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Abstract: The autonomic nervous system (ANS), comprised of two primary branches, sympathetic and parasym-
pathetic nervous system, plays an essential role in the regulation of vascular wall contractility and tension. The
sympathetic and parasympathetic nerves work together to balance the functions of autonomic effector organs. The
neurotransmitters released from the varicosities in the ANS can regulate the vascular tone. Norepinephrine (NE),
adenosine triphosphate (ATP) and Neuropeptide Y (NPY) function as vasoconstrictors, whereas acetylcholine (Ach)
and calcitonin gene-related peptide (CGRP) can mediate vasodilation. On the other hand, vascular factors, such as
endothelium-derived relaxing factor nitric oxide (NO), and constriction factor endothelin, play an important role in
the autonomic nervous system in physiologic conditions. Endothelial dysfunction and inflammation are associated
with the sympathetic nerve activity in the pathological conditions, such as hypertension, heart failure, and diabetes
mellitus. The dysfunction of the autonomic nervous system could be a risk factor for vascular diseases and the
overactive sympathetic nerve is detrimental to the blood vessel. In this review, we summarize findings concerning
the crosstalk between ANS and blood vessels in both physiological and pathological conditions and hope to provide
insight into the development of therapeutic interventions of vascular diseases.
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Introduction tors and regulate endothelial function [3]. In the
development of vascular diseases, the co-exis-

The vascular system is a tubular structure tence of ANS abnormality and endothelial dys-

throughout the body, which has a complex net- function suggests the complex interactions

work and contains multiple components. The between them.

function of the blood vessel is to nourish the

living body and maintain homeostasis. The The autonomic nervous system

functional integrity of the endothelial cells is a
vital factor in vascular homeostasis. The dys-
function of endothelium is a fundamental ele-
ment in the progression of atherosclerosis [1].
Risk factors such as hypertension, heart failure
and diabetes mellitus impair endothelial func-
tion. In addition, the factors outside of vessels
can also influence the vascular system. The
autonomic nervous system (ANS) is involved in

The autonomic nervous system, including sym-
pathetic and parasympathetic nervous syste-
ms (SNS and PSNS), plays an essential role in
maintaining physiological homeostasis and reg-
ulating the responses of the acute stress. The
SNS and PSNS work antagonistically, synergisti-
cally, or independently to balance the functions
of autonomic effector organs [4].

mediating the behavior of the endothelial func- The sympathetic nervous system

tion. In the anatomical view of ANS, endothelial

cells (ECs) do not receive direct SNS innerva- The sympathetic nerve enables organisms to
tion due to the long distances [2]. However, respond in a proper manner to destabilizations
Neurotransmitters released from varicosities in in either internal or external circumstances.
the perivascular plexus via autonomic neuroef- Sympathetic regulation is a critical component

fector junctions can reach endothelial recep- of vascular tone and blood pressure, and plays
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a pivotal role in maintaining cardiovascular ho-
meostasis and regular physiological functions.
Extrinsic stimuli, such as stress, trauma, hem-
orrhage and pain, can elevate the sympathetic
nerve activity, which can directly increase vas-
cular resistance. Major arteries and precapil-
lary arterioles are innervated by sympathetic
nerves, but other vessels, such as venules,
capillaries and collecting veins are rarely inner-
vated [5].

The SNS can go through mass activation during
different kinds of emotions to allow individuals
to respond to stress, threats and danger [6].
The basal level activity of sympathetic nerve
can maintain the arteriole tone, as sympathetic
ganglionic blockade induces a fall in arterial
pressure [7]. Abnormal activation of the sympa-
thetic nerves leads to decreases in blood flow
and remarkable vasoconstriction which is me-
diated by a-adrenoreceptors [8]. The renal sym-
pathetic nerve is a major contributor to the
complex pathogenesis of hypertension in both
clinical studies and experimental investigation.
In @ meta-analysis study, plasma norepineph-
rine, an indirect marker of sympathetic tone, is
significantly elevated in hypertensive patients
compared with the age-matched normotensive
subjects [9]. The renal ablation approach has
been recently developed to control blood pres-
sure in hypertension patients [10]. The SNS can
also contribute to inflammation, leukocyte acti-
vation, oxidative stress, and increased level of
chemokines and cytokines, by which the SNS
can exert vital function in regulating the physi-
ological and pathological state [8].

The parasympathetic nervous system

Similar to SNS, the parasympathetic nervous
system (PSNS) innervates multiple organ sys-
tems and plays a critical role in a diverse array
of physiological processes, such as inflamma-
tion, immune response, heart rate, gastrointes-
tinal peristalsis and digestion. Vagus nerve
(VN), extending throughout the body, is the larg-
est nerve and main parasympathetic division of
the autonomic nervous system. It starts from
the medulla oblongata of brainstem and exits
the cranium through the jugular foramen. The
bilateral vagus nerve accompanied with carotid
artery has multiple branches in the neck, chest
and abdomen, respectively joining into the pha-
ryngeal plexus, cardiac plexus, pulmonary plex-
us, esophageal plexus, hepatic plexus, and ab-
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dominal plexus to regulate the functions of vital
organs. The right and left vagal nerves inner-
vate the sinoatrial node and the atrioventricular
node, respectively, to regulate the heart rate
[11]. Vagus nerve involves both afferent neu-
rons and efferent neurons. The sensory affer-
ent neurons, accounting for 70-80% vagus ner-
ve fibers [12], send organ status to the brain,
while the motor efferent nerve integrates infor-
mation delivered to the central nervous system
and controls the peripheral effectors. The va-
gus nerve not only regulates gut physiology, but
also controls the cardiovascular, respiratory,
immune and endocrine systems [13]. In addi-
tion, the vagus nerve mediates cholinergic anti-
inflammatory pathway, the inflammatory reflex
that controls immune function, and pro-inflam-
matory responses during infection and injury
[14-16]. The sensory afferent vagus nerve fi-
bers detect peripheral inflammatory mediators,
such as cytokines, released by activated mac-
rophages and other immune cells, and conveys
signals to the brainstem nuclei, which inte-
grates the visceral sensory information and
coordinates the autonomic function and viscer-
al activity [17, 18].

Peripheral vagal afferents can be activated by
responding directly to endotoxin, bacterial lipo-
polysaccharide (LPS) and cytokines, such as
interleukin-1 (IL-1), tumor necrosis factor (TNF),
interleukin-6 (IL-6) and interferon-gamma (IFN-
y). IL-1 receptors are expressed on vagal affer-
ents and glomus cells (chemosensory) adjacent
to the vagus nerve endings which can be acti-
vated by inflammatory stimulation to regulate
the immune responses [18, 19]. Activating va-
gus nerve efferents can significantly suppress
systemic pro-inflammatory cytokine levels in
rodents with endotoxemia as the acetylcholine
(Ach) released from the nerve terminals binds
to the o-7 nicotinic acetylcholine receptor (a7n-
AChR) expressed on macrophages to modulate
the immune system response [20]. a7nAChR,
expressed in the nervous and immune sys-
tems, is important for mediating anti-inflamma-
tory signaling by inhibiting NF-kB nuclear trans-
location and activating the JAK2/STAT3 path-
way [21-23]. In addition to the role of vagus
nervous system (VNS) in regulating systemic
inflammation, it also plays an important role in
ischemia/reperfusion, sepsis, epilepsy, hemor-
rhagic shock, migraine, etc. [24, 25]. Both ani-
mal and human studies have suggested that
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Figure 1. Schematic illustration of the innervation of blood vessels by the neu-
rotransmitters from the autonomic nerve. The autonomic nerve terminal vari-
cosities contain various neurotransmitters that are released and diffused to
the effector cells (endothelial cells and smooth muscle cells). The effector cells
express a variety of receptors that specifically interact with vasoactive factors
from the nerve terminal. The endothelial cells also produce vasoactive factors
NO and endothelin to influence the extent to which the ANS affects vascular
tone. NE: norepinephrine; ATP: adenosine triphosphate; Ach: acetylcholine;
CGRP: calcitonin gene-related peptide; NPY: neuropeptide Y; NO: nitric oxide.

the vagus nerve stimulation has a potential pro-
tective role in various diseases.

Innervation of blood vessels by the neu-
rotransmitters from ANS

Complex interactions exist between the ANS
and blood vessels, and the perivascular ANS
can regulate the vascular wall contractility and
tension. The nerve terminal varicosities release
neurotransmitters which diffuse to and interact
with the vascular cells, not in the manner of
forming synapses with target cells. The varicos-
ities are mobile and has no special post-junc-
tion structure. The neurotransmitters affect the
cells at close junctions [3]. Stimulation of the
perivascular ANS can induce the release of
vasoactive mediators, such as norepinephrine
(NE), adenosine triphosphate (ATP) and Neuro-
peptide Y (NPY) that cause vasoconstriction,
and acetylcholine (Ach) and calcitonin gene-
related peptide (CGRP), which cause va-
sodilation (Figure 1).

NE
NE is a predominant endogenous neurotrans-

mitter released mainly from the nerve termi-
nals of sympathetic nerve and acts on different
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populations of adrenergic
receptors [26]. Adrenocep-
tors includes al, o2, B1,
and B2 adrenoceptors. The
al receptor mediates in-
crease in intracellular cal-
cium level, while a2 recep-
tor inhibits intracellular
cAMP by downregulating
adenylate cyclase. Both 1
and B2 adrenoceptors can
activate adenylate cyclase
and increase the cAMP le-
vel [27]. NE released from
the synaptic vesicle in res-
ponse to stimulation can
raise blood vessel pressu-
re by the vasoconstrictive
effects [28]. Activation of
smooth muscle al-adren-
ergic receptors contributes
to smooth muscle cells con-
traction, resulting in vaso-
constriction, while activa-
tion of endothelial a2-adre-
nergic receptors results in vasodilation by re-
leasing NO [29-31]. The a2-adrenergic recep-
tor-induced endothelial-dependent vasodila-
tion can counteract the al-adrenergic receptor-
induced vasoconstriction on the smooth mus-
cle cells [32, 33]. Early studies showed that
B-adrenergic receptors play a role in controlling
the cardiac output and heart rate, but that they
have little influence on the vascular resistance.
Stimulation of the adrenergic nerve can blunt
the cardiac functions with the deficiency of B1-
and B2-adrenergic receptors in animal models
[34]. But the other report showed that the
B-adrenergic receptor activation on vascular
smooth muscle cells contributes to vasodila-
tion [30]. In addition, the blockade of B-adre-
nergic receptors may protect the endothelial
cells from the elevation of sympathetic nerve
activity in animal experiments [35]. A recent
study showed that the Bl-adrenergic-receptor
antagonist metoprolol reduces reperfusion in-
jury by targeting the haematopoietic compart-
ment in acute myocardial infarction (AMI) pa-
tients [36].

The SNS

ATP

It is well established that ATP is a major intra-
cellular energy source. As an excitatory cotrans-
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mitter in autonomic nerves, however, ATP acts
at the purinergic receptor (P2X and P2Y) to
medicate the extracellular actions. The sub-
types of purinergic receptors are P1 and P2
receptors. There are four Pl receptors (A1,
A2A, A2B and A3) all binding with G proteins,
and they are expressed on vascular endotheli-
um and smooth muscle to mediate the vascular
tone and smooth muscle proliferation. P2 re-
ceptors, based on signal transduction mecha-
nisms and different molecular structure, are
divided into ionotropic P2X receptors and G
protein-coupled P2Y receptors [37]. To date,
there are seven P2X receptor proteins (P2X1-
P2X7) [38], and eight P2Y receptor proteins
(P2Y1,2,4,6,11,12,13,14). The main receptors
expressed on vascular smooth muscle cells are
P2Y1, P2Y2, P2Y4 and P2Y6. Binding of ATP to
these receptors activates phospholipase C by
coupling to Gq/11 proteins and leads to elevation
of intracellular calcium levels. Endothelial cells
mainly express functional P2Y receptors, P2Y1
and P2Y2, and some vessels may also express
P2Y4 and P2Y6 receptors [39, 40].

NE and ATP are stored together in the same
sympathetic vesicles. The earliest evidence
showed that ATP was co-stored with NE in the
perivascular sympathetic synaptic vesicles
[41], and that co-release of ATP leads to vaso-
constriction through P2X receptors, predomi-
nantly the P2X1 receptors, on smooth muscle
cells [42]. Neurally released ATP, can produce a
change in membrane potential, known as excit-
atory junction potentials (EJPs), mediates a
rapid, transient depolarization of the smooth
muscle cells via P2X receptors, and augments
the influx of Ca?* through L-type Ca?* channels,
leading to vasoconstriction [43]. Draid et al.
reported that neurotransmitter ATP can be re-
leased from the terminal of perivascular nerve
and acts on P2Y1 receptors of the endotheli-
um, mediating hyperpolarization of the smooth
muscle cells in chicken mesenteric artery [44].
The effect of the relative contribution of ATP
and NE to artery appears to depend on the
artery diameter. ATP via P2X1 receptors domi-
nates in sympathetic control of vascular con-
tractions in rat small mesenteric arteries, while
NE via ad-adrenoceptors almost entirely medi-
ates the response of large mesenteric arteries
[45]. In addition, the contribution of ATP to
vasoconstriction increases at higher pressure
via purinergic activation of the vascular smooth
muscle cells [43]. Above all, the contribution of
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ATP may be influenced by other factors to medi-
cate the neurogenic vasoconstriction.

Ach

Ach, the first identified neurotransmitter, is
released from parasympathetic nerves and
induces smooth muscle cells contraction. The
nicotinic acetylcholine receptors (NnAChRs) have
been divided into five subtypes: o, B, y, 0 and €.
The o class is composed of ten subunits (o1-
«10), while the B class is composed of four sub-
units (B1-B4). Five subunits must be assembled
to form a nAChR, whereas o7-a9 can form func-
tional nAChRs as homooligomers [46]. The
muscarinic acetylcholine receptors (MAChRSs)
are comprised of five related G protein-coupled
receptors [47]. The vagus nerve may mediate
cholinergic anti-inflammatory pathway and the
inflammatory response, and the pro-inflamma-
tory cytokines production can be modulated via
NAChRs [16]. The mAChR family consists of five
classes: M1 to M5. M1, M3 and M5 preferen-
tially signal through the qu family of G pro-
teins, whereas M2 and M4 are coupled to the G
proteins of Gi/O family [47]. The mAChRs play an
essential role in regulating heart rate, smooth
muscle cells contraction and other fundamen-
tal physiological functions [48].

The cholinergic nerve endings innervate the
muscular and endothelial layers of blood ves-
sels [49]. It has been shown that the M3 AChRs
on the endothelium mediate vasorelaxation by
regulating the release of NO in arteries. In con-
trast, the activation of M2 and M3 receptors on
smooth muscle cells by acetylcholine released
from cholinergic nerve induces vascular con-
traction by inhibiting the NO production [50].
Another study showed that when M3 AChRs are
inhibited by atropine on the endothelial cells,
activation of nicotine receptors by Ach contrib-
utes to the endothelium-dependent relaxation
through the PI3K/AKT pathway in the aorta of
hypertensive animals [51]. Activation of the
primary PSNS neurotransmitter acetylcholine
receptors on endothelial cells induces vascular
relaxation in human coronary arteries [52]. The
cholinergic nerve innervation of vascular tone
is a complicated process and needs to be fur-
ther studied.

CGRP

CGRP, a 37-amino acid neuropeptide, is widely
distributed in both central and peripheral ner-
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vous systems. It is usually found in the perivas-
cular nerve, and often coexists with other pep-
tides, such as substance P and neurokinin A
[53]. It has been reported that CGRP is located
in the perivascular region of human coronary
veins and arteries to induce the vasodilation
[54, 55]. CGRP is the transcript alternatively
spliced from the calcitonin/CGRP gene in a spe-
cific manner. CGRP mainly exists in two forms
(v and B) acting on an uncommon receptor and
the two forms possess similarly potent biologi-
cal activity to induce vascular dilation [55]. The
ao-form is the widespread form of CGRP and
B-form is synthesized in the enteric nerves. The
structural similarity between B3-form and ao-form
only differs in three amino acids [56]. Pharma-
cological analysis classifies the CGRP recep-
tors into two subtypes, CGRP1 and CGRP2.
CGRP1 is predominantly distributed in the car-
diovascular system and has its own selective
antagonist, while the ligands for CGRP2 recep-
tors are lack of selectivity and the relevance of
ligands to their receptors at molecular level is
poorly understood [57]. There are three compo-
nents for a functional CGRP receptor, calcitonin
receptor-like receptor (CRLR) protein, a chaper-
one known as a single membrane spanning re-
ceptor activity modifying protein (RAMP1), and
other receptor component protein [58]. The
endothelium has been shown to express CGRP
receptors [59], and the recent study showed
that the endothelium expresses the functional
CGRP receptors, the CRLR and RAMP1 protein
components [60].

It was first reported that CGRP is released in
the perivascular nerve terminal in rat mesen-
teric resistance arteries [61] and acts as a
potent vasodilator neurotransmitter to induce
vasodilation by binding to its receptor CGRP1
on the endothelium [59]. It had been already
reported that, in the coronary and internal
mammary arteries [62], thoracic aorta [63] and
pulmonary arteries [64], CGRP can induce a
potent vasodilatory action related to NO syn-
thesis, an endothelium-derived relaxing fac-
tors. In addition, CGRP can also mediate an
endothelium-independent vascular dilatation,
which is involved in a cyclic adenosine mono-
phosphate (CAMP)-dependent manner with the
opening of potassium ATP (KATP) or large con-
ductance Ca?*-activated potassium channels
on SMCs [65, 66]. Whereas Brain & Grant re-
ported that CGRP does not play an essential
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role in the regulation of blood pressure at physi-
ological condition, the level of CGRP changes
in vascular disorders, such as migraine and
Raynaud’s disease [57]. Together these find-
ings indicated that CGRP is a potential neu-
rotransmitter with vasodilator activity through
its action on the cells in the vessel wall.

NPY

NPY is a 36 amino-acid neuropeptide widely
distributed in the central nerves and the periph-
eral nerves. It is a sympathetic cotransmitter
colocalized and released with NE in the SNS
innervating the cardiovascular system [67, 68].
NPY was initially shown to have a mild direct
constriction effect on smooth muscle cells in
the cerebral vasculature [69] but potentiated
the NE-induced vasoconstriction powerfully in
the isolated rabbit blood vessels [67]. The
release of NPY results in endothelium-depen-
dent constriction and proliferation of smooth
muscle cells. NPY interacts with its re-
ceptors expressed on the endothelium and reg-
ulates angiogenesis by an autocrine signaling
mechanism during tissue development [70].
NPY also plays a potential role in increasing leu-
kocyte adhesion to endothelial cells [71]. The
NPY antagonist PP56 has been shown to have
an anti-inflammatory effects on both acute and
chronic arthritis [72].

The effects of blood vessels on ANS

The endothelial cells line in the interior surface
of blood vessels and play an important role in
modulating structural and functional integrity
of blood vessel. The main regulatory role of
endothelium is to maintain the vascular tone,
and the endothelium can also influence the
extent to which the ANS affects vascular tone
by vasoactive factors. NO, an important endo-
thelium-derived relaxing factor, is generated
from L-arginine by endothelial NO synthase,
depending on cofactors such as tetra-hydrobi-
opterin [73]. Endothelin, a constriction factor
released by endothelium, produces extremely
powerful contraction in mammalian blood ves-
sels in vitro [74]. Endothelial dysfunction e.g.
inability of appropriate vasodilation, is closely
related to the development of atherosclerosis.
Before structural lesions, impaired endothelial
responses can be observed in the early course
of atherogenesis [75]. In pathological condi-
tions, endothelial dysfunction may influence
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the ANS activity by modulating neurotransmit-
ter release, reuptake, or receptor sensitivity.
The inflammation accompanied with athero-
sclerosis is also associated with the dysfunc-
tion of sympathetic nerve.

The effect of NO and endothelin on ANS

In a healthy state, the endothelium and ANS
work together to regulate vessel tone. The va-
sodilator and vasoconstrictor substances re-
leased from endothelial cells can maintain the
vascular tone properly via affecting the activity
of ANS. An earlier study reported that the
release of NO by endothelium can blunt vaso-
constrictive responses induced by a2-adrener-
gic nerve [31]. It has been shown that the endo-
thelium inhibits neurogenic NE induced vaso-
constriction in the presence of shear stress in
isolated perfused rabbit carotid arteries, but
the inhibition decreases by a guanylate cyclase
inhibitor [76]. That suggested that endothelium
under shear stress can modulate adrenergic
vasoconstriction likely due to the production of
NO [76]. A subsequent study reported that neu-
rogenic vasoconstriction by NE is modulated by
endothelial factor NO in the rat tail artery [77].
The endothelium may also control the metabo-
lism of NE and provide a physical barrier of neu-
rotransmitter diffusion into the blood vessel
lumen [78]. In addition, NO not only inhibits the
central but also the peripheral cardiac and vas-
cular sympathetic activity [79]. ANS activity can
also be influenced by endothelial constriction
factors. The levels of endothelin can evoke dif-
ferent responses. Higher levels of endothelin
increase the sensitivity of smooth muscle cells
to NE and induce higher arterial pressure th-
rough enhanced vasoconstriction, while lower
endothelin inhibits the sympathetic activity and
results in slight decreases in arterial pressure
through a suppression in vasoconstriction [80,
81].

The effect of endothelial dysfunction on ANS

Emerging evidence implies an inability of endo-
thelium on ANS in pathological conditions. It
was reported that endothelial dysfunction dam-
ages the sympathetic activity and decreases
the reuptake of NE into the sympathetic nerves
to counteract the vasoconstriction factors in
rabbit aorta [82]. Angiography induced coro-
nary endothelial dysfunction can enhance the
a-adrenergic agonist phenylephrine-dependent
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sympathetic constriction [83]. A clinical resear-
ch reported that the elevated plasma von
Willebrand Factor (VWF), representing the dam-
age of endothelial cells, can predict the auto-
nomic nerve deterioration. In addition, in young
diabetic patients, the inability of endothelium
may be responsible for the peripheral neuropa-
thy [84]. The endothelial dysfunction can also
enhance inflammatory responses to aggravate
the damage of the ANS. Oxidative stress, as a
factor linked with both endothelial and ANS
function, causes sympathoexcitation via angio-
tensin Il type 1 receptor (AT R), and oral admin-
istration of AT, R blockers to reduce the level of
oxidative stress can inhibit the sympathoexcita-
tion in hypertensive rats [85]. Fructose-induced
bioactive molecules involved in the increased
oxidative stress and inflammatory parameters
impair the cardiovascular autonomic modula-
tion in hypertensive ovariectomized rats [86].
In the blood-brain barrier perivascular macro-
phages, the activation of cyclooxygenase 2
(COX-2), a blood-borne pro-inflammatory cyto-
Kine, generates prostaglandin E (2) that enters
the brain to activate the sympathetic nerve
[87]. In LPS-induced central inflammation, the
production of cytokines and other inflammatory
mediators was reported to elevate the renal
sympathetic activity and blood pressure [88].
These studies suggest an important link bet-
ween the SNS and inflammation in the abnor-
mal condition.

The ANS and the vascular diseases
Hypertension

The sympathetic nervous system plays an im-
portant role in the pathogenesis of hyperten-
sion. Autonomic cardiovascular control is im-
paired in hypertension, leading to a reduction
in the parasympathetic tone and an increase in
the sympathetic influences to the heart and
peripheral vessels. Cardiac output and system-
ic vascular resistance are the major effector
components of neural blood pressure regula-
tion [89].

There are several mechanisms that can explain
individuals overdriven of sympathetic nerve
with essential hypertension. First, an excessive
adrenergic response, due to the environmental
stimuli, initially lead to blood pressure variabili-
ty followed by a sustained hypertensive state
[90]. Second, hypoxia-induced chemoreceptor
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stimulation increases the influence of afferent
sympathetic nerve fibers [9, 91]. Additionally, a
mutual excitatory influence between the sym-
pathetic nervous system and the metabolic
system is involved in cardiovascular dysregula-
tion [92]. Early treatments for hypertension we-
re ganglionic blocking agents and reserpine
that can inhibit the uptake of catecholamines
into the sympathetic synaptic vesicles [93].
Followed by other sympatholytic drugs, o- and
B-adrenergic receptor antagonists were intro-
duced to the clinic, but have disconcerting side
effects. Clinical methods to decrease sympa-
thetic nerve activity are bilateral renal nerve
ablation by a catheter-based high-frequency
current or ultrasound, which has been found to
reduce hypertension [94]. In hypertension mo-
dels, continuous electrical stimulation of the
carotid sinus baroreceptors reduces sympa-
thetic outflow and lowers blood pressure. An
implantable carotid sinus stimulator (CVRX,
Minneapolis, MN, USA) has been studied with
resistant hypertension, but the primary efficacy
was not reached [95]. Therefore, the future of
this technology needs to be determined by an
ongoing clinical trial.

Heart failure

The clinical manifestations of heart failure are
characterized by autonomic imbalance with
activation of sympathetic nerve and inhibition
of the vagal nerve. The pathophysiology of
heart failure is presumably a consequence of
hemodynamic abnormalities related to the
alteration in cardiac function and structure. The
cardiac autonomic nervous system consists of
sympathetic and vagus nerve, releasing differ-
ent neurotransmitters and exert opposite, stim-
ulatory and inhibitory effects on the cardiac tis-
sue by adrenergic and muscarinic receptors.
The sympathetic nerve originates mainly in the
stellate traveling along the heart, and vagus
nerve carries right and left vagus nerve extend-
ing to the heart and merging with sympathetic
neurons to form cardiac plexus [96].
Overactivation of the SNS can lead to myocar-
dial injury and alterations in cardiac loading
and result in the increase of NE at the adrener-
gic nerve endings. Chronic sympathetic stimu-
lation can lead to the increase in myocardial
mass and enlargement of the left ventricular
(LV) chamber by myocyte enlargement, intersti-
tial growth and remodeling [97, 98]. B-receptor
blockade inhibiting the cardiac sympathetic
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drive has become a standard component of
heart failure therapy through left ventricle dila-
tion [99-101].

Diabetes mellitus

Diabetes mellitus is associated with both vas-
cular and the ANS dysfunction, and the two
may progress simultaneously. Type 2 diabetes
mellitus (T2DM) is characterized by abnormal
metabolic profiles. Abnormal ANS, which regu-
lates energy balance, is implicated in the patho-
genesis of T2DM [102]. The exaggerated sym-
pathetic flow can downregulate [B-adrenergic
receptors in the peripheral nerve [103] and
induce the SNS dysfunction to enhance energy
consumption [104]. In addition, overactive sym-
pathetic nerve may result in increased vascular
resistance, heart rate and sodium retention
[105]. Early community study focusing on the
ANS and T2DM shows that the dysfunction of
ANS may be associated with the T2DM devel-
opment in healthy adults, which can also
increase the risk of atherosclerosis [106]. It still
remains unclear about the relationship between
the activity of SNS and mortality in T2DM, but
reducing the sympathetic activation may be a
potential therapeutic strategy for T2DM.

Conclusion

This overview provides detailed information on
the innervation of blood vessels by neurotrans-
mitters from ANS and the effects of blood ves-
sels on ANS. The neurotransmitters released
from varicosities diffuse to the effectors medi-
ating the function of the blood vessel. Perivas-
cular ANS neurotransmitters, such as NE, ATP
and NPY function as vasoactive mediators cau-
sing vascular contraction; while Ach and CGRP
work antagonistically to induce vasodilatation.
On the other hand, the vasodilator and vaso-
constrictor substances NO and endothelin,
released from blood vessel, can regulate the
ANS activity in physiological conditions. In-
flammatory factors derived from the blood ves-
sel induce the imbalance of ANS in the patho-
logical conditions. The abnormal activities of
ANS are associated with several vascular dis-
eases including hypertension, heart failure
and diabetes mellitus. Although current studies
suggest a complex interaction between the
ANS and vascular system, the detailed mecha-
nism of the interaction between them remains
to be elucidated. Understanding the relation-

Int J Physiol Pathophysiol Pharmacol 2018;10(1):17-28



The autonomic nervous system and blood vessels

ship between the ANS and vascular system
may provide new and effective therapeutic
strategies for vascular diseases.
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