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cardiac muscle

The cardiovascular blood
system consists of

blood vessels

cardiac muscle T— cardiac muscle fibers are shorter in length (stair-step appearance)

compared to
skeletal muscle  —— cardiac muscle fibers connect by intercalated discs (contain desmosomes)

—> gap unit (synchronization)(coordinated)(Autorhythmicity)(automaticity)
—» clectrical synapse unlike skeletal muscles chemical synapse

—> involuntary controlled unlike skeletal muscles they are subconsciously controlled

—> they have more calcium ions and they need more ATP (a little ATP is
produced by anaerobic cellular respiration unlike the skeletal muscle)

—» single Central nucleus, while the skeletal muscle fibers contain multiple
peripheral nuclei

cardiac action potential pathway :

Sinoatrial node (SA node) p- Atrioventricular node (AV node)

(right atrial wall near superior (at base of right atrium near septum) Bundle of H'Sl bundl
vena cava) (delay for ventricular filling) (it\;lgver(;tlncu ar bundle)
(peacemaker potential) (Gap junctions with a small diameter) (AV bundle )
(gap junctions with medium
diameter) ¢

Purkinje fibers right and left

(terminal fibers that extend from bundle of His and <+— bundle branches
spread throughout ventricular myocardium)
(large diameter)

notes about cardiac muscle:

resting membrane potential=-90  threshold=-65 depolarization= +20
(Naion channels opens)

Plateau: A period of maintaineddepolarization = +10

(caion channels open)(k+ outflow balances ca+2 inflow ) then repolarization until it reaches -90
(more k+ outflow)



blood pathway :

Venous return >
(deoxygenated blood) right atrium —— tricuspid valve —9Ppp right atrium ——

(by Superior and inferior vena cava) (difference in
the pressure)

inhibition contraction

filling relaxation diastole systole excitation

pulmonary arteries <—— right ventricle <@— pulmonary valve <¢—— right ventricle <

* filling 4\ inhibition

: itati relaxation diastole
lungs (gas exchange) contraction systole excitation

ulmonary veins
?oxygenat):ad blood) — left atrium — mitral (bicuspid) valve —» |eft atrium

contracnonm

relaxation _ | ) inhibition systole excitation
filling diastole

systemic .
c?lrculation — aortal—— |eft ventricle <— portic valve <@— leftventricle <@—

(to all over
the body)
; relaxation

contraction -
systole excitation filling diastole inhibition

Notes:
contraction of cardiac muscle is the same way of skeletal muscle contraction

Substances that alter the movement of calcium ions through slow
calcium ions channels influence the strength of heart contractions.

Epinephrine increases contraction force by enhancing calcium ions flow into the cytosol
The refractory period of a cardiac muscle fiber lasts longer than the contraction itself.

Their pumping function depends on alternating contraction
(when they eject blood) and relaxation (when they refill).

ATP sources : during exercise

oxidation of fatty acids (60%) and glucose (35%)

lactic acids

lactic acid using rises
(produced by actively

ketone bodies contracting skeletal muscles)

at rest amino acids



electrocardiogram

An electrocardiogram (ECG) or (EKG): (from the German word Elektrokardiogram), is a recording of electrical

signals using electrocardiograph .

conducting pathway is abnormal.

—» heart is enlarged

to determine if certain regions of the heart are damaged

the cause of chest pain

ELECTROCARDIOGRAM

Larger P waves——pp  €nlargement

of an atrium.
Jaazy g 0a0g JS5 Biel g
QRS Complex
T wave elevated
* TWave
hyperkalaemia (high P Wave
blood K ions level)
Atria Ventricular
Depolarizatio e
> Ill)epola rization

enlarged Q wave

V

myocardial infarction

enlarged R wave

y

Ventricular Repolarization enlarged ventricles

T wave is flatter than normal —— receiving insufficient oxygen(coronary artery disease)

segments or intervals of ECG

'

P-Q interval

v

beginning of the P wave to the
beginning of the QRS complex.

v

beginning of atrial excitation to the
beginning of ventricular excitation.

'

S-T segment

end of the S wave and to
the beginning of the T wave

V

ventricular contractile fibers are
depolarized during the plateau
phase of the action potential

'

Q-T interval

the beginning of the QRS
complex to the end of the T wave.

v

the beginning of ventricular
depolarization to the end of
ventricular repolarization



PHASES OF THE CARDIAC CYCLE

Atriole systole
Ventricular systole

begins 4 Ventricular systole

) ) (first phase) (Bienit ohase) Ventricular diastole
Atrial contraction Ventricular (early) Ventricular diastole
forces blood into Semilunar valves = (late)

trict contraction pushes d blood Semilunar valves
ventricles AV valves closed ‘open an close and blood Chambers relax
is ejected
and blood fills

flows into atria 3 =
ventricles passively

PWave QRS Complex

Atrial Atrial
Diastole Systole Atrial Diastole

Ventricular Systole

S1(lubb)(louder and longer) (AV valves= tricuspid+bicuspid) ~g, main normal
louder sounds
S2(dupp)(shorter) (semilunar valves= aortic+pulmonary) /

heart sounds S3(rapid ventricular filling)
) ) abnormal sounds and not
S4(atrial systole) loud enough to be heard

Cardiac output (CO) is the volume of blood ejected from the left ventricle (or the right ventricle) into the
aorta (or pulmonary trunk) each minute.

CO (mL/min)= §V (mL/beat) X HR (beats/min) —pp» bamg US i By yudin Olasgll e
Sekio JoS wolhe Oladladly 5553 (1538 ol Lo

stroke volume heart rate Jor il comnty @il B BreSall Y ade

Cardiac reserve is the difference between a person's maximum cardiac output and cardiac output at rest

cardiac reverse for average person = 4 resting value or 5 resting value

f end-diastolic duration of
PRELOAD (effect of stretching):the more the heart fills volume (EDV), (the Yentrieular
with blood during diastole, the greater the force of volume of blood ~_W

contraction during systole(Frank-Starling law of the heart) that fills the \ o

ventricles at the end
return

factors regulat
stroke volume during cardiac action potentials)

decrease

CONTRACTILITY | . increase I positive inotropic agents (promote calcium ions inflow
> negative inotropic agents (reducing calcium ions inflow).

AFTERLOAD
I—> The pressure that must be overcome before a semilunar valve can open

increase afterload include hypertension (elevated blood
pressure) and narrowing of arteries by atherosclerosis



Autoregulation cardiostimulatory office

i ; cardiovascular dioinhibitory offi
regulation of heart rate short term regulation e cardioinhibitory office
center in the brain vasomotor office

long-term regulation

short-term regulation :

. monitoring the position of limbs and muscles send nerve
P> proprioceptors > impulses at an increased frequency to the cardiovascular
center

hree r rs =] L
three receptors for the quick rise in heart rate that occurs at the onset of

physical activity.

— chemoreceptors —  monitor chemical changes (pH)

P> baroreceptors monitor the stretching of major arteries and veins caused
by the pressure of the blood flowing through them

located in the arch of the aorta + the carotid arteries

decrease blood volume —» proprioceptors activated—» action potential generated

) ) Through the sympathetic
norepinephrine <& cardiac stimulatory office «—  cardiac accelerator nerves

more contractility —» increase heart rate—pp increase cardiac output > llrl)clLen?ze blood

high blood pressure —» baroreceptors activation = action potential —J» Parasympathetic vagus
generated (X) nerves

v

decrease blood «@— decrease cardiac @ decrees heart rate @— cardio inhibitory office
pressure or blood output
volume

blood pressure decrease— decrease 02 = high C02 —» high H2C03 —»  high H+
(hypoxia) (hypercapnia) (polar compound) *

chemoreceptors activation <— low pH
baall ¢yl dls 3 uSallg



chemical regulation of heart rate

1. Hormones: epinephrine and norepinephrine ——p»

: increase in heart rate
Increase and contractility
(adrenal medulla)
hyperthyroidism —> tachycardia
(excessive thyroid hormone) (an elevated resting heart rate)
2. cations
potassium (k+)
/ if they increased —J»  decrease heart rate
sodium (Na+)\ excessively and contractility
blocks calcium
(Ca+?) ions
, > increases heart rate and
calcium (Ca+?) moderate increased —»  strengthens the heartbeat
age
gender
other factors in physical fitness —» physical fit person —§» E)radycardia
- resting heart rate
lation heart ;
regulation heart rate under 50 beats/min)
body temperature

v

During surgical repair of > it is helpful to slow a patient's
certain heart abnormalities heart rate by hypothermia

Cardiac transplantation is the replacement of a severely damaged heart with a normal heart from a
brain-dead or recently deceased donor.

end-stage heart failure

Cardiac transplantation \
severe coronary artery disease.



