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Five Types of Blood Vessels

|. Arteries and arterioles
A. Carry blood away from the heart to the tissues.
B. Arteries
1. Large, carry blood away from the heart.

2. Thick elastic walls to allow for it to
stretch.

3. Surrounded by smooth muscle to
control the diameter of the artery.




Artery Structure

tunica media
(elastic fibres, collagen
fibres and smooth muscle)

tunica intima
(collagen fibres
and smooth muscle)

tunica external
(some elastic fibres
and collagen fibres)

lumen
(narrow compared
to vein)

ANIMATION




C. Arterioles

Arteries branch into arterioles.
About 0.2 mm in diameter or smaller.

Mostly smooth muscle to allow for more control of
the arteriole.




lI. Capillaries

A. Capillaries connect the arterioles to venules, and
exchange material with the tissues.
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Arterioles branch into small vessels called capillaries.
Capillaries are very narrow, microscopic tubes.
The walls of these tubes are one cell layer thick.

. Gases and small molecules like glucose exchange
the walls of the capillaries.

5. In a capillary bed some, many, or most of these sphincter

muscles may be closed off so that less or more blood flows to that
area, as needed

a. e.g. more blood to muscles when they are working.

b. e.g. less blood flow to the surface of the skin
during hypothermia.
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lll. Veins and venules




Veins and Venules

A. Carry blood the to the
B. .
1. Walls are than arterial walls.
WSS
heart

blood reservoir
Venules
Venules
capillaries
vein




V. Location of Blood

Veins contain about 75% of the body's blood.

Arteries contain about 20% of the body's blood.
Capillaries contain about 5% of the body’s blood.

There is close to 100,000 km of blood vessels!




Pulmonary and Systemic Circulatic

|. Cardiovascular system

A. Divided into 2 circuits:
1. PULMONARY CIRCUIT
2. SYSTEMIC CIRCUIT

Overview of P+S Systems

Schematic representation of pulmonary
and systemic circulatory systems

Pulmonarf“
artery

Pulmonary veins 8
RIGHT HEART -
Inferior vena cava

Portal vein

Digestive organs
(intestines, stomach)

Extremities, abdmonial and pelvic
organs, skeletal muscles, bones




ll. Pulmonary Circuit

A. Path of blood from the to/from the
Deoxygenated
right atrium right ventricle
pulmonary trunk

pulmonary arteries
arterioles lungs
arterioles pulmonary
CoO, o,
oxygenated pulmonary venules
pulmonary veins left

atrium.




lll. The Systemic Circuit

A. Includes all blood vessels those in the
circuit.

the
left ventricle

right
atrium superior anterior vena cava

inferior
posterior vena cava

pulmonary




pulmonary
1. Arteries deoxygenated

2. Veins oxygenated

systemic
Arteries oxygenated

Veins deoxygenated



Pulmonary

A Pulmonary Takes unoxygenated
Artery blood from the right
ventricle to the lungs
F Pulmonary Brings oxygenated
Vein blood to the left
atrium from the lungs




1. Circuit -

G Aorta Largest artery. Takes blood to
major body regions/organs
from the left ventricle

J Carotid Takes blood to head,

Artery subclavian arteries branch off

K Mesenteric Takes blood to the intestines
Artery

L Renal Takes blood to the kidneys
Arteries from the aorta

M Iliac Takes blood to the legs from

arteries the aorta




Superior or
Anterior Vena
Cava

C Posterior or
Inferior Vena Cava

O Renal vein

P  Hepatic Portal
Vein

Q Hepatic Vein

N Iliac veins

Largest vein
Collects blood from jugular (head) and
subclavian (arms) veins

Blood enters right atrium

Largest vein

Collects blood from lower body

Blood enters right atrium

Returns blood from the kidneys to posterior
vena cava

Connects the blood vessels of villi to the liver,
carries nutrient rich blood to liver for
processing

*Portal system is a vascular system that begins
and ends in capillaries

Returns blood from the liver to posterior vena
cava

Returns blood from the legs to posterior vena
cava




arch of aorta +

+superior vena cava

pulmonary artery +

left pulmonary vein

+right pulmonary vein

+right atrium . left atrium +
] J } o4 Eader v aocrtic Valve
- ‘\\1‘31 mitral valve
tricuspid valve N\
4\ left ventricle +

endocardium

+oxygenated blood +deoxygenated blood




Right Atrium Pumps blood into right ventricle

E Right Ventricle Pumps deoxygenated blood to lungs

H Left atrium Pumps blood into left ventricle

| Left ventricle Pumps oxygenated blood into the aorta






a.Left ventricle to
aorta to renal
artery to renal
arterioles to
capillaries to

venules to renal Eifetiar
vein to inferior khia i
venae cava to Right kidney
right atrium




jugular vein
(also subclavian

vein from arms) b ortery to arms)

pulmonary artery
pulmonay

Left ventricle  [HRNEG—_GG
to aorta to inferior vena cava
mesenteric artery
to mesenteric
capillaries to
hepatic portal vein
to hepatic
capillaries to
hepatic vein to

inferior venae cava

hepatic vein—FrS.a 4 mesenteric arteries

hepatic portal vein

renal artery

illac artery

truck and legs

to right atrium



. Fetal Heart
A. Heart develops in
and weeks in

uterus.
B. At end of weeks, the
embryo’s organ

fourth

ber heart

Video: 12 week ultrasound - you can see
beating heart




Differences Between |
Circulation

lungs NOT
oxygen

nutrients
niln
wastes




Four Features Unique 1i

OVAL OPENING foramen
ovale
right
left
valve

left
pulmonary

blue babies




ARTERIAL DUCT

ductus arteriosus

pulmonary artery
aorta

heart
lungs
lungs
aorta

pulmonary



3. UMBILICAL ARTERIES
VEINS

PLACENTA

mother
baby gases
nutrients wastes

b. Artery placenta
waste
umbilical
iliac

Vein

nutrients




VENOUS DUCT

ductus venosus
umbilical
véna cava

Fetal Circulation Animation




The path of the blooc
fetus

ATRIUM |
LEFT ATRIUM
OVAL OPENING RIGHT
VENTRICLE ATRIOVENTRICLE
VALVE
C. RIGHT VENTRICLE = PULMONARY ARTERY
ARTERIAL
DUCT AORTA




lead to placenta, where
exchange of gases and nutrients take place.

'V A \/ \

VENOUS DUCT

VENOUS DUCT INFERIOR  VE

CAVA

Eating Placenta Video




system is another

capillaries

fluid
lymphatic
bloodstream




Tonsils

Thymus

Spleen

Bone

{\ﬁ marrow

Diagram of the lymphatic system
Copyright @ CancerHelp UK




D. Lymphatic system takes up excess
(fluid that surrounds cells and tissues) from
the tissues and moves into the larger
and through the

no pump

muscles




A. Once fluid enters the lymph vessels it is
called

interstitial fluid




D. Some of the interstitial fluid goes back into
the body through the capillary membrane,
but most enters the to
become

LYMPHOCYTES
white




l1l. Main Functions o

System
A. Transport

B. Absorption fat

infection
Cleansing lymph
Produce lymphocytes

antibodies



A. No lymph “ ” since there is no
“ ” in this system
capillaries

valves

RIGHT LYMPHATIC DUCT
right

right

THORACIC DUCT
rest

left




Palatine tonsils

Cervical lymph nodes
Right lymphatic duct

hymus Axillary
X lymph nodes
Thoracic duct Spleen
Cisterma chyli
Mucosa-
associated
lymphatic tissue
(MALT) (in small
intestine)
Inguinal
lymph nodes




Other Parts of the Lympha

Lacteal

fat

Lymph Nodes
oval round

produce store lymphocytes
antibodies

flag

Filter




stomach

Thymus Gland

production maturation
lymphocytes
size







Capillary - Tissue Fluic

oxyhaemoglobin

four

ANIMATION




B. Carbon dioxide (CO,)
1. 9% dissolved in
2. 27% picks up CO, to form
(HbCO,).
3. 64% of CO, is transported as

CcoO,
carbonic acid

CO, + H,0 €>H,CO,€>H* + HCO;
CARBONIC ANHYDRASE

hemoglobin




I. Mechanism of G

Intro Animation

Blood flow
i - Interstitial fluid

—

osmotic —

Capillary

-—— Yenous end




Blood flow
arterial \  Interstitial fluid
blood

HIGHER

‘Osmotic pressure

e

osmotic = YV

Capillary
leaks

~-—— “enous end

INTERSTITAL
FLUID

water, nutrients,
hormones, gases, wastes.
proteins blood




diffuse

CO, waste
diffuse




pressure is the opposing force trying to
force molecules into the blood.
1. At the side of the capillary beds,
is now reduced (10 mm Hg)
whereas pressure is about the
same (25mm Hg).

natural




Blood flow

. Interstitial fluid

Capillary

- “Yenous end




K1. Heart Anatomy

Inside the
Heart

Superior
vena cava

Right ventricle

Image: 3DScience.com
Text: LiveScience

Pulmonary
artery

Left
atrium

Left
ventricle




Simple Squamous

Loose Connective
Tissue and fat

Myocardium

Endocardium

PERICARDIUM
epithelial fibrous

lubricating
MYOCARDIAL

smooth

Epithalium l Endocardium

PERICARDIAL SAC




Upper body
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Lower body




Right Atrium

2. Smaller

ATRIUM
ATRIA

Right Ventricle

Larger

VENTRICLE
thinner
close
thicker
further




ATRIOVENTRICULAR
VALVES
atria ventricles

A —_—V 8 YN
. ” N H 5 L 7
p revent i ; = T : . /& ! Right ventricle
"» — Mo, ".v". \ < 1/ \ \

b. Atrioventricular AV

Tricuspid valve

W
I RI C U S P I D The valves of the heart viewed from above. The atria are removed

to show the mitral and tricuspid valves.

BICUSPID VALVE
MITRAL VALVE




2. CHORDAE TENDINAE

inverting




3. SEMILUNAR VALVE

moons : A Right ventricle
b. Pulmonary semilunar lf 2 R @2\
valve

Tricuspid valve
Mitral valve
The valves of the heart viewed from above. The atria are removed
to show the mitral and tricuspid valves.

c. Aortic semilunar valve

No




E. Coronary arteries and veins

1. Vitally important blood vessels
that supply blood to the
muscle itself

chambers

right atrium




lll. Path of Blood Through the He
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CONTRACTS
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V. Heartbeat

Lub
atrioventricular
contracting
relaxing

Dupp
semi-lunar

relaxing
contracting




Heart and Valves

HEART
MURMURS
Rheumatic
bacterial

Surgery




K2. Heart Beat Co-orc

Ted-Ed Heart Pumping

independently

touching

Video Clip - Dissection - Frog Heart Beating outside body




TISSUE

Purkinje fibers

Sinoatrial SA

atrium.




Initiates

0.85
atria
pacemaker

Purkinje fibers




Atrioventricular AV

base
right septum

atria
AV node

AV bundle
Purkinje

ventricles

Purkinje

fibers




AV bundle branches

Purkinje fibers




Pituitary and Pineal Glands
Pines! gland

Cerebelym

Pitsitary gland

Pons

Medula obbngats —— |
> e Spinal cord

MEDULLA OBLANGATA




ges via the
autonomic nervous system
a. Sympathetic
SPEED UP!”
b. Parasympathetic
SLOW DOWN!g

Medula obbnpsta ——
- Spinal cord

stress, oxygen




Systolic and Diastolic Pressure

SYSTOLIC
In the systolic
phase the heart

contracts, blood
pressure rises

A. SYSTOLE by

CO NTRACTION vessels.

DIASTO!_IC. _
B. DIASTOLE Lo
| , blood
RELAXATION Crasmice Tl
and blood fills
the heart.

TED-Ed Blood Pressure
Animation




ll. The Cardiac Cycle

Time
(Duration)

0.15 SEC.
0.30 SEC.
0.40 SEC.

70

Atria are
in...
Systole
Diastole
Diastole

Ventricles
are in...
Diastole
Systole
Diastole




C. Each contraction will force mL of




is the alternate expanding and
recoiling of an arterial wall that can
be felt in any artery that runs near

heartbeat







IV. Measuring Blood Pre

sphygmomano

B. SYSTOLIC BLOOD
PRESSURE
highest




C.DIASTOLIC BLOOD PRESSURE
lowest

decreases




120
brachial

contract
relax




4. The drop in pressure from 120
mm Hg to 80 mm Hg is due to:

a. Elastic




skeletal

2. Valves

TED-ED 231/2 Hours

ELOOD FLOW e




Transport Fluids

Tissue
Lymph
3. Blood




ll. Blood

is a liquid connective tissue.

homeostasis

Transport

Clotting
Infection




A. PLASMA

Plasma (55%) ——
White blood cells

Wate r. and platelets (<1%) T
o rga n i C Red blood cells (45%) 1

inorganic sADAM




FORMED ELEMENTS

45%

30 trillion

Plasma (55%) ——

White blood cells
and platelets (<1%)

Red blood cells (45%)




3. Each cubic millimeter of blood contains
main types of formed elements

A. blood cells (RBC)
million per mL of blood
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i %

iu,

%
e Platelets




Plasma Constituent

Water

Plasma Proteins:
a. Albumin

b. Fibrinogen

c. Globulins

Gases:
a. Oxygen
b. CO,

Function

Source

Maintains blood volume Absorbed from large
and transports molecules intestine

All maintain blood
osmotic pressure &
buffer pH
Transport

Clotting
Fight Infection
Cellular Respiration

End product of
metabolism

Nutrients: Fats, glucose, Food for cells

amino acids,
nucleotides, etc.

Liver

Liver

Lymphocytes

Lungs
Tissues

Absorbed from intestinal
villi



NaHCO; etc.

Wastes: (urea,
ammonia)

Vitamins

Hormones,
(Thyroxin,

etc.)

adrenalin, estrogen

Salts: Na*, K*, Cl-, Maintain blood osmotic Absorbed from

pressure/pH, aid intestinal villi
metabolism

End products of Tissues
metabolism

Cofactors for enzymes Absorbed from
intestinal villi
Varied Varied Glands



A. Are required for the
molecules.

cholesterol

viscosity

osmotic




. Red Blood Cells (Erythrocytes)

biconcave
nuclei

v

95% -

~<-f\
‘!




C. Transport |, ions and some
D.RBC are made by cells called
in red bone marrow

skull ribs vertebrae
bones

nucleus hemoglobin
smaller




4, levels in blood determine the rate of
RBC formation.
a.When oxygen tension is low, the kidneys
produce a chemical called
(REF) that, after combining with

liver spleen

heme




A. White blood cells (WBC) are usually
than RBC (8 - 20 m), have a , and

ANIMATION




C. WBC fight

1.Primarily dependent on and .
bone marrow continually produces WBC, except
lymphocytes and monocytes, and keeps a reserve ready.
.Lymphocytes monocytes
lymph
reserves

specific

mononucleosis




pes of WBC

1. Granulocytes

Neutrophils

Phagocytize
lysosomes

Fig. 8 - Neutrophil




Eosinophils

inflammatory allergic

Basophils

Fig. 9 - Eosinophil

histamine




eukocytes
white blood cells ~ WBC

T

agranular granular
lymphocytes  monocytes basophils neutrophils eosinophils
20-25 % 3-8% 5-1% 60-70% 2-4%

e OO

T-cell, B-cell, NK Cell



Do not have granules,
and have a circular ( ) or

Lymphocytes

I EUENS




iv. Secrete a protein called

combine with foreign substances to
inactivate them

antibody




Monocyte

b. Monocytes

macrophages




megakaryocytes

blood clotting e

.
g
{
- s0l
Y‘v
'/
z_." ’
- " A . =
w ~" -

Platelets
. rRed blood cell




IV. Hemoglobin (Hb)

A. Made of amino acid chains (2 alpha ()
and 2 beta ()).

cool neutral

warmer acidic




D. Hemoglobin is a pigment so red
blood cells appear red.

Oxyhemoglobin

red
Reduced

oxygen
purple




(CO) is a poison found in

car exhaust.




V. Infection Fighting

the ski




VI.The Inflammatory Reaction

A. Whenever the skin is broken due to a
minor injury, a series of events occur

swelling

reddening




C. When blood vessels and tissue cells get
ruptured by an injury, they release precursors
of

1. A chemical with several jobs

MAST CELLS

histamine
capillary




D.Enlarged capillary causes the skin to redden and its
increased permeability allows and to escape
so that swelling results.

E.Meanwhile, and are also entering through
the rupture.

F. Lymphocytes release that attack the invading
bathogens, preparing them for phagocytosis by neutrophils

monocytes




VIl._Blood Clotting

A. After an injury, or “clotting” takes place
to prevent excessive blood loss.

platelets prothrombin
fibrinogen.

C. Prothrombin fibrinogen
liver




E. A simplified summary of the steps involved in clot
formation:

1. Platelets at the site of the puncture and

prothrombin prothrombin ¢
thrombin Calcium

3. Thrombin
fibrinogen

fibrin




in

. Fibrin threads entangle cells and
the damaged area and form the framework of

the .
. Red cells trapped in the clot give it its

colour.
. Clotting takes place faster at

plasmin




1.ANTIGENS and ANTIBODIES

. Antigens

A. A foreign substance (usually a protein,
sometimes a carbohydrate) that
stimulates the release of antibodies to it.

B. Usually organic and usually small enough
to enter via the respiratory, circulatory
or digestive system




B. E.g. Protein coat of a viruses, bacteria, the cel
transplanted organs, etc.

C. If the immune response is overly sensitive,
responding to small organic materials that

do not, in themselves, usually cause

disease (e.g. pollen grains, food molecules)

person has ALLERGIES to such materials




ll. Antibodies

A. Very specific proteins that attach to inva

B. Lymphocytes produce antibodies in response to invac
pathogens

C. Each lymphocyte produces one type of antibody that is
specific for one type of antigen.

D. Antibodies combine with antigens in such a way that the
antigens are rendered harmless.




Light chan "_ Vaniable Region

Heavy Cham Constart Region

surface of acell)



Each antibody fits its antigen like a lock and key.

Antibody-Antigen Binding

- Target Protein “Antigen”

LN

Antibody




F. Are immune if a person has antibc
for a particular antigen.

G. The blood contains lymphocytes that"
can remain in the system for years,
ready to produce antibodies if that
antigen is detected.

H.Exposure to the antigen, either
naturally or by way of a vaccine, can
cause active immunity to develop.




1.BLOOD TYPING

. ABO Blood Types TED-ED Blood Types

A. Human blood is classified according to the antigens
present on the surface of the red blood cells.

B. Two antigens called "A" and "B" may be present on
the red blood cells




e 7 .
%J Antigen A \__/ Antigen B

Group A




Antigen Antibody
A

B

A,B




TYPE “A” BLOOD

has type “A’ antigens
makes type b antibodies
(antibodies that attack B

TYPE “O” BLOOD

® has neither A nor B antigens
makes both type a and type b
antibodies

TYPE “B” BLOOD

has type “B’” antigens
makes type a antibodies
(antibodies that attack A
antigens)

TYPE “AB” BLOOD

®  has both “A” & “B” antigens
makes NO ANTIBODIES to
A or B antigens.

Rhesus Antigen (Rh factor)
Rh factor is another antigen
that can be present on RBC.
Either you have it (““+”) or
you don’t (=)
If you are Rh negative, you
don’t make antibodies to Rh
unless you have been exposed
to it.
The person above is Rh™




[I. Rh System

A. Rh factor is another antigen found on RBC.

B. People with this Rh antigen on the RBC are Rh positive.'

C. People without this Rh antigen on the RBC are Rh
negative.

D. Rh negative individuals do not normally make antibodies
to the Rh factor, but they will make them when exposed
to the Rh factor.




E. It is possible to extract these antibodies and use
them for blood type testing, since Rh positive blood
will agglutinate when mixed with Rh antibodies.




F. The Rh factor is very important during pregna

1. If the mother is Rh negative and the father is Rh
positive, the child may be Rh positive.

2. During gestation, it is normal that a few red cells from
the child will find their way into the mother's system

3. If the mother becomes pregnant with another Rh
positive baby, Rh antibodies may cross the placenta and
destroy the child's red cells — fetal erythroblastosis.
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Rh-negative Cells from Woman In the next
woman with Rh-positive becomes Rh-positive
Rh-positive fetus enter sensitized— pregnancy,

fetus woman’s antibodies maternal
bloodstream (¢) form antibodies
Rh-negative to flght attack fetal
woman and Rh-positive red blood
Rh-positive man blood cells cells

conceive a child




e Can give Rh- women an Rh immune globulin injection
called RhoGAM just after the birth of any Rh* child.
This injection will destroy any red cells left over from
the baby, before the mother has a chance to start
producing her own antibodies.




Blood Transfusions

Blood recipients may only receive donated blooc
for which they have no antibodies in their plasma.

If the same antigen and antibody are present,
agglutination (or clumping) of red cells will occur

and can cause death.

AB* people are universal acceptors because they
can receive any blood type in transfusion and not

react.

O- people are universal donors because their RBCs
can be given to anyone, since they do not have any
antigens on their surface to trigger an immune
response




