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Histology of the Heart

e The wall of the heart is i ks o,/ Loose connective

formed of 3 layers, from
the inside-out:
Endocardium
((Cardise vmuscle Fiber)
Myocardium-—Ts s
3. Epicardium  (visceral

pericardium)

N\ Epicardium
v~ (visceral

N —

Myocardium

Endocardium .

Trabeculae
carneae

Fig.1: The layers of the heart wall.
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O Endothelzum ple“
squamous eplthelium n

contact with the blood.
@)o Subendothelium:
connective tissue with
3 fibers and fibroblasts.
Subendocardium: loose
@“Greolar connective tissue
* continuous _ with  the
connective tissue of the

myocardium. Contains
@Purkinje fibers and blood

ves SClS . \P Clnwucl—ein‘-‘.g Cor endo condium.

Fig.2: The endocardium. En, endothelium;
SEn, subendocardium; P, Purkinje fibers;
M, myocardium.




The Mvocardium: ;

Hhon abeia

* The thickest layer of the heart wall. It’s thicker in the Ventriclesf
and thickest in the left ventricle.

° Composed Of Cardiac skeleton
cardiac muscle — '
fibers that spiral .
around the heart
chambers and that
are attached to the
(fibrous skeleton) of
the heart. %% Htom o

 Between the cardiac
muscle fibers, we

>~— Pulmonary semilunar valve

_Aortic
semilunar valve

_____ Tricuspid
valve

Cardiac muscle
of the right
ventricle

Cardiac muscle
of the left ventricle

have loose areolar Fig.3: The spiral arrangement of the cardiac
g p
®COIIIICCtiVC tissue muscle fibers and their attachment to the
- fibrous skeleton.
(the endomysium)).




Cardiac muscle fibers .

Infercalated discs: specialized
junctions between cardiac muscle
fibers (cardiomyocytes) that allow for
rapid electric 'rsg‘nsmission.

1) Cells are branched.

2) Centrally located nucleus. & ren
3) Cross-striation. ,,.,.-.:-::'\-r.m__‘:}, —

4) Branches are connected to
each at the ®intercalated

rice)rli'lcﬂl adhesm(ni}\s CS Where We have ,.-.,.s_::._‘;. ™

" desmosomes  and  gap

Allow transfer ions between

Junctlons « adjacent cells (impulse
conduction)

5) Numerous mitochondria. e
6) Lipofuscin and glycogen

ranules (PSource of energy ) ) \
Yellov‘é)%n pigment granules Fkgcardlac mUSCle @\
S~—

Y m‘ﬁﬂ

, old lysosomes.




The Epicardium:

Simple sqaamous epithelium in serous membranes:

* Formed of an outer layer of simple squamous mesothelium, with an
underlying connective tissue containing fat cellS.z, o chondeitc o cpodin
 The mesothelial cells produce a lubricant fluid (the pericardial

6

fluid) into the pericardial cavity to prevent friction. The major

continuous with the parietal pericardium.

Fig.5: The various layers of
the pericardium.

. In epicardium

vessels and nerves of the heart lie within the fatty connective tissue.
 The epicardium correspond to the visceral pericardium and 1s

Fibrous perica

rdium

Parietal layer of
serous pericardium

Pericardial cavity

—

Epicardium

(visceral layer
of serous

pericardium)
Myocardium

—-Heart
wall

Endocardium |
Heart chamber
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Fig.6: The epicardium. Ep, epicardium; Mes, mesothelium; CT, connective tissue;
F, fat cells; N, nerve; M, myocardium.




Other structures in the heart

a) Purkinje fibers:
o Part of the conducting system of the heart. Found in the
ventricles.
o Located in the subendocardial fissue.  fus ben st et |

o These are large, pale-staining cardiac muscle fibers with less
myofibrils and more glycogen granules.

b) Fibrous skeleton of the heart: Lo\ in endeocdion behuesn A § tealeices.
o Dense collagenous 1irregular connective tissue 1n the
endocardium that serves as:
e Base for the heart valves
e Site for attachment of cardiac muscle fibers
* Electrical insulator between atria and ventricle.

It stops the flow of electricity between the different chambers of the heart so that electrical impulses do not flow directly

It doesnt conduvt impulse



c¢) Heart valves: ;
o Valve leaflets are formed of a fibrous core of connective tissue

continuous with that of the@ibrous skeleton, surrounded on
both sides by endotheliunt

o They are avascular. They obtain nutrients from the blood in the

heart or blood vessels in the base of the valve.
i comedin. bsne f o cheldan.

N e~ AR A
Fig.7: Atrioventricular valve (arrow) between atria (A) and ventricle (V). Note the
core of fibrous connective tissue (C) which extends into the chordae tendinea (CT).

En, endocardium; M, myocardium.
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Histology of the Vessels

General layvout of vessel wall

 All blood vessels (except capillaries) have the same general
layout of their walls. From inside out:
I. Tunica intima (interna)ininsde
2. Tunica mediain mick
3. Tunica adventitia (externa)in outsde

« The difference between the vessels is in the relative composition
and thickness of these layers.




O,

Tunica intima (interna)

Direct contact with blood

The internal layer of the vessel wall 1n intimate contact with
blood.

Formed of:
o Endothelium (simple squamous epithelium)

o Subendothelial loose connective tissue with some smooth
muscle cells

o Internal elastic lamina — a sheet of elastic fibers

@‘ LPSeparm‘es tunica intima from
. . tuni di
unica media "

The middle layer of the wall.

Formed of:

o Smooth muscle cells with connective tissue
o Elastic fibers

o External elastic lamina

Separates tunica media from outermost
layer (tunica adventitia)



®

Tunica adventitia (externa) et s ==~
* The external layer. Usually bound to the surrounding connective
tissue
* Formed of:
o Dense irregular connective tissue adventitia
o Vasa vasorum (vessels of the vessel). These supply nutrlﬁpﬁlm%>
and oxygen to the adventitia and outer media. The inner
media and intima are supplied by [direct d1ffu510n| from the
blood inside the vessel.
o Nervi vasorum (nerves of the vessel). Control the diameter

of the vessel by vasodilation or constriction.




Intima

Endothelium

Subendothelial layer

Internal elastic lamina

Media

arteryJ! oo il
External elastic lamina

arteryJ! oo ,Si
Adventitia

Vasa vasorum

e I A —
N

Giligy8 dygl (o glaaY s general componentsl sala
internal and Jduic Ls 4 Jis artery & veinJl (n Lo
veinJL external elastic lamina

Fig.8: Typical structure

of vessel wall.
Small Artery Small Vein
, ——

—
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Histology of the Vessels - Arteries

The main components of blood vesseles are : smmoth muscle &

The larger arteries @

Elastic arteries

* These include the aorta and the pulmonary trunk and their main
branches.

* They are ‘conducting arteries’ that carry blood to the smaller

arteries. The compositions of the wall of elastic arteries :
o Tunica intima: typical structure with smooth muscle cells.

® The internal elastic lamina may not be clearly recognized.

o Tunica media: the thickest layer. Contains numerous
fenestrated elastic laminae alternating with layers of smooth
muscle fibers. The fenestrations allow nutrient to pass

th h elastic artries Laliracs cua (lile g elastic lamiaJl (o sl (ol (5 9ias Tunica media
rou « With few layers of smooth muscle cells @

o Tunica adventitia: typical structure with prominent vasa
vasorum due to thick walls.




( Simﬂ’c_swumus qﬁlhdiﬂm)
ST e e
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Separates tunica intima from tunica media

> Internal elastic lamina

Thin dark wavy line

®And we have external elastic lamina , which
separates tunica media from tunica adventitia,
internal and external elastic laminae are not
clearly recognizable due to difficulty of
distinguishing between them and the tunica media
layers.

#*The elastic arteries are dark in

color due to the use of a special
dye , to show the elastic laminae.

Fig.9: Elastic artery (aorta). Note the
three layers of the wall: intima (I),
media (M), and adventitia (A). Arrows
at the top indicate the endothelium. The
internal elastic lamina (IEL) can be
seen in this image. V, vasa vasorum.
Special stain was used to show the
elastic fibers.




Muscular arteries
* These are ‘distributing arteries’ that
distribute blood to the organs.

o Tunica intima: thin with typical
structure. P The internal elastic
lamina 1s prominent.

o Tunica media: the thickest layer.
Contains numerous layers of
smooth muscle fibers, with some
elastic laminae.®The external
elastic lamina 1s prominent.

o Tunica  adventitia:  typical

Structure T 524 internal & external elastic laminaeJ/ S g Lsyad L
¢ Lgé tunica mediaJ! 4k (594 43 s elastic artries ) puss
4S99 « sSmooth muscles more than elastic laminae

pd guing payaal 4l Lile Jgeu

Fig.10: Muscular artery. Note the thin intima with the lining endothelium (E) |
and the prominent internal elastic lamina (IEL). The media is mostly smooth
muscle fibers (SM). The adventitia 1s external with vasa vasorum (V).




Arterioles ®
* Arterial branches that are <0.lmm in ‘
diameter. “It’s the beginning of the
microvasculature of the organ. |
o Tunica intima: very thin with no
elastic lamina. < e cross suothsis i o |
o Tunica media: formed of only 1-3
layers of smooth muscle fibers,
“with no elastic laminae.
o Tunica adventitia: thin.

Fig.11: Microvasculature of an organ. A, arteriole. These
give rise to capillaries (C), which then drain into a venule
(V). Also shown are lymphatic vessels (L). To the left, wall
| | of an arteriole: intima (I), media (M), and adventitia (Ad). E,

- ' \.l endothelium. I




* Capillaries arise from arterioles. The smooth muscles of the
arterioles act as sphincters to control the flow of blood into the
capillaries.
e J & 5:ilas teriole ! st branch e sse

Arterioles, also, give rise to ‘thoroughfare channels’ that connect
the arterl(gletshgg ..}t%,,.e., postcapillary venules. Capillaries arise from
the initial segment of these channels, which are called
©metarterioles. The flow of blood into the capillaries from the

metarterioles 1s controlled by smooth muscle @precapillary

At the begining of capillaries we have a rings of

o b
SphlnCtel"S . smooth muscles form the precapillary sphincters ;

Into the capillaries-

Capillaries drain into the venous side of the thoroughfare channel
which lacks smooth muscles.




True 9
capillaries

Endothelium
> Endothelium

CpSﬂfmc.'« ' ‘
Smooth ‘
muscle cells \
Metarteriole
, — Thoroughfare
T ) Q channel
. [ > 0 Postcapillary
Arteriole » B
Relaxed precapillary

sphincters

Fig.12: Microvasculature of an organ. The flow of blood through the
capillaries is controlled by the contraction and relaxation of the
precapillary sphincters.




Histology of the Vessels -Capillaries

* Capillaries are the smallest vessels in the body. With a diameter of
4-10um, blood cells can pass only one ata time. =~~~ " 000

* Exchange of gases and nutrients occur through the thin capillary
walls. The density of the capillaries depends on the metabolic
activity Of the orgaﬁte capillaries o zlial L < active 5 L JS

* They are formed of simple squamous endothelium rolled up in a

tube surrounded by basal lamina and pericytes. The endothelial

cells:
o Are connected by tight junctions
o Contain pinocytotic vesicles Jie, i T o o e o mmer e
o Release substance that prevent coagulation of blood, control

passage of WBC into tissues, and affect vessels diameter
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Endothelial

\
\\ ’ Aue) .
” eu
/ S - of En“le'm' Cell-

Fig.13: Capillaries. Above, light
microscope images. In the top-left
image, a red blood cell is filling the
capillary. In the top-right image, the
nucleus just outside the capillary
belongs to a pericyte. To the right,
electron microscope i1mage of a
capillary.

Swvownd <\)
bhe CGP;"envg;

Tight

junction



Types of capillaries

a) Continuous capillaries
* Many tight junctions between slightly overlapping endothelial
cells. This allows well-regulated exchange across the cells.
* The most common type of capillary. Found in muscle, connective

tissue, lungs, exocrine glands, and nervous tissue.

b) Fenestrated capillaries

 Have a sieve-like structure in which the endothelial cells are
penetrated by numerous small circular fenestrations that allows
more extensive exchange.

 ®Some fenestrations are covered by very thin diaphragms of
proteoglycans;C%thers may represent membrane invaginations that
temporarily involve both sides of the very thin cells. The
basement membrane hOWEVer is CONtNUOUS. & o s oy Eormermons <=

* Fenestrated capillaries are found in somgporgans, such as the

kidneys, intestine, choroid plexus, and endocrine glands.

'-uul-im L) Blm& . : .
Cl' ? <)-) ij:;}::\:o\‘m 'BQ KPJ\WMLM x CQVQ\GUoSQ\\ug\ ?\v‘ & LPSQ TQ\.{ “NW\O .




oo k88 Sang ddliay invagination guie uas 4l pinocytotic viscelesJ! Tawe
cellJl go aafly Llall oo dulll deall Tox0s axdbsiualls oudiad Tyt Laaays wladl
coladl 5,4 visceledl Jals suags oL alslls membrane

invagination ...y visceledl sala <55 i3 fenestrated capillaries JL <«
5LS ol yao Jio Guie jrean 8 LUAL e sl deall stay 50 Of ceell membrane
ISR P EQ



¢) Discontinuous capillaries (sinusoids) 23

The endothelium has laré_éfpﬂe’ur)forations without diaphragms and

irregular intercellular clefts. In addition, the basement
membranes 1s highly discontinuous.

These features and larger diameter of these capillaries permit
maximal exchange of macromolecules as well as allow easier
movement of cells between tissues and blood: = = = Toecfe - =

Sinusoidal capillaries of this type are found in the liver, spleen,
6 ¢ bl oo 5 Sl S b oSLIL Sanse
and bone marrow. e e s sS  l s

Pinocytotic
vesicles
Erythrocyte

Intercellular—=
cleft

) _ endothelial cell
(a) Continuous capillary

Nuclei of
endothelial
cells

Erythrocyte

Intercellular
cleft

(b) Fenestrated capillary

Discontinuous
basement
membrane

Large fenestrations %
ﬁ" =

Lumen
Intercellular
cleft

Nucleus of

(6) Sinusaid endothelial cell

Fig.14: Types of capillaries.




Pericytes & ol gll Juls dalas Basy pericytesdl sold usag n4

Jobs Ld ean L Gkie g 52 b plale
JL S4sage pericytes U Lo cla oLale (continous  capillaries)

Connecfive fissue cells alsll Julsl agaliatie Y fenestrated & discontinous capillaries

 Mesenchymal cells with long cytoplasmic processes that
surround continuous capillaries and post-capillary venules.

 They are surrounded by a basal lamina that merges with the
basal lamina Of the capillary. T.hhese cells car.l corl’rracf & change the

diameter of capillaries to regulate blQod

 They have well-developed networks of myosin, actin, and
tropomyosin 1indicating that pericytes dilate or constrict
capillaries, helping to regulate blood flow.

* They help form new capillaries after injury. (it peiege)

Processes of pericytes surrounding the <

Fig.15: SEM of a capillary
surrounded by pericytes.




Types of circulations

Typical circulation

Simple  pathway. Arteriole =
Capillary bed - Venule --- Most
common

Direct connection between arterioles &
venules without passing through capillaries

© . .
Arteriovenous  shunts: blood 1s
shunted directly from arterial to

venous side bypassing capillaries ---
Skin

)
Portal systems: capillary bed 1 - |
portal vein = capillary bed 2 --- Capilary ed Portal vein

Hepatic portal systems () (i, |1vev)

Capillary bed




Histology of the Vessels - ¥Veins

“D' v ‘D.
Venules Vs
* Postcapillary venules 4 o B
o Similar to capillaries (endothelium  fadi "% -
and basal lamina) surrounded by  # fu *f i
. . "- '. \t "
pericytes. Lager diameter. R | \\ . A
. Y B E S <%
o (Site)where white blood cells leave 56§ i3 ¥
the circulation to enter inflamed e '}) % . Ad ‘-'.\3 '
: e oot N
tissue. s Uy I
N N o) )
These are venules that accompany thecarterioles Y [ 4 \
* Collecting and muscular venules 3 ‘;F ‘
o Have distinct tunica media with HIF :
L ¥ e
only 2-3 layers of smooth muscles. TR s 4 N
M—>‘!5-..O' : " \

% .(U\l;u\l\Q/\lMeopr'U\r AC,OU&ALIL"C/\'

Fig.16

Muscular venule

I, intima. E, endothelium.

M, media. Ad, adventitia. Note the large lumen and
the thin wall (compare with the arteriole A).




‘Small and medium veins .

* Accompany the muscular arteries.

* The tunica intima is usually thin. The media has small bundles
of smooth muscle cells (3-5 layers) mixed with a network of
reticular fibers and delicate elastic fibers. The adventitia 1s thick
and well developed with several collagen fibers.

* Medium veins posses valves.

- Y Tt AT ‘T ;‘."‘_; \ N
P, = ‘: i @\_g;—i:\\g .‘q:"-‘t\l‘

Fig.17: Medium vein (MV)
accompanying a muscular artery
(MA).




rcviw Vever Crivo

Large venous trunks— Sk
* Accompany the large elastic arteries.

 Intima i1s well-developed. Media has alternating layers of
smooth muscle (>5) and connective tissue. The tunica

¢® adventitia is thicker than the media in large veins and
frequently contains longitudinal bundles of smooth muscle.
Both the media and adventitia contain elastic fibers, and an
internal elastic lamina may be present.

i Possess valves [which are folds of the tunica intima that prevent
backflow of blood. They are most numerous in the veins of the
leg.

Prominent
* Vasa vasorum are numerous in the large veins because blood in

« deoxygenated blood sa veins Jb ssage ol aadl &I sdyais Lo Jis

the lumen is deoxygenated. It is not enough to supply the wall of the vein sooo we need

a vaso vasoru m
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Fig.18: Large vein with distinct intima (I), media

(M), and adventitia (A). Note the valve (V).
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