





Circulatory system

Cardio-vascular system Lymphatic vascular system
- two-way circulation - one-way transport
Carries blood in both directions Collects the lymph - the excess
between the heart and tissues extracellular tissue fluid, and

delivers it back to the
cardiovascular system



External respiration

Lung @ﬂ

Cardio-vascular system

P:lmonary /PUWOM‘V - heart
anery " vein
- blood
- blood vessels.

Red biood celis
Pulmonary circuit

Pulmonary circulation -
carries deoxygenated blood away
from the heart, to the lungs, and
returns oxygenated (oxygen-rich)
blood back to the heart.

Systemic
veins

Systemic circult
Red blood cells

Systemic circulation -

carries oxygenated blood away from
the heart to the body, and returns
deoxygenated blood back to the heart.

Internal respiration




Venae cavae return systemic, deoxygenated blood to the right atrium
the blood passes through tricuspid valve into the right ventricle.

deoxygenated blood from the right ventricle is pumped out the pulmonary artery to

the lungs for
Superior vena cava Capillaries of

head and forelimbs

gaseous exchange.

Pulmonary
artery

Oxygenated blood returns to Pulmonary
artery

the heart via the pulmonary
Capillaries

veins - into the left atrium. of right lung Capillaries

of left lung
the blood passes through

mitral valve to the left

ventricle and is transported »
by aorta to the tissues of the :
Pulmonary Pulmonary vein
body. vein L atrl
Right atrium BERNAN
Right ventricle Left ventricle

Atria - receive blood, T Aorta
Ventricles - discharge blood vena cava
from the heart Capillaries of

abdominal organs
and hind limbs



L .

Capillaries

VEINS ARTERIES
- return the blood to the - transport the blood from
heart the heart

CAPILLARIES

- exchange of gases, nutrients



Conducting system of the heart

- sinoatrial node (pacemaker) - located in the wall of the right atrium spontaneously
depolarize 70 times per minute, impulses spread by internodal pathways to the:

- atrioventricular node - impulses are slowed, spontaneously depolarize 40 - 60 times
per minute, transmit signals to the myocardium via:

- atrioventricular bundle (bundle of His) - travels in the subendocardial connective
tissue as large, modified cardiac muscle cells:
- Purkinje fibers

Sinoatrial
(SA) node
ﬁ}{f&‘;ﬁ"' Left atrium Purkinje fibers:
(AV) node Specialized
cardiac muscle
Atrioven- T
tricular Ce”S -
(AV) bundle Left ventricle

Left and right
bundle branches



SINUS RHYTHM ATRIAL FIBRILLATION
disorganized electrical impulses



http://en.wikipedia.org/wiki/File:Heart_conduct_sinus.gif
http://en.wikipedia.org/wiki/File:Heart_conduct_atrialfib.gif

GENERAL STRUCTURE OF THE HEART

Coronary artery with
branch into myocardium

Pernicardium
(sac around heart)

Heart muscie ™
(ventricular wall) ==

g

Endocardium
(inner lining)
Myocardium
(heart muscle)

Epicardium
(outer surface)

p—

Endocardium — endothelium, connective tissue layer (elastic fibers and smooth

muscle cells).

Subendocardial layer — loose connective tissue with blood vessels and Purkinje

fibers, adipocytes

Myocardium — cardiac muscle cells, connective tissue proper

Epicardium - visceral layer of the pericardium - mesothelium, loose connective

tissue with coronary vessels



Coronary vessels

- deliver oxygen-rich blood to
the myocardium - coronary
arteries

- remove the deoxygenated
blood from the heart muscle -
cardiac veins

Blocked

coronary
artery

Death of

heart tissue
due to blocked

coronary artery

superior vena cava 2°rta
: pulmonary trunk

left coronary
artery

right cardiac vein left cardiac
vein
right coronary
artery

inferior
vena cava

Left and right coronary artery run
on the surface of the heart
(epicardium). Latter, branch out in
the myocardium

- coronary arteries are blocked
(white blood cells, cholesterol and
fat) — death of heart muscle —
heart attack
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The wall of the heart

lumen of the heart chamber Slide 19 x 100



Fibrous Skeleton of the Heart

Posterior
Cardiac skeleton Mitral valve

Tricuspid valve

Aortic valve

Pulmonary valve

Anterior

The cardiac skeleton consists of four rings of dense connective tissue that
surround the AV canals (mitral and tricuspid) and extend to the origins of the aorta
and the pulmonary trunk, providing structure and support for the heart as well as
electrical isolation between the atria and the ventricles.



GENERAL STRUCTURE OF THE HEART

Venous Izeturn ;
A

[1] Vasodilation
e Decreased blood pressure

Atrial Natriuretic Peptide (Factor)
ANP or ANF

= R. atrium

[2] Increased urine output

o Water Elimination

e Decreased blood volume
e Decreased blood pressure

Venous Return

Atrial muscle cells - produce The myocardium possesses stem
atriopeptin (ANP) cells. In humans, cardiac stem cells

- reduces blood pressure (vasodilator). exist in the interstitial spaces among
AlTtag BB S B BRI RROPEABES on  mature cardiomyocytes.
czﬂr@qgﬂmgw cardionatrin)



Cardiac stem Specialization
cell niche (Cardiac lineages)

T
(e = - Cardiomyocytes
E ~
v e
@x‘@\ - o S o o  Smooth muscle cells
S i i >
ol - </
c,e\K / Cell division ;

LR,
Daughter -------> ‘,5 ﬁ o Endothelial cells
2 F 4
rogenitor cell N

The myocardium possesses stem
cells. In humans, cardiac stem cells
exist in the interstitial spaces among
mature cardiomyocytes.



General Structure of Blood Vessels

Tunica intima - single layer of
endothelial cells and the

internal elastic  Underlying connective tissue
lamina outermost layer - internal elastic
lamina.

intima

media Tunica media - smooth muscle
cells (elastic fibers) oriented
externalelastic  concentrically around the lumen,

lamina outermost layer - external elastic
N lamina
i adventitia
NP W, Z ";,"'.'"" :
ARSRAEE Tunica adventitia - connective
G Rt tissue.

Capillaries consist of a layer of
endothelium, pericytes and
occasional connective tissue.



Tunica intima
Tunica media

Tunica adventitia

Precapillary  Capillary N '

muscle cells sphincter <
Artery Vein
ARTERIES: VEINS:
- elastic (conducting) arteries - large veins
- muscular (distributing) arteries - medium and small veins
- arterioles -venules
- metarterioles CAPILLARIES:
- continous
- fenestrated

- sinusoidal



GENERAL STRUCTURE OF ELASTIC (CONDUCTING) ARTERIES

_ Artery elastin & eosin

" 8 o= 'u\, - be
- tumcantima®
“internal €lasticiamina
T e i
: e

tunicamedia
_fineelasticfibfés =
ek e &'- .

extemalve'l_astic lamina

-aorta, common carotid artery,
subclavian artery, common iliac
arteries, pulmonary trunk

TUNICA INTIMA - endothelium, basal

 lamina, subendothelial connective tissue

with smooth muscle cells, laminae of
elastic fibers, thin, incomplete - internal
elastic lamina — outermost layer

TUNICA MEDIA - many fenestrated
elastic membranes - fenestrated
membranes, alternating with circularly
oriented layers of smooth muscle cells,
thin external elastic lamina - outermost
layer

TUNICA ADVENTITIA - loose
fibroelastic connective tissue with vasa

vasorum, lymphatic vessels, nerve
fibers.
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| elastic — A SRR ELE € ot (e T8 X 2 B i '
e sste —— N A R Elastic artery
- the wall (thick) - smaller
blood vessels in tunica
adventitia which supply the
Tunica media

tunica adventitia and the
outer part of the tunica
media - vasa vasorum.

Tunica adventitia

Tunica adventitia
Tunica media

Tunica intima



General structure of elastic - Tunica intima is thicker than in
et other arteries.

(conducting) artery.
- Endothelial cells

- connected by occluding junctions,
- contain membrane-bound Weibel-
Palade bodies housing tubular
elements with glycoprotein von
Willebrand factor (involved in

hemostasis — facilitates the
coagulation of platelets during clot
formation).

,En (endothelium)

S
:



General structure of elastic
(conducting) artery.

Expanding pressure
due to increased volume

To
systemic
organs

Left
ventricle

(a) Systole

Elastic recoil

Aortic

ventricle

Arteries

(b) Diastole

Subendothelial connective tissue

- allows the tunica intima to move
independently from other layers

- systole - arteries distend with the
increase blood pressure.

- during diastole spring back.

Distension of the walls is facilitated by
concentric fenestrated lamellae of elastic
fibers in a thick tunica media.



Aorta elastin & van Gieson

The tunica adventitia is
thinner than the tunica
media.
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tunica media of elastic
arteries contains:

- elastic fibers

- collagen fibers

- smooth muscle
cells



A LOCATION OF CAROTID AND AORTIC BODIES

B MICROSCOPIC ANATOMY OF CAROTID BODY

CN IX
afferents Sinusoid
‘ Type |
Glosso-
/ pharyngeal (glomus) cell
/ nerve
Carotid / Vagus
arot
sinus .~ g Preganglionic _
parasympathetic
efferent axon
Common ™|
carotid
artery
Parasympathetic
ganglif:n G Postganglionic
cell sympathetic
efferent axon
Type Il
(sustentacular) Preganglionic

cell

sympathetic
efferent axon

Sympathetic

ganglion

cell
muscle
cell

The carotid body (CB) is a key
chemoreceptor organ in which glomus

cells sense changes in blood 02, CO2,

and pH levels

The glomus cell is the
chemosensor in the
carotid and aortic
bodies



GENERAL Internal elastic
lamina
STR Ug(-:ru RE OF External elastic
MU ULAR lamina
(DISTRIBUTING) Tunica externa
ARTERIES Lumen with

blood cells

- most vessels arising - 5 =~ Tunica interna

from the aorta, except &% R R W 5= Tunica media
. . , £ T : o 2 > Y .»_-".:—- 2 > “;{\ »J T\ ; : . .

elastic arteries A ' N ey tCig:l:\:ctlve

@) 200x

Transverse section through a muscular artery

Tunica intima - thinner than that in elastic arteries. Endothelium with Weibel-Palade
bodies, basal lamina, subendothelial layer (a few smooth muscle cells);

internal elastic lamina is prominent and displays an undulating surface.

Tunica media is composed predominantly of smooth muscle cells whose
orientation is circular. The number of smooth muscle cell layers decreases as the
diameter of the artery diminishes. External elastic lamina (thick) - several layers of
thin elastic membranes; they display fenestrations.

Tunica adventitia — fibroelastic connective tissue with vasa vasorum, lymphatic
vessels, nerve fibers.



Undulating luminal surface of muscular artery
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“{ Internal elast c

S " Medium size
‘ \ arteries -
characteristic
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ARTERIOLES

Arteries with a diameter of less than 0.1 mm.

Tunica intima — endothelium, with
| Weibel-Palade bodies, basal lamina, a
~thin subendothelial connective tissue
(type lll collagen and a few elastic fibers).
. Fenestrated internal elastic lamina
present only in large arterioles.

Tunica media - one, two or three
smooth muscle cell layers. Arterioles

Arteriole
(small musc. artery?)

do not have an external elastic lamina.

Tunica adventitia - scant
connective tissue



METARTERIOLES

- short vessels that link arterioles with capillary bed.

Metarterioles act as a
bypass channel and
regulate flow into
capillary beds.

=% Precapillary
sphincters
Arteriole
wall is

smooth
muscle.

Precapillary {f
sphincters

Tunica intima — endothelium,
basal lamina

Tunica media — smooth muscle layer is
not continuous (precapillary sphincter —
controls blood flow into capillary bed)

Tunica adventitia — loose connective
tissue



GENERAL STRUCTURE OF CAPILLARIES

Capillaries form capillary bed (network)
between arterioles and venules.




GENERAL STRUCTURE OF CAPILLARIES

A Arteriole
Capillary

Smooth muscle

Single layer of squamous
endothelial cells.
Cells are joined by tight

junctions.

N\ N

Basal lamina

Pericytes. Their processes form gap junction
with endothelial cells and surround endothelium
of capillaries. Pericytes possess their own
basal lamina, contain actin, myosin and
tropomyosin, may function in contraction
(regulation of blood pressure)






red blood cell

; capilla
carrying oxygen Ay red blood cell

with no oxygen

to vein

to body's | &y

cells
from body's

5 2013 Encyclopaedia Britannica, Inc. cells

CAPILLARIES
- exchange of water, oxygen, carbon dioxide, and many other nutrients
and waste chemical substances between blood and the tissues

surrounding them



outer smooth basement
coat muscle membrane endothelium

ARTERY - Tha b olastic tissue elastictissue
outer smooth muscle rings hasement
coat over elastic tissue memirane — endothelium

hasement
membrane endothelium
.......... . e wl: ,




- three types of capillaries:

Basement membrane

Pericyte
Continuous

capillaries Basement membrane

Endothelial cell
Pericyte

continuous

Basement membrane

Endothelial cell

Fenestrated
capillaries
Pericyte
fenestrated
Basement membrane
Endothelial cell
Diaphragm
Open pore (dropped fenestra)

capillaries/sinusoids

Basement membrane

i Discontinuous
Discontinuous basement membrane —/ ’ 7 | basement membrane

Endothelial cell

Pore

- sinusoidal



Red blood
cell in lumen

Present in:
| 'c"l'::trce"“'a’ Muscle, nervous (in the
- ' brain) and connective
/ ——Endothelial tissug

cell
Basement | e
membrane \ \-'r
Tight junction K XPinocytotic
Endothelial vesicles
nucleus

(a) Continuous capillary. Least permeable, and
most common (e.g., skin, muscle).

Continuous capillaries - formed by continuous endothelial cells and basal lamina

(no pores or fenestrae).

- endothelial cells are joined by fasciae occludens (tight junction) which prevent
passage of large molecules (barriers).

- endothelial cells and the basal lamina act as selective filter. Amino acids, glucose,
purines and nucleosides move across the capillary walls via carrier-mediated
transport.



Pinocytotic

vesicles Present in:

Pancreas, intestine,
endocrine glands, and kidney
(renal glomerulus)

Red blood
cell in lumen

Fenestrations
(pores)

Endothelial

nucleus _‘/
Basement membrane

Tight junction

Intercellular
cleft

Endothelial

cell
(b) Fenestrated capillary. Large fenestrations

(pores) increase permeability. Occurs in special B Fenestrated capillary
locations (e.g., kidney, small intestine).

Fenestrated capillaries
- possess pores (fenestrae) - are covered by pore diaphragms (only in renal

glomerulus without diaphragms).
- pores - small openings in endothelial cell - allow components of the blood and

interstitial fluid to bypass the endothelial cells to or from the capillary - pores

located in clusters
- endothelial cells - surrounded by a continuous basal lamina - can act as a selective

filter.



we—— . Endothelial

Red blood
cell in lumen
Large
intercellular
cleft

Tight junction , .
Incomplete — S Nucleus of
basement endothelial

membrane cell
(c) Sinusoidal capillary. Most permeable. Occurs in
special locations (e.g., liver, bone marrow, spleen).

Discontinuous (sinusoidal) capillaries
— discontinuous endothelial cells and basal lamina.
- contain a lot of large fenestrae without diaphragms.

Present in:

Bone marrow, liver, spleen,
lymphoid organs and certain
of endocrine glands.

Macrophage migrates
through the ,hole”

- allow a free exchange of substances or even cells between bloodstream and

surrounding tissue.

- have an enlarged diameter 30-40 ym (5 to 10 ym of continuous capillary) (slowing

the flow of blood).
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Fenestrated capilldry In the kidney




VESSEL TYPE

Feature Arteries Arterioles Capillaries Veins

Number Several hundred* Half a million Ten billion Several hundred*

Special Features Thick, highly elastic, Highly muscular, well- Very thin walled; large to-  Thin walled compared
walls; large radii* innervated walls; small tal cross-sectional area to arteries; highly dis-

radii tensible; large radii*

Functions Passageway from Primary resistance ves- Site of exchange; deter- Passageway to heart
heart to organs; serve  sels; determine distribu-  mine distribution of extra-  from organs; serve as
as pressure reservoir tion of cardiac output cellular fluid between blood reservoir

Structure

plasma and interstitial fluid




VENULES

Postcapillary venules (15 to 20 um in
diameter) receive blood from

capillaries.
Tunica intma - endothelium, basal lamina,
- . reticular fibers (pericytes in postcapillary
. . venules)
/ ¥ )
fl s y '
. \ @ 6o Tunica media - sparse connective tissue, a
b | few smooth muscle cells in larger venules
P L " (>1 mm in diameter), first as scattered
} smooth muscle cells, then, as venule
' ; - ,‘ diameter increases, the smooth muscle cells
p, Vi A become more closely spaced.
/ 4 , £ ( | '
\ :
™
A 4 \

a Tunica adventitia - some collagen fibers
i ’ | ! and a few fibroblas



POSTCAPILLARY VENULES

Metarteriole

Blood
vessel|

Open
precapillary
sphincters

Capillary

Model of
post-capillary venule

Terminal arteriole Post-capillary veinule

- walls of these vessels are even more permeable than capillaries.

- the exchange of material between blood and connective tissue

- the migration of leukocytes !!l from the bloodstream to the connective
tissue



ARTERIOVENOUS ANASTOMOSES

Simple

arteriovenous ;
anastomosis - serve as backup routes for blood if
(Anastomosis another link is blocked.

arteriovenosa .

simplex) (blood can bypass the capillary network

under normal conditions).

Arteriole

- arteriovenous anastomoses - in distal
parts of limbs and nose - participate in
thermoregulation.

\ Venule
Capillary - Capillary bed
bed ) | | |

; e | Capillary
Arteriole —m8 ——— Vil
Precapillary —_ E= 3, | l
sphincter Thoroughfare

channel

Metarteriole (serves as
vascular shunt when
precapillary sphincters
are closed)

Arteriovenous
anastomosis



High endothelial venule (HEV) in alymph node

- HEVs allow lymphocytes circulating in the blood to enter lymph
organs (by crossing through the HEV).

R

Perivascular sheath

Perivascular
channel

& Endothelial cell
=== Basal lamina

“=X Reticular fibroblast

A\ Pericyte
HEV Normal venule
Endothelium Tall and plump Flat
Basal lamina Thick Thin
Perivascular sheath Concentrically arranged Thin layers of pericytes or

reticular fibroblasts smooth muscle cells




MEDIUM AND SMALL VEINS — .. =

Medium veins, less than 1 cm
In diameter, drain most of the

body Medium vein
Y555 3 " Tunica intima - endothelium, basal
- lamina, valves in some, reticular fibers,
sometimes elastic fibers.
tunica
\3“(\ '
endo,,{.um = & Tunica media - loosely organized
[ i smooth muscle cells, collagen fibers
AT TR Y o Ay vl and fibroblasts.
> A '

|

-
Tunica adventitia — the thickest tunica,
collagen bundles and elastic fibers and

a few smooth muscle cells.
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two leaflets of tunica intima
protruding out from the wall
Into the lumen.

are reinforced by collagen
and elastic fibers.



TUNICA INTERNA:
Endothelium

Basement membrane

Valve
- TUNICA MEDIA:

Smooth muscle Valves prevent the backflow of

blood.
- are especially abundant in the
veins of legs - act against gravity

TUNICA EXTERNA force.

‘ A ein Varicose vein

0 2016 Healthwise



Internal elastic lamina

u Endothelium —___ \,_
; e Tt e Intima
\f Endothelium
\ W
Media | S mpramm —~
\| Sty T

| Adventitia| RS e T e o T

Comparison of muscular artery and accompanying vein.



Tunica
adventitia



Return blood directly to the heart. L ARGE VEINS

Venae cavae, pulmonary, portal,
renal, jugular, iliac vein.

Large Vein HaE A I Tunica intima - endothelium, basal
i PR e lamina, valves, connective tissue
= . A 3 fﬂﬁl‘cT_ngedia'-’; (fibroblasts, elastic fibers).
R W e s S
: . - S ’ >~
= s ’: — g Tunica media - reticular and elastic
. A Y ,’“i . fibers, smooth muscle cells. Only a few
- - N > major veins (pulmonary veins, superficial
collagen fibres = ;' = veins of the legs) have well developed
/\ e A b smooth muscle layer. Most large veins

"% . &,  have very thin tunica media.

s oS | W .= * 4 Tunicaadventitia - many elastic and
o ST i i ¥ M collagen fibers, vasa vasorum.
smooth muscle - tunica adventitia Pulmonary veins and venae cavae
* [
. A == - k- have some cardiac muscle near their
. -~ - & ok )
v JOREEST T T YME “ 4  entry into the heart.



ENDOTHELIUM

- lines the interior surface of blood vessels
and lymphatic vessels,

- forms an interface between circulating
blood or lymph in the lumen and the rest
of the vessel wall.

Endothelial control of vascular tone:
Endothelial cells secrete

Vasoactive substances:
Vasoconstrictor 4 ’1 “j‘_‘ﬁ‘-.‘fﬁ;f’l Vasodilators
Endothelin | 1% NO
(peptide) (gas)
Prostacyclin
(prostaglandin) - coagulation of platelets during

clot formation (von Willebrand
factor stored in Weibel-Palade
bodies)

Endothelial cells are
involved in:

Tunica
intima

- control of blood pressure (cells secrete endothelins (vasoconstrictors), nitric
oxide and prostacyclin (vasodilators)



LYMPHATIC VASCULAR SYSTEM

Lymphatic capillaries

Collects lymph - the excess
extracellular tissue fluid, and
delivers it back to the
cardiovascular system

- absent in CNS, cartilage,
bone, internal ear, epidermis)

unlike the cardiovascular
system the lymphatic system:
-iIs not a closed system

- does not contain a pump




LYMPHATIC VASCULAR SYSTEM

Venous system Arterial system
Lymphatic fluid
(moving through
the vessel)

Collecting duct
(thoracic duct)

- Lymphatic capillaries

(collect the lymph) Lymph
- Lymphatic vessels node

(transport, lymph nodes filter

the lymph)

- Lymphatic ducts (deliver the
lymph to the cardiovascular Lymphatic
syste m) vessels

-

Lymphatic valves

lymph movement occurs
due to contraction and
relaxation of smooth Extra fluids
muscle, valves, and draining from
contraction of adjacent cells and tissues
skeletal muscle

— Capillary




Lymphatic
capillary

Capillary

Tissue cells —

Venule

Lymphatic
vessel

Blind-ended lymphatic capillaries collect the
lymph from tissues - endothelium with
intercellular clefts and anchoring
filaments (but without fenestrae), and
incomplete basal lamina.

Lymphatic vessels - possess closely spaced
valves (prevent backflow of the

intercellular

Valve open
(lymph flows forward)

lymph), basal lamina.

Valve closed
(backflow of lymph is prevented)

(a) Lvymphatic vessel. lonaitudinal section

Lymph

Tissue fluid

Opening

Anchoring
filament

Endothelium
of lymphatic
capillary

Overlapping
endothelial cells

Direction of
lymph flow



- two lymphatic ducts (right lymphatic duct and thoracic duct)

Right lymphatic Right internal Left internal Thoracic duct
duct jugular vein jugular vein drains into
\ subclavian vein

Left subclavian vein

Thoracic duct

Cisterna chyli of
thoracic duct

Drained by right
lymphatic duct

from ducts lymph is emptied
into venous portion of

cardiovascular system (right & N | I
lymphatic duct - from the williye Draified By
upper right quadrant, thoracic duct

thoracic duct - from the
almost all parts of body).



Lymphatic capillaries

Precollector

Collecting lymphatics

Lymphatic vascular tree

Fluid flow
Discontinuous
~  basement membrane T\ .
)\ ; o) |
TransceI'LuIarﬂuid = @ :f| " 1!'t
absorption | utton
S A

Paracellular fluid
absorption and

déﬁ cell intake

_ - \—Elastic fiber
Anchoring

filament

0 _
ﬂ’b ar b

Complete smooth
muscle cell coverage

Partial smooth %

muscle cell coverage

Complete basement G
membrane * /
o i = I_




A Efferent B  Oakleaf-shaped endothelial cells
lymphatic
vessel

Thoracic duct

Medullary

sinuses Subcapsular

sinus

3% (fi] Anchc|>ring
)
Fluid filament
macromolecules

immune cells

Afferent

lymphatic
vessel 1 Lymph Lymphatic valve
node
¢\
Collecting
lymphatic
vessel \L
\ Q= Lymphatic capillaries Spindle-shaped endothelial cells
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Lymphatic vessels. Visible valve



Arterioles, venules and lymphatic vessels within loose connective tissue

Lymphatic vessel

Venule

Arteriole

Arteriole
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Aorta stained with
resorcin (elastic
membranes

and fibers)
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Figure 18.1b Generalized structure of arteries, veins, and capillaries.

Artery _' A

Capillary
network

Basement membrane

Endothelial cells

(b)



