Cellular Mechanisms of Inotropy and Chronotropy
Changes in inotropy (also known as contractility) are essential to heart function because the heart cannot modify strength by recruiting more fibers or activating motor units. In essence, all the cardiac fibers are activated all the time, so the only way to modify strength is by changing individual fiber contraction strength (shortening length) through the regulation of calcium. The flow chart below identifies the mechanisms by which inotropy can be regulated.
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In addition to altering the contractility (inotropy) of the heart we can also alter the rate at which contractions occur. This effect is known as chronotropy. Below are two charts that illustrate the different effects on both positive and negative chronotropy.
[image: image112.jpg]
[image: image113.jpg]
The primary players in the chronotropic regulation of the heart are the autonomic nervous system and the endocrine system. The heart is innervated by both the parasympathetic and sympathetic divisions of the autonomic nervous system. Parasympathetic fibers reach the heart via the Vagus nerve and act on the autorhythmic cells through the neurotransmitter acetylcholine. Acetylcholine slows the heart by hyperpolarizing the membrane through G-protein activated inward rectifying K+   channels (GIRK). When acetylcholine binds to the muscarinic G-protein, the beta-gamma subunit diffuses to a binding site on a neighboring GIRK channel which opens the channel. Opening the channel results in an outward K+   current, hyperpolarizing the cell and moving the "resting" membrane potential further from threshold, as well as flattening the slope of the pacemaker potential. Both actions increase the time required for the cells to reach threshold. The overall effect is to slow the heart rate. At rest there is constant parasympathetic activity or parasympathetic tone maintaining the resting heart rate slower than the intrinsic rate or the SA node. Sudden loss of parasympathetic stimulation results in an increased heart rate. Strong parasympathetic stimulation alone can decrease heart rate by about 10–20%. Obviously, there is a limit to how slow the heart can beat. The cardiac muscle contractile cells have little or no parasympathetic innervation so parasympathetic stimulation has little effect on the strength of contraction.
Sympathetic fibers reach the heart via sympathetic cardiac nerves and innervate both the autorhythmic cells and the contractile cells. The actions in both tissue types are mediated via β1 adrenergic receptors. In the autorhythmic cells, sympathetic innervation increases heart rate by increasing the slope of the pacemaker potential and lowering the threshold for the voltage-gated calcium channels. Sympathetic stimulation of the contractile cells increases the amount of calcium released from the sarcoplasmic reticulum, resulting in increased strength of contraction, hence an increase in stroke volume (see chart above).
The endocrine system also influences the actions of the heart, primarily through epinephrine (sometimes referred to as just “E”) and norepinephrine (also referred to as NE) released from the adrenal medulla. These hormones bind to the β1 adrenergic receptors and have the same effect as sympathetic stimulation of the heart.
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Videos that might help with the flow charts in this section are found below:
Helpful Video on Inotropy and Lusitropy
Helpful Video on Chronotropy
Read this online at https://books.byui.edu/bio_461_principles_o/cellular_mechanisms_
image-r8dCBA5xueywtsWN-yrnz.jpeg
Negative Chronotropic Actions of Acetylcholine

M, Muscarinic Receptors

BY heterodimer

1Open of GIRK channels
(G-protein activated inward
rectifying K channels)

Membrane potential

more n

egative

| Heart Rate

a subunit

| cCAMP

Lk (Flattens slope)

| Heart Rate

a subunit

| cAMP

Uca
(Threshold
more positive)

b

| Heart Rate




image-5yZRKakj2JVnL72fI5Hm6.jpeg
Negative Chronotropic Actions of Acetylcholine

M, Muscarinic Receptors

BY heterodimer

1Open of GIRK channels
(G-protein activated inward
rectifying K channels)

Membrane potential

more n

egative

| Heart Rate

a subunit

| cCAMP

Lk (Flattens slope)

| Heart Rate

a subunit

| cAMP

Uca
(Threshold
more positive)

b

| Heart Rate




image-acKUFCVCptbfSk_3RyuKK.png
Parasympathetic Stimulation:
Vagus Nerve siows down heart rate 35 el as maintains.
resting neart rate,

Releases acetylcholine to autorhytmic cardiac cells
acting to hyperpolarizes the membrane increasing length
of time between action potentias.

‘Sympathetic Stimulation:
Increases heart rote and strength of ontraction.

Releases epinephiine which binds to s aorenergic receptors
of botn sutornytnmic and cardice myocytes. Incresses slope
of pacemaker potentil and owers tresnold fo volage-
geted clcium channels llowing increse of clcium from
Sercoplasmic Reticulum i all caoiac cells.





image-KcI5G9LwahUJUAo_oNf01.png
Parasympathetic Stimulation:
Vagus Nerve siows down heart rate 35 el as maintains.
resting neart rate,

Releases acetylcholine to autorhytmic cardiac cells
acting to hyperpolarizes the membrane increasing length
of time between action potentias.

‘Sympathetic Stimulation:
Increases heart rote and strength of ontraction.

Releases epinephiine which binds to s aorenergic receptors
of botn sutornytnmic and cardice myocytes. Incresses slope
of pacemaker potentil and owers tresnold fo volage-
geted clcium channels llowing increse of clcium from
Sercoplasmic Reticulum i all caoiac cells.





image-YPwi5LNUpSfdEpjOL2Rm9.png
B4 Adrenergic receptor

!
Activated oy
!
1 Adenylyl Cyclase
l
1cAMP
!
1 Protein kinase A
|
! ! [ !
Phosphorylation of Phosphorylation of Phosphorylation of ~ Phosphorylation
L-Type Ca?* channels Ryanodine receptor Phospholamban of troponin |
] l ! l
tOpen probability Dissociation of 1SERCA2a pump  1Off-rate of Ca?*
of Ca?* channels calstabin 2 from 1 from troponin C
1 Ryanodine receptor 1Ca?* reuptake !
i ! into SR
Ca?* influx - 1Speed of
1 1Open probability tCa?* stores relaxation

1 Ryanodine receptor / 1 (lusitropic effect)

1[Ca2", " i 1Speed of !

! tCa?* Release by SR relaxation |Duration of
1Ca?* -induced Ca?* ! (lusitropic effect) contraction
release from the SR t[Ca%*]; 1

1 1 "

- . |Duration of
tContractility tContractility contraction

(inotropic effect)

(inotropic effect)

Interaction of ag with
L-Type Ca2* Channel

l
1Open probability
of Ca2* channels

[
1Ca2* influx
I
1[Ca*);

!
1Ca?* -induced Ca?*
release from the SR
l

tContractility
(inotropic effect)




image-RNtzdUy5DQMgKtF6_iINq.png
B4 Adrenergic receptor

!
Activated oy
!
1 Adenylyl Cyclase
l
1cAMP
!
1 Protein kinase A
|
! ! [ !
Phosphorylation of Phosphorylation of Phosphorylation of ~ Phosphorylation
L-Type Ca?* channels Ryanodine receptor Phospholamban of troponin |
] l ! l
tOpen probability Dissociation of 1SERCA2a pump  1Off-rate of Ca?*
of Ca?* channels calstabin 2 from 1 from troponin C
1 Ryanodine receptor 1Ca?* reuptake !
i ! into SR
Ca?* influx - 1Speed of
1 1Open probability tCa?* stores relaxation

1 Ryanodine receptor / 1 (lusitropic effect)

1[Ca2", " i 1Speed of !

! tCa?* Release by SR relaxation |Duration of
1Ca?* -induced Ca?* ! (lusitropic effect) contraction
release from the SR t[Ca%*]; 1

1 1 "

- . |Duration of
tContractility tContractility contraction

(inotropic effect)

(inotropic effect)

Interaction of ag with
L-Type Ca2* Channel

l
1Open probability
of Ca2* channels

[
1Ca2* influx
I
1[Ca*);

!
1Ca?* -induced Ca?*
release from the SR
l

tContractility
(inotropic effect)




image-y1T3mEW5w9briuXzyvYPa.jpeg
Positive Chronotropic Actions of Catecholamines

B4 adrenergic receptor

l
1 Adenylyl Cyclase
! TPKA
1 cAMP
(HCN channels)
!
T Na* influx 1 Ca?* Influx
!
1 Steepness of slope l 1
or decay of membrane
,fotemim 1Steepness Threshold
! of slope more negative
1 Heart rate N !

1 Heart rate 1 Heart rate




image-kTm7wxIao1lykEAuTP1sB.jpeg
Positive Chronotropic Actions of Catecholamines

B4 adrenergic receptor

l
1 Adenylyl Cyclase
! TPKA
1 cAMP
(HCN channels)
!
T Na* influx 1 Ca?* Influx
!
1 Steepness of slope l 1
or decay of membrane
,fotemim 1Steepness Threshold
! of slope more negative
1 Heart rate N !

1 Heart rate 1 Heart rate




