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ABSTRACT 
BACKGROUND AND OBJECTIVE: The activity of the cardiovascular system is carried out by the Autonomic 

Nervous System (ANS). ANS itself is controlled by multiple nerve centers. At present, there is little and scattered 

information about them in Persian language. The aim of this review article is to collect information about nerve centers 

that control ANS and their relationship with cardiovascular activity in Persian. 

METHODS: In this review article, by searching the international and national databases of web of science, Scopus, 

Google Scholar, PubMed, ISC and Magiran until 2020 and using the keywords cardiovascular system, baroreflex, the 

rostral ventrolateral medulla (RVLM), the caudal ventrolateral medulla (CVLM), the nucleus tractus solitarius (NTS), 

the hypothalamic paraventricular nucleus (PVN), the hypothalamic supraoptic nucleus (SON), amygdala, raphe nucleus, 

the periaqueductal gray (PAG), cuneiform nucleus (CnF), the rostral ventromedial medulla (RVM) and the 

pedunculopontine tegmental nucleus (PPT), data about Autonomic Nervous System were collected. 

FINDINGS: Evaluations have shown that the most important brain centers for regulating blood pressure are the rostral 

ventrolateral medulla, the nucleus tractus solitarius, the hypothalamic paraventricular nucleus, the periaqueductal gray, 

and raphe nucleus, which control cardiovascular activity mainly by affecting the sympathetic system. 

CONCLUSION: According to the results of this study, the maintenance of basal blood pressure, heart rate regulation 

and reflex control of blood pressure and heart rate are mainly done by autonomic and especially sympathetic nerve 

centers. 
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Introduction 

One of the most important factors in regulating the 

activity of the cardiovascular system is the Autonomic 

Nervous System (ANS). The ANS system consists of 

two parts, the sympathetic and the parasympathetic, 

which have pre and postganglionic neurons. The cell 

body of sympathetic preganglionic neurons is located in 

the spinal cord and postganglionic neurons in the 

sympathetic chain, and their outputs reach target organs 

such as the heart and arteries. In the parasympathetic 

system, the preganglionic neurons are located in the 

sacral and external parts, and their postganglionic 

neurons are located in the target tissue. The activity of 

the ANS system is regulated by the supraspinal areas 

known as the premotor centers. There are many of these 

centers and they are mainly located in the medulla 

oblongata, the pons, mesencephalon and hypothalamus 

and even the cerebral cortex. The most important of 

these are the rostral ventrolateral medulla (RVLM), 

caudal ventrolateral medulla (CVLM), nucleus tractus 

solitarius (NTS), the hypothalamic paraventricular 

nucleus (PVN), periaqueductal gray (PAG), raphe 

nucleus, cuneiform nucleus (CnF) and 

pedunculopontine tegmental nucleus (PPT) (1, 2). This 

review article provides useful information on 

cardiovascular activity in these regions. 

Methods 

This review article was conducted after approval  

by the ethics committee of Mashhad University  

of Medical Sciences with the ethics  

code IR.MUMS.MEDICAL.REC.1398.338. Collected 

content were collected and analyzed using the keywords 

cardiovascular system, baroreflex, heart rate, RVLM, 

CVLM, NTS, PVN, PAG, CnF and PPT in Web of 

science, Scopus, Google Scholar, PubMed, ISC and 

Magiran databases by 2020. 

 

Results 

There is an important center that regulates 

cardiovascular activity in the medulla oblongata, known 

as the vasomotor center (VMC). This center is 

responsible for maintaining and regulating blood 

pressure and controlling reflexes. Studies have shown 

that, first, the center itself includes several areas such as 

RVLM, CVLM and NTS, and second, other centers 

such as raphe nucleus, PVN, PAG, CnF and PPT are 

effective in regulating cardiovascular activity. Table 1 

summarizes the inputs and outputs of these areas of the 

brain involved in cardiovascular activity. In the 

following sections, the anatomical and physiological 

characteristics of the regulation of cardiovascular 

activity are evaluated.

 

Table 1. The following table summarizes the inputs and outputs of the brain areas involved in cardiovascular 

activity, along with neurotransmitters and their location. 

Output Input  
Cardiovascular 

function 
The most important 

neurotransmitter 
Location 

Brain 
nucleus 

The intermediolateral 
nucleus (4) 

NTS, CVLM, PAG, PVN, 
Kölliker-Fuse/Parabrachial 

complex, amygdala, cuneiform 
nucleus, raphe nucleus 

Sympathetic and vascular 
stimulators, regulation of 

blood pressure, 
chemoreflexes, 
baroreflex (4)  

(Glutamate, GABA, 
Angiotensin II) (4) 

Anterior 
medulla 

(3) 
RVLM 

RVLM (5) NTS 
Blood pressure reduction 

by inhibiting RVLM 
GABA, glutamate Medulla CVLM 

Nucleus ambiguus, RVLM, 
CVLM 

Baroreceptor afferent fibers, 
carotid body afferents 

Baroreceptors and 
Chemoreceptors 

Glutamate, 
acetylcholine, 

adenosine 
triphosphate 

Posterior 
medulla 

NTS 

Preganglionic neurons, 
enlargement of the pituitary 

gland, nucleus tractus 
solitarius, limbic system 
and amygdala, brainstem 

Nucleus tractus solitarius 

Regulation of blood 
pressure, emotional 

control of the 
cardiovascular system 

Vasopressin, oxytocin 

Either side 
of the 
third 

ventricle 

PVN 

RVLM, spinal cord Arc-shaped fiber 
Baroreflex, blood 

pressure regulation 
Serotonin Medulla 

Raphe 
nucleus 

NTS ،RVMM ،RVLM 

Hypothalamus, basal 
forebrain, cuneiform nucleus, 

substantia nigra, reticular 
formation, raphe magnus (7)  

Modulation of pain (6), 
baroreflex, regulation of 

blood pressure, 
cardiovascular activity 

Glutamate 
Mesencep

halon 
PAG 

RVLM, gigantocellular 
reticular nucleus, vagus 
nerve, nucleus tractus 

solitarius, limbicsystem, 
Kölliker-Fuse/Parabrachial 

complex 

Inserta region, amygdala, 
hypothalamus, superior 

colliculus, PAG, substantia 
nigra, anterior cuneiform 

nucleus 

Cardiovascular control, 
pain modulation, blood 

pressure regulation 

Glutamate, 
acetylcholine 

Mesencep
halon 

CnF 

Subthalamic nucleus, 
substantia nigra pars 

compacta, internal globus 
pallidus (11) 

Basal ganglia, extrapyramidal 
system (8) 

Autonomous regulation 
(9), Regulation of blood 

pressure (10) 

Glutamate, 
acetylcholine, GABA 

(8) 

Upper 
pons (8) 

PPT 
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The rostral ventrolateral medulla (RVLM): The 

RVLM is located between the facial nerve nuclei at the 

front, the trigeminal nerve on the side of the head, and 

the nucleus ambiguus, and was first shown by Ross et 

al. to play an important role in controlling 

cardiovascular activity (12). Chemical and electrical 

stimulation of RVLM causes a sharp increase in blood 

pressure and heart rate, as well as bilateral destruction 

or chemical inactivation, and the blood pressure drops 

to the point of spinal cord injury (13). Deactivation of 

RVLM also inhibits baroreflex reactions (14), chemical 

and cardiac reflexes (4), which indicates the important 

role of RVLM in tonic and phasic control of blood 

pressure. The RVLM region is a sympathetic stimulus 

and its neurons project directly to the sympathetic 

preganglionic neurons of the spinal cord and increase 

their activity (3, 12, 15). 

The RVLM region is a heterogeneous tissue and two 

groups of C1 and non-C1 neurons with different 

chemical properties have been identified in it and the 

number of C1 neurons is higher (16). Although C1 

neurons make up about 50-70% of the neurons entering 

the spinal cord, they do not play a major role in 

maintaining and regulating blood pressure (17, 18). 

Their destruction reduces the compressive effect of 

glutamate stimulation by about 40%. Therefore, 

although this group of neurons is involved in 

stimulating blood pressure, it is not necessary to 

maintain basal blood pressure and vascular tone (14) but 

is involved in regulating reflex responses from 

baroreceptors and other cardiovascular reflexes. Group 

C1 also has projections to the parasympathetic, 

noradrenergic neurons of the central nervous system, 

and hypothalamic structures such as the PVN, and the 

median preoptic region (4). 

Studies have shown that stimulation of central 

chemoreceptors (increased CO2) as well as increased 

blood pressure activates RVLM neurons, which 

indicates their involvement in chemical and 

compressive reflexes (14). Based on this, it can be said 

that RVLM is a cardiovascular information relay center 

to the peripheral sympathetic nerves that receives inputs 

from pressure, chemical and cardiopulmonary receptors 

as well as several brain areas including NTS, CVLM 

(4), PAG (2), PVN (19), Kölliker-Fuse/Parabrachial 

complex (12), raphe nucleus (20), amygdala (21), CnF 

(22) and PPT and other areas and then sends its 

projections to sympathetic preganglionic neurons of  

the spinal cord (4). Numerous neurotransmitters  

such as glutamate, γ-aminobutyric acid (GABA), 

norepinephrine, angiotensin II, acetylcholine, serotonin, 

endogenous opioids, and nitric oxide (NO) have been 

identified in RVLM. However, most of its output 

neurons (about 80%) are glutamatergic. Of the three 

types of glutamate transmitters (VGLUT1, VGLUT2, 

and VGLUT3), type VGLUT2 is related to the axon 

terminal of descending neurons in RVLM. This vector 

is present in both C1 and non-C1 neuronal groups and 

shows that both neuronal groups in RVLM have a 

glutamatergic pathway and use glutamate as a 

neurotransmitter to regulate cardiovascular activity 

(23). Glutamate and (γ-aminobutyric acid) GABA are 

also present as inhibitory neurotransmitters in RVLM. 

Sympathetic currents activated by RVLM depend 

mainly on the balance between excitatory and inhibitory 

neurotransmitters glutamate, GABA, and angiotensin II 

(19). Figure 1 shows the major routes associated with 

RVLM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. RVLM inputs and outputs. The RVLM area 

receives excitatory input from the nucleus tractus solitarius, 

raphe nucleus, and paraventricular nucleus and receives the 

inhibitory input from CVLM. It then affects the heart and 

arteries by sending neurons to the IML. 

 

The caudal ventrolateral medulla (CVLM): The 

CVLM region is located behind the RVLM and its 

stimulation with glutamate reduces blood pressure (24). 

CVLM contains a large number of GABAergic neurons 

that project to RVLM, and induce a strong inhibitory 

effect on sympathetic activity and arterial pressure (5, 

25). The CVLM region is an important part of the 

baroreflex system; it receives excitatory inputs from the 

NTS and inhibits RVLM through its GABAergic 

neurons by increasing the activity of the baroreflex (25, 

26). Inhibition of RVLM does not appear to be entirely 

dependent on excitatory inputs to the CVLM 

GABAergic neurons; in the absence of baroreceptor  [
 D

O
I:

 1
0.

22
08

8/
jb

um
s.

23
.1

.4
12

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
14

10
7.

14
00

.2
3.

1.
58

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jb
um

s.
or

g 
on

 2
02

3-
05

-2
3 

] 

                               3 / 9

http://dx.doi.org/10.22088/jbums.23.1.412
https://dorl.net/dor/20.1001.1.15614107.1400.23.1.58.7
https://jbums.org/article-1-9800-en.html


J Babol Univ Med Sci; 23; 2021                                                                                                                                                                                  415 

 

inputs, non-CVLM-dependent GABAergic inputs 

greatly inhibit the activity of RVLM neurons. 

Therefore, this non-baroreceptor-dependent input plays 

an important role in regulating blood pressure in the 

absence of baroreceptor reflex (25).  

The nucleus tractus solitarius (NTS): The NTS 

nucleus is located in the posterior part of the medulla 

oblongata and plays an essential role in compression 

and chemical reflexes (27). The NTS region is the site 

of the first synapse of afferent fibers originating from 

baroreceptors, chemoreceptors, and the heart (27, 28). 

These afferents form synapses in the NTS. Baroreceptor 

afferents terminate in medial nuclei and chemoreceptor 

afferents terminate in internal NTS subnuclei (2). The 

neurotransmitter of these afferents is glutamate, which 

binds to non-NMDA receptors in the NTS, although 

NMDA receptors may also play a role. NTS neurons 

project these data to several areas, including the 

brainstem and spinal cord (2, 29). 

To regulate cardiovascular function, the NTS region 

sends its axons to the cell body of parasympathetic 

preganglionic neurons in the dorsal motor nucleus of the 

vagus nerve, nucleus ambiguous, and GABAergic 

neurons in the CVLM, partly the RVLM, as well as the 

forebrain. Therefore, activation of baroreceptors leads 

to vagus increase and sympathetic decrease in the heart 

and finally bradycardia, decreased cardiac output, 

decreased sympathetic flow to arteries, increased 

venous capacity and decreased vascular resistance (30). 

The hypothalamic paraventricular nucleus (PVN): 

The hypothalamus is one of the most important centers 

for regulating cardiovascular activity. The lateral and 

ventral parts as well as the paraventricular nucleus 

(PVN) are the areas involved in the regulation of 

vasomotor neurons. The most important feature of the 

PVN is that it has direct and indirect projections to the 

spinal cord and innervates the sympathetic 

preganglionic neurons and is involved in the production 

of sympathetic vascular tone in response to fluctuations 

in cardiovascular regulation (31).  

The PVN nucleus is located on either side of the 

third ventricle of the brain and contains magnocellular 

and parvocellular neurosecretory neurons. 

Magnocellular neurons project to the posterior pituitary 

gland and are responsible for secreting the hormones 

vasopressin and oxytocin, but parvocellular 

neurosecretory neurons project to centers involved in 

controlling the body's autonomic activity (32). 

Although vasopressin-containing neurons involved in 

cardiovascular control and neuroendocrine activity are 

anatomically distinct, they act in a coordinated manner 

in response to physiological challenges that require a 

hemostatic response (32). PVN contains inhibitory and 

excitatory neurons that balance sympathetic tone. 

Studies use c-fos gene expression to show that PVN 

neurons in the spinal cord, although involved in the 

body's hemostatic control in response to hypoxia and 

hypotension, are not major centers. Some researchers 

believe that PVN pathways are involved in cognitive 

control and cardiovascular control (33). 

Neurons originating from the PVN nucleus are 

glutamatergic and establish synapses with dopamine 

terminals. Electrical stimulation of PVN stimulates the 

release of dopamine in the nucleus accumbens. While 

the presynaptic release of dopamine by PVN is 

unknown, dopamine release can have a motivating 

effect on behavior by facilitating the transfer of 

information in the nucleus accumbens (34). Changes in 

arterial pressure and changes in blood volume cause the 

expression of the c-fos gene in brainstem neurons that 

project to the PVN (35). A study showed that 

hemorrhagic hypotension also induces c-fos gene 

expression in a number of hypothalamic nuclei, 

including PVN (36). 

The raphe nuclei: The role of the raphe nuclei in 

controlling cardiovascular activity is well specified  

(37-39). This nucleus is located in the midline of the 

medulla oblongata and has several subgroups. The 

raphe nuclei located at the tail end of the midline include 

Pallidus, Obscurus, and Magnus and have projections to 

the spinal cord (40). Most hematopoietic nucleus 

neurons contain serotonin and are therefore called 

serotonergic neurons (41). Under basal conditions, 

raphe neurons do not have much effect on sympathetic 

tonic activity and can have different effects depending 

on the injection site (42). 

Chemical and electrical stimulation of the nucleus 

has been shown to increase and decrease blood pressure 

and sympathetic activity, depending on the site of 

stimulation. Neurons that project to the spinal cord  

IML are activated by stimulation of baroreceptors  

and appear to be sympathetic inhibitors, and neurons 

that reach the forebrain regions act through RVLM  

and are sympathetic stimuli (43). Serotonergic neurons 

that project to RVLM through 5-HT1A receptors 

facilitate the activity of sympathetic cardiovascular 

reflexes in RVLM (41). Furthermore, according to 

immunohistochemical studies, c-fos gene expression in 

serotonergic neurons that project to spinal cord IML 

does not occur in response to changes such as 
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hypotension, hypovolemia, and hypoxia (41). 

Inactivation of the ventromedial region of the raphe 

nucleus worsens the condition of hypotension and slows 

the return of blood pressure and heart rate, while 

inactivation of dorsal raphe nucleus delays the onset of 

hypotension (41). In addition to serotonin, other 

neuropeptides such as substance P, thyroid-releasing 

hormone, and enkephalin have also been identified in 

these neurons (44). 

The periaqueductal gray (PAG): The PAG area is 

located in the midbrain and plays an important role in 

defense responses, Fight-or-Flight Response, pain, 

anxiety, reproduction, and cardiovascular and 

respiratory activity. Anatomically, PAG is divided  

into four regions with different functions: dorsomedial 

(dmPAG), dorsolateral (dlPAG), lateral (lPAG),  

and ventrolateral (vlPAG) (45). Local stimulation of 

different PAG regions, depending on the injection  

site, induces different cardiovascular responses. For 

example, stimulation of the dorsal lPAG increases  

blood pressure with severe contraction of skeletal 

muscle and stimulation of the end tail causes a sharp 

increase in renal artery contraction with little effect on 

skeletal muscle. Depressive responses and PAG 

bradycardia are related to different parts of vlPAG that 

preferentially innervate skeletal and renal vascular 

muscles (46). 

Injection of acetylcholine into vlPAG reduces blood 

pressure without changing heart rate (47), while 

injection of noradrenaline into this area increases blood 

pressure with bradycardia (48). In addition, it has been 

shown that the activity of vlPAG glutamatergic 

projections can cause cardiovascular changes through 

RVLM. These results highlight the role of vlPAG in 

cardiovascular function (2). In addition, dPAG 

modulates the sympathetic component of the 

baroreceptor reflex. On the other hand, electrical or 

chemical stimulation of PAG increases heart rate and 

blood pressure (2). 

The results showed that dlPAG nitrogen neurons 

have a stimulatory effect on cardiovascular activity. In 

summary, direct injection of SNP and L-Arg 

significantly increased blood pressure, while L-NAME 

had no significant effect on the parameters. Therefore, 

the synthesis of NO in dlPAG causes a pressure 

response and baroreflex bradycardia, but its effect of 

increasing pressure is greater (49). Studies have also 

shown that PAG exerts its sympathetic effects through 

its association with the medulla oblongata, brain bridge, 

and hypothalamus. The most important PAG pathway is 

in the medulla oblongata, so most of its output is to the 

RVLM. The PAG pathway to RVLM appears to be an 

important pathway for controlling PAG cardiovascular 

activity (50). 

The cuneiform nucleus (CnF): The CnF nucleus is a 

sympathetic excitatory nucleus located in the 

mesencephalon and is associated with the central 

components involved in the regulation of cardiovascular 

activity, including RVLM, NTS, PAG, and the 

Kölliker-Fuse/Parabrachial complex and is involved in 

cardiovascular regulation (22, 51-52). The CnF nucleus 

is involved in the control of various functions, the most 

important of which are analgesic effects and 

cardiovascular control (53). 

CnF is reported to be located in the orbital center, 

which is involved in regulating sympathetic and 

parasympathetic activity related to the heart and 

arteries. The CnF nucleus sends outputs to the 

gigantocellular reticular nuclei, the vagus motor nuclei, 

and the NTS. These projections are probably related to 

the bradycardic responses of this nucleus. In addition, 

CnF has outputs to the limbic region, the Kölliker-

Fuse/Parabrachial complex, the RVLM, and the spinal 

cord IML. The major inputs of this nucleus are from the 

midbrain and forebrain structures, the central amygdala 

nucleus, the lateral hypothalamic regions, the PAG, and 

the opposite cuneiform nucleus. It has been shown that 

the cardiovascular effect of this nucleus is mainly 

mediated by RVLM. This pathway is polysynaptic and 

the Kölliker-Fuse (KF) and PAG nuclei are involved in 

this transmission (51). 

Glutamate, acetylcholine and NO are the most 

important neurotransmitters affecting cardiovascular 

activity in CnF (22, 53-56). Injection of glutamate into 

the nucleus causes a short- and long-term increase in 

blood pressure, and inactivation of the KF nucleus 

greatly reduces the short-term response (55). In 

addition, microinjection of acetylcholine in this nucleus 

reduces blood pressure without affecting the heart rate, 

which is done by muscarinic receptors (50). Another 

study showed the role of the nucleus in hemorrhagic 

hypotension. The role of serotonin receptor type 1a (5-

HT1A) in this nucleus in controlling cardiovascular 

activity under normal conditions and bleeding has also 

been shown (49). The inhibitory effect of the nitrergic 

system of this nucleus on cardiovascular responses has 

been reported (22). 

The pedunculopontine tegmentum nucleus (PPT): 

The PPT nucleus is a heterogeneous region consisting 

of several neuronal groups located above the cerebral 

bridge and divided into two parts of dense with large 

neuronal groups (containing cholinergic neurons) and  [
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retiform with small and medium neurons (containing 

glutamatergic neurons and noncholinergic neurons) (8). 

The PPT nucleus has many afferent and efferent 

projections into the cerebral cortex, thalamus, basal 

ganglia, cerebellum, and spinal cord. 80 to 90% of dense 

part neurons contain cholinergic neurons. The neurons 

in the non-dense part are mainly glutaminergic and 

partly cholinergic. Both neuronal parts also contain 

GABAergic inhibitory neurons. The inputs to PPT are 

from the cerebral cortex, through the basal ganglia and 

the extrapyramidal system (8), and the cardiovascular-

related outputs are to the RVLM, NTS, and PAG (9, 57). 

The most important neurons in this area are cholinergic, 

GABAergic and glutamatergic. However, other less 

important neurons, such as nitrergic neurons, have also 

been identified (58). 

The PPT nucleus is involved in activities such as 

movement, sleep, breathing regulation, and pain and 

reward. Its role in cardiovascular activity is also well 

defined (7, 11, 57). In our previous studies, the role of 

the cholinergic, GABAergic and nitrergic systems of the 

nucleus on cardiovascular activity has been 

demonstrated (10, 58, 59). The effect of this nucleus on 

the regulation of cardiovascular activity due to 

hemorrhage has also been shown (60). 

 

 

Discussion 

The function of the cardiovascular system is 

regulated by nervous, hormonal and local factors,  

and the role of the nervous system is more important. 

The nerve centers that play a role in regulating  

basal cardiovascular activity are located mainly in  

the brainstem and other areas, including the cerebral 

cortex, and their environmental effect is through  

the autonomic nervous system (sympathetic and 

parasympathetic) (4). In addition, the nerve centers that 

affect cardiovascular function in conditions such as 

hypertension, bleeding, stress and exercise are also 

different and have different neural pathways (30). In 

this study, our aim was to identify the most important 

neural centers that control cardiovascular activity 

without considering neural pathways in various 

conditions. 

The results of this study showed that the most 

important areas regulating cardiovascular activity 

include RVLM, NTS, CVLM, PVN, Raphe nuclei  

as well as CnF and PPT. Among these areas, the  

RVLM region, as the most important center of 

sympathetic stimulation, plays the main role in 

regulating the basal activity of the cardiovascular 

system. There are also several nerve centers that are 

involved in regulating cardiovascular activity in a 

variety of conditions. 
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