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HUMAN
| ANATOMY

THE CARDIOVASCULAR SYSTEM

AYDIN ¢OL

The Cardiovascular System
1-Blood 2-Heart 3-Blood Vessels

Blood is a liquid connective tissue that consists of cells surrounded by a liquid
extracellular matrix.
The extracellular matrix is called blood plasma, and it suspends various cells and
cell fragments.
\ Interstitial fluid is the fluid that bathes body cells and is constantly renewed by the
blood.
Blood transports oxygen from the lungs and nutrients from the gastrointestinal
- | tract, which diffuse from the blood into the interstitial fluid and then into body cells.
Carbon dioxide and other wastes move in the reverse direction, from body cells to
interstitial fluid to blood.
Blood then transports the wastes to various organs—the lungs, kidneys, and skin—
or elimination from the body.
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f Blood, continued

Functions of Blood
Blood has three general functions:
1.Transportation. Blood transports oxygen from the lungs to the cells of the body and carbon dioxide
from the body cells to the lungs for exhalation. It carries nutrients from the gastrointestinal tract to
body cells and hormones from endocrine glands to other body cells. Blood also transports heat and
waste products to various organs for elimination from the body.
\ 2. Regulation. Circulating blood helps maintain homeostasis of all body fluids. Blood helps regulate
pH through the use of buffers (chemicals that convert strong acids or bases into weak ones). It also
helps adjust body temperature through the heat absorbing and coolant properties of the water in
blood plasma and its variable rate of flow through the skin, where excess heat can be lost from the
) blood to the environment. In addition, blood osmotic pressure influences the water content of cells,
mainly through interactions of dissolved ions and proteins.
. Protection. Blood can clot (become gel-like), which protects against its excessive loss from the
cardiovascular system after an injury. In addition, its white blood cells protect against disease by
carrying on phagocytosis. Several types of blood proteins, including antibodies, interferons, and
lement, help protect against disease in a variety of ways.
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Substances in Blood Plasma

CONSTITUENT
Water (91.5%)

Plasma proteins (7%)

Albumins
Globulins

Fibrinogen
Other solutes (1.5%)
Electrolytes

Nutrients

Gases
Regulatory substances

Waste products

Origin,
development,
and

structure of
blood cells.

DESCRIPTION
Liquid portion of blood.

Most produced by liver.

and most

plasma p

Large proteins (plasma cells produce
immunoglobulins).

Large protein.

I ic salts; positively charged ) Na*,
K, Cal" Mg“ neganvely charged (anions) CI~,
HPO,>~, SO2~, HCO;™.

Products of digestion, such as amino acids, glucose,
fatty acids, glycerol, vitamins, and minerals.
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FUNCTION

i i

Solvent and susp g
releases heat.

Absorbs, transports, and

Responsible for colloid osmotic pressure. Major contributors to
blood viscosity. Transport hormones (steroid), fatty acids, and
calcium. Help tegulale blood pH.

Help maintai an imp factor in the
exchange of fluids across blood capillary walls.
Immunoglobulins help attack viruses and bacteria. Alpha and
beta globulins transport iron, lipids, and fat-soluble vitamins.
Plays essential role in blood clotting.

I roles in cell

Help maintai ic p and play

functions.

S

I roles in cell fu , growth, and development.

Oxygen (0,). Important in many cellular functions.

Carbon dioxide (CO,). Involved in the regulation of blood pH.

Nitrogen (N,). No known function.

Enzymes. Catalyze chemical reactions.

Hormones. Regulate metabolism, growth and development.

Vitamins. Cof: for enzy

Urea, uric acid, creatine, creatinine, bilirubin, Most are breakd of protein bolism that are

ammonia. carried by the blood lo organs of excretion.
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Summary of
Formed Elements
in Blood

NAME AND APPEARANCE

RED BLOOD CELLS (RBCS) OR
ERYTHROCYTES

WHITE BLOOD CELLS (WBCS) OR
LEUKOCYTES

‘Granular leukocytes
Neutrophils

Eosinophils

e

Basophils

Agranular leukocytes
Lymphocytes (T cells,
B cells, and natural
killer cells)

Monocytes

PLATELETS
9

b )
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ABO Blood Group

BLOOD TYPE

Red blood cells

Plasma

TYPEA

A antigen

NUMBER

4.8 million/pL in females;
5.4 million/uL in males.

5000-10,000/pL.

60-70% of all WBCs.

2-4% of all WBCs.

0.5-1% of all WBCs,

20-25% of all WBCs,

3-8% of all WBCs.

150,000-400,000/pL..

TYPEB

CHARACTERISTICS *

T8 pm diameter, biconcave discs,
without nuclei; live for about 120 days.

Most live for a few hours to a few days,”

1012 pm diameter; nucleus has

2-5 lobes connected by thin strands
of chromatin; cytoplasm has very fine,
pale lilac granules.

1012 pm diameter; nucleus usually
has 2 lobes connected by thick strand
of chromatin; large, red-orange
granules fill eytoplasm.

B—10 pm diameter; nucleus has 2 lobes;
large cytoplasmic granules appear deep
blue-purple.

Small lymphacytes are 6-9 wm in
diameter; large lymphocytes are
1014 pm in diameter; nucleus is
round or slightly indented; cytoplasm
forms rim around nucleus that looks
sky blue; the larger the cell, the more
cytoplasm is visible.

12-20 pm diameter; nucleus is kidney-

or horseshoe-shaped; cytoplasm is
blue-gray and appears foamy.

2-4 pm diameter cell fragments that
live for 5-9 days; contain many
vesicles but no nucleus.

TYPE AB

Both A and B antigens

Neither
antibody
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FUNCTIONS

within RBCs most
oxygen and part of carbon dioxide in blood.

Combat pathogens and other foreign
substances that enter body.

Phagocytosis. Destruction of bacteria with
lysozyme, defensins, and strong oxidants,
such as superoxide anion, hydrogen peroxide,
and hypochlorite anion.

Combat effects of histamine in allergic
reactions, phagocytize antigen—antibody
complexes, and destroy certain parasitic
worms.

Liberate heparin, histamine, and serotonin in
allergic reactions that intensify overall
inflammatory response.

Mediate immune responses, including
antigen—antibody reactions. B cells develop
into plasma cells, which secrete antibodies.
T cells attack invading viruses, cancer cells,
and transplanted tissue cells. Natural killer
cells attack wide variety of infectious

i and cerlain arising
tumor cells,

Phagocytosis (after transforming inta fixed
or wandering macrophages).

Form platelet plug in hemostasis; release
chemicals that promote vascular spasm and
blood clotting.

TYPEO

Neither
A nor B antigen

Al
Both anti-A and
anti-B antibodies
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Anti-A serum Anti-B serum

ABO and Rh Blood Group

Summary of ABO Blood Group Interactions

[
BLOOD TYPE g

CHARACTERISTIC A B AB (o] Untreated blood Treated with Treated with Blood type
: anti-A serum anti-B serum
Agglutinogen A B Both A Neither
(antigen) on RBCs and B AnorB

Agglutinin (antibody)  Anti-B Anti-A  Neither Both anti-A
in plasma anti-A nor  and anti-B
anti-B
Compatible donor A0 B,0O A,B,AB,O O
blood types (no

hemolysis) I . aaa

iR
'."ea( . A
v '\

Incompatible donor B,AB AAB — A,B,AB he

blood types
(hemolysis)

Location
of the
Heart

Superior vena cava

-

Arch of aorta

Pulmonary trunk

g RIGHT SURFACE ' Lot
mz& { 3 eft lun

/ Right lung i p o o
Pleura ( L IN 3 \y 4

leura (cut to e k ( 6’ ¥
reveal lung inside) \ - e > W""“ "]
e k, l /, e wd A

Diaphragm — - W)
Fy N

INFERIOR SURFACE 3 f

LEFT SURFACE

APEX OF HEART

(b) Anterior view of the heart in the thoracic cavity
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of the s

H ea r_t ENDOCARDIUM
I I N
b \ = FIBROUS PERICARDIUM
A\ Poricardi | m PARIETAL LAYER OF
Pericardium o (e SEROUS PERICARDIUM
, ‘\\, e ’ ((-\ Coronary blood vessels

Myocardium

Trabeculae carneae

Pericardial cavity

MYOCARDIUM
(CARDIAC MUSCLE)

VISCERAL LAYER OF
SEROUS PERICARDIUM
(EPICARDIUM)

(a) Portion of pericardium and right ventricular heart wall showing
divisions of pericardium and layers of heart wall

S U rfa Ce Brachiocephalic trunk ——————————————
Structure

Superior vena cava

Of t h e Ascending aorta
H e a rt Right pulmonary artery

Fibrous pericardium (cut)

Left common carotid artery
Left subclavian artery

Arch of aorta
Li arteriosum

J

Left pulmonary artery
Pulmonary trunk
Left pulmonary veins

Right pulmonary veins AURICLE OF LEFT ATRIUM

r

AURICLE OF RIGHT ATRIUM
Right coronary artery

Branch of left coronary artery

LEFT VENTRICLE

RIGHT ATRIUM ANTERIOR INTERVENTRICULAR
CORONARY SULCUS (deep SULCUS (deep to fat)

to fat)

RIGHT VENTRICLE

Inferior vena cava

Descending aorta

(a) Anterior external view showing surface features
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S u rfa Ce Left common carotid artery

Left subclavian artery

Structure
Of the Arch of aorta

H e a Descending aorta
I t Left pulmonary artery Right pulmonary artery

Left pulmonary veins i .
; . “ \ = 2 ___— Rightpulmonary veins
/ LEFT ATRIUM

Brachiocephalic trunk

Superior vena cava
Ascending aorta

RIGHT ATRIUM
Coronary sinus Right coronary artery
(in coronary sulcus) Inferior vena cava
LEFT VENTRICLE Middle cardiac vein
POSTERIOR RIGHT VENTRICLE
INTERVENTRICULAR SULCUS
(deep to fat)

(c) Posterior external view showing surface features

Left common carotid artery
Left subclavian artery
Brachiocephalic trunk

— Frontal
plane

H rt Arch of aorta
e a A ding aorta L arteriosum
Superior vena cava Left pul y artery
Right pulmonary artery Pulmonary trunk
PULMONARY VALVE
Left pulmonary veins
LEFT ATRIUM
Right pulmonary veins AORTIC VALVE
4 BICUSPID (MITRAL) VALVE
' / Opening of superior vena cava CHORDAE TENDINEAE
FOSSA OVALIS : LEFT VENTRICLE
RIGHT ATRIUM ! . - - : y INTERVENTRICULAR SEPTUM
Openingoficonnaly sinus j \ . \ ‘ PAPILLARY MUSCLE
Opening of inferior vena cava X J TRABECULAE CARNEAE
TRICUSPID VALVE
RIGHT VENTRICLE — |
Inferior vena cava
Descending aorta

(a) Anterior view of frontal section showing internal anatomy
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Heart Valves
and
Circulation of Blood

Pulmonary valve

PULMONARY FIBROUS RING

.. oo
plane Aortic valve

LEET FIBROUS TRIGONE < = AORTIC FIBROUS RING
RIGHT FIBROUS TRIGONE \m

Bicuspid valve R
A \ h
LEFT ATRIOVENTRICULAR /

FIBROUS RING

View

Left coronary artel
Transverse = W 1,

Tricuspid valve

RIGHT ATRIOVENTRICULAR
FIBROUS RING

POSTERIOR

Superior view (the atria have been removed)

Heart Valves and
Circulation of Blood

Heart valves prevent the backflow of blood.

BICUSPID VALVE CUSPS

CHORDAE TENDINEAE

Slack Taut

ventricle PAPILLARY

MUSCLES

Relaxed  Contracted ——

(a) Bicuspid valve open (b) Bicuspid valve closed
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Heart Valves and
Circulation of Blood

ANTERIOR ANTERIOR

PULMONARY
VALVE (closed)

Right coronary

artery PULMONARY

VALVE (open)

-

Left coronary

artery AORTIC AORTIC
I VALVE VALVE

BICUSPID (closed) (open)

VALVE BICUSPID

(open) VALVE

(closed)
TRICUSPID TRIGUSEID.
VALVE VALVE
(open) (closed)
POSTERIOR POSTERIOR
(d) Superior view with atria removed: pulmonary and aortic (e) Superior view with atria removed: pulmonary and aortic
valves closed, bicuspid and tricuspid valves open valves open, bicuspid and tricuspid valves closed

@=— The left side of the heart pumps oxygenated blood into the
systemic circulation to all tissues of the body except the air

[
3 9 sacs (alveoli) of the lungs. The right side of the heart pumps e
I rC u at I O n deoxygenated blood into the pulmonary circulation to the ) 24
air sacs. )
4. In pulmonary capillaries, blood
Of B I OOd 9. Systemic capillaries of loses CO, and gains O,
head and upper limbs

, /2 —— 55
= s trunk and
4
4. Pulmonary / 4. Pulmonary ,mnT,
Aora capillaries . y capillaries Pul | ry valve
t of right lung offeftlung g
s el Eitieguiee | atrium I
) A o
i i Tricuspid valve Bicuspid valve
— S I 4
= - . .

8 capitrs o spicon
1 Capitros ofsomacn

|
Aortic valve

CE
./ o)

SE———

Key:
oo [l Oxygen-rich blood
Il Oxygen-poor blood

Common ac oy

ol oy

owerimbs 9. Systemic capillaries of
trunk and lower limbs

(a) Path of blood flow through heart

9. In systemic capillaries, blood
loses O, and gains CO,
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Arch of
aorta

Pulmonary
trunk

Left auricle

LEFT
CORONARY
Left auricle

CIRCUMFLEX
BRANCH

ANTERIOR atrium

CORONARY
SINUS

Right - INTER-

atrium v VENTRICULAR SMALL
BRANCH CARDIAC
POSTERIOR ANTERIOR
INTER- CARDIAC
VENTRICULAR MIDDLE
BRANCH CARDIAC Left

Left Right = ventricle
ventricle ventricle "

GREAT
MARGINAL CARDIAC

BRANCH

Right
ventricle

Inferior
vena cava

(a) Anterior view of coronary arteries (b) Anterior view of coronary veins

Frontal plane

The conduction system
ensures that the
chambers of the heart
contract in a coordinated

Left atrium
manner. Right atrium
. . SINOATRIAL (SA) NODE
The cardiovascular center g e
i ATRIOVENTRICULAR
in the me,dﬁla oblongata (AV) NODE
ATRIOVENTRICULAR (AV)
BUNDLE (BUNDLE OF HIS)
Left ventricle

rasympathetic nerves @ BSaoLET

that innervate the heart. Right ventricle

© PURKINJE FIBERS

(a) Anterior view of frontal section
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@ The heart begins its development from a group of mesodermal cells called the cardiogenic area during the third week

D eve I O p m e nt after fertilization.

Head end Arterial end of heart 4
-~ ..——— CARDIOGENIC Fusion of b
- LA . sl s TRUNCUS ARTERIOSUS
O t e e a rt £ ENDOCARDIAL into PRIMITIVE )
[ Neural plate TUBES HEART TUBE BULBUS CORDIS
\" — —_— —
PRIMITIVE VENTRICLE
/ ‘ PRIMITIVE ATRIUM
3 "*- SINUS VENOSUS
T Venous end of heart
19 days 20 days 21 days 22 days
J (a) Location of (b) Formation of (c) Formation of (d) Development of regions in
cardiogenic area endocardial tubes primitive heart tube the primitive heart tube

/  TRUNCUS \|A( L Aorta

N\ ARTERIOSUS —— P superior — 29 | P

Pulmonary
trunk
Atrium

PRIMITIVE
ATRIUM

Ventricle

Inferior
vena cava

23 days 24 days 28 days
(e) Bending of the primitive heart (f) Orientation of atria and ventricles
to their final adult position

@ Arteries carry blood from the heart to tissues; veins carry blood from tissues to the heart.

TUNICA INTERNA:

Internal elastic lamina
Valve
TUNICA MEDIA:
Smooth muscle

External elastic lamina

TUNICA EXTERNA

Lumen Lumen
(a) Artery (b) Vein

Lumen

————— Basement membrane

(c) Capillary
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Blood Vessels, continiue ..

Proximal

———————— Pericardials

————— | eft superior phrenic
 lefinferior phrenic
Left gastric
-

Left middle suprarenal
(adrenal)

Left renal

Right middle suprarenal
{adrona

Superior mesenteric

Right renal Left gonadal
bl | estisuiar ot varian)
{testicular or ovarian) ABDOMINAL AORTA
Right lumbars
| Inferior mesenteric
Left common iliac
Inguinal ligament

Left doep artery of
thigh (deep femoral)

- Left femoral

Puimonary trunk

Superior
vena cava
Right atrium

Right ventricle

Inferior vena cava
Hepatic vein
Sinusoids of liver
Hepatic portal vein

‘Common iliac vein
Systemic
capillaries of
intestines

Internal iliac vein
External iliac vein

Systemic
capillaries
of pelvis

Right internal jugular
Right external jugular
Right brachiocephalic
Right superior intercostal
Superior vena cava

Diaphragm

Hepatics
Right suprarenal

Right renal
Right

R

(testicular or ovarian)

Right lumbar
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Systemic capillaries of

head, neck, and upper limbs

Left pulmonary artery

)

-
<

p
4
-~

—

Pulmonary capillaries of
left lung

— Left pumonary veins
g~ Left atrium

Left ventricie

Celiac trunk

Common hepatic artery
—— Splenic artery
— Left gastric artery

L Capilaries of spleen
L Capikaries of stomach

Superior mesenteric artery
Inferior mesenteric artery

Common iliac artery

Internal liac artery

External ilac artery
Arterioles
Systemic capillaries of

Leftinternal jugular

Left external jugular

Left subclavian

Left brachiocephalic
Left superior
intercostal
Lett axillary

Lett cephalic
Lot posterior
intercostal

Left brachial

Accessory
hemiazygos

1 Left basilic

TR
i l. \ Hemiazygos
%—' Laft nferior

] \ phrenics

\ Left suprarenal
Left renal
Left ascending lumbar

Left gonadal
(testicular or ovarian)

Right

Righ iliac g
ENE

Right external iliac

Inferior vena cava
Left lumbar

| Leftcommon iliac

|_————— Middle sacral

Inguinal figament
Left external iliac

Left femoral
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@ Al systemic arteries branch from the aorta.

Right brachial
ABDOMINAL AORTA.

&

‘Common hepatic
Right radial

Right renal 7
Right ulnar

-
ppesees VA |
i

Right deop femoral

@ Deoxygenated blood returns to the heart via %)
the superior vena cava, inferior vena cava, Hme—)
and coronary sinus.

& U~/

Superior sagittal sinus.
Inferior sagittal sinus
Straight sinus

Right transverse sinus
Sigmoid sinus

/f
Jugular
Vs
Right subclavian = y
7/ AT M2\
SUPERIOR VENA CAVA A \'g‘ i

Right axiflary

<!=:§G

ARCH OF AORTA
Left axillary
N
t THORACIC AORTA
V “ 9 Diaphragm
A «‘ x &
Left gastric:
| Z8 WAN Splenic
- Left renal
Superior mesenteric
Left ]
| \ Horar o ovariony
3 R Interior mesenteric
3 Left common iiac
Left
external
iiiac Lot
Leht ‘palmar digital
Internal iliac Leftproper
Left femoral palmar digital
Left deep femoral
- ; Left popliteal
A
q Left anterior tibial
: Left posterior tibial
1 Left fibular (peroneal)
]
Left dorsal artery of foot
{dorsalis pedis)
f Lot arcuate
Left dorsal metatarsal
Loft dorsal digital
of the aorta

Left small saphenous.
Left anterior tibial
Left posterior tibial

Left dorsal venous arch
Left dorsal metatarsal
Left dorsal digital

Overall anterior view of the principal veins.
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Puimonary trunk
CORONARY SINUS
Great cardiac

Hepatic portal

Splenic

‘Superior mesenteric
Lot renal

Inferior mesenteric
INFERIOR VENA CAVA
Lot common iliac:
Lettinteral iliac

Left external lliac
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Thank you ﬁ»r Eez’nj my students!
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