water.
o There is normally a small excess of filtration over absorption.
VEINS
Veins serve as low-resistance conduits for venous return.
Veins are very compliant and contain most of the blood in the vascular system.
Their diameters are reflexively altered by sympathetically-mediated vasoconstriction so as to
maintain venous pressure and venous return.
The skeletal-muscle pump and respiratory pump increase venous pressure locally and
enhance venous return. Venous valves permit the pressure to produce only flow toward the
heart.

Blood – Functions
•

•
•

Transportation:
o oxygen & carbon dioxide
o nutrients
o waste products (metabolic wastes, excessive water, & ions)
Regulation - hormones & heat (to regulate body temperature)
Protection - clotting mechanism protects against blood loss & leucocytes provide immunity
against infection.
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LYMPH VESSELS AND LYMPH CIRCULATION
•
•
•
•
•
•
•

Lymph vessels are thin walled, valved structures that carry lymph
Lymph is not under pressure and is propelled in a passive fashion
Fluid that leaks from the vascular system is returned to general circulation via lymphatic
vessels.
Lymph vessels act as a reservoir for plasma and other substances including cells that leaked
from the vascular system
The lymphatic system provides a one-way route for movement of interstitial fluid to the
cardiovascular system.
Lymph returns the excess fluid filtered from the blood vessel capillaries, as well as the
protein that leaks out of the blood vessel capillaries.
Lymph flow is driven mainly by contraction of smooth muscle in the lymphatic vessels but
also by the skeletal-muscle pump and the respiratory pump.

LYMPH CIRCULATION

Interstitial fluid → Lymph → Lymph capillary → Afferent
lymph vessel → Lymph node → Efferent lymph vessel →
Lymph trunk → Lymph duct {Right lymphatic duct and
Thoracic duct (left side)} → Subclavian vein (right and left)
→ Blood → Interstitial fluid
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CARDIOVASCULAR PATTERNS
HEMORRHAGE AND OTHER CAUSES OF HYPOTENSION
• Hypotension can be caused by loss of body fluids, by strong emotion, and by liberation of
vasodilator chemicals.
• Shock is any situation in which blood flow to the tissues is low enough to cause damage to
them.
THE UPRIGHT POSTURE
• In the upright posture, gravity acting upon unbroken columns of blood reduces venous return
by increasing vascular pressures in the veins and capillaries in the limbs.
• The increased venous pressure distends the veins, causing venous pooling, and the increased
capillary pressure causes increased filtration out of the capillaries.
• These effects are minimized by contraction of the skeletal muscles in the legs.
EXERCISE
• The changes are due to active hyperemia in the exercising skeletal muscles and heart, to
increased sympathetic outflow to the heart, arterioles, and veins, and to decreased
parasympathetic outflow to the heart.
• The increase in cardiac output depends not only on the autonomic influences on the heart but
on factors that help increase venous return.
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•
•
•
•

Training can increase a person's maximal oxygen consumption by increasing maximal stroke
volume and hence cardiac output.
Exercise decreases the risk of atherosclerosis; it decreases BP or causes a slower rise in BP
Exercise decreases LDLs, decreases cholesterol, and increases HDLs

HYPERTENSION
• Hypertension is usually due to increased total peripheral resistance resulting from increased
arteriolar vasoconstriction.
• More than 95 percent of hypertension is termed primary in that the cause of the increased
arteriolar vasoconstriction is unknown.
HEART FAILURE
• Heart failure can occur as a result of diastolic dysfunction or systolic dysfunction; in both
cases cardiac output becomes inadequate.
• This leads to fluid retention by the kidneys and formation of edema because of increased
capillary pressure.
• Pulmonary edema can occur when the left ventricle fails.
CORONARY ARTERY DISEASE
• Insufficient coronary blood flow can cause damage to the heart.
• Acute death from a heart attack is usually due to ventricular fibrillation.
• The major cause of reduced coronary blood flow is atherosclerosis, an occlusive disease of
arteries.
• Persons may suffer intermittent attacks of angina pectoris without actually suffering a heart
attack at the time of the pain.
• Atherosclerosis can also cause strokes and symptoms of inadequate blood flow in other areas.

DISORDERS OF THE VASCULAR SYSTEM
•
•
•
•
•
•
•

•
•
•
•

Arteriosclerosis - a general term describing any hardening (and loss of elasticity) of medium
or large arteries
Atherosclerosis-Common form of arteriosclerosis-cholesterol, lipid, calcium deposits in the
walls of the arteries
High Cholesterol-elevated level of cholesterol. can cause deposits on walls of blood vessels
Increases risk of Coronary Heart Disease
high blood pressure – hypertension
Stroke-Sudden loss of neurological function caused by vascular injury to the brain
Myocardial Infarction-loss of living heart muscle as a result of coronary occlusion
Congestive Heart Failure - the heart's function as a pump is inadequate to deliver
oxygen rich blood to the body due to weakend heart muscle, stiffening of heart muscle
or deseases that demand oxygen beyond the capacity of the heart to deliver oxygen-rich blood.
It is treated with medications like ACE inhibitors, beta blockers, and diuretics as well as
lifestyle changes. Surgery may also be used .
Atrial Fibrillation - Irregular and often rapid beats of the atria. Treatment involves
medications to slow heart rate, restore and maintain normal rhythm, and prevent clot formation
Bradycardia – slowness of heart rate, usually fewer than 60 beats per minute in resting adults.
Treatment vary based on the underlying cause of the condition. They may include medications,
pacemaker, surgery, or even in severe cases a heart transplant
Tachycardia – rapid resting heart rate, more than 100 beats per minute. Treatment varies based
on underlying causes may include lifestyle changes, medications to slow heart, surgery for
pacemaker or defibrillator
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