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Cardiovascular system

1- Components of cardiovascular system.

2- Structure of the heart.

3- Differences between cardiac muscles& skeletal
muscles.

4- Growth & regeneration of the cardiac muscles.



Circulatory system

* It consists of:

1- Vascular system: heart, arteries,

capillaries & veins.
2- Lymphatic system.

Large vein

Tunica media

Tunica externa

Medium-sized vein

Tunica intima
Valve

Tunica media

Tunica intima
Tunica media
Tunica externa

Inferior vena cava j

Elastic artery

Tunica intima
Tunica media

~— Tunica externa

Muscular artery

~Tunica intima
‘:’ﬁ—‘lnternal elastic lamina
Tunica media
—External elastic lamina
~—Tunica externa

Arteriole

QE Tunica intima
= Tunica media
—— Tunica externa

‘ Basement membrane
—— Endothelium






* The wall of the heart consists of three

layers:

1- Endocardium: inner layer.
2- Mlyocardium: middle muscular layer.

3- Epicardium: outer layer.
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1- Endocardium: consists of:

» Endothelium: simple squamous epithelium.

» Subendothelial connective tissue: which is continuous with that of the
blood vessels entering and exiting from the heart.

» The subendocardium: a layer of connective tissue where branches of
the conducting system are located.

2- Myocardium:
> Itis the thickest coat.

» ltis composed of cardiac muscle fibers bound together by connective
tissue.

3- Epicardium:
» ltis the visceral layer of the pericardium.

» It consists of a simple squamous mesothelium, supported by loose
connective tissue containing the coronary vessels, nerves, and adipose
tissue.

imple squamous epithelium

e, / Loose connective
4 tissue and fat
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Cardiac muscle

* Itis striated & involuntary.

* Its contraction is initiated by the
spontaneous depolarization of
pacemaker cells.

Intercalated Disc — Intercalated Disc



Structure of cardiac muscle
Y

1- Connective tissue
* |t consists of:

1- Perimysium: highly vascularized,formed
of collagen and elastic fibers, which are
present between the bundles of cardiac
muscle fibers.

2- Endomysium: a network of reticular
fibers surrounds each muscle fiber.




Structure ochI\z;\Irdiac muscle

1- They are long cylindrical fibers which
branch and anastomose leaving slit-like
spaces between them. Thus, in the same
section, different cuts in cardiac muscle
fibers could be seen (longitudinal,
transverse&oblique).

2- The fibers show fainter striations than
those seen in skeletal muscle fibers.

3- Each cardiac muscle fiber consists of
short columnar cells called cardiomyocytes
joined by the intercalated discs that run
transversely across the fiber.

4- Each cardiomyocyte has a single, central
& oval nucleus.

Intercalated Disc



Structure ofEcI\z;Irdiac muscle

1- Myofibrils

1- The myofibrils branch and anastomose |
thus they are not perfectly in register with -
one another. —

2- The pattern of cross striations are identical
to that of skeletal muscle.

at—y

3- The myofibrils diverge around the nucleus
leaving the sarcoplasm at the nuclear poles
containing various organelles & inclusions
(numerous mitochondria, glycogen granules
and /ipofuscin pigments).




Structure ofEcl\z;Irdiac muscle

2- T tubules

* Definition: inward extensions of the T-tubule Sarcoplasmic

extracellular space at the sarcolemma. -
P reticulum

* Characteristic features: large & numerous. oo
e Site: at the Z line.

 Function:

» Excitation-contraction coupling.

»Provide additional surface area for
exchange of metabolites between cardiac
muscle fibers and the extracellular space.

Sarcolemma

Sarcomere



Structure of cardiac muscle
EM

3- Sarcoplasmic reticulum

* It is less organized than the skeletal muscle.

* |t consists of narrow anastomosing ity Lot

sarcotubules without the continuous
terminal cisternae that encircle the whole
myofibrils, instead, scattered small
expansions of sarcotubules are in close

apposition with the T tubules forming
diads.




Structure ofEcl\z;Irdiac muscle

4- Intercalated discs

* Definition: specialized junctions of cell membranes of adjacent
cardiomyocytes.

 Site: extend across the fiber at the level of the Z lines.
e Shape: stepwise.

e Structure:

1- Transverse portion:

> SF]ite: Iruns across the fibers perpendicular to the myofilaments at the level of
the Z line.

» Structure: It is formed of fascia (zonula adherens)and macula adherens (
desmosomes attached to desmin)

» Function: provide strong adhesion between the adjacent cardiomyocytes.
2- Longitudinal portion:

» Site: runs parallel to the myofilaments

» Structure: many gap junctions. connexon 5
» Function: allow rapid spread of excitation between the adjacent
cardiomyocytes. 3

‘ 'y -
3 g connexin



Intercalated discs Longitudinal portion

Site Perpendicular to myofilaments, at the
level of Z line.

Stress of contraction 4P4p

Structure 1- fascia adherence

2- macula adherence

Function Stron_ a.'he "ion between the cells during
~ontraction

Parallel to myofilaments.

N2

Gap junctions

Rapid spread of excitation from one cell
to the other

gap junction




Types of cardiomyocytes

1- Contractile cardiomyocytes

* Definition: They are the ordinary
cardiomyocytes that form the
majority of the myocardium of the
atria and ventricles.

* Function: contraction.

Intercalated Disc Intercalated Disc



Types of cardiomyocytes

2- Endocrine cardiomyocytes

® DEfinition: They dare Cd rdiomyocytes Wh|Ch Atrial endocrine Cardiomyocytes
have an endocrine function.

* Site: in the atria, especially the right atrium.

e Structure: They differ from contractile
cardiomyocytes in:

1- They have fewer myofibrils.

2- They have numerous electron dense secretory
granules containing
which has a role in control of blood pressure and
electrolyte balance.




Types of cardiomyocytes

3-Cardiomyocytes of the conductio

-

e Definition: modified cardiomyocytes that are
specialized in the initiation and propagation of
depolarization through the myocardium faster
than the contractile cardiac muscle fibers.

* Types:
a) Nodal cells:

* Site: in the sinoatrial node, the atrio-ventricular
node and the trunk of the bundle of His.

e Structure:

1-They are smaller than the surrounding atrial
muscle fibers.

2- Contain fewer myofibrils.
3- Lack typical intercalated discs.

n system




Types of cardiomyocytes

3-Cardiomyocytes of the conduction system

 Definition: modified cardiomyocytes that
are specialized in the initiation and
propagation of depolarization through the
myocardium faster than the contractile e
cardiac muscle fibers.

* Types:

a) Nodal cells:

left bundle branch
(LBB)

* Site: in the sinoatrial node, the atrio-
ventricular node and the trunk of the o of s
bundle of His. et

© Cassandra Uy



Types of cardiomyocytes

3-Cardiomyocytes of the conduction system

b) Purkinje fibers:

] . . ] Glycogen
* Site: in the myocardium of the ventricles.
* Structure: l
1- They are present of two or more. i
Gl
2- They are often . S i /\ hite
3- They are than the ventricular muscle fibers ‘ . o Shk
4- They contain which are located
perlphera”y' Pyruvic acid - d |
. . . . - . ADP ¢ P

5- Their cytoplasm is rich in mitochondria and ) |
so they are pale in H&E sections. l Insuffcient

Oxygen For muscular
6- They do not contain typical intercalated discs, . contraction
although, they contain many more than in lcicadd =  Lactte  +  Hydrogen ions

contractile cardiomyocytes.




Cardiomyocytes of the conduction Nodal cells Purkinje fibers
system

Sites SAN, AVN& trunk of bundle of His. Myocardium of ventricles.

Function Generation& conduction of excitation. 1 ansmission of impulses 4.5 times faster
“he n the contractile cardiomyoctes.

Structure *Smaller than cr.i.ractile atrial myocytes.  eLarger, in groups, binucleated.
*Few myofiyr's. *Few myofibrils.
lack “yp‘ca: intercalated discs. elack typical intercalated discs.

*Mglycogen,mitochondria.
«/Ngap junctions.



Sites The wall of the atria & ventricles. Myocardium of ventricles. In the atria, especially the
right atrium.
Function Contraction. Transmission of impulses 4.5 \'mes Secretes the atrial natriuretic
faster than the contra 'ti'C factor which has a role in
cardiomyoctes control of blood pressure and

electrolyte balance.

Structure 1- Smaller than Purkinje fibers. - atjer, present in groups.
2- Each cell contains a single nucle'r,. 2 T..e cells are often binucleated.
3- The myofibrils fill the cyto.'as n. 3- Fewer peripheral myofibrils. 1- Fewer myofibrils.
4- They have less glvrog~ 1 thar. 4- They have more glycogen, so they  2- They have numerous
Purkinje fibers, so they at ~ less are more resistant to hypoxia. electron dense secretory
resistant to hypoxia granules.

5-Typical intercalated discs joined the 5- They lack typical intercalated discs
adjacent cardiomyocytes. but contains many gap junctions.



Growth & regeneration of the cardiac muscle

fibers

* The cardiac muscle fibers have no ability
for regeneration, because:

1-They are static cell population
(can not divide by mitosis).
2- Satellite cells are absent.

* The injured cardiac fibers are replaced by
fibrous tissue.

* The heart muscle responds to increased
functional demands by compensatory
hypertrophy.

Right Ventricular
hypertrophy

Normal heart
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What is the best statement describing the
pointed structure?

1- It is present at the A-l junction.
2- It bisects the A band.

3- It connects the adjacent cardiac muscle
cells.

4- It contains keratin intermediate
filaments.




What is the best statement describing the
pointed structure?

1- It is present at the A-l junction.

. | : )g.é“;-” : ‘ 4-{,‘.}::
2- It bisects the A band. i w ?"‘\?ﬂ w
i i N
3- It connects the adjacent cardiac muscle | i—
cells. S e

4- It contains keratin intermediate
filaments.
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Blood vessels

1- Structure of Blood vessels.
2- Types & structure of the arteries.
3- Types & structures of veins.



Veins Arteries

Large vein Elastic artery

Tunica intima Tunica intima

Tunica media Tunica media

Tunica externa Tunica externa

Inferior vena cava
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Tunica intima .
unea Tunica intima

Valve £ 2SR . coe /@ = Internal elastic lamina
( PR , < N7 Tunica media

Tunica media B .5;} External elastic lamina
Tunica externa —

Tunica externa

Venule Arteriole

Tunica intima
Tunica media
Tunica externa

Tunica intima
Tunica media
Tunica externa

Basement membrane
Endothelium

Capillary




Blood vessels

* The wall of any blood vessel, except
capillaries is formed of three layers:

1- Tunica intima: the inner layer. —_ —
2- Tunica media: the middle layer, its _fmte,:j‘jasﬁc
structure is related directly to the function ’“""I’”’a”"
media 54— involuntary

of the vessel. musce fibre
—— glastic fibre

3- Tunica adventitia: the outer layer. - — :

adventitia | EEERE— .-'A- —ﬂ external elastic

S0 Rp— < = } rtnembralne

connective

tissue




|I-Tunica intima

1- Endothelium: - Stwirels e Baos

connective issue  elastic membeane

» Simple squamous epithelium.
» Resting on a basement membrane.

»The cells are joined together by occluding
junctions.

2- Subendothelium: loose fibro-elastic
connective tissue.

* In many arteries: the elastic fibers become
condensed externally forming the internal
elastic lamina which is fenestrated to allow
diffusion of substances to nourish the deeper
part of the vessel wall.

Tutuca inbima — -




lI- Tunica media

1- Concentric layers of spirally arranged
smooth muscle fibers.

2- Elastic fibers. s e

3- Collagen fibers. -f"';ig;igf';fgm
tunica

4-Extracellular matrix of proteoglycans. ecka Bl iocio foe

—— glastic fibre

* In many arteries: elastic fibers may form S
the external elastic lamina separating the  aseni /£ }t .
media from the adventitia. ~ PR e membrane

connective
tissue




llI-Tunica adventitia

1- Fibroelastic: Collagen and elastic fibers:
arranged longitudinally.

2- Fibroblasts.

3- Vasa vasorum: small blood vessels which
provide nutrition to the vessel wall

(especially the large sized arteries& veins).

4- Nervi vasorum: the vasomotor autonomic D e o

nerves.

>



A-Arteries

* Arteries are classified according
to their size into large elastic
arteries, medium-sized arteries
and arterioles.

Large vein

Elastic artery

Tunica intima Tunica intima

Tunica media Tunica media

Tunica externa —e N\ = 5 Tunica externa

Inferior vena cava —

Medium-sized vein

Tunica intima 13N -
) Tunica intima

Valve Internal elastic lamina
s ; Tunica media

Tunica media % ~~__External elastic lamina

Tunica externa ——/~ ~——Tunica externa

Arteriole

Tunica intima 7

Tunica media—\

Tunica externa

PE Tunica intima
= Tunica media
—— Tunica externa

: Basement membrane
—— Endothelium



I-Large arteries= Elastic arteries=Conducting

arteries

* These include aorta and its large branches.

* These arteries have the general structure +

1- Tunica intima:

» Forms 10% of the wall.

» The subendothelium contains also few smooth muscle fibers & macrophages.
2- Tunica media:

» 70% of the wall.

» Consists mainly of fenestrated elastic lamellae (membranes),the number and
thickness of these lamellae are related to blood pressure and age.

* Theinternal and external elastic laminae are present but not prominent as they
cannot be distinguished from the elastic membranes in the tunica media.

3- Tunica adventitia:
> 20% of the wall.

» Vasa vasorum: numerous to provide nutrition to the adventitia and outer part of | :
the media since the wall is too thick to be nourished by diffusion from the lumen. e

- Qe e
SN e i .




I-Large elastic arteries= conducting arteries




lI-Medium-sized arteries=muscular or

distributing arteries

* These include femoral, radial and most of the named arteries.

* They have the general structure of a blood vessel +:
1- Tunica intima:
» It is a relatively thin layer.

» Prominent internal elastic lamina , which is thrown into folds due to
posé_mortem contraction of the smooth muscle fibers in the tunica
media.

2- Tunica media:
» 50% of the wall.

» It consists mainly of several concentric layers of smooth muscle
fibers.

» The external elastic lamina is present.
3- Tunica adventitia:

» 50% of the wall.

» Vasa vasorum: few.




lI-Medium-sized arteries=muscular or

distributing arteries

Endoithelium

=

~ ——




Special types of arteries

Coronary artery

1- Tunica intima: it shows normal, musculo-
elastic thickenings, that may contribute to
development of atherosclerosis.

2- Tunica media: is thicker compared to that
of muscular arteries of the same size.

3- Tunica adventitia: is unique in its high
collagen-to-elastic fiber ratio, which reflects
high tensile strength and relatively low
stretchability.




llI-Arterioles

* Function: the peripheral resistance. They
control blood flow into the capillaries.

1-They have a relatively thick wall compared to
their narrow lumen.

2- The intima: has thin internal elastic lamina is
which disappears when the arteriole is smaller in
diameter.

3- The media: is formed of one to two layers of
smooth muscle fibers.

 No external elastic lamina.
4- The adventitia: thin.




Large artery (Elastic, Med sized artery Arteriole
conducting) (Muscular,distributing)

T. Intima 10%

*Endoth

*Subendoth

*Int elastic lamina Not evident evident Thin....absent(60)

T.Media 70% 50% 1-2 layers of smooth m
Fenestrated elastic Smooth 1 (uist by ung; constant  fibers (regulation of blood
lamellae(distension&elastic  chang? .~ 'ia...eter, control flow to cap & peripheral
recoil) rwZiona' blood flow) resistance+ thick wall)

Absent
evident

*Ext elastic lamina No. evic 2"

T.Adventitia 20% 50% Thin

*\/asa vasorum Prominent Not prominent Absent
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Veins Arteries

Large vein Elastic artery

Tunica intima Tunica intima

Tunica media Tunica media

Tunica externa Tunica externa

Inferior vena cava

Medium-sized vein

Tunica intima
Valve

Tunica intima

Internal elastic lamina
Tunica media

External elastic lamina
Tunica externa

Tunica media
Tunica externa

Arteriole

Tunica intima
Tunica media
Tunica externa

Tunica intima
Tunica media
Tunica externa

Basement membrane
Endothelium

Capillary




Veins

Poorly developed smooth muscles+ minimum elastic fibers

2

Thin wall (thin media) + wide lumen >

Low pressure >
Drainage system
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B-Veins

I-Large veins

* They include the venae cavae, subclavian and portal veins. Superior Aorta Pulmonary

Vena Cava Artery

* They have the general structure with relatively wide lumen +
1- Tunica intima: thin with no internal elastic lamina.

2- Tunica media:

» 30%of the wall. Vatve

» Consists mainly of concentric layers of smooth muscle fibers with Al

collagen fibers.

Pulmonary
Veins

Left Atrium
Aortic Value

Mitral Value
> No external elastic lamina.
Vo

3- Tunica adventitia:
» 70% of the wall.

» It consists of dense fibro elastic CT with /longitudinal arranged
smooth muscle fibers which strengthen the wall and prevent G
distention of the vessel. Vena Cava

Left
Ventricle

* Near their entry to the heart, venae cavae and pulmonary trunk have Hlotd Vriricls
extensions of atrial cardiac muscle fibers in their adventitia. —

e \asa vasorum: numer




. They |nc|ude most namnrl vinaine that arrAMmNnanyy thair

* They have the general ¢
thin wall due to reduce

1- Tunica intima:

> It contains valves: intim
the blood, they are abu

2- Tunica media:
» 30% of the wall.

> It consists mainly of cor
and elastic fibers.

3- Tunica adventitia:
» 70% of the wall.

> It consists of of dense fi
collagen and little elast

> Vasa- vasorum: numerol
nutrients.

lI-Medium-sized veins

Brachiocephalic vien

Subclavian vein
Precava

Hepatic vein
Shoulder vien

Postcava

Cubital viens

Superior mesenteric vien

ac vien

Veins the back of the wrist! ™

Viens of fingers

aditim_cizad artariac

- Jugular vein
Pulmonary veins

Heart

Inlenor vien

e Fomoral vien
Large subcutaneous vien

Popliteal vien

Blood flow




T. intima

T. media 30%

T. Adv 70%

Large veins Medium sized veins

Thin. Thin
Valves esp in UL& LL.

Conc. Smooth m+ collagen. The same+ elastic fibers.

*Fibroelastic,little elastic. *Fiboelastic,little elastic.
*Longitudinal smooth musc.2s, trength
the wall & prevent ¢ 'ste 1sion by the
effect of gravity+r.c ris -alisis)
*Car lia~ m 1sc. 25 at the site of entry into
the huar.

Vasa vasorum are prominent.

*Vasa vasorum are prominent.




T. intima

T. media

T. Adv

Internal,external elastic laminae

Large veins

Thin.

30%
Concentric Smooth m+ collagen.

*70 %

*Fibroelastic, little el .. c.

sLongitudinal s... 2t.> muscles ( strength
the wall & r,re /et Listension by the
effec. o1 gra rity+peristalisis)

*vasa \ 1surum are prominent.

*Absent

Large arteries

Relatively thick.
10%

70%

1 Fenestrated elastic lamellae.
- “mooth muscles.

*20%

*\asa vasorum are prominent.

*Present but not distinguished from
elastic membranes of media.




Medium sized

Medium sized

artery vein
Wall Thicker Thinner
Lumen Narrow lumen, circular, empty Lumen wide, collapsed,
may contain RBCs
Valves Absent Present
Tunica Intima Relatively thin Thin

External & internal elastic lamina

Well developed .

No internal or external elastic lamina

Tunica Media

Thick, about 50% formed of
mainly muscle tissue with elastic fibers

Thin,(30%), formed of
muscle fibers +few elastic fibers.

Tunica Adventitia

It is thick layer (50%), contains elastic and collagen fibers.

Much thicker than the media (70%), with
collagen&little elastic fibers.

Vasa vasora

May contain vasa vasora

Contains more vasa vasora.




Special types of vein
Great saphenous vein

1- The intima: |

»Subendothelium: contains numerous
longitudinal smooth muscle fibers.

> Thin internal elastic lamina.

2- The media: has an unusual thick smooth
muscle fibers.

3- The adventitia: has numerous
longitudinal smooth muscle fibers.




Special types of vein

Great saphenous vein

* The great saphenous veinis used for ¢ i
auto transplantation in coronary heart before surgery g

artery bypass graft surgery when Q

arterial grafts (usually taken from (

the internal thoracic artery) are not

available or many grafts are required

for multiple-bypass anastomoses.

Stenods Obtuse

marginal
) artery

Left
anterior

+ descending
artery

B. View of heart after
bypass surgery
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ll1-Venules

* They are classified into: —

1- Post-capillary venules: e

»Diameter: 15-30 pum. * OMIcropnnIclos

»Structure: a sin%le layer of endotheli ?\ 4
cells resting on basal lamina l

surrounded by pericytes.

»Function: They are the site of trans-
migration of WBCs during
inflammation.

2- Muscular venules:

»The media: is formed of one to two v
layers of smooth muscle fibers. g gl Ento

» The adventitia: thin.

/

Fibrin
8 Xy formation
L

Vascular njury = Thrombus



What is the best matching for the opposite
photo?
1- Medium sized vein, structure at 1 separates

the tunica intima from the tunica adventitia.

2- Medium sized artery, structure at 2 separates
the tunica adventitia from the tunica media.

3- Medium sized vein, structure at 1 separates
the tunica media from the tunica adventitia.

4- Medium sized artery, structure at 2 separates
the tunica intima from the tunica media.




What is the best matching for the opposite
photo?
1- Medium sized vein, structure at 1 separates

the tunica intima from the tunica adventitia.

2- Medium sized artery, structure at 2 separates
the tunica adventitia from the tunica media.

3- Medium sized vein, structure at 1 separates
the tunica media from the tunica adventitia.

4- Medium sized artery, structure at 2 separates
the tunica intima from the tunica media.







Peripheral circulation

D Iman Ne il



”]?i” )




Peripheral circulation

1- Definition of peripheral circulation.
2- Structure& types of capillaries.
3- The lymph system: Function & structure.



Peripheral circulation

* Definition: It is the connection between
arteries and veins.

* Itincludes capillaries and arteriovenous
shunts.




l- Capillaries

* Definition: the smallest diameter
blood vessels that conduct blood
from arterioles to the post-capillary
venules.

 Capillaries make up 90% of the body
vasculature as they forming the
capillary bed.

* Function: exchange of gases and
metabolites between the blood and
Fluid squeezed out of Fluid reentering capillary

tissues. capillary by blood pressure by osmotic attraction

r’,, ,
‘9.. " X
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Structure of the blood capillaries

How do the capillaries adapt to its function?

»Single layer of endothelial cells resting on a
basal lamina, which is splitted to enclose
the pericytes.

»The endothelial cells are joined together by /
occluding junctions.

»The diameter of a capillary is 9-12 um

(large enough to allow passage of RBCs one
at a time).




The pericytes

Definition: Perivascular mesenchymal cells.

Structure: They are branching cells with many
processes, they are enclosed in the basal lamina of the
endothelial cells.

Site: They partially surround the endothelial cells of
capillaries and post- capillary venules.

Functions:

1- Support of capillaries and post- capillary venules.

2- Contractile function: have actin filaments in their
cytoplasm.

3- Stem cells: pericytes can proliferate and differentiate
to form new endothelial and smooth muscle cells,
following tissue injury, thus help in the repair process.




Types of capillaries

1-Continuous capillaries =muscular type

e Structure:

|
Capillaries in most tissues

» The wall of these capillaries has no fenestrations. og. Miscl
»The basal lamina is continuous . |
»The endothelial cells are held together by occluding Blood in

Junctions with overlapping marginal folds. capilary |
»The cytoplasm contains many pinocytotic vesicles. lumen Protin /"t
* Function: provides metabolic exchange and thus share oot S

in the formation of different blood barriers ( blood
Brain b)arrier, blood air barrier and blood thymus
arrier).

* Sites: This is the most common type of capillaries and
is found in muscular tissue, lung, skin and nervous
tissue.

e A
[ o o\ Muscle

\j cell
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Tissue fluid>( ) U N
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Types of capillaries

1-Continuous capillaries =muscular type

e Structure:
»The wall of these capillaries has no fenestrations.
»The basal lamina is continuous .

»The endothelial cells are held together by occluding
junctions with overlapping marginal folds.

»The cytoplasm contains many pinocytotic vesicles.

* Function: provides metabolic exchange and thus share
in the formation of different blood barriers ( blood
Brain b)arrier, blood air barrier and blood thymus

arrier).

e Sites: This is the most common type of capillaries and
is found in muscular tissue, lung, skin and nervous
tissue.

Basement

/- Pericyte
< Red blood
; cell in lumen
r Intercellular cleft

— Endothelial
cell

e —

membrane / ) T* - Pinocytotic
'l

vesicles

(a)

Tight junction —
Endothelial -
nucleus

external \
lamina

nucleus

tight junctions | Ao/
P U4
)

pinocytotic vesicles — .'~ ’




Types of capillaries

2-Fenestrated capillaries =visceral type

e Structure:

»The endothelial cells have numerous
fenestrations.

> The basal laminais continuous.

» These fenestrations are closed by a thin non-
membranous diaphragm, derived from the
glycocalyx of the cell membrane ( ).

»The endothelial cells have numerous pinocytotic
vesicles.

['ransportation

* Function: allows more molecular exchange mesenteric Todeliver intotarget cells

between tissues and blood. W
7

\

7 \ ;::-)“ \m\ | /Aﬁ
/

" absorption
digested [ood(w |

* Sites: endocrine glands (secretion) and small
intestine (absorption).



Types of capillaries

3- Sinusoids = sinusoidal capillaries

* Structure: ' Pericyte

» Vascular channels with a relatively large diameter v .

%~ Endothelial cell
(30-40um). K

- 2
o Red blood

N .
. .. cell in lumen
> The outline is irregular. w ) Lt
. . T - R 3

»The endothelial cells have /arge fenestrations - gy Mo

without diaphragms and are separated by wide Tight junction HKAE R,

intercellular gaps. /% s Nucleus of

Incomplete basement - endothelial cell

» The basal lamina is discontinuous and supported by membrane
reticular fibers.

» Macrophages are usually associated either within or
around the sinusoids.

* Function: allows maximal exchange and movement of
cells between tissues and blood.

* Sites: Liver, bone marrow &spleen.




Capillaries Sinusoidal capillaries

Lumen Narrow Wide

Outline Regular Irregular

Type Continuous; fenestrated f 'ways fenestrated

Intercellular gap ; cleft Very narrow Wide

Basal lamina Continuous Discontinuous

Associated cell Pericyte Macrophage

Sites Evervwh., " in th~ pody Certain sites as liver, spleen &bone
marrow.

Nuclei of. basement
Pinocytotic endothelial membrane
vesicles cells " Liigh
hr . ‘; L v/
Erythrocyte : Erythrocyte Intercellular
Intercellular Intercellular cleft
cleft cleft Nucleus of
endothelial cell endothelial cell

a Continuous capillary b Fenestrated capillary ¢ Sinusoid



|- Arteriovenous anastomoses=A-V shunts

* Definition: a direct connection between an arteriole and
a venule without passing in the capillary bed.

e Structure: it arises as a side branch from terminal
arteriole and runs directI?/ to small venule. The arteriole
of the A-V shunt has a relatively thick smooth muscle
layer and is richly innervated.

* Function:

> Contraction of the smooth muscle at arteriolar side of the

A-V shuntm=—pp close the shunt --==psends blood to the
capillary bed.

» Relaxation of arteriolar smooth muscles open the
shunt==emepp- sends a considerable volume of blood
directly into the venule, bypassing the capillary bed.

* Sites: skin of palm & sole, nose, lip and erectile tissue of
penis.

b~

Small arrows indicate —
path of blood flow

Sympathetic nerve fibers close
shunts to radiate heat when hot

Yy W . skln surface ~ = N\

Sensory nerve fibers open
shunts to save heat when cold




rteriovenous anastomoses=A-V shunts

I: Lateral view Erect: Transverse view
Cavernosal arteries dilate.
engorging corporal tissue
with blood

0 —

L} @ Encore ng . aL ses corporal tissue
*g;’ tc s el er cting the penis
-

Engorged corporal tissue compresses penile
veins and venules, maintaining erection

Flaccid: Transverse view

Penile venules
(uncompressed)

Deep dorsal vein

Cavernosal arteries

Spongy urethra

Prepuce

.
Corpus spongiosum = ‘:"

-



The lymphatic system

* Definition: It is a drainage system that . rm—
collects the excess interstitial fluid in the L p—

form of lymph and returns it to the blood. | ' }\ 'L-—Mpmmm:“‘ |
/

* |t consists of: the lymph, lymph vessels Lymph
and lymphoid tissue. E \ \Lymmmnk

* The lymph: a viscid substance formed of:
1- Protein-rich fluid: removed from the [

Lymph node

intercellular spaces.

2- Lipids: that are too large to cross the
fenestrations of the intestinal capillaries.

* Both components cannot be reabsorbed
by the venous side of the blood
circulation due to their large molecular
size.

Collacting lymphatic l 2
Vessls, with valves ,

Tusstlnecell Bl L F’W ,

“oapilids, ' capilanes




The lymph vessels

1- Lymphatic capillaries

e Structure:
»Blind ended channels.
» Irregular in shape.

» Lined by endothelial cells resting on an
incomplete basal lamina.

»Openings between endothelial cells are kept
open by anchoring filaments that bind to
surrounding connective tissue.

Lymph

= Tissue fluid

— Opening

— Anchoring
filament

Endothelium
of lymphatic

capillary



Lymph capillaries

Blood capillaries

1- Connections

Blind ended connected to larger lymphatic
vessels

Open at both ends, connected to venules and
arterioles

2- Lumen

Wide lumen

Narrow and usually rounded

3- Shape

Irregular in shape

Regular

4- Basal lamina

Discontinuous basal lamina, and have
anchoring filaments to the surrounding collagen.

Have basal lamina and pericytes

5- Content

Carry lymph

Carry blood




The lymph vessels

2- Large lymphatic vessels

e Structure:

» Similar to that of veins, having
valves to keep the lymph flow
unidirectional.

» But, they have thinner walls and
without a clear separation
between layers (intima, media and
adventitia).

* Lymphatic vessels converge to form
the thoracic duct and the right
lymphatic duct which empty lymph
back into the blood.

The Innmmuune Systerm ,/




Which statement is describing the structure in
the opposite photo?

1- It is usually associated with macrophages.
2- It has many fenestrations in their wall.
3- It is found in the brain.

4- |t rests on incomplete basal lamina.




Which statement is describing the structure in
the opposite photo?

1- It is usually associated with macrophages.
2- It has many fenestrations in their wall.
3- It is found in the brain.

4- |t rests on incomplete basal lamina.







The fibrous skeleton

of the heart& heart valves







1- Cardiac muscles.

2- Coronary vessels.

3- A conducting system.
4-A fibrous skeleton.

© Bresha/Cels - Thomson Losming Interatrial
pathway

3. Atrioventricular
(AV) node

1. Sinoatrial
(SA) node

4. Bundle of His or
AV bundle

Right

atrium

2. Internodal
pathway

5b. Left branch
of bundle of His

5a. Right

branch
of bundle

of His

Left
ventricle

6. Purkinje
fibers

Right
ventricle




1- Four fibrous rings:

» Site: Encircle the base of the aorta, pulmonary trunk,
right & left atrioventricular orifices.

» Structure: dense irregular CT.

Muscular

part of IVS

» Function: Provide attachment site for the cusps of the
4 valves of the heart.

2- Two fibrous trigones:
» connecting the rings.
» Structure: thickening of the fibrous skeleton.

3- The membranous part of the interventricular &
interatrial septa:

» Structure: dense CT, devoid of cardiac muscle.

» Contains a short length of the A-V bundle of the Membranous part of IVS

conducting system. :
Common site for IVS defects



* Functions of Fibrous skeleton:

1- Support the heart.

2- Serves for attachment of cardiac
muscle.

3- Acts as an electrical insulator by
preventing free flow of the electrical
impulses between the atria & ventricles.

Pulmonary valve
Skeleton of heart, including
fibrous rings around valves

Left AV (mitral) valve

Aortic valve
Right AV

Left
ventricle
myocardium
(cut)

Right ventricle
myocardium



 The valves attach to the dense CT of the
fibrous skeleton of the heart.

atrial side

* They are made of flaps of tissues called
cusps or leaflets.

e Each valve is composed of 3 layers:
1- Fibrosa.

2- Spongiosa.

3- Ventricularis.




1- Fibrosa:
» Site: Forms the core of the valve.

»Structure: Contains dense irregular CT
extending from the fibrous rings.

»Function: major load bearing that offers
mechanical integrity to the cusp.

2- Spongiosa:

»Site: Located on the atrial side or arterial
side of each valve.

» Structure: Loose CT.

» Function: Shock absorber to reduce the
strength of vibrations associated with
closing the valves.
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3- Ventricularis:

» Immediately adjacent to the ventricular
surface of each valve.

»Structure: It contains dense CT with many
elastic fibers, covered with endothelium.

»In the A-V valves: the ventricularis continues
into the chordae tendineae ( fibrous cords
covered with endothelium, extending from
the free edges of the valves to papillary
muscles ( muscular projections from the wall
of the ventricles).

Atrioventricular valve







Revision of Cardiovasular
system

Dr. Iman Nalil



1- Heart.
2- Blood vessels.

3- Peripheral circulation.



Layers of

Heart

1-Site

2-Structure

Endocardium

Inner layer.

» Endothelium:
simple squamous
epithelium.

» Subendothelial
connective tissue.
»The
subendocardium: a
layer of connective
tissue where
branches of the
conducting system
are located.

epicardium (visceral pericardium)

myocardium
endocardium

dense fibrous
layer

Myocardium

lgose connective
tssue

cardiac muscle

Middle layer. Outer layer.

loose connective
tissue

smaooth

> It is the thickest coat. »It is the visceral layer of iyl endothelium
» It is composed of the pericardium. il i of bt
o 5 o o pericardium
cardiac muscle fibers » It consists of a . irnle o 0088 |
e M7 Layers of the Heart

squamous mes~*he liur ),
suppor d Lv lros 2
connect. 'e .. sue containing
.1e coronary vessels,

ne vves, and adipose tissue.

bound together by
connective tissue.

Slmple squamous eplthehum ‘

e
"5!".%. _/ Loose connective
e Rl 2\ tissue and fat

N\  Epicardium
»J~ (visceral
pericardium)

Myocardium

Tiabeciilie Endocardium

carneae



Cardiac
muscles

1-Long cylindrical
fibers, branch and
anastomose
leaving slit-like
spaces between
them.

2- The fibers show
fainter striations.
3- Each cardiac
muscle fiber
consists of short
columnar cells
called
cardiomyocytes
joined by the
intercalated discs.
4- Nucleus: single,
central & oval
nucleus.

Myofibrils

1- They branch
and
anastomose
thus they are
not perfectly in
register with
one another.
2- The pattern
of cross
striations are
identical to
that of skeletal
muscl-.
3-Nun.=rot 3
mitochc ".uria,
glycogen
granules and
lipofuscin
pigments.

T-tubules

1- Large &
numerous.
2-Site: at the
Z line.
3-Function:
> Excitation-
contraction
coupling.
»Provide
additional
surfa. e a-ec
.Ir XC..ange
0l
metabolites
between
cardiac
muscle fibers
and the
extracellular
space.

Sarcoplasmic
reticulum

1-1t consists
of narrow
anastomosing
sarcotubules
without the
continuous
term: ~al
cisten ae,

in tead,
cattered
small
expansions of
sarcotubules
are in close
apposition
with the T
tubules

forming diads.

Intercalated disks ~ Cross-striations Myocytes

Intercalated
disc

1- Specialized
junctions of
cell

merb anes

of ag,3c.'nt =2) 7
.ara o- g =l paakas
myocytes. ; =
2-Site: extend
across the
fiber at the
level of the Z
lines.
3-Shape:
stepwise.

O8LIQOUE SRIDGE
INTERCALATED DISC
DARK 8ANDS

MUSCLE FIBRES

== _ Gap junction
i i

==

i [



Intercalated | Transverse portion Longitudinal portion

discs

Perpendicular to myofilaments, at Parallel to myofilaments.

the level of Z line.

2-Stress of N J
contraction

3-Structure  1- fascia adherence \*ap iunctions
2- macula adherence

4-Function Strong adhesion between the cells Rapid spread of excitation from one cell to the
during contraction other




Cardio-
myocytes

1-Sites

2.
Function

3-
Structure

Contractile

The wall of the atria &
ventricles.

Contraction.

1- Smaller than Purkinje
fibers.

2- Each cell contains a sin~,.c
nucleus.

3- The myofibrils fill the
cytoplasm.

4- They have less glycogen
than Purkinje fibers, so they
are less resistant to hypoxia.
5-Typical intercalated discs.

Purkinje fibers=Moderator

band

Myocardium of ventricles.

Transmission of impulses
4.5 times faster than the
contractile cardiomyoctes.

1- Larmer ‘siosevt L
groups.

2 The ceils are often
)yindcleated.

3- Fewer peripheral
myofibrils.

4- They have more
glycogen, so they are more
resistant to hypoxia.
5- They lack typical
intercalated discs but
contains manv eap J

In the atria, especially
the right atrium.

Secretes the al"ia'
natriureti - facto - which
hesarci2i o il Ll X
a re.2 i control of M .‘ﬁl 4% :_?g
by~ d .essure and Ay
« lectrolyte balance.

Intercalated Disc

1- Fewer myofibrils.

2- They have numerous
electron dense
secretory granules.




Growth & regeneration of the cardiac muscle

fibers

* The cardiac muscle fibers have no ability
for regeneration, because:

Right Ventricular
hypertrophy

Normal heart

.0'.

@

wordewl

1-They are static cell population.

2- Satellite cells are absent.

* The injured cardiac fibers are replaced by
fibrous tissue (fibroblasts+collagen type I).

4

’
\.

b

* The heart muscle responds to increased

functional demands by compensatory L
hypertrophy.




Wall of blood

vessels

Tunica intima

1- Endothelium:

» Simple squamous
epithelium.

» Resting on a
basement
membrane.

»The cells are
joined together by
occluding junctions.

2- Subendothelium:

loose fibro-elastic
connective tissue.
3-In many arteries:
the elastic fibers
become condensed
externally forming
the internal elastic
lamina which is
fenestrated.

Tunica media

1- Concentric layers of
spirally arranged smooth
muscle fibers.

2- Elastic fibers.

3- Collagen fibers.
4-Extracellular matrix of
proteoglycans.

5-In many arteries: elastic
fibers may form the exte . 9/
elastic lamina sep?.a’in, th.
media from th : ¢ dv 2p_tia.

Tunica adventitia

1- Fibroelastic: Collagen
and elastic fibers:
arranged longitudinally.
2- Fibroblasts.

3- Vasa vasoru:: "mall
blood ves. :Is vi.icl,
pr.viue : ut it.on to the
vetsol crall

\3specially the large
sized arteries& veins).
4- Nervi vasorum: the
vasomotor autonomic
nerves.

Collagen an
elastic fibers

Smooth
muscie cell

membrane

l‘ Conneclve
\ tissue

' Endothelial

T . :
Tunica media  Tunica intima
(middle coat)

1
Tunica extema
(outer coat)
tunica

intima\{
AR

—

{inner coat)
endothelium

connective
tissue

internal elastic
membrane

tunica

involuntary
muscle fibre

elastic fibre

tunica

adventitia g
external elastic

membrane

connective
tissue




Types of

arteries

1-T. Intima
*Endoth
*Subendoth
*Int elastic
lamina

2-T.Media

*Ext elastic
lamina

3-T.Adventitia

*\/asa
vasorum

Large artery (Elastic,
conducting)

Not evident

70%

Fenestrated elastic
lamellae(distension&
elastic recoil)

Not evident

20%
Prominent

Med sized artery
(Muscular,distributing)

evident

50%

Smooth m(distributing; constar *
change in diameter, contr.'
regional blood flow?®

ev.dent

50%
Not prominent

Arteriole

Thin....absent,504)

1-21:1e.7 uf smooth m
1 be 2 (regulation of blood
flow to capillaries)

Absent

Thin
Absent




Tunica intima Tunica media Tunica adventitia

Coronary it shows normal, Itis thicker compared to It has high collagen-to-

artery musculo-elastic that of muscular elastic fiber ratio, which R
thickenings, that may arteries of the same reflects high tensile strength  “{%
contribute to size. and relatively low
development of stretchability

atherosclerosis.




Large veins Medium sized veins

1-T.intima Thin. Thin
Valves esp in UL& LL.

2-T. media Conc. Smooth m+ collagen. The same+ elastic fibers.
30%
3-T. Adv *Fibroelastic,little elastic. *Fiboelastic,. tu.> Maodc.
70% *Longitudinal smooth muscles ( strength .
the wall & prevent distension+peristalisis) i
*Cardiac muscles at the site of entry int~ TN e

the heart.

*\/asa vasorum are pron.‘nen !



Types of venules Post capillary venules Muscular venules

1- Structure

2- Function

»Diameter: 15-30 um.
»Structure: a single layer of
endothelial cells resting on basal
lamina surrounded by pericytes.

They are the site of trans-n.‘gr.'tic 2
of WBCs during inflanrriation

»The media: is formed of
one to two layers of smooth
muscle fibers.

»The adventitia: thin.




Great
saphenous
vein

Tunica intima

> Subendothelium:
contains numerous

Tunica media

has an unusual thick
circular smooth muscle

longitudinal smooth fibers.

muscle fibers.
> Thin internal
elastic lamina.

Tunica adventitia

has numerous /longitudinal
smooth muscle fibers.

Femoral
WVein

Profunda
Femoral

WVein
Great
Saphenous
Femoral Vein in Thigh
Wein

Popliteal
Wein

Great
Tibial Saphenous
Veins Wein in Calf

Tum :
ntima ] Subendothelial 4
connective tissue | V0 N e

ica

YT L Tongitudinal
e o smooth muscle fibers

Tunica media - _ . : _’ LT 0

Ay " > & g s Connective tissue
N 2 WS T Fibroblasts
titia R T o A

‘el ! 3\ *. #1777 Longitudinal
(@ s Giaonsy ~ir smooth muscle fibers




Types of large
vessels

1-T. intima

2-T. media

3-T. Adv

4-Internal,external
elastic laminae

Large veins

Thin.

30%
Concentric Smooth m+ collagen
fibers.

*70 %

*Fibroelastic, little elastic.
*Longitudinal smooth muscles /
strength the wall & prevent
distension+perist='isis’

*\/asa vasorum are prominent.

*Absent

Large arteries

Relatively thick.
10%

70%

1-Fenestrated elastic lamellae.
2- Smooth muscles.

3- Collagen fibers.

*20%
*Fil 0 >la “tic.

*\asa vasorum are prominent.

*Present but not distinguished from
elastic membranes of media.

o~




Medium Medium sized Medium sized

sized artery vein
vessels
Wall Thicker Thinner
Lumen Narrow lumené& circular. Lumen wide, collapsed,

may contain RBCs.

Valves Absent Present :
== - .
Tunica Intima Relatively thin Thin = = |
. . ——— SRS e
External & internal | Well developed . No internal or external elastic lamina e e e
. . = -‘.,‘.'T:_"_:—r_‘\*;';;@:
elastic lamina s '_‘__.,f{ ==
Tunica Media Thick, about 50% formed of Thin,(30%), formed of s e
mainly muscle tissue with elastic fibers | muscle fibers +few elastic fibers. o e
S = |
oL
e
Tunica Adventitia |Itis thick layer (50%)), Much thicker than the media (70%).
Fibroelastic. Fibroelastic &little elastic fibers.

Vasa vasora Not prominent. Contains more vasa vasora.




Types

Lumen

Outline

Type

Intercellular gap ;
cleft

Basal lamina

Associated cell

Sites

Function

Narrow

Regular

Continuous; fenestrated with
pinocytotic vesicles.

Continuous type:Tight junction

Continuous

Pericyte

-Continuous:
muscle,lung,ner ousc sk in.
-Fenestrated: ena.'r.ine glands
&small intestine.

-Continuous type:metabolic exchange
and thus share in the formation of

different blood barriers
-Fenestrated type:allows more

molecular exchange between tissues

and blood

Capillaries(continuous&fenestrated) | Sinusoidal capillaries

Wide

Irregular

Always fenestrated

Wide

Dis “on "inuous

NM.acrophage

Certain sites as liver, spleen &bone

marrow.

Allows maximal exchange and
movement of cells between
tissues and blood.

Pinocytotic
vesicles /
Erythrocyte

Intercellular
cleft Nucleus of

. ) endothelial cell
a Continuous capillary

Basement membrane —=

Nuclei of
endothelial
cells

Erythrocyte
Intercellular

cleft

b Fenestrated capillary

Large fenestrations

Discontinuous
basement
membrane

Intercellular
cleft

Nucleus of

. endothelial cell
¢ Sinusoid



partially surround
the endothelial
cells of capillaries
and post- capillary
venules.

Pericyte Mesenchymal.

They are branching
cells with many
processes, they are
enclosed in the basal
lamina of the
endothelial cells.

1- Support of capillaries
and post- capillary venules.
2- Contractile function:
have actin filum 'nts in
their cyvoricsn .

3-Str.. e st pericytes can
nrolif:re.e and
dini_rentiate to form new
endothelial and smooth
muscle cells, following
tissue injury, thus help in
the repair process.

””7’/}7'”!:*’!-",'; T
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It arises as a side branch
from terminal arteriole
and runs directly to small
venule. The arteriole of
the A-V shunt has a
relatively thick smooth
muscle layer and is richly
innervated.

» Contraction of the smooth
muscle at arteriolar side of the
A-V shunt closes the shunt, so
it sends blood to the capillary
bed.

» Relaxation of arteriolar
smooth muscles opens the
shunt. So it sends a
considerable volume of blor,u
directly into the venul-,
bypassing the c>"'lla "y e

Skin of palm & sole,
nose, lip and erectile
tissue of penis.

Capillary bed

) ///\
Precapillary i ¢ ~

sphincter

Capillary

Venule

Thoroughfare
channel

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

Arteriovenous
anastomosis

7 A

Small arrows indicate NS —
path of blood flow epid

capillaries

Sympathetic nerve fibers close
shunts to radiate heat when hot

Sensory nerve fibers open
shunts to save heat when cold




Types  of
capillaries

Lymph capillaries

Blood capillaries

1- Connections

Blind ended connected to larger
lymphatic vessels

Open at both ends, connected to
venules and arterioles

2- Lumen

Wide lumen

Narrow and usually rounded

3- Shape

Irregular in shape

Regular

4- Basal lamina

Discontinuous basal lamina, and
have anchoring filaments to the
surrounding collagen.

Have basal lamina and pericytes

5- Content

Carry lymph

Carry blood

N\
"" s Lymphocyte \" /
\_,, ) l._ >
-~ Interstitial fl:g\\\ / /
N = Lymph, ©
\ low

NS k/

*| Blood Interstitial /

~capillary fluid = (
/A larger

lymphatucs/

Q Lymphatic capillary

| Lymph

~—— Tissue fluid

Opening

— Anchoring
filament

Endothelium
of lymphatic
capillary







Cardiovascular system




Intercalated discs Longitudinal portion

Site Perpendicular to myofilaments, at the
level of Z line.

Stress of contraction 4P4p

Structure 1- fascia adherence

2- macula adherence

Function Stron_ a.'he "ion between the cells during
~ontraction

Parallel to myofilaments.

N2

Gap junctions

Rapid spread of excitation from one cell
to the other

gap junction




Cardiomyocytes of the conduction Nodal cells Purkinje fibers
system

Sites SAN, AVN& trunk of bundle of His. Myocardium of ventricles.

Function Generation& conduction of excitation. 1 ansmission of impulses 4.5 times faster
“he n the contractile cardiomyoctes.

Structure *Smaller than cr.i.ractile atrial myocytes.  eLarger, in groups, binucleated.
*Few myofiyr's. *Few myofibrils.
lack “yp‘ca: intercalated discs. elack typical intercalated discs.

*Mglycogen,mitochondria.
«/Ngap junctions.



Types of Contractile Purkinje fibers
Cardiomyocytes

Sites

Function

Structure

The wall of the atria & ventricles. Myocardium of ventricles.

Contraction. Transmission of impulses 4.5 \'mes
faster than the contra 'ti'c
cardiomyoctes

1- Smaller than Purkinje fibers. - atjer, present in groups.

2- Each cell contains a single nucle'r,. 2 T..e cells are often binucleated.

3- The myofibrils fill the cyto.'as n. 3- Fewer peripheral myofibrils.

4- They have less glvrog~ 1 thar. 4- They have more glycogen, so they
Purkinje fibers, so they ar » less are more resistant to hypoxia.
resistant to hypoxia

5-Typical intercalated discs joined the 5- They lack typical intercalated discs
adjacent cardiomyocytes. but contains many gap junctions.

In the atria, especially the
right atrium.

Secretes the atrial natriuretic
factor which has a role in
control of blood pressure and
electrolyte balance.

1- Fewer myofibrils.

2- They have numerous
electron dense secretory
granules.



Types of arteries Large artery (Elastic, Med sized artery Arteriole
conducting) (Muscular,distributing)

Tunica Intima 10%

*Endoth

*Subendoth

*Int elastic lamina Not evident evident Thin....absent(60)

Tunica Media 70% 50% 1-2 layers of smooth m
Fenestrated elastic Smooth 1 wusc!C3(useributing; fibers (regulation of blood
lamellae(distension&elastic  const. nu = ai.ge in diameter, flow to cap & peripheral
recoil) « ntrol ~egional blood flow) resistance+ thick wall)

Absent
evident

*Ext elastic lamina No. evic 2r.*

Tunica Adventitia 20% 50% Thin

*\/asa vasorum Prominent Not prominent Absent
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T. intima Thin. Thin
Valves especially in upper& lower limbs.

T. media 30% Concentric Smooth muscles+ collagen The same+ elastic fibers.
fibers.
T. Adv 70% *Fibroelastic CT,little elasti. ‘ibe -s. *Fiboelastic CT ,little elastic fibers.

*Longitudinal smooth musc.2s | trength
the wall & prevent ¢ 'ste 1sion by the
effect of gravity+r.c ris -alisis)

*Car lia~ m 1sc. 25 at the site of entry into
the huar.

*\/asa vasorum are prominent. *Vasa vasorum are prominent.




T. intima

T. media

T. Adv

Internal,external elastic laminae

Large veins

Thin.

30%
Concentric Smooth m+ collagen.

*70 %

*Fibroelastic, little el .. c.

sLongitudinal s... 2t.> muscles ( strength
the wall & r,re /et Listension by the
effec. o1 gra rity+peristalisis)

*vasa \ 1surum are prominent.

*Absent

Large arteries

Relatively thick.
10%

70%

1 Fenestrated elastic lamellae.
- “mooth muscles.

*20%

*\asa vasorum are prominent.

*Present but not distinguished from
elastic membranes of media.




Medium sized

Medium sized

artery vein
Wall Thicker Thinner
Lumen Narrow lumen, circular, empty Lumen wide, collapsed,
may contain RBCs
Valves Absent Present
Tunica Intima Relatively thin Thin

External & internal elastic lamina

Well developed .

No internal or external elastic lamina

Tunica Media

Thick, about 50% formed of
mainly muscle tissue with elastic fibers

Thin,(30%), formed of
muscle fibers +few elastic fibers.

Tunica Adventitia

It is thick layer (50%), contains elastic and collagen fibers.

Much thicker than the media (70%), with
collagen&little elastic fibers.

Vasa vasora

May contain vasa vasora

Contains more vasa vasora.




Structure of the blood capillaries

How do the capillaries adapt to its function?

»Single layer of endothelial cells resting on a
basal lamina, which is splitted to enclose
the pericytes.

»The endothelial cells are joined together by /
occluding junctions.

»The diameter of a capillary is 9-12 um

(large enough to allow passage of RBCs one
at a time).




Capillaries Sinusoidal capillaries

Lumen Narrow Wide

Outline Regular Irregular

Type Continuous; fenestrated f 'ways fenestrated

Intercellular gap ; cleft Very narrow Wide

Basal lamina Continuous Discontinuous

Associated cell Pericyte Macrophage

Sites Evervwh., " in th~ pody Certain sites as liver, spleen &bone
marrow.

Nuclei of. basement
Pinocytotic endothelial membrane
vesicles cells " Liigh
hr . ‘; L v/
Erythrocyte : Erythrocyte Intercellular
Intercellular Intercellular cleft
cleft cleft Nucleus of
endothelial cell endothelial cell

a Continuous capillary b Fenestrated capillary ¢ Sinusoid



Lymph capillaries

Blood capillaries

1- Connections

Blind ended connected to larger lymphatic
vessels

Open at both ends, connected to venules and
arterioles

2- Lumen

Wide lumen

Narrow and usually rounded

3- Shape

Irregular in shape

Regular

4- Basal lamina

Discontinuous basal lamina, and have
anchoring filaments to the surrounding collagen.

Have basal lamina and pericytes

5- Content

Carry lymph

Carry blood







