


As we learned before:
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Physiology is the science, which is related to studying mechanics,
characteristics, and features of the body that makes it function the right way:.
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A¢ v Pathophysiology studies abnormal physiology.
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THE CARDIOVASCULAR SYSTEM:
THE HEART
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The heart contributes to homeostasis by pumping blood through blood
vessels to the tissues of the body to deliver oxygen and nutrients and
TETOVEIVASTES o s

(\) (2)
The cardiovascular system consists of the blood, the heart, and blood
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Cardiac Cycle — Atrial and Ventricular Filling
First, the atria fill with blood returning from the veins. During this time the atria are relaxed, which is called atrial
diastole (atrial relaxation).

When the ventricles are relaxed, this phase is called ventricular diastole. During ventricular diastole, the tricuspid

valve opens (between the right atrium and right ventricle), allowing blood to flow from the atrium into the ventricle.

This process is called ventricular filling.

After that, the atrium contracts to push the remaining blood into the ventricle. This phase is called atrial systole
(atrial contraction).

Atrial repolarization occurs during this time but is usually not visible on the ECG because it happens at the same

time as ventricular depolarization.

Sl g () p30a) — Alall 55

(01 #1385 ) Atrial diastole A 038 ands AT ja SLLII (5855 A 38 JNA 558 i) pally L (B Y

o)y a1 G O (Tricuspid valve) i) (2306 plaall iy Al sall 38 B35 Ventricular diastole A sl o3 (an L% Sl 55 Lasie
(sl £34al) Ventricular filling Aslead) o3 paudis Osbasl) () il G JEIVY pall fany Laa casl)

(01 Galkil) Atrial systole Als sall a3 pandiy ccoball ) ad) (ha Al Lpash gdal (i) (ily 13 32y

45 W Y (Ventricular depolarization) (sl GUSK) )] goa Uy i < ) (ol 8 i (300 sSaY) $42) Atrial repolarization W)
(ECG) il bl b ¢ gy

&% Cardiac muscle is involuntary, meaning it is not under conscious control,

while skeletal muscle is voluntary and can be controlled consciously.

% Cardiac muscle cells usually have one centrally located nucleus,
while skeletal muscle fibers are multinucleated with nuclei

located at the periphery.

X The sarcomere is the basic contractile unit of skeletal and cardiac

muscle, composed mainly of actin and myosin filaments.
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% The right and left sides of the heart work together because the heart contains electrical
synapses (gap junctions) that allow electrical signals to pass quickly between cardiac cells.

This electrical conduction system helps coordinate the contraction of the heart.

2k The right and left sides of the heart work together on the principle of electrical
synchronization. The electrical signals spread through the cardiac muscle cells,

allowing the chambers of the heart to contract in a coordinated manner.

% The right and left sides of the heart work simultaneously. When deoxygenated
blood returns from the body, it enters the right atrium through the vena cava. At
the same time, oxygenated blood returns from the lungs to the left atrium through
the pulmonary veins.

During ventricular diastole, the atrioventricular valves open (the tricuspid valve
on the right side and the bicuspid/mitral valve on the left side), allowing blood to
flow from the atria into the ventricles. This phase is called ventricular filling.
When the ventricles contract (ventricular systole), the atrioventricular valves close

and the semilunar valves open (the pulmonary valve and the aortic valve), allowing
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blood to be pumped out of the heart.
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x4 Cardiac muscle:

% Diastole and systole depend on pressure differences within the

heart chambers and blood vessels.
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3  Cardiac Conduction Pathway
The electrical impulse in the heart follows this pathway:
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Cardiac muscle cells are connected by electrical synapses (gap junctions) that allow electrical

signals to pass directly between cells.

4 Skeletal muscle:

Skeletal muscle contraction is controlled by chemical synapses called neuromuscular junctions,

where the neurotransmitter acetylcholine is released.



X The nervous system is divided into:
1.Central Nervous System (CNS)
*Brain
*Spinal cord
2.Peripheral Nervous System (PNS)
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ﬁ Somatic Nervous System
Autonomic Nervous System
Enteric Nervous System

i) bl Autonomic Nervous System (ANS)s

*Sympathetic division

P P

e *Parasympathetic division

Postganglionic Preganglionic

Neurotr itter Neurotr itter Nervous System

Acetylcholine (ACh) — Somatic Nervous
System

Norepinephrine (NE) Acetylcholine (ACh) Sympathetic Nervous
System

Acetylcholine (ACh) Acetylcholine (ACh) Parasympathetic
Nervous System

Acetylcholine, Ser in, Acetylcholine (mainly) Enteric Nervous System

Nitric oxide, others
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Receptors Neurotransmitter Division

Nicotinic / Muscarinic Acetylcholine (ACh) Cholinergic

a (Alpha) /B (Beta) Norepinephrine si Adrenergic
Epinephrine
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Example Location Receptor type

Neuromuscular junction g skeletal muscle ¢ Nicotinic receptors
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% Parasympathetic system — Cholinergic receptors (Muscarinic)
Sympathetic system — Adrenergic receptors (Alpha & Beta)

3% Epinephrine and norepinephrine act on adrenergic receptors (alpha and beta). Activation of
alpha receptors usually causes vasoconstriction, especially in peripheral blood vessels, while beta
receptors can cause vasodilation in certain vascular beds.

4 To decrease high blood pressure, vasodilation occurs in both central and peripheral blood
vessels, which reduces vascular resistance and lowers blood pressure.
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To decrease high blood pressure, the parasympathetic nervous system is activated and
sympathetic activity is reduced. This leads to vasodilation in both central and peripheral

blood vessels, which decreases vascular resistance and lowers blood pressure.
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Blood pressure = Cardiac output x Peripheral resistance :0¥ Blood Pressure J&
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Angiotensin II also directly increases sodium and water reabsorption in the proximal
convoluted tubule (PCT) of the kidney.
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% ADH (Vasopressin) and V1 receptors
ADH acts on V1 receptors located on vascular smooth muscle.
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1 Blood pressure
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The Cardiovascular System

Component
7 Atria

\
Qs .
Ventricles

‘ Vascular system ’—/\é L A3

AL .
! Arteries

A
Arterioles

| P

T S
b7 Capillaries
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9 Venules

)Y 3}
Veins

(Blood] 9

W
WM Plasma

\We
Cells

Function

- el o] 33y591 (0 p 1 LA (8 o
Q Ll St Ly b (pund 4] Cpdaall 3ol (o 56 Lo (3231 LRI

Chambers through which blood flows from veins to ventricles. Atrial contraction adds to ventricular filling but is not
essential for it.

Chambers whose contractions produce the pressures that drive blood through the pulmonary and systemic vascular

systems and back to the heart. .. oo sms s wm mont
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Low-resistance tubes conducting blood to the various organs with little loss in pressure. They also act as pressure
reservoirs for maintaining blood flow during ventricular relaxation.
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Major sites of resistance to flow; responsible for the pattern of blood flow distribution to the various organs;
participate in the regulation of arterial blood pressure.
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Major sites of nutrient, metabolic end product, and fluid exchange between blood and tissues.
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Sites of nutrient, metabolic end product, and fluid exchange between blood and tissues.
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Low-resistance conduits for blood flow back to the heart. Their capacity for blood is adjusted to facilitate this flow.
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Liquid portion of blood that contains dissolved nutrients, ions, wastes, gases, and other substances. Its composition
equilibrates with that of the interstitial fluid at the capillaries.

Includes erythrocytes that function mainly in gas transport, leukocytes that function in immune defenses, and
platelets (cell fragments) for blood clotting. STy )
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Components of blood
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Redblood cells @

Carry fresh oxygen through the
body and remove carbon
dioxide. Red blood cells make
up about 40 to 45% of blood.

)3 Sl g

Plasma 0 =

Transports nutrients,
hormones, and proteins. Itis a
yellow liquid that makes up
about 55% of the body's blood

volume.

White blood cells ®) e

Part of the body’s immune
system, detect and fight viruses
and bacteria. There are five major
types of white blood cells, and
they make up less than 1% of

blood. NP —

Platelets <

Form clots to stop bleeding.
e Platelets make up less than
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Endothelium.__ (&

Smooth
muscle

External
elastic lamina

Adventitia

elastic lamina

B’ood st.é:flé

Erythrocyte

Lumen (red blood cell)

Internal

Basement
membrane

arteriole

Endothelium

Basal lamina

Pericyte

Capillaries

cross-sectiona

Basement
membrane

~_Valve

Endothelium

Smooth
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Intercellular clefts
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Table 1. Five blood vessel types

Arteries » (1 )fd

Arterioles —~ =LA

Veins v )

Venules -~ 2«4

Capillaries - .42

Transport high-pressure blood from the heart to smaller
arteries and arterioles ~eoees

Connect arteries and capillaries « ==

Act as reservoir of blood and transport low-pressure blood
from venules to heart -~

Connect capillaries and veins -~

Allow gas exchange, nutrient transfer and waste removal
between blood and tissue fluid —eesemmmme
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Location of the heart
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The heart is located n the thorac1c
cavity, it 1s located in the
mediastinum.
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Area from the sternum to the
vertebral column and between the
lungs.

The ascending of the aorta is
located in the middle mediastinum.
The apex of the heart is located in
the inferior of the mediastinum.
The base is located in the superior
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Heart

Right lung

Superior
vena cava

BASE OF
HEART
Right lung

RIGHT
BORDER

INFERIOR
SURFACE

bHeart Location

=7 SliccPlayer

Sternum

wsce * Heart is located in

the mediastinum
— area from the

Esophagus sternum to the

. , vertebral column and
. between the lungs

Left lung

* Apex- directed anteriorly,
inferiorly and to the left

& pigal s i

* Base - directed posteriorly,
superiorly and to the right

PRI

achotaota ¢ Anterior surface - deep to the
Pumonaryunk  sternum and ribs - 25 &
Left lung

LEFT BORDER Inferior surface - rests on the

RIS

diaphragm «(Diaphragm) Jaa) clasl) e 5555
APEX OF HEAR' . .
» Rightborder - faces right lung

» Left border (pulmonaryborder) -
faces left lung ==
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Pericardial Layers of the Heart
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Fibrous pericardium

Parietal layer of
serous pericardium

Pericardial
cavity

Visceral layer |
of serous
pericardium
(epicardium)
Myocardium
Endocardium _

Heart chamber

Pericardium

Myocardium
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— Heart
wall
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‘: () el > asiay) G pericardial fluid 44 .

r & LR R A Fibrous

= Pericardial CaV1ty: Retieardium
- . —Parietal

+ ericardium

Suﬁ_‘ouﬁds the heart | 2 L Serous

= v" Lined by the | pericardium_|

pericardium. L stked

——Pericardial sac fllled
with pericardial fluid
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v’ Two layers: ~ s

~*  Visceral pericardium
| (epicardium): g gam

~ Covers heart surface -~ s+t Pericardium
* Parietal pericardium:- s .

Lines pericardial sac that
surrounds the heart. ,w,,m.w
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The Heart Wall
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v Epicardium (visceral pericardium):
o Outermost layer.” %% ol el
v" Endocardium.
o Serous membrane/” ¢« A e

o Inner lining of pumping chambers?

[V
(o) 2N, B

SRR / o Continuous with endothelium
v" Myocardium: SRR

o Middle layer.” coszd

o Thick muscle layer.~
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Structure of Cardiac Muscle Cell
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Cardiac Muscle Cells
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v Shorter than skeletal muscle fibers.

NP PR

v" Have a single nucleus. [ sop ~Volun b ‘J]
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v Have striations (sarcomere organ1zat10n).

(Aerobic metabolism) s G2 ;“‘-‘-
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v" Depend on aerobic metabolism.
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v" Connected by intercalated discs:
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Voltage-gated Na* channels close @ =
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Action Potential and Contraction of Contractile Fibers
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Membrane potential (mV)
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Capillary beds
of lungs where
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/(,.J‘ gas exchange
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Pulmonary Circuit )
Pulmonary arteries i/ ;
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veins
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i Left
. wventricle

ventricle
Systemic Circuit

@ Oxygen-rich blood, CO-poor blood
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= Oxygen rich,
CO2-poor blood

[i=Oxygen poor,
CO2-rich blood
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Heart Pumps Blood into Two
Circuits in Sequence : s

* Pulmonary circuit: To and from
the lungs,  “nInEnE )
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* Systemic circuit: To and from
the rest of the body. . oo U
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Properties of Cardiac Muscle Fibers

- The ability to initiate a heart
beat continuously and regularly without external
stimulation

- The ability to respond to a

stimulus of adequate strength and duration (i.e.
threshold or more) by generating a propagated
action potential

- The ability to conduct excitation
through the cardiac tissue

- The ability to contract in
response to stimulation

https://slideplayer.com/slide /13426563 /
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ﬁ Pulmonary circulation

Art??s J SRl ) 3 ga af i ) ) 8 (e aal) JaTe
deoxygenated blood (g3« 5% ¢9) (0, 3815 CO, slaef) @ i) Jabd scisglle
Pathway:

Right ventricle — Pulmonary artery — Lungs — Pulmonary veins — Left atrium

Systemic circulation
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Pathway:

Left ventricle — Aorta — Body tissues — Veins — Right atrium
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Patent Ductus Arteriosus (PDA).
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4 Blood is composed of plasma and formed elements, which include red blood cells

(erythrocytes), white blood cells (leukocytes), and platelets (thrombocytes).

— Components of Blood
Blood consists of:
ﬁ Plasma (about 55% of blood)
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a Red Blood Cells — RBCs (Erythrocytes) (about 44-45% of blood)
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ﬁ White Blood Cells - WBCs (Leukocytes) (less than 1% of blood)
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Autorhythmic Fibers: The Conduction System

v An inherent and rhythmical electrical activity is the reason for the heart’s
lifelong beat. s s i g s g g i

ld Y e Auanadial) il) Adas Gl (e ASud 98 (Al gl LA 13 jMas
a8 jay) e 508 LY ((Autorhythmic fibers) (514 gy

v The source of this electrical activity is a network of specialized cardiac
muscle fibers called autorhythmic fibers because they are self-excitable.

v' Autorhythmic fibers repeatedly generate action potentials that trigger
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Ventricles of the heart
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Atrioventricular Valves
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 A-V valves open and allow blood
to flow from atria into ventricles
when ventricular pressure 1is
lower than atrial pressure:

— occurs when ventricles are
relaxed, chordae tendineae
are slack and papillary
muscles are relaxed.

1335 i) GAkE Lasie

*A-V valves close preventing backflow

of blood into atria :
—occurs when the ventricles
contract, pushing valve cusps
closed, chordae tendinae are pulled
taut, and papillary muscles contract
to pull cords and prevent cusps
from everting.
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Left atrium
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Right pulmonary
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Right atrium
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Left ventricle
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(from lower body)

: S Pulmonary valve
54 Direction of blood flow
Right ventricle
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Heart sounds — -
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e Auscultation — listening to heart sound via stethoscope,
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% The normal he: adults ranges from 60 to 100 beats per minute. A heart rate above
100 bpm is called tachycardia, while a hea e below 60 bpm is called bradycardia.
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ELECTROCARDIOGRAM
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The Electrocardiogram
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e The major deflections and intervals in a normal

ECG include: |
o e _ os !
e P wave - atrial depolarlzatlon - g |
s | (B O p—
- P-Q interval - time it takes for ~ He'eld 2o
the atrial kick to fill the ventricles ° oe _

* QRS wave - ventricular depolarization
and atrial repolarization «-est 3«“1

e S-T segment - time it takes to empty the ventricles
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before they repolarize (the T wave) ..oz
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ELECTROCARDIOGRAM

Analysis of an ECG also involves measuring the time spans between
waves, which are called intervals or segments. o momes o s owson s s +

P-Q interval is the time from the beginning of the P wave to the beginning
of the QRS complex. It represents the conduction time from the beginning of
atrial excitation to the beginning of ventricular excitation. o oo o

O 8 el Aglay ) GtV B ) Aghay (o Al gl B LYY JUBH (ha 3 Jiig

The S-T segment, which begins at the end of the S wave and ends at the
beginning of the T wave, represents the time when the ventricular contractile

fibers are depolarized during the plateau phase of the action po’cemtial;>

T Aaga Ly die by S A g g e oy ST gl
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ELECTROCARDIOGRAM

The O-T interval extends from the start of the QRS complex to the end of
the T wave. It is the time from the beginning of ventricular depolarization
to the end of ventricular repolarization. )

Wlas (o Gl (029 ¢ T dan 9o Al (ol QRS S0 Al (b0 wiali Q=T 5,541 {4
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Control of the Heart by the Sympathetic
and Parasympathetic Nerves
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T Plasma epinephrine

T Activity of
sympathetic
nerves to heart
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Table 12-3 ~ Effects of Autonomic Nerves on the Heart

21 ' dl B ol 2l "L '
= 50— Gympathetic Netves — ¢ i, rob wf;’" | Parasympathetic Nerves
Area Affected ~ #=7<"*"*  (notepinephrine on [-adrenergic receptors) (ACh on muscarinic receptors)
SA node [ncreased heart rate Decreased heart rate

PeacmaKerw o8 tae Heawl
Cavse. iFs Fhe pmain Sovrcts of  A.P

AV node | [ncreased conduction rate Decreased conduction rate
Delaginj Cavse iks Gap J‘und-fon, is

smallew Fhan other Yo maKe sore. Fhat all plood in Alric cmp}jinj in the. Venhricds.

Atrial muscle [ncreased contractility Decreased contractility

: it e wodl Gl 5 "
-~ Ventricular muscle [ncreased contractility gmpatnatiz < No significant effect
' ’ Para 7/
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Sympathetic postganglionic Adrenal medulla
neurons to skeletal muscle arterioles Secretes epinephrine
Release norepinephrine into blood
T Norepinephrine in extracellular fluid T Plasma epinephrine
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CO = HR x SV, as follows.

The heart is the pump that moves the blood. Its activity can be
expressed as “cardiac output (CO)” in reference to the amount of blood
MOVEd-PELUNIGOFAUIE, s Coc w00 i 4 st 8 @4)

Mean arterial pressure, which drives the blood, is the sum of the
diastolic pressure plus one-third of the difference between the systolic
and diastOliC PresSULEs. ™ e s s s ot rers Pressry s it

bt g AN bl cp (38l Gl A) Bliae halusi) il

The autonomic system dynamically adjusts CO and MAP.
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