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Structure of Blood Vessels — 3 Layers “Tunics”

Tunica intima

Endothelium
Subendothelial layer

Internal elastic membrane
Tunica media
Valve
External elastic membrane
Tunica externa
- o\ P
AT
~T !7‘:-3;\?:— -
— ‘ P - .
. EN e\.,%' TN
\ p vy
Artery Capillary Vein
network
- ‘" ,,,,,, — Basement membrane

- | | Capillaryg /




Large vein

Nerve

Vasa vasorum

Endothelium

Subendothelial
layer

Tunica media

Tunica adventitia

Endothelium

Subendothelial
layer

Internal elastic
lamina
Smooth
muscle

Elastic fibers

External elastic
lamina

Muscular artery

Vasa vasorum




Endothelium

Smooth
muscle

External
elastic lamina

Adventitia

Lumen

Internal

Basement

elastic lamina

- membrane

Erythrocyte

(red blood cell)

Basal lamina

/
/
/

Endothelium

arteriole

e

cross-sectional area

Toroughfare channel

capillaries
Y N

Pericyte Lume‘n

Basement
membrane-_

Venules

___Valve

Endothelium

Smooth
muscle

Adventitia




1 Nerves (transverse
sections)

8 Arteriole (oblique and
longitudinal sections)

9 Venule (obligue section)

2 Arteriole

11 Small vein:
a. Endothelium
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IGURE 8.1 ® Blood and lymphatic vessels in the connective tissue. Stain: hematoxylm and eosin. Low magnification.
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Types of Capillaries \

Capillaries are the smallest blood vessels. Their average diameter is approximately 8 m, whichis
about the size of an erythrocyte (red blood cell). The human body contains three types of cap-
illaries: continuous capillaries, fenestrated capillaries, and sinusoids. These structural variations
allow different types of metabolic exchange between the blood and the surrounding tissues.

Continuous capillaries are the most common type. They are found in muscle, connective
tissue, nervous tissue, and exocrine glands. In these capillaries, the endothelial cells are joined
and form an uninterrupted, solid endothelial lining.

Fenestrated capillaries are characterized by large openings, or fenestrations (pores), in the
cytoplasm of endothelial cells for rapid exchange of molecules between blood and tissues. Fenes-
trated capillaries are found in endocrine organs, small intestine, and kidney glomeruli.

Sinusoidal (discontinuous) capillaries are blood vessels that exhibit irregular, fortuous
paths. Their much wider diameters slow the flow of blood. Endothelial cell junctions are rare in
sinusoidal capillaries, and wide gaps exist between individual endothelial cells. Also, because a
basement membrane underlying the endothelium is either incomplete or absent, direct ex-
change of molecules occurs between blood contents and cells. Sinusoidal capillaries are found in
the liver, spleen, and bone marrow (see the overview figure).

Sinusoidal (discontinous) Fenestrated capillary Continuous capillary
capillary

Fenestrae
Nucleus

OVERVIEW FIGURE = Comparison (transverse sections) of a muscular artery, large vein, and the three types of capillaries.
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Types of Capillaries
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Artery

Elastic Artery ( Large artery )

CHAPTER 8 — Circulatory System 159

GRS \ \“\g %H
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9 Vasa vasorum:
a. Venule
b. Arteriole
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10 Smooth muscle
fibers (circular)

3 Internal elastic
lamina (membrane)
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FIGURE 8.4 = Wall of an elastic artery: aorta (transverse section). Stain: elastic stain. Low magnification.
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Artery

Elastic Artery ( Large artery )

FIGURE 13 Histology of elastic artery. (A and B) Mouse aorta stained with H&E (A) or Movat’s pentachrome (B). The aorta
is an elastic artery. It is composed of the tunica intima (I), a flattened layer of endothelium; the tunica media (M), a layer

of elastic fibers (black in panel C) and smooth muscle cells; and the tunica adventitia (A), fibrous connective tissue. In the
adult mouse, there are typically fewer than 10 elastic lamellae (with somewhat more lamellae near the aortic root). (Cand D)
Human aorta stained with H&E (C) or Movat’s pentachrome (D). The histological features of the human aorta are similar to
those of the mouse, but the human aorta has far more elastic lamellae (~50) and more prominent vasa vasorum (VV), which

are vessels that arise in the adventitia and periodically extend into the adjacent media.




Artery

Elastic Artery ( Large artery )

Tunic Adventatia

External Elastic
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Artery

Muscular Artery ( Middles sized artery)

4 Vein:
a Tunica intima
b Tunia media
¢ Tunica adventitia

1 Arery:
a Internal elastic
lamina (membrane)
b Tunica media
with elastic fibers

5 Capillary
¢ External elastic
lamina
d Tunica
adventitia 6 Venule
7 Arteriole

2 Collagen fibers 8 Adipose tissue

3 Elastic fibers —=

FIGURE 8.2 = Muscular artery and vein (transverse section). Stain: elastic stain. Low magnification.
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Artery

Muscular Artery ( Middles sized artery)

1 Small artery

2 Tunica intima:
a. Endothelium
b. Subendothelial
connective tissue
¢. Internal elastic o
lamina (membrane) %

6 Small vein

7 Tunica intima:
a. Endothelium
8 Tunica media

3 Tunica media 9 Tunica adventitia

4 Tunica adventitia

5 Connective tissue

FIGURE 8.3 ™ Artery and vein in connective tissue of the vas deferens. Stain: iron hematoxylin and alcian blue. 64




Artery

Muscular Artery

3 .;,

Figure

T
1. Adipose fissue 7. Nerve
2. Arery 8. Pancreas
3. Elashic fiber 9. Tunica cdvenktia
4, Erphrocytes 10 Tunica infima, endothelium
5. External elastic membrane 11. Tunica media
4, Infernal elastic membrone 12. Vein

Figure 10.11. Small Artery, Vein, and Nerve, x.s., Pancreas,
Cat. Note that both of the vessels have a sparse adventitic,

Figure 10.12. Artery and Vein, x.s., Wattle, Rooster. Note the
especially thick tunica media of the artery.

Figure 10.13. Medium Artery, x.s., Lym.gl\ Node, Pig. The rich-
pink color of the elastic fibers contrasts with the paler-pink color of
the collogenous fibers and smooth muscle.

Fi 10.14. Medium Artery, x.s., L Node, Pig (Orcein).
e s e st R it s —

Figure 10.15. Medium Vein, L.s., L Node, Pig. This vein ac-
companied the artery in Figures 10.13 and 10.14.




Artery

Muscular Artery

1 Nerves (transverse
sections)

8 Arteriole (oblique and
longitudinal sections)

9 Venule (oblique section)

2 Arteriole

11 Small vein:
a. Endothelium
b. Tunica media

3 Small artery
¢. Tunica adventitia

4 Tunica intima:
a. Endothelium
b. Subendothelial

connective tissue
¢. Internal elastic
lamina (membrane)

12 Lymphatic vessel
(transverse and
longitudinal sections)

5 Tunica media

vessel
6 Tunica adventitia

. ) : £ 14 Adipose cells
7 Vasa vasorum i Ly G2} /\(";/ ;

FIGURE 8.1 = Blood and lymphatic vessels in the connective tissue. Stain: hematoxylin and eosin. Low magnification.




Arteriole

Figure 10.3. Arterioles and Venules, Eyelid, Pig. Small blood
vessels of various sizes are present in the dermis.

Figure 10.4. Arterioles, x.s., Endometrium, Uterus, Dog. The
smallest of the arterioles shown have only one layer of smooth
muscle in their walls.

Figure 10.5. Venule, |.s., Connective Tissue, Epiglottis, Goat. The
wall of the venule consists of an endothelium surrounded by a
small amount of connective tissue.

Figure 10.5
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Artfericle, x.s. 9. Plasma cell
Capillary, Ls. 10. Skeletal muscle cell, x.s.
Capillary, x.s. 11. Small artery, x.s.
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Capillaries permit the diffusion of oxygen
and nutrients from the blood into the
tissues, and diffusion of waste products of
the metabolism (such as carbon dioxide)
from the tissues into the blood.

Artery Arteriole Capillary Venule Vein

The Heart

Direction of blood flow
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Varicose Veins Healthy Veins

weakened walls \ ’ blood flow
‘ [ lj ‘ k

valve does not
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inflammation




Comparison of companion artery and vein

/: smaller, round, thick wall Vein: Larger, irregular shape, thin wall
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4 Vein:
a Tunica intima
b Tunia media
¢ Tunica adventitia

1 Artery:
a Internal elastic
lamina (membrane)
b Tunica media
with elastic fibers

5 Capillary
¢ External elastic
lamina
d Tunica
adventitia 6 Venule
7 Arteriole

2 Collagen fibers 8 Adipose tissue

3 Elastic fibers —

FIGURE 8.2 ® Muscular artery and vein (transverse section). Stain: elastic stain. Low magnification.
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Figure 10.38. Aortic Body, Pig. The cortic body is located be-
tween the pulmonary artery and corta. It is a small, encapsulated
structure containing blood vessels, nerves, and two types of
parenchyma cells (see Fig. 10.39).

KEY

1. Adipose fissue 8. Parenchyma cells

2. Arteriole 9. Pericardial cavity
3. Chondrocyte 10. Pericardium, parietal
4. Myocardium, right ventricle 11. Pericardium, visceral
5. Myofibrils 12. Purkinje cell, l.s.

6. Nerve 13. Purkinje cell, xs.

7. Neuron cell body
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Koeppen & Stanton: Beme and Levy Physiology, 6th Edition.




Lymphatic vessel

Splenic
sinusoids

Tonsils ~— White pulp
Trabecula
Central
Cervical node
Axillary node Thymus ; % Ve, Vein

Red pulp

Thoracic
duct

Cisterna
chyli

Iliac
node

Diffuse lymphatic
tissue

Cortical sinus
Germinal center
Lymph nodule Medulla

Afferen!
lymphatic
vessels

. \ Medullary cord
'“"“ ‘ Trabecula \ M: ,,,,:,y, :'
marrow i

Lymphatic vessel Capsule

Lymph node

Efferent
lymphatic
vessels

Artery  Vein

OVERVIEWFIGURE ™ Location and distribution of the lymphoid organs and lymphatic channels in the body. Intermal con-
tents of the lymph node and spleen are illustrated in greater detail.
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Heart

The Heart Wall

Myocardium

Endocardium




Endocardium

PERICARDIUM:
. ‘( MYOCARDIUM
Fibrous

pericardium (muscle layer)

Serous
pericardium

(parietal layer)
ENDOCARDIUM

(inner endothelial
lining covering
trabeculae)

Space

Serous
pericardium
(visceral layer;
epicardium)

—

Section of the heart wall showing the components of
the outer pericardium (heart sac), muscle layer
(myocardium), and inner lining (endocardium).




Purkinje Fibres:-

- modified cardiac muscle cells. Compared to
ordinary cardiac muscle cells:

- contain large amounts of glycogen.

- fewer myofibrils.

- thicker cells.

- extend from the atrioventricular node, pierces the
fibrous body, divides into left and right bundiles,
and travels, beneath the endocardium, towards
the apex of the heart.

- conduct stimuli faster than ordinary cardiac
muscle cells (2-3 m/s vs. 0.6 m/s).

- discovered in 1839 by Jan Evangelista Purkyné)
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Skeletal muscle Epimysium

Perimysium

Epimysium

Sarcoplasm

Muscle
fascicle

Muscle Myofibril

fiber

Cardiac muscle

Endomysium

Sarcoplasm
Myofibrils

Smooth muscle

Nucleus

Muscle fiber

OVERVIEW FIGURE @ Microscopic illustrations of the three types of muscles: skeletal, cardiac, and smooth.
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Myocardium

CHAPTER 6 — Muscle Tissue 119

11 Fibrocyte

1 Nucleus of muscle fiber 12 Erythrocyte in capillary

2 Muscle fiber

13 Myofibrils

4 Sarcolemma 14 Endomysium

5 Sarcoplasm 15 Nucleus of muscle fiber

6 Iband 7 Aband 8 Mline 9 Zlines 10 Sarcomere

FIGURE6.9 ® Skeletal muscle fibers (longitudinal section). Stain: hematoxylin and eosin. Plastic section. High magni-
fication.

1 Cross-striations i — 7 Intercalated disks
a—

2 Perinuclear sarcoplasm
8 Fibrocyte in endomysium

‘ ;

3 Central nuclei

4 Endomysium 9 Branching cardiac fiber

5 Intercalated disk 10 Perinuclear sarcoplasm

6 Fibrocyte in endomysium
= 11 Erythrocytes in capillary

FIGURE6.10 ® Cardiac muscle (longitudinal section). Stain: hematoxylin and eosin. High magnification.
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. 8 Binucleate
1Perinuclear fiber
sarcoplasms
9 Intercalated
2Cross-siriations disks
3Central nucleus 10 Branching
cardiac fiber
11 Connective
lissue
§ Branching
cardiac fiber 12 Endomysiums
6 Capillary 13 Perinuclear
sarcoplasms
7Central nuclei
14 Myafibrils

1 Intercalated 4 Cross-striations

disks

2 CGardiac muscle

fibers 5 Nucleus
6 Myofibrils
3 Branching
cardiac muscle
fibers
7 Connective
tissue fibers

FIGURE 6.8 ® Cardiac muscle (longitudinal section). Stain: Masson’s trichrome. 130
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* The fibrous rings, together with other masses of dense
connective tissue in the portion of the septum between the
ventricles (interventricular septum), constitute the skeleton

Of the heart Copynght © The McGraw-Hill Companies, b Pomissva eguired for mprodecton or dsplay
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