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Blood = Plasma + Formed (Cellular) Elements

Cells

e ~45% blood volume

e RBCs (~ 99% of cells)
« WBCs (~ 1% of cells)

 ~55% blood volume
e ~ 92% of plasma is water

* High dissolved O, content
* Dissolved proteins
e Minerals, glucose, ions.



The Proteins In Plasma

e Albumins
— 60% of plasma proteins.

e Globulins
— 35% of plasma proteins.

e Fibrinogen
— For clotting reaction, forms Fibrin.

* serum = plasma without clotting proteins



Cellular Components

RBCs (erythrocytes) ~ 99% of all cells.

Hematocrit = % of blood occupied by cellular components.
(packed RBC volume)

Lacks: nuclei, _m—
. _ P -

mitochondria L

and ribosomes. | \

Anaerobic metabolism |/ .
i 2.31-285um |
Life span = ~120 days - = )

7.7 um

{d) Sectional view of RBC
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Scanning Electron Micrograph (SEM) of Erythrocytes or
Red Blood Cells (RBCs) on the tip of a hypodermic needle.



Development of the heart
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Placenta

Umbilical
artery

Umbilical cord
{contains umbilical
artery and umbilical vein)

o Mixed blood travels
to the head and body,
and back fo the
placenta via the aorta.

The ductus
arteriosus connects
the aorta with the
pulmonary artery,
further shunting blood
away from the lungs
and into the aorta.

The foramen ovale
allows oxygenated
blood in the right

, atrium to reach the
left atrium.

Oxygenated blood from placenta enters
right atrium via inferior vena cava.

Inferior vena cava

The ductus
venosus shunts
oxygenated
blood from

the placenta
away from the
semifunctional
liver and toward
the heart.

Blood arrives
via umbilical
vein.

Fetal



Trachea

Thyroid gland

Right
lung

First rib (cut)

Left lung

Parietal pericardium Apex of
(cut) heart

(a) Anterior view
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Position and Orientation of the Heart

Left
border

Inferior border



Pericardial Sac and Location of the Heart in
the Thoracic Cavity

Cut e;lge of Air space
parietal (corresponds
pericardium to pericardial

cavity)

Balloon
Pericardial
cavity
containing Cut edge of
pericardial eph_::ardmm
fluid (visceral

pericardium)

Fibrous attachment (b) Anterior view

to diaphragm



Pericardial cavity ey Dense fibrous layer

Pariatal
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Cardiac Muscle (thickest layer of heart)

Epicardium
Visceral pericardium (a serous membrane)






TRANSVERSE SECTION, SUPERIOR VIEW
(atria and great vessels removed)

Right AV Fibrous skeleton Left AV (mitral)
(tricuspid) valve valve (closed)
(closed)
LEFT
VENTRICLE
Aartic
RIGHT semilunar valve

open

VENTRICLE (open)
Pulmonary

semilunar valve

(open)

TRANSVERSE SECTION

Ventricular systole (contraction)



Surface Anatomy of the Heart

Left common

carotid arte 5
Y Left subclavian artery

Brachiocephalic trunk
Arch of aorta

Ligamentum arteriosum
¢ Descending aorta

Ascending aorta

Left pulmonary
artery
Superior
vena cava
Pulmonary trunk
Auricle of

right atrium
g Auricle of

left atrium

LEFT
VENTRICLE

Coronary sulcus
containing fat

Anterior interventricular
(a) Anterior (sternocostal) surface sulcus containing fat



Left pulmonary artery Arch of aorta

Right pulmonary
Left pulmonary veins artery

(superior and inferior) °

Superior

vena cava

Right pulmonary
Fatn JF A veins (superior
coanaly 4 and inferior)
sulcus

Inferior vena cava

Fat in posterior

Coronary : !
sinus Imervenidcularsoiens (b) Posterior (diaphragmatic) surface
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Pericardial Sac - Heart Drawn Out
Left latraIView

FPulmonany trunk

TRANSVERSE
PERICARDIAL
SINUS

Left pulmonany veins

Left ventricle

Coronary sinus

OBLIQUE
PERICARDIAL
SINUS

Right pulmonany wein



The heart receives blood supply during diastole!

a Systole

Left Main Coronary
Artery
Coronary Ostium

Semilunar
Valve Cusps

Right

b Diastole

Artery ‘

Aorta




Sectional Anatomy of the Heart

Left subclavian artery

A Aortic arch

F Ligamentum arteriosum
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(a) Frontal section, anterior view

Descending (thoracic)
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Valves of the Heart

Pulmonary veins

Left AV (mitral)
valve (open)

Chordae tendineae
(relaxed)

Aotie -

semilunar valve

\{clt}seﬁ]

Papillary muscle
(relaxed)

Trabeculae
carneae

(dilated)

(a) Ventricular diastole (relaxation)

FRONTAL SECTION
{through left atrium and ventricle)

Left AV (mitral)
valve (closed)

Aortic semilunar
valve (open) Chordae

- tendineae (tense)

Papillary muscles
{tense)

LEFT VENTRICLE
{contracted)

FRONTAL SECTION

{b) Ventricular systole (contraction)



Coronary artery bypass grafting (CABG)

Right coronary artery
- BO0% occlusion

Lel circumflex coronary
artery- 75% occlusion

Normal coron
artery- No occlu:zn

Aorta

Saphenous Vein

Bypass Grafts

Right Coronary
Artery

Left Internal
Mammry Artery

Circumfiex Coronary
Artery

Diagonal Branch of LAD

Left Anterior Descending
(LAD) Coronary Artery






Cusp prosthetics

Restraining cage

Occluder bal 25

Sutwre ning




The Autonomic Innervation
of the Heart

Vagal nucleus

Cardiginhibitory
center

Cardinacceleratory
center

Medulla
oblongata

Vagus (M X)

.........

PARASYMPATHETIC

Spinal cord
Parasympathetic

Sympathetic praganglicnic
preganglionic fiber
fiber
Synapses in
Syrrmatatic [ cardiac plexus
ganglia — W Sy
(lower cervical ! . Parasympathetic
and T,-T,) ~ postganglionic
fiber
Sympathetic

postganglionic
fiber



Circulation

Pulmonary
valve
Right
ventricle Aortic
valve
) r |
Inter- v\
ventricular / Left
septum ) / ventricle

{(a) Normal heart. Arrows indicate
the path of blood flow through
the heart. Red = oxygen-rich blood;
blue = oxygen-poor blood.



Congenital Heart Defects
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(b) Ventricular septal defect.
The superior part of the inter-
ventricular septum fails to form;
thus, blood mixes between
the two ventricles.

NTs
Aorta J
¢ I"

_Aﬁ*"‘x

ﬂaﬁ FPulmonary
. -""q\-:‘r_ trunk

"q" Occurs in
} | about 1 in every
/| 1000 births

Transposition of the great vessels.
Aorta comes from right ventricle, pul-
monary trunk from left. Results when

the bulbus cordis does not divide properly.
Unoxygenated blood passes repeatedly
around systemic circuit, while oxygen-
ated blood recycles around the

pulmonary circuit.



Congenital Heart Defects
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Narrowed :
aorta

(d) Coarctation of the aorta.
A part of the aorta is narrowed,
increasing the work load on
the left ventricle.



Congenital Heart Defects

f*} | Occurs in
| about1 in every
/| 2000 births

L
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Tetralogy of Fallot. Multiple defects
(tetra=four): Pulmonary trunk too narrow
and pulmonary valve stenosed; ventricular
septal defect; aorta opens from both
ventricles; wall of right ventricle thickened
from overwork.

;| about 1 in every
[ | 2800 births
oL

Pulmonary stenosis. The
pulmonary semilunar valve is
narrowed, lessening the flow of
blood to the lungs.



Electrical Conduction System

Sino Atrial (SA) Node — sup/post rt atrium

T i e -\ \

9 “ Atrial Ventricular (AV) Node — inf rt atrium
-‘-'.err:oual % .-'*_,,-H'h-- — f' 'l‘—‘—\- \
pathways | 1
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L and R Bundle Branches — IV septum
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brancha Furkinja
* fibers

Purkinje Fibers — both ventricles




S4

SA node activity and {:
atrial activation begin.

AV Time =0

node

AV bundle

Bundle < g
branches

Moderator
band

Purkinje fibers

Sinoatrial
(SA) node

Internodal ___
pathways

Atrioventricular —

(AY) node
AV bundle

Left bundle branch

Right bundle branch
Moderator band Purkinje fibers

(a) Nodes and conducting fibers

(b) Steps in the distribution of stimulus

STEP 1: L B o

STEPRP 2:
Stimulus reaches
the AV node.

Elapsed time = 50 msec

The Conducting System of the Heart

STEF 3:

There is a 100-msec delay
at the AV node. Atrial
contraction begins.

Elapsed time = 150 msec

STEF 4:

The impulse travels along the
interventricular septum via the
AV bundle and the bundle
branches to the Purkinje fibers
and, via the moderator band,
to the papillary muscles of the

right ventricle.

Elapsed time = 175 msec

STEF 5:

The impulse is distributed by
Purkinje fibers and relayed
throughout the ventricular
myocardium. Atrial contraction
is completed. Ventricular
contraction begins.

Elapsed time = 225 msec




Millivolts

An Electrocardiogram (ECG) trace

5mm
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Pulse generator e
(battery inside)

" Artificial pacemaker

Leads (pulse generator)

Left ventricle
lead

Right atrial
lead

)
Right ventricle

| A lead




Pulmonary

artery \ Aorta
Anterior 4 Pulmonary
vena cava . artery
. e, ;ﬁr"f
Right —a S Left
atrium | g; Cpareeni = atrium
Y\ Vg

4

Pulmonary 7 J |
veins ’; 74

Semilunar
valve

Semilunar
valve

Atrioventricular NN Atrioventricular
valve - valve

Posterior /f .

vena cava Right Left

ventricle ventricle



ARTERIES

» Blood vessels that
carry blood away from
the heart are called
arteries.

» They are the thickest

blood vessels and they Tunica media:
carry blood high in smooth muscle
oxygen known  as fiperc

oxygenated blood
(oxygen rich blood).

Artery

Tunica intima:
endothelium
that lines the
lumen of all
vessels

\ P — Tunica
4 {0 }r adventitia:
Vi collagen

iy fibers

cells and elastic



CAPILLARIES (5-8 micron)

e The smallest blood “
vessels are capillaries , ..
and they connect the
arteries and veins.

ole— Metarteriole

Thoroughfare
channel

. . Arterial __/4 A JN\ Precapillary
e This is where the capilaries | - /I)Q sphincter
. { 2= S
exchange of nutrients /4 |

and gases occurs. vehaus
capillaries



VEINS

* Blood vessels that carry
blood back to the heart
are called veins.

* They have one-way valves
which prevent blood from
flowing backwards.

 They carry blood that is
high in carbon dioxide
known as deoxygenated

blood (oxygen poor
blood).

Normal vei

=

—Blood flow

_ Closed
valve

p—

1

Varicose vein

_ Open
valve

#ADAM



Superficial veins

-provide convenient sites for venipuncture




Respiratory Tract:

From nose to alveoli

Nasal cavity

Sphenoidal sinus
Internal nares
Pharynx

Esophagus
Outline of

RIGHT
LUNG

Outline
of ribs

Frontal sinus

Nasal conchae
Nose

Tongue

Hyoid bone

Larynx
Trachea
Bronchus

LEFT
LUNG |

Bronchioles









Respiratory Muscles

Sternocleidomastoid — s
muscle ay

External
_intercostal

Scalene _— 40 muscles

A1
" Ribs and muscles
i‘h sternum

= '1\',}‘ e o [ [ P ; Internal
i s Pectoralis minor N 2= L j _intercostal
T = r:?ff f’f/ muscle N e o -\ 4 / muscles
2 7

' Diaphragm Transversus

muscle

Serratus

F N
K - ]
".r' E Lk - :
anterior == i!lr'!f;:.. '
muscle |
_t ¥
1 | y |‘

(b)
Ventilation - movement of air into and out of lungs.



A Eupnea = normal quite
- ‘ AR ‘Sternocleidomastoid breatl"“n g at FESt.
muscles _/L__ AN muscle

Scalene

Pectoralis
minor
muscle

For Inspiration
-7 9]

Muscle activity required:

Serratus \ : .- ! Dia hra m
anterigr e b ' - p g
muscle ' b — ..II .I

External
intercostal

=7 External Intercostals
_m*—- Diaphragm

muscles

J

/ Accessory{Sternocleidomastoid

) |
| W/ " L Scalenes
REEN 4

(c) Inhalation




Forceful breathing

(hypereupnea):

Same muscles required /

as in Eupnea. H

Expiration requires: - -~
intercostal —

Internal Intercostals muscles

Rectus abdominis

Rectus abdominis — /

Transverse abdominis, éo e / ol
Internal and External obliques.| " ,,_,li!/

(d) Exhalation




Locations of
these centers
in the brain

Cerebrum

HIGHEH CENTERS
Cerebral cortex
Limbic system
i-ﬂ'pcmalamus

CSF
CHEMORECEPTORS

Prneumotaxic center

Pons
Apneustic center ——
M X

Chemoreceptors and
baroreceptors of
carotid and aortic sinuses

s

||

*J

] =
' Dorsal respiratory
group (DRG) _
receptors Respiratory
of lungs s rhwthmicity
Spinal — Ventral respiratory |  Centers
cord . group (VRG)
Motor neurons
controlling ———» = Stimulation
diaphragm = Inhibition
.-'/ y d
Motor neurons
_ | controlling other
respiratory muscles

Diaphragm 'Phrenic nerve



The Lungs

e Separated by fissures
— Right lung has three lobes.

— Left lung has two lobes.

e Costal surface
— Anterior surface
— Follows inner contours of rib cage

e Mediastinal surface

— Contains hilus
e Costal notch - Left lung



Right Lung Left Lung

Horizontal
fissure

Oblique

Oblique Hasure
fissure

Cardiac
notch

Base

Base

COSTAL SURFACE COSTAL SURFACE
RIGHT LUNG LEFT LUNG

(b) The left and right lungs




Medial aspect of each Lung

Apex A
Pulmonary
arteries
Superior lobe Pt;:Topary o ,
bronchus eres i Zahyg s
Horizontal N - \ Anterior
fissure ‘ margin
Midczle_and
inferior Groove for | .
lobe bronchi pbind imc;arrec;‘sa; A

Superior

Anterior )
margin Hilus
Superior ina}gnqor
and inferior Primary pulmonary
Cardiac pulmonary bronchus veins
impression veins
Groove for Hilus Oﬁts)gq:.;e
_ esophagus “
Oblique
e Diaphragmatic
sur?agce Diaphragmatic surface
Base Base
MEDIASTINAL SURFACE MEDIASTINAL SURFACE
LEFT LUNG

RIGHT LUNG




Each Lung is in a ‘Bag’

T
/ Parietal pleura N ,
Vlsceral pleural \
Pleural cavity :

Diaphragm

Visceral pleura
Parietal pleura



There are about 150 million
alveoli in each Lung

- Respiratory bronchiole

Alveolar duct

Alveolus

Elastic fibers —88

The alveoli is where gas
exchange occurs with the
pulmonary capillaries

Capillaries =&



An alveolus consist of 3 Types of cells

1) Alveolar Type | cells — thin (simple
squamous epithelium); makes ‘walls’ of
alveoli, provides surface area for gas
exchange.




Frontal sinus

Superior
Nasopharynx > f Middle c:-ur:"la:;ldae

Inferior
i Nasal vestibule

Entrance to
it
auditory tube 0 7 _ — External nares
Soft palate ﬂ / 27—

paine onst |G

Oral cavity
Gmphnrynxh_.lﬂ
Epiglottis — | ——1 _ "
Aryepiglottic fold
! e | Lingual tonsil
Laryngopharynx —-ﬁ - Bl s

Glottis ' Thyroid cartilage

Cricold cartilage
Trachea

Thyroid gland

(d) Sagittal section



Trachea

Hyoid — o=} Esophagus
bone _ | g’ el

Anular ligament

Larynx < - ~/ Trachealis muscle

(smooth muscle)

= cg?tﬁgeaels _Lamina propria
g Respiratory Respiratory
| epithelium mucosa

,':5 ~—— Tracheal
b cartilage

Mucous gland

Trachea <

(b) Trachea and esophagus,
transverse section

Root of ol o o .
ight | ocation of carina
R s’ ® ~4.5inches long
Superior ‘
lobar . Root of Superior

ctwg  obw o ~ 7] jnch in diameter

bronchus

L . .

tssue “C” cartilage rings (submucosa)
Middle - / ) ~

oy | bronon }{QQ Trachealis is posterior wall — allows

o i

L ~h\h_‘ ) '
Inferior ——
RIGHT lobar bronchus

bronchus

‘\ﬁ" * food passage in esophagus.

LEFT



Bronchi and Bronchioles

L=) Trachea

Respiratory epithelium = Branch of
] 77 pulmonary artery
Bronchiole 3 =

Bronchial artery (red),
vein (blue), and

|
|
) | Smooth muscle around
Left primary nerve (yellow) ___—"" terminal bronchiole
bronchus . \
Terminal
Secondary bronchiole
bronchus

Branch of
pulmanary
vein

bronchiole
Tertiary bronchi

Terminal
bronchiole
Respiratory

. : Lymphatic
Bronchioles E W2 A
bronchiole

vessel

Alveolar Lobule

Interlobular
Sac

septum

Visceral pleura
Pleural

cavity

Parietal
pleura



B ro n c h i 0 I e S Primary bronchus ’ Illl:

Cartilage ring —¢

e Do not contain cartilage o=

Secondary (inferior
lobar) bronchus

[ Have Smooth muscle Cartilage plates —

Visceral pleura

e Are Innervated by ANS

Pa rasym pathetic Respiratory epithelium —-L, il \
— constrict airways Smooth muscle | |
Bronchiole —
Terminal bronchiole Ko
Sympathetic W
. . .."‘i_'". ] ..1-, : TH'“H‘
— dilate airways e NEEES <

_'.:“': '1:#_——-;-:;-4:;_ HE‘SpiratU . .\\
i hoe . f' brunchigl N\

- A A N

Secondary
{superior lobar)

L bronchus

LEFT
LUNG




The Bronchiole Tree

-
P Apical Fused |
—— P > and into

Apical ' : Posterior single

\ ) . I\ ‘ o . element

Upper — Posterior —__ A - M A 4 N\ -‘ }— Anterior — Upper
Anterior — __ = & (’l/ ‘ P Superior
J ' Lingular
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5] A J/ Superior
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3 VMY — Lower
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Lateral basal y
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Posterior basal

—
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Bronchopulmonary Segments

RIGHT

LEFT
: Apicnposteriorw
Broncho- Apical
pulmonary c Anterior | Broncho-
segments Fosterior pulmona{‘y
of superior .. Segments
mEe %ﬁpﬁ'@r of superior
4 lobe
Inferior
Brinich -4 W lingular
roncno- =
pulmonary  Lateral r N
segments . ,
of middle ~ Medial
lobe
( Anterior-
basal
Lateral
Broncho- e basal Broncho-
pulmonary hase i pulmonﬁtry
edia segments
segments | Pﬁerior basal of inferior
of inferior 53 _ I
lobe Posterior abe
Medial basal
basal
: Superior )
\ Superior (a) Bronchial divisions and bronchopulmonary segments



