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Circulatory Systems 

•  Circulatory system  

–  central pump  

–  vascular system  

–  circulating fluid  

•  All animals except the simplest forms have a 
circulatory system that exchanges material with 
its environment 

the heart 

blood vessels 

blood 

In humans (vertebrates) 

Figure 21.11 
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•  In an open circulatory system (arthropods and 
molluscs) 

Open Circulatory Systems 

Tubular 
heart 

Circulating fluid 

Heart 
Vessels –  the heart pumps 

blood into large 
open-ended 
vessels 

–  Blood/body fluids 
circulate freely 
among cells 

•  In a closed circulatory 
system (vertebrates & 
some invertebrates) 

Closed Circulatory Systems 

–  blood stays within a 
set of tubes and… 

–  blood does not mix 
with interstitial 
fluid (fluid that fills 
the spaces around 
cells) 

Interstitial fluid 
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Plasma: 55%-60% of blood 

Water (90% of plasma) 

Proteins (i.e. albumins & fibrinogen)  

Transported within plasma: 

Inorganic salts (ions: Na+, Ca+2, etc.) 

Body wastes (CO2, urea, ammonia) 

Nutrients (glucose, lipids, amino acids 
and vitamins) 

Antibodies 

Hormones 

Cellular Component: 
40-45% of blood 
(produced  
in the bone marrow) 

Erythrocytes (99%)  
Bind  
O2 and little CO2 

Leukocytes (1%)  
Fight  
Infection & disease 

Platelets  
Clot blood 

Blood 

Red Blood Cells 
(cells that carry oxygen) 

White Blood Cells 
 (cells that fight infection)  

Platelets 
(bits of membrane-enclosed 
cytoplasm that aid clotting) 

CELLULAR COMPONENTS OF BLOOD 

Fibrin 

Red blood cell 

C
ol

or
iz

ed
 S

EM
 

C
ol

or
iz

ed
 S

EM
 

C
ol

or
iz

ed
 S

EM
 

C
ol

or
iz

ed
 S

EM
 

C
ol

or
iz

ed
 S

EM
 

Most numerous 

Figure 23.12 The three cellular components of blood 

Arteries 
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•  Blood vessels are lined by ___________epithelium 

•  Different blood vessels have structural differences 
in their walls that correlate with their functions: 

Blood Vessels 

Arteries 
Thick wall of smooth muscle 
& connective tissue 

Elastic C.T allows arteries to 
expand & contract under high 
pressure 

Veins 
Thinner walls of smooth 
muscle & connective tissue 
(less muscular walls)  
Walls are more expandable 
than arteries 
Veins & venules have one-
way valves 
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From heart 
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Smooth 
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Smooth 
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•  Capillaries are one-
cell thick, and have  
thin leaky walls 

–  concentrated in 
capillary beds 
within tissues 

–  where local 
exchange of 
molecules between 
the blood & 
interstitial fluid 
occurs 

Blood Vessels 

Red blood cells (5-7µm wide)  

Red blood cells bump 
against capillary wall 

Capillaries 
(8 µm 
wide)  

Capillary bed 

Arteriole Interstitial fluid 

Blood flow 
Venule 

Tissue  cells 

Blood flow 

Figure 23.8b 

(b) Chemical exchange 

Tissue cell 

Interstitial fluid 

Diffusion 
of O2 and 

nutrients out 
of capillary 
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tissue cells 

Diffusion 
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of tissue 
cells and  
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To vein 
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Blood Vessels: Blood Return through Veins 

•  Blood returns to the heart via 
veins at a pressure that has 
nearly dropped to zero 

•  Blood moves back toward 
the heart because of 

–  surrounding skeletal 
muscles that compress 
the veins and 

–  one-way valves that 
permit blood flow only 
toward the heart 

To heart 

Valve (open) 

Skeletal muscle 

Valve (closed) 

The Human Heart 

2 Atria – receive blood 2 Ventricles – pumps blood away 

(a) Pulmonary circuit (b) Systemic circuit 

2 sided   4 chambered  4 valves 

•  A double circulation system consisting of 2 circuits 
that work simultaneously (ventricles contract in unison) 

Valves keep blood flowing 
in one direction 

Valves keep blood flowing 
in one direction 
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(a) Pulmonary circuit: 
between heart and lungs 

(b) Systemic circuit: 
 between heart & rest of body 

O2-rich blood 
O2-poor blood 

Lung Lung 

Heart 

CO2 

O2 

CO2 

CO2 CO2 

O2 

O2 O2 

A double circulation system Figure 
23.3-11 

O2-rich blood 
O2-poor blood 

Capillaries of 
head, chest, 
and arms 

Capillaries of 
abdominal region 
and legs 

Capillaries 
of left lung 

Capillaries 
of right lung 

Pulmonary 
artery 

Pulmonary 
artery 

Superior 
vena cava 

Pulmonary vein 

Inferior 
vena cava 

Pulmonary vein 

Left ventricle 
Left atrium Right atrium 

Right ventricle 
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The Cardiac Cycle 
•  Cardiac cycle: the atria & ventricles contract & 

relax in a coordinated rhythmic cycle  

–  Heart relaxes: diastole phase   

–  Heart contracts: systole phase 

Heart is relaxed. 
Blood flows in. 

DIASTOLE 
0.4 
sec 

Atria contract. Remaining blood is 
forced into ventricles. 

0.1 
sec 

SYSTOLE 

Ventricles contract. 
Blood is pumped 
out. 

0.3 
sec 0.8 

sec 

1 

2 

3 

Blood fills the 
atria and begins to 
flow passively into 
the ventricles (80% 
of blood fills 
ventricles) 

* 

* There is a fraction of 
a second delay before 
the ventricles contract 

3 

2 

1 

The cardiac cycle 
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The Cardiac Cycle 
•  As the heart beats: it make a “lubb-dupp”, “lubb-

dupp” sound as the heart valves snap shut 

The Pacemaker and the Control of Heart Rate 

•  The pacemaker or SA (sinoatrial) node: 

–  a small mass of specialized muscle tissue in the 
upper wall of the right atrium 

–  generates electrical impulses or signals & sets the 
tempo of the heartbeat 

•  The electrical impulses spread quickly through the 
walls of both atria, prompting the atria to contract at 
the same time 

•  The impulses reach a barrier of unexcited tissue 
between the atria and ventricles (causing a brief 
delay of ventricle contraction) 

The Pacemaker and the Control of Heart Rate 
•  The AV (atrioventricular) node 

–  A small mass of specialized muscle tissue in the 
floor of the right atrium 

–  is a relay point that receives the contraction signal 
from the SA node & sends impulses to the 
ventricles to contract with a slight delay 

Pacemaker 
(SA node) 

Right atrium 

AV node 

Right ventricle 

Pacemaker generates 
electrical impulses. 

Impulses spread 
through atria. 

Impulses reach 
ventricles. 

1 2 3 

•  Optimal blood pressure for adults is 

–  < 120 systolic/ < 80 diastolic 

•  High blood pressure (hypertension) is persistent 

–  systolic blood pressure > 140 and/or  

–  diastolic blood pressure > 90 

Blood pressure 

•  Blood pressure: the force that blood exerts against 
the walls of blood vessels 

–  It pushes blood from heart to capillary beds. 

–  A pulse: the rhythmic stretching of arteries caused by the 
pressure of blood forced into arteries during systole. 
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•  The cardiovascular system contributes to 
homeostasis by 

–  exchanging nutrients and wastes with the 
interstitial fluid 

–  controlling the composition of blood by moving it 
through the lungs, liver, and kidneys, 

–  helping to regulate temperature by moving blood 
to or away from the skin 

–  distributing hormones 

–  defending against foreign invaders 

Cardiovascular Disease 

•  Cardiovascular disease includes all diseases 
affecting the heart and blood vessels 

–  Accounts for 40% of all deaths in the U.S. & kills 
more than 1 million people each year 

Cardiovascular Disease 

•  Coronary arteries 

–  Branch off the aorta to feed the heart muscle 

–  Can narrow or close, blocking flow of oxygen 

–  Heart muscle cells die, contributing to a heart 
attack 

Coronary artery 
(supplies oxygen 
to the heart muscle) 

Dead muscle 
tissue 

Blockage 

Aorta 
Figure 23.13 
Blockage of 
a coronary 
artery 

•  Arteries of most 
heart attack 
victims become 
impaired  
gradually by 
atherosclerosis 

•  Atherosclerosis: a chronic cardiovascular disease 
resulting from fatty deposits (plaque) that develop in the inner 
walls of arteries: clogs passages through which blood can flow 

Cardiovascular Disease 

Connective 
tissue 

Smooth 
tissue 

Plaque 

Epithelium Normal artery Artery partially blocked by plaque 

Partially blocked 
passageway 

Passageway 
for blood 

- can cause angina or 
occasional chest pain 
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•  Vessels narrowed by plaque increases blood 
pressure and can form blood clots and trap them too. 

•  Cardiovascular disease involves inherited factors 
but can be reduced by: 

–  not smoking* 

–  regular aerobic exercise* 

–  eating a heart-healthy diet 

Cardiovascular Disease 

Low in __________, ____________, &____________ 

High in fruits, vegetables, and whole grains 


