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SLOWER RATE

Less steep pacemaker potential slope

: . More ~Ve maximum
‘ Vagal stimulation l diastolic potential

FASTER RATE

Steeper pacemaker
potential slope

A More *Ve maximum

diastolic potential

Sympathetic stimulation



1 Pacemaker potential and ionic currents
40 (after Di Francesco)
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DHP receptor
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ANATOMIC ENZYMEOR | 2nd
EFFECTOR RESPONSE PATHWAY NEURO TRANSMITIER| RECEPTOR G PROTEIN PROTFIN Messengsr
Tachycarda Sympathetic NE £, on cardiac pacemeker Ga, t AC t [CAMP];
Bradycardia Parasympathetic | ACh M, on cardiac pacemaker Direct action of GIRK1 K~ AV
dimeric Gﬁ channels
By
Increase ceardiac contractility Sympathetic NE E, on cardiac myocyte Gu, 1 AC t [CAMP],
Direct action of
Gagon Cav1.2
Decrease cardiac contractility Parasympathetic ACh M, on cardiac myocyte Ge $ AC { [cAMP];
Presynaptic M, receptor on Gu; | AC ! [cCAMP]; in
noredrenergic neuon newon
M, receptor on cardiac myocyte G(xq t PLC 1 [cGMP], -
t [Ca¥*], { Cavl.2
t NOS -
t GC
Vasoconstriction in most hlnod vessels (e.g., | Sympathetic NF. @, on VSM(C. (“.fxq t P1.C t [Ca2t ll
skin)
Vasoconstiiction in some blood vessels Sympathetic NE u, on VSMC Gu;;,y I AC { [CAMP];
Vasodilation in most blood vessels (e.g., Adrenel medulla | Epi £, on VSMC Ga, 1 AC 1 [CAMP];
muscle)
Vasodilation in erectile bloed vessels Parasympathetic | ACh Presynaptic M, receptor on Ga; I AC { [cAMP]; in
noradrenergic neurons neuron
ACh M; on endothelial cell G(xq t PLC NO diffuses
t[Ca%"], - to VSMC
t NOS
NO NO receptor (i.e., GC) inside — t GC 1 [cGMP ]
VSMC
viP VIP receptor on VSMC Gu, 1 AC 1 [cCAMP];
Vasodilation in blood vesszls of salivary gland' Parasympathetic | ACh M, receptor on gland cell G(J(q 1 Kallikrein 1 Kinins
Vasodilation in blood vesszls of muscle in Sympathetic ACh Presynaptic M, receptor on G | AC ! [CAMP]; in
fight-or-{light response noradrenergic neurons nauron
NANC Receptor on VSMC

AC, adenylyl cyclase; Epi, epinephrine; GC, guanylyl cyclase; NANC, nonadrenergic, nonchalinergic; NE
ohospholipase C; VIP, vasoactive intestinal peptide; V_, membrane potential.

. horepinephrine; PLC,
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Effects of adrenaline, acetyicholine, potassium and calcium on the isolated

heart

Acetylcholin

Adrenalin



Axon does not necessarily end at
synapse (postga?glionic varicosity)

Autonomic Efferent Pathway

Autonomic Autonomic
presynaptic postsynaptic
axon axon
(myelinated) ‘l y (unmyelinated)

4 Target effector:
( smooth muscle

Central neuron synapses o
Spinal cord with ganglionic neuron



Synaptic vesicles
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axon
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Neurotransmitter
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pathetic postgan llonlc

neurons to skehial muscle a

Release norepinephrine

% Norepinephrine in extracellular fluid

Adrenal medulla

Secretes epinephrine
into blood

v

t Plasma epinephrine

(Causes {L (Causes
vasoconstriction) vasodilation)

Smooth muscle in skeletal muscle arterioles

Altered arteriolar radius
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Kidney Renin

Aldosterone
Angiotensin | \

Angiotensin-
enzyme in
lung
capillaries
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Hypothalamic
neuron

Posterior pituitary H

Blood vessel

Vasoconstriction\ /

Increased blood volume
Increased blood pressure

Increased
reabsorption
of water




Endothelium
Big-ET-1
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Figure 2. Endothelin receptors and interactions with nitric oxide.



Blood vessel during a bradykinin-mediated swelling attack

|

8@ The increased bradykinin concentration leads to dilation (widening) of the blood vessel and
Increases the permeability of the vascular wall by binding to the bradykinin B2 receptor.

8 The increased permeability permits increased outflow of fluid from the blood vessel, leading to
swelling of the surrounding tissue.
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NO-dependent
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Intrinsic mechanisms
(autoregulation)

* Metabolic or myogenic controls
* Distribute blood flow to individual
organs and tissues as needed

© 2013 Pearson Education, Inc

vasoailiators

Metabolic Neuronal

+0, + Sympathetic tone

$CO,

: :: Hormonal

* Prostaglandins i Atri:ildr;atriuretic

* Adenosine Eop

* Nitric oxide
Extrinsic mechanisms

Vasoconstrictors * Neuronal or hormonal controls
* Maintain mean arterial pressure
(MAP)

* Redistribute blood during exercise
and thermoregulation

Myogenic Neuronal

* Stretch 4 Sympathetic tone
Metabolic Hormonal

* Endothelins * Angiotensin Il

* Antidiuretic hormone
* Epinephrine
* Norepinephrine
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— B. Vasoconstriction and vasodilatation

Pressor area 1a
\\ Neuronal
| Sympathetic
L Y s tonus #

1b
Neuronal

Sympathetic
tonus X

y Parasympathetic system
(salivary glands, genitalia)

Vessel stretch -
g v -1 d PO)‘ P
Myogenic reaction ——> i \, «— Adenosine, Peg,,
s : N H', K etc. 2f/
2a l : 2b
local ‘ot > [ E > € Not x| focal
' I I 6
Endothelin-1 4 (ET,) ——7 i /‘\ PGE2, PGLE [\
A ! '« EDHF
e .- Bradykini
thromboxane B o radykinin,
' }-'i' \ kallichn t
|
I
ADH (V;), Epinephrine (B,) Acetylcholine (M),
epinephrine (a,), : ~ ATR,
angiotensin Il 3a 3b histamine (H,),
Hormonal Hormonal endothelin-1 (ETg)




