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PHYSIOLOGY

FACULTY OF PHARMACEUTICAL SCIENCES
DR. AMJAAD ZUHIER ALROSAN

LECTURE §, PART (2):ACTION POTENTIAL AND CONTRACTION
OF CARDIAC CONTRACTILE FIBERS



Objectives

. Discuss histology of cardiac muscle tissue.

. Discuss action potential and contraction
of contractile fibers.

. Describe electrocardiogram as well as the cardiac
cycle.
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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
remove wastes.

» The cardiovascular system consists of the blood, the heart, and blood
vessels.




\ HISTOLOGY OF CARDIAC MUSCLE TISSUE
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» Compared with skelete/;l muscle fibers, cardiac muscle fibers are(shorter)
in length. They also exhibit branching, which gives individual cardiac
muscle fibers a “stair-step” appearance.

» Cardiac muscle fibers connect to neighboring fibers by intercalated
discs, which contain‘desmosomes, whic@ fibers@theg and
gap junctions, which allow muscle action potentials to conduct from one
muscle fiber to its neighbors.

junctions allow the entire myocﬁdium of the atria or the

ventricles to contract as a single, coordinated. o

arii




Cardiac Muscle Histology

Intercalated
discs

= e - ~ Opening of
Desmosomes T ) B A ‘ e \ transverse
: s o y p TR ) tubule

Gap junction

Cardiac muscle fiber
Nucleus

Sarcolemma

a) Cardiac muscle fibers

« Branching, intercalated discs with gap junctions, involuntary, striated,
single central nucleus per cell




AUTORHYTHMIC FIBERS: THE CONDUCTION SYSTEM
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v An inherent and rhythmical electrical activity is the reason for the heart’s
lifelong beat.

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

WS e 584

v Autorhythmic fibers repeatedly generate action potentials that trigger
heart contractions.




Locations of autorhythmic cells
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Cells originate at AV node and
enters interventricular septum
Divides to form(right and left
undienbranches which travel

down septum, curve around tip

of ventricular chambers, travel

back toward atria along outer
walls Jadis AV saiall e Lass LAl
<+ Purkinje fibers bl o salaldl o
i t extend from iy el oal oo o] acis
Gl 43 g oL o5 saladl g4
bl Glhaa e (e

(A} Antenor view of hontd secton
20.10a




L ¢ham pex
(T 3L U;N_-L: Go M &L 4
ﬁum& 24l Vein ey G- qiry
/\u g ium~ " Gays
VenYide -.(}L;M-v—
et + SV o= N GEEIEG s 3155 s\

@m_s:u_ﬁx_@_%\mmmﬂ_@@wwu JLGo el daais SMes Y Vern L uyg & SN LTQED (spes simois\+

Audl Jrgia&ﬁﬁslﬁ(ﬂﬁdc\]lq‘,g&gygﬂ-t forfe

k M"J S diase .

Conmadhion- 1§gole
@\5&\_“ oM ?‘i&\\ﬂq*ﬂﬂ\ Gy rp\_m By 3L

QN pan g Righievenrmict | sy 1 —k- bl B g Glirpma dliyg s U\ s ¢ 2 g IS
3 W dLealdi Go S Za“_-,;\ Wi\
@u\m\%Q\N”“?- WG & 5 @g\é\i o

—_—



' - - Iy S . -\ . *
- COMHACHON | &Y g gm\gw\kwﬁom&d;\s.m‘w“,w@gmg

Pat (A< WG 23 vl s\ @S NN G Moi]f)e(\, rucle Pi bov 2hag\ Ak
) S - _ S .
Contrachon sl (535 Lo AL, g2\ an s\ M\ dagla 2

MOEKQQ@T&—\A




~ e NP
(},'}.\ > ,-F S“Q'N\ ‘\—IN QS/_} \_‘AJ ))‘*bo*

+

&\J S! x| 3 oo2 .’., ashn ; ‘ ] q 'O'\ g d’ E
N PP . \( u (V] 9{‘ on(B‘/' H‘ ‘a (‘4

X Ll R I + v ,/9? . iy
A @ WX (o K - 7 KOS % leatical QYo dion -
(=] \ —

3o

A
celfiterss W

CurdiaC M%OGH})\Q
Rcy-ius memlyore. iVl = Qo w7
A A

Cardiac Mmyocytes have E“ﬂﬂ&m%l of about

This resting membrane potential (Em) is determined by:

@ The W_HQM@M of positively and negatively charged ions across the cell membrane,

e of the cell membrane to these ions (conductance is the term used
nstead of permeability when we are dealing with movement of ions).
i

3) The ionic pumps that transport ions across the cell membrane.




AUTORHYTHMIC FIBERS: THE CONDUCTION SYSTEM

1 They act as a Pacemaker (electrical Figure 20.10 The conduction system of the heart. Auwtochythmic fibers in the SA pode, located in the right atrial wall (a),

act as the heart's pacemaker, matiating cardiac action potentials (b) that cause contraction of the heart’s chambers

eXCitation tha_t causes Contraction (OF == The conduction system ensures that the chambers of the heart contract in a coordinated manner,
of the heart).

Frortal plane

2. They form the cardiac conduction
system.

“ & "\' ﬁ-\ = Left atrium
3. Cardiac action potentials D (( - *
e N "

g (propagatethrough the conduction = " i

. . . m . l' I C -~ .
system in the following sequence: @™~ *V""“" " byggmems

- Cardiac excitation normally begins om%{;” L
. . . (EA‘ o A venince
in the (gmoatrlal (SA) node> N

G pacemier

Right venincle ~

(&) Anverior view of frontal section
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AUTORHYTHMIC FIBERS: THE CONDUCTION SYSTEM

Figure 20.10 The conduction system of the he e :Ia.!b ‘
° SA node Cells do no have a Stable act as the heart's pacemaker, inatiati
resting  potential. Rather, they = The conduction system ensures that the
repeatedly depolarize to threshold

spontaneously. = The  spontaneous |
depolarization is a acema ———

.Cwliresting potential clloi ¥ SA node L

.threshold &> LWilil 245 Pacemaker potential lgzoJ

Frortal plane

.33 Action potential g5 > duisl Joogll wic

.gap junctions juc Oaad31 WS G Yol ag> juiniy

potential. MM\ ‘ T .-\g-\-'.’Actionpo(en(iald-_-_b'-Jl.u‘sieT’ | Bl G U 0Lty ladSl el o
e \ - = Loft atnum
09 ...lglly lkis SA node )l L
- When the pacemaker potential reaches [iuu———— e
i), threshold, it triggers an action potential. D svostru. a0 woos ——(EIERE
" Each action potential from the SASHGde WINGDE '

propagates throughout both atria via © smovenToAR ) — 18
NOLE (BUNDLE OF HIS)
2 2 2 = 2 I \ Laft venince
gap ]1.1nct10ns in t.he mtercalate.d discs @ iy
ofratrial-musclefibers: Following the bt

-
Right venincle ~

action potential, the two atria contract
at the same time.

0 PURKINJE FIBERS ———"""

(8) Anverior view of frontal section
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AUTORHYTHMIC FIBERS: THE CONDUCTION SYSTEM

Figure 20.10 The conduction system of the heart. Autochythmic fibers in the SA pode, located in the right atrial wall (a),
act as the heart's pacemaker, matiating cardiac action potentials (b) that cause contraction of the heart’s chambers

ION =5 The conduction system ensures that the chambers of the heart contract in a coordinated manner,

Frortal plane

* By conducting along atrial muscle
fibers, the action ‘potential reaches the
atrioventricular (AV) node.

- At the AV node, the action potential ;
(¢ A4 iy
sl\o/wskonﬂf rably as a result of various i e 4

differences 1 in the AV - ———

node. This delay provides time for'the ghas

ATRIOVENTRICULAR (AV) —

atria to empty their blood into the ey Lok v
| og> Ul (AV budsl _ © RIGHT AND LEFT S
ventricles. ﬁufwi s o aa:: Plnote. = Slow NAUHON =Girial onup/ g rive -
R 5 32l (T
Lot Coll uiadd oy jusWl i © PURKINE FIBERS —

(&) Anverior view of frontal section



AUTORHYTHMIC FIBERS: THE CONDUCTION SYSTEM

Figure 20.10 The conduction system of the heart. Auwtochythmic fibers in the SA pode, located in the right atrial wall (a),
act as the heart's pacemaker, matiating cardiac action potentials (b) that cause contraction of the heart's chambers

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

- From the’AV node, the action potential
enters the (atrioventricular (AV)

2> | bundle. This bundle is the only site
where action potentials can conduct
from the atria to the ventricles. et arum ~_

Frortal plane

Left atrium

- After propagating through the AV

. ° ATRIOVENTRICULAR
bundle, the action potential enters both 1AV) NOOE
thefrlgh} and{lef{bundle branches. Crmmarn)
. — Laft venincle

© RIGHTAND LEFT —=—
BUNOLE BRANCHES

Right ventricle ~

(8) Anserior view of fronial section



AUTORHYTHMIC FIBERS: THE CONDUCTION SYSTEM

Figure 20.10 The conduction system of the heart. Autochythmic fibers in the SA pode, located in the right atrial wall (a),
act as the heart's pacemaker, matiating cardiac action potentials (b) that cause contraction of the heart’s chambers

=3 The conduction system ensures that the chambers of the heart contract in a coordinated manner,

Frortal plane

- Finally, the large-diameter Purkinje yg /‘ g
fibers rapidly conduct the action | ‘S
potential beginning at ‘the apex of the
heart upward to the remainder of the
ventricular myocardium. Then the
ventricles contract, pushing the blood & Enmann
upward toward the semilunar vaives. s

Loft atrium
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ACTION POTENTIAL AND CONTRACTION

OF CONTRACTILE FIBERS

Voltage-gatediNa* channels close
A Fastvoltage-gated K* channels transiently open

L-type Ca?* channels open
+30

Fast voltage-gated K* channels close
+20 M Slow delayed rectifier K* channels open

+10 2 /L-type Ca?* channels close
=10+ /Fast delayed rectifier K* channels open
=306 0

Fast voltage-gated{Na*'channels open
Ki. channels close

-50 /
65— _____ Threshold potential | _ _

Membrane potential (mV)

/Kir channels re-open

—70
of—o 1 ______ @ Resting membrane potential_______ "\
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0 100 200 300 400
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ACTION POTENTIAL AND CONTRACTION

OF CONTRACTILE FIBERS

& 1. Contractile fibers - resting membrane potential 90- = CubmV.
L0l o AP Zliss > pacemaker Lo .2
& 3. Depolarization o Gasy:

<+ Depolarization: Unlike
autorhythmic fibers, contractile fibers
have a stable resting membrane
potential that is close to -90 mV.
When a contractile fiber is brought to
threshold by an action potential from
neighboring fibers, itsivoltage=gated
fast Na ion channels open. Inflow of
Na ions down the electrochemical = 3,|%
gradient produces a rapid |
depolarization: Within a few |
milliseconds, the . fast Na ion
channels automatically inactivate
and Na ions inflow decreases.

fast voltage-gated Na* channels 2

-posoguall juSg & s Jo3o ’

.milliseconds (inactivation) Ji= lfu‘Ln’la._gh’z)Jyalloly’s 4 ¢ P‘ateau (malntalﬂed depOlaﬁzaﬁOﬂ) due (o

% w © opening of voltage-gated slow Ca2* channels
and closing of soma(gz channels

© Repolarization due to opening of
X voltage-gated K* channels and
'~ closing of Ca2+ channels

€ Rapid depolarization| due to

opening of voltage-gated
[ fast Na* channels

Membrane potential (mV)
]
&
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ACTION POTENTIAL AND CONTRACTION

OF CONTRACTILE FIBERS

< Plateau: A period of ‘maintained
depolarization: It is due in part to

opening = of voltage-gated
calcium®™ ions channels in the

Plateau (maintained depolarization) due to
=% a0€ 5

o Ty . n ) d ) -20} © Repolarization dfe to opening of
ltage-
pzw&w&,esarco emma. The increased calcium © Rapid depolarization due o e S e g3

ions concentration in the cytosol
ultimately triggers  contraction.
Several different types of voltage- =_,,L%
gated potassium ions channels are
also found in the sarcolemma of a

opening of voltage-gated
J NG Tanne’s

Membrane potential (mV)
]
&
4

COIltI'aCtlle flbel' ( alClum 10ns 1nflo I ] & 1. Plateau = maintained depolarization
just balancespotassium ions outflow)). slow Ca** channels 23 :iwlwdl duw .2 §
- X & 3. Ca**inflow = trigger for contraction
e & Blow 0ils3 8l > Kz ol 4 &
o o] AP (3 dl>po Jbi .5 &
—>Souttlow

(oo o LGSN) tetanus Lgo> Rici .6 §



ACTION POTENTIAL AND CONTRACTION

OF CONTRACTILE FIBERS

o Repolarization: After a delay
(which is particularly prolonged in
cardiac muscle), additional voltage-
gated potassium ions channels open.

Outﬂow of potassium ions restores
the negative resting membrane
potential (-90 mV). At the same time,
the |calcium channels | in the
sarcolemma and the i
‘reticulum are (closing) which also
contributes to repolarization.

8

Membrane potential (mV)
| '
8 &

o
T

8

Plateau (maintained depolarization) due to
@ opening of voltage-gated slow Ca2* channels
and closing of some K* channels

© Repolarization due to opening of
voltage-gated K* channels and

© Rapid depolarization due to clg\_sing of Ca2* channels

opening of voltage-gated
fast Na* channels
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ACTION POTENTIAL AND CONTRACTION

OF CONTRACTILE FIBERS

The mechanism of contraction is similar in cardiac and skeletal muscle:

The electrical activity (action potential) leads to the mechanical response (contraction)
after a short delay.

As ccalcium concentration rises inside a contractile fiber, calcium ion binds to the
regulatory protein troponin, which allows the @actin and dmyosin filaments to begin
sliding past one another, and tension starts to develop.

Substances that alter the'movement of calcium ions through slow calcium ions channels
influence the strength of heart contractions. Epinephrine, for example, increases
contraction force by enhancing calcium ions flow into the cytosoi.

In muscle, the refractory period is the time interval during which a second contraction
cannot be triggered. The refractory period of a cardiac muscle fiber lasts longer than the
contraction itself . As a result, another-contraction cannot-begin-until-relaxation-is-well
under way. Their pumping function depends on alternating contraction (when they
eject blood) and relaxation (when they refii?).




ATP PRODUCTION IN CARDIAC MUSCLE

= In contrast to skeletal muscle, cardiac muscle produces little of the ATP it needs by
anaerobic cellular respiration.

= Cardiac muscle fibers use several fuels tospowernmitochondrialsA¥Psproduction. In a
person at rest, the heart’'s ATP comes mainly from oxidation of fatty acids (60%) and
glucose (35%), with smaller contributions from lactic acid, amino acids, and ketone
bodies. During exercise, the heart’s use of:dacticracid, produced by actively contracting
skeletal muscles, rises. i

Triglycerides/

— = B
| o b |\ apitael| Ketone bodies \\
Gl _» Acetyl-CoA — ATP
ucose
/

/

Amino acids




; [ELECTRGCARDIOGRAM - -

= As action potentials propagate through the heart, they generate electrical currents
that can be‘detected at the surface of the'body. An electrocardiogram, abbreviated
either'ECG or EKG' (from the German word Elektrokardiogram), is a recording of
these electrical signals.

= The instrument used t6record the changes is an electrocardiograph>

= By comparing these records with one another and with normal records, it is
possible to determine:

(1) it the conducting pathway is abnormal.
(2) it the heart is enlarged.
(3) it certain regions of the heart are damaged.

(4) the cause of chest pain.



ELECTROCARDIOGRAM |_
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ELECTROCARDIOGRAM

» In reading an ECG, the size of the waves can provide) to
—abnormalities. o

Larger P waves indicate enlargement of an atrium.

An enlarged Q wave may indicate adnyocardial infarction, W e gl

1
2
3. Ancenlarged R wave generally indicates enlarged ventricles.
4

The T wave is flatter than normal when the heart muscle is receiving
insufficient oxygen—as, for example, in coronary artery disease. The T

wave may be elevated in hyperkalaemia (high blood Kions level).
el g’ et Q&y}%g\g)\




ELECTROCARDIOGRAM

R

* Analysis of an ECG also involves measuring the time(Spans)
between waves, which are called intervais or segments.

= P=Qinterval is the time from the beginning of the I> wave to the
beginning of the QRS complex. It represents the conduction time
from the beginning of atrialwexcitation to the beginning of
ventricular excitation.

= The S-T segment, which begins at the end of the S wave and ends
at-the-beginningof-the-T-wave, represents the time when the
ventricular contractile fibers are depolarized during the plateau
phase of the action potential.

b Gy 26WD
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| ELECTROCARDIOGRAM

= The‘Q=T intetval extends from the@tart of the' QRS complex to
the @end of the T-wave. It is the time from the beginning of

cventricular _depolarization ~to the end of yentricular
Zrepolarization. —
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The Electrocardiogram
e The major deflections and intervals in a normal

ECG include:

@ atrial depolarization

- @P-Qlinterval - time it takes for

the atrial kick tofill the ventricl

. - ventricular depolarization
and atrial repolarizati

e [S-T segment - time it takes to empty the véntricles

before the@the T wave)

(g PPl Fude
Millivolts (mV)




CORRELATION OF ECG WAVES WITH ATRIAL
AND VENTRICULAR SYSTOLE

= Theterm refers to the phase of contraction:.
- The phase of relaxation is diastole-

= The ECG wavey predict the timing of atrial and ventricular systole and
diastole.

< As the atrial contractile fibers|depolarize, the > wave appears in the ECG.

< After the P wave begins,the-atria-contract (atrial systole).

< The action potential propagates rapidly again after entering the (AV)bundle. Abou  sec after
onset of the P wave, it has propagated through the bundle branches, Purkinje fibers, and the entire

ventricular myocardium.

< Contraction of ventricular contractile fibers (ventricular systole) begins shortly after the QRS
complex appears and continues during the S-T segment. $ QRS ) geb

< Repolarization of ventricular contractile fibers produces the T wave in the ' ECG about after the
onset of the P wave.

< Shortly after the T wave begins, the ventricles start to relax (ventricular diastole). Ventricular
repolarization is complete and ventricular contractile fibers are relaxed.



1. Which statement best describes the onset of atrial systole?
A. It occurs immediately after the QRS complex.

B. It begins once the P wave has fully ended.

C. It starts after the P wave begins.

D. It starts 0.2 seconds after the onset of the P wave.

2. The P wave on the ECG directly represents:
A. Repolarization of atrial fibers.

B. Depolarization of atrial contractile fibers.

C. Depolarization of ventricular fibers.

D. Repolarization of ventricular contractile fibers.

3. Ventricular systole begins:

A. At the onset of the T wave.

B. Shortly after the QRS complex appears.

C. Before the depolarization reaches the Purkinje fibers.
D. When atrial systole ends.

4. The S—T segment corresponds to:

A. The period before ventricular contraction begins.

B. The duration of ventricular repolarization.

C. The continuation of ventricular systole after it begins.

D. Atrial depolarization spreading through the myocardium.

5. Ventricular repolarization is responsible for producing:
A. The QRS complex.

B. The P wave.

C. The T wave.

D. The PR segment.

Nzl \,-¥

6. The ventricles begin to relax: SCRSWI 31 doBs W\ %
A. Immediately after the P wave ends.

B. Shortly after the T wave begins.

C. At the midpoint of the S—T segment.

D. Simultaneously with atrial systole.

7. The passage of the action potential through the AV bundle and
into the Purkinje fibers occurs:

A. Just before the P wave begins.

B. Approximately 0.2 seconds after the onset of the P wave.

C. Immediately following ventricular systole.

D. During ventricular diastole.

8. Which of the following correctly predicts the timing of systole
and diastole?

A. Mechanical events determine ECG waves.

B. ECG waves occur after the mechanical events begin.

C. ECG waves predict when atrial and ventricular systole and
diastole will occur.

D. Mechanical contraction produces the ECG waves.

9. The QRS complex occurs when:

A. Ventricular systole ends.

B. Atrial systole is fully completed.

C. Ventricular contractile fibers are depolarized.
D. Ventricular contractile fibers are repolarized.

10. Ventricular repolarization becomes complete during:
A. Early ventricular systole.

B. The end of the T wave.

C. The onset of the S—T segment.

D. The beginning of the QRS complex.

MCQ Answers
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THE CARDIAC CYCLE: PRESSURE AND VOLUME
i CHANGES DURING THE CARDIAC CYCLE

o Atrial Systole:
= Atrial depolarization causes atrial systole.

= The ventricles are relaxed (The end of atrial systole is also the end of ventricular
diastole (relaxation).

o Ventricular Systole:
= The ventricles are contracting.

= At the same time, the atria are relaxed.

o Relaxation Period:
= The atria and the ventricles are both relaxed.

= Ventricular repolarization causes ventricular diastole.
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Figure 20.16 Phases of the Cardiac Cycle s

2. Atrial diastole

3. Ventricular systole (first phase)

(a) Atrial systole begins: a._Ventricular systole (second phase)
Atl'ial Contraction forces 5. Ventricular diastole (early)
asmall amount of additional 6. Ventricular diastole (late)

blood into relaxed ventricles. PN

« AV valves ubl (obasdl lay (8 Gl

- Semilunar valves % Glaidis W yehll S aas
HESIYEARY

Ololaually baall u d8)=)l &
(LodMe] = aslasul Mgl us = sl glis)l)

(f) Ventricular diastole—late:

All chambers are relaxed.
Ventricles fill passively:
3 , \

(b) Atriaksystole)ends
atrial diastole begins

(c) Ventncular systole—
first phase: Ventricular
contraction pushes AV
valves closed but does
not create enough pressure
to open semilunar valves.

(e) Ventricular diastole— =
early: As ventricles relax, (d) Ventricular systole—
pressure m%l? S m As ventncular

ack
amst cusps of semilunar (2 3
\%'Ve_sjﬂd-forces them closed. = / 58 semilunar valves ooen and
ood flows into the relaxed atria. blood is ejected. 1 AU vawes ) o5&}
N

ublb --
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PHASES OF THE CARDIAC CYCLE

Atriole systole i
begins Ventricular systole

(first phase) Ventricular systole

. . second phase Ventricular diastole : :
Atrial contraction Ventricular ( P ) (early) Ventricular diastole

forces blood into contraction pushes Semilunar valves Suridurar valvas (l1ate)

ventricles %ﬁ’f hd bleod Chambers relax

flows into atria and blood fills
Ao died > Soolab) ventricles passively

P-Wave [ QRS Complex| T - Wave
Atria depolarization S Ventricle depolarization Ventricular repolarization
Atrial Atrial

Diastole Systole Atrial Diastole

Ventricular Diastole Ventricular Systole Ventricular Diastole
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s HEART VALVES
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it i HEART SOUNDS
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o Auscultation, the act of listening to sounds within the body, is usually done with a
o During each cardiac cycle, there are four heart sounds, but in a normal heart only the

first and second heart sounds (S1 and S2) are loud enough to be heard through»a

stethoscope. SPETIE SN BN

The first sound (S1), which can be described as arlubb sound, is douder and a bit

longer~than«thessecond=sound. S1 is caused by ®blood turbulence ‘associated-with
closure of the AV valves soon after ventricular systole begins.

The second sound (S2), which isshorter and not asrloudras'thefirst, can be described
as a dupp sound. S2 is caused by blood turbulence associated closure of the
semilunar (aortic and pulmonary) valves valves at the beginning of ventricular

diastole. Yool iy, S350 = Sl K

Normally not loud enough to be heard\S{ls due to blood turbulence during rapid

ventricular filling, and $4 is due to blood turbulence during atrial systole
s Goad Yoo s



Heart sounds
T

® Auscultation — listening to heart sound via stethoscope

e Four heart sounds
— 8, — “lubb” caused by the closing of the AV valves
— S, — “dupp” caused by the closing of the f
valves Boric vave I

S; — a faint sound associated with blood flowing into
the ventricles ~~ v

S, — another faint sound associated with atrial
contraction




| CARDIAC OUTPUT SR EYR

sl e o= @ Cardiac output (CO) is the volume of blood ejected from the
WdeEE 9 Jeft ventricle (or the right ventricle) into the aorta (or
pulmonary trunk) each minute. Cardiac output equalsithe stroke
volume (SV), the volume of blood ejected by the ¥entricle)during
each contraction, multiplied by the heart rate (HR), the number

of heartbeats perminute:

CO (mLE/min)= SV (mL/beat) X HR (beats/min)

= Cardiac reserve is the difference between a person’s maximum
cardiac output and cardiac output at . The average person

has a cardiac reserve of four or five times the resting value.
Y-S




| REGULATION OF STROKEVOLUMI%

/

= A healthy heart will pump out the blood that entered its
chambers during the previous diastole.

sl Sy S8 SN el e

= Three factors regulate stroke volume and ensure that the left
and right ventricles pump equal volumes of blood: (1) preload>
the degree of stretch on the heart before it contracts; (2)
(contractility) the “forcefulness of contraction of individual
ventricular muscle fibers; and (3)‘afterload/ the pressure that
must be exceeded before ejection of blood from the ventricles can
occur.




| PRELOAD: EFFECT OF STRETCHING

= Within limits, the more the heart fills with blood during diastole, the greater
thenforcemofscontractioneduringssystole. This relationship is known as the

<Frank-Starling law of the heart.

= The preload is proportional to the end-diastolic volume (EDV), (the volume
of blood that fills the ventricles at the end of diastole). Normally, the greater
the EDV, the more forceful the next contraction.

= Two key factors determine EDV: (1) the duration of ventricular diastole and
(2) venous return, the volume of blood returning to the right ventricle.




CONTRACTILITY

ContTOdidh s e 2, oeapisy Aylo A

J Myocardial contractility, the strength of contraction at any given
preload.

J Substances that increase contractility are positive inotropic agents
(promote calcium ions inflow during cardiac action potentials), those
that decrease contractility are negative inotropic agents (reducing
calcium ions inflow).
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= Fjection of blood from the heart begins when pressure in the right
ventricle exceeds the pressure in the pulmonary trunk, and when the
pressure in the left ventricle exceeds the pressure in the aorta.

= At that point, the higher pressure in the ventricles causes blood to
push the semilunar valves open. The pressure that must be overcome
before a semilunar valve can open is termed the afterload.

= Conditions that can increase afterload include hypertension (elevated
blood pressure) and narrowing of arteries by atherosclerosis.



REGULATION OF HEART RATE

= Autonomic Regulation of Heart Rate:

Al @ §¢)
< Nervous system awegulation of the heart originates in the cardiovascular center'in the
@l gone e medulla oblongata. The cardiovascular center then directs appropriate output by
increasing or decreasing the frequency of nerve impulses in both the sympathetic and
parasympathetic branches of the ANS. (el MG 2 A g BV e S LUK BN, |

“Proprioceptors that are monitoring=the position=of limbs and muscles sendnerve

impulses at an increased frequency to the cardiovascular center.

<+ Proprioceptor input is a(major stimulus)for the quick rise in heart rate that occurs at the
onset of physical activity.

< Other sensory receptors that provide input to the cardiovascular center include
chemoreceptors, which monitor chemical changes in the blood) and (baroreceptors,
which monitor the stretching of major arteries and veins caused by the pressure of the

(blood flowingsthrough them. Important baroreceptors located in the @rch-of the aorta>

and in the(Carotid arteries) PR R T EIFY

- Caratid arteries > &)l ol
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REGULATION OF HEART RATE
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= Autonomic Regulation of Heart Rate: W

FIT

< Through the sympathetic cardiac accelerator nerves: [n SA (and AV) node

<

fibers, @ the rate of spontaneous depolarization so that these

pacemakers fire impulses more rapidly and heart rate increases; in contractile fibers
throughout the atriavand=ventricles, norepinephrine ¥hhances calciumions entry
through the Wmlcium ions " channels, thereby increasing
contractility. ot

<> Through Parasympathetic nerve impulses reach the heart via the right
and left vagus (X) nerves; Vagal axons terminate in the SA node, AV node, and

atrialimyocardium: They release acetylcholine, which decreases heart rate bysslowing
the rate of spontaneous-depolarization-inrautorhythmic-fibers. As only a few vagal
fibers innervate ventricular muscle, changes in parasympathetic activity haveglittle
effect on contractility of the ventricies.
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1. (_l}ormones: inephrine and norepinephrineXfrom the adrenal)medullae) enhance the
s e vvs heart’s pumping effectiveness.” These hormones affect cardiac muscle fibers in much the

same way as does norepinephrine released by cardiac accelerator nerves—they increase

both heart raté>and ~contractilitypp One sign of (hyperthyroidism) (excessive thyroid

hormone) is tachycardia, an elevated resting heart rate. =~ 3%\es d&ier

CHEMICAL REGULATION OF HEART RATE
hgper oo &

2. Cations.: Given that differences between intracellular and ex’gﬂae}kgellular concentrations of

sev.eral CatIOIl.S (fqr example, sodium and Pot@s\smm ions) are(crucial) for the prg&pc.tlon of

, action potentials in IMnerve and muscle fibérs. Elevated blood levels of potassium ions or

u° sodium ions decrease heart rate and contractility. Excess sodium ions blocks calcium
inflow during cardiac .actior.l potentials, thereby.@n.g the forcze of contraction)>

whereas excesspotassium ions blocks generation of action potentials. A moderate

increase in interstitial (and thus intracellular) calcium ions level speeds heart rate and

strengthens the heartbeat. T TN AR R e VS -
10" s H® —>Jcontratiity U cien
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Regulation of Heart Rate

INPUT TO CARDIOVASCULAR CENTER
[~ From higher brain centers: cerebral

__cortex, limbic system, and hypothalamus

[~ From sensory receptors:
Proprioceptors—monitor movements

Cardiac accelerator

Vagus nerves (cranial
nerve X, parasympathetic)

Chemoreceptors—monitor blood chemistry

o
J nerves (sympathetic) \

|_Baroreceptors—monitor blood pressure

OUTPUT TO HEART
Increased rate of spontaneous

depolarization in SA node (and AV node)
increases heart rate

Increased contractility of atria and ventricles
increases stroke volume

Decreased rate of spontaneous depolariza-
tion in SA node (and AV node) decreases
heart rate




_‘ OTHER'FACTORS IN HEART RATE
REGULATION

= Age, g/énder, physical fitness, and (Eody temperature>a150 influence resting

heart rate. o
et @ N 2 135 A ghse Tainh doyut S} A\les 05V

o ksalo AR DA NS

= A physically fit person may even exhibit bradycardiagafrestingsheartirate
under 50 beats/min.

[ XY
= During surgical repair of certain heart it is helpful to slow a
~ patient’s heart rate by hypothermia, in which the person’s body is

‘+ecdeliberately cooled to a low core temperature.
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_‘ HELP FOR FAILING HEARTS |_

s ey
157 L cardiac transplantation-is the replacement of a severely

damaged heart with a normal heart from a brain=dead-or
recently deceased donor.

THSRh) & Gy
= Cardiac transplants are performed on patients with
\ @nd-stage heart failure/ or severe [coronary arte
disease» ((BQL e gy AR ) 6N
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