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Abstract

Adrenomedullin (AM) is a peptide involved in cardiovascular regulation. AM 
exerts numerous biological activities through the activation of AM1 and AM2 
receptors. AM immunoreactivity, AM binding sites and CRLR, RAMP1, RAMP2 
and RAMP3 are expressed in rat cerebellum vermis. There is a dysregulation of 
cerebellar AM system during hypertension since it was shown an up-regulation 
of cerebellar CGRP1 and AM2 receptors and a down-regulation of AM1 
receptor associated with a decreased AM expression. We anticipated a possible 
functional role of cerebellar AM on blood pressure regulation. Indeed, in vivo 
microinjection of AM into the cerebellar vermis caused a profound hypotensive 
effect in Spontaneously Hypertensive Rats (SHR) but not in normotensive 
Wistar Kyoto (WKY) rats, this through AM1 receptor stimulation. The role of the 
cerebellum in the cardiovascular response to stress is elusive. We evaluated 
the functional role of AM during acute stress. AM was administered into the 
cerebellar vermis of normotensive WKY and Sprague Dawley (SD) rats and 
SHR subjected to footshock, an acute stress which causes sympathoadrenal 
activation with increases in arterial blood pressure and heart rate. We show that 
AM (0.2 and 200 pmol) microinjection into the cerebellar vermis in SD, WKY and 
SHR rats decreases vasopressor response induced by footshock, suggesting 
the involvement of sympathetic outflow. Taken together, our results demonstrate 
a role for cerebellar AM in the regulation of arterial blood pressure and in the 
cardiovascular response to stress. Likewise, they constitute a novel mechanism 
of blood pressure control which has not been described so far. 
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little information about the role of the cerebellum in cardiovascular 
regulation, but it has been shown that stimulation of several cerebellar 
regions produces changes in arterial blood pressure and heart rate [1-
3]. Effectively, in anesthetized rabbits electric stimulation of anterior 
vermis, medial cortical regions of lobules I, II and III, posterior vermis 
(lobules VII and VII) and uvula (Lobule IX) induces bradycardia, 
blood pressure fall and transient inhibition of sympathetic renal 
activity [1,4-6], and stimulation of the posterior vermis causes 
a cardiovascular response characterized by hypotension and 
bradycardia [5]. On the contrary, electric stimulation of the rostral 
region of fastigial nucleus in anesthetized rabbits produces a pressor 
response [7]. Anatomical evidence supports the role of fastigial 
nucleus in cardiovascular function and in autonomic nervous system 
regulation. This nucleus receives inputs from vestibular structures 
and from cerebellar Purkinje cells, which mediate vestibular and 
other afferent signals necessary for blood pressure compensation [2]. 
Indeed, it has been identified various cardiovascular modules, such as 
fastigial nucleus, anterior vermis, posterior vermis, uvula (lobe IX), 
nodulus (lobe X), as stimulation of these structures involves changes 
in blood pressure, respiratory rate and vascular resistance [1].

Within the peptides involved in cardiovascular regulation, 
Adrenomedullin (AM) is considered a multifunctional peptide which 
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Introduction
Cardiovascular regulation is complex and involves different 

peptides and brain structures including the cerebellum. There is 
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exerts numerous biological activities through the activation of two 
specific receptors, the AM type 1 (AM1) and type2 (AM2) receptors 
[8,9], formed from the obligate co-expression of a class-B, G Protein 
Coupled Receptor (GPCR), the Calcitonin Receptor-Like Receptor 
(CRLR) and Receptor Activity-Modifying Proteins (RAMPs) 2 or 3, 
respectively [9-11]. The Calcitonin Gene-Related Peptide 1 (CGRP1) 
receptor is formed of a complex between CRLR and RAMP1 [10].

Specifically in the cerebellum it was detected AM 
immunoreactivity, AM binding sites and CRLR, RAMP1, RAMP2 
and RAMP3 expression [12-15]. In effect, AM immunoreactivity 
was localized in the lateral, interpositus and medial nuclei; in 
granule of the cerebellar cortex, the molecular layer, Purkinje cells, 
Golgi neurons, and mossy terminal nerve fibers in the granular as 
well as neurons of the cerebellar nuclei [12,16]. In addition, it has 
been shown the presence of RAMP1 and RAMP2 mRNA in Purkinje 
cells and RAMP3 mRNA in cerebellar granular cells [17]. Likewise, 
CRLR and RAMP1 were detected on the surface of the Purkinje cell 
bodies and in their processes [18,19]. In the cerebellum, activation 
of AM receptors are associated to several signaling pathways such as 
Adenylyl Cyclase/ cyclic Adenosine Monophosphate (AC/cAMP), 
cyclic Guanosine Monophosphate/ Nitric Oxide (cGMP/NO), 
extracellular regulated kinases (ERK1/2) and regulation of reactive 
oxygen species (ROS) metabolism, indicating the existence of a local 
functional cerebellar adrenomedullinergic system [20-27]. 

Recently we have shown that hypertension dysregulates AM 

cerebellar system. In effect, we demonstrated an up-regulation of 
cerebellar CGRP1 (CRLR+RAMP1) and AM2 (CRLR+RAMP3) 
receptors, concomitantly with a down-regulation of AM and 
AM1 receptor (CRLR+RAMP2) during hypertension [25], as 
cerebellar vermis CRLR, RAMP1 and RAMP3 expression was 
increased significantly while RAMP2 was reduced in Spontaneously 
Hypertensive Rats (SHR) compared with Wistar Kyoto (WKY) rats. 
The reduction in cerebellar vermis AM expression of SHR rats could 
be responsible for the up-regulation of AM2 receptors and binding 
sites observed by autoradiography [28].

The evidence suggests that CRLR/RAMP2 complex represents the 
main receptor involved in the biological actions of the AM. Therefore, 
RAMP2 is mainly expressed in the basal state while RAMP3 
expression remains relatively low. In pathological conditions such as 
hypertension, there are changes of RAMPs expression, specifically a 
switch from RAMP2 to RAMP3 [25,29]. Therefore, decreased RAMP2 
and AM expression suggests that these changes may constitute 
a mechanism which contributes to the development of genetic 
hypertension, and support the notion that this peptide is involved 
in the regulation of blood pressure in cerebellum. Furthermore, 
up-regulation of CRLR, RAMP1 and RAMP3 expression would 
promote the interaction of AM with CGRP1 and AM2 receptors, 
rather than with AM1 receptors, thereby favoring the compensatory 
mechanism to increased blood pressure. Alternatively, these changes 
could be the initial disturbance that would result in dysregulation 
of the mechanisms controlling blood pressure, since these changes 

Figure 1: Effect of AM in situ administration into cerebellar vermis of SHR rats. Effect of CGRP (8-37) (Panel A) and AM (22-52) (Panel B) on the time course of 
changes in Systolic Arterial Pressure (SAP) induced by microinjection of AM. SHR rats were microinjected into the vermis with saline (5μL), AM (200 pmol/5μL), AM 
(22-52) (200pmol/5μL), AM+AM (22-52), CGRP (8-37) (200 pmol/5μL) and AM+CGRP (8-37). Results are expressed as mean ± S.E.M. of Area Under the Curve 
(AUC) of SAP (n=8). *p<0.05 vs. its own control.

Figure 2: Effect of AM in situ administration into cerebellar vermis of SD, WKY and SHR rats subjected to Foot Shock (FS) stress. SD (Panel A), WKY (Panel B) 
or SHR (Panel C) rats were microinjected into the vermis with vehicle (5μL) or AM (0.2 or 200 pmol/5μL) and then subjected to acute stress. Results are expressed 
as mean ± S.E.M. of Area Under the Curve (AUC) of Systolic Arterial Pressure (SAP). (n=10). *p<0.05 vs. vehicle. #p<0.05 vs. AM 0.2 pmol/5μL.
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are present from the early stages of life of hypertensive rats [25]. In 
fact, lowering blood pressure with an oral antihypertensive drug like 
valsartan during eleven days, reduced blood pressure and reversed 
AM and its receptor components expression to those levels found 
in normotensive rats [30], suggesting that hypertension induces 
adaptive changes to compensate a rise of blood pressure.

Physiological Effects of Cerebellar AM 
Little is known about the functional role of AM in cerebellum. 

Nevertheless, we showed that microinjection of AM into the cerebellar 
vermis of hypertensive rats causes a powerful and significant 
hypotensive response, which is specific and dose-dependent (0.02 
to 200 pmol/5μL) [25]. The specificity of the hypotensive action of 
AM administered into the cerebellar vermis of SHR rats is based on 
the fact that microinjection of the peptide outside the vermis did not 
cause the hypotensive effects, and in situ administration of a pressor 
peptide such as angiotensin II (ANG II) or vehicle into cerebellar 
vermis increased Median Arterial Pressure (MAP) in similar 
magnitude in both WKY and SHR rats. In addition, it was shown 
that AM’s actions in the cerebellar vermis in SHR rats are mediated 
through AM1 receptor, as AM receptor specific antagonist, AM(22-
52) (200 pmol/5μL), co-injected with AM (200 pmol/5μL) blunted 
AM’s hypotensive effect, while CGRP(8-37) (200 pmol/5μL) had no 

effect on AM actions [25,26] as seen in Figure 1, which shows the 
effect of AM on Area Under the Curve (AUC) of Systolic Arterial 
Pressure (SAP). These results provide the first functional evidence 
in vivo of a role for AM in the cerebellar vermis in the control of 
blood pressure. This hypotensive effect is manifested only during 
hypertension since in WKY rats, administration of vehicle or AM 
(200 pmol/5μL) into cerebellar vermis increased MAP in similar 
magnitude. The possible cause of the differences in the AM action 
among normotensive and hypertensive rats may be variable and 
has been described for other brain structures, since the infusion of 
AM reduces blood pressure in both normotensive and hypertensive 
rats in a dose dependent manner; however the fall in blood pressure 
was higher in hypertensive rats compared to the normotensive [31]. 
Similarly, it was reported that Rostral Ventrolateral Medulla (RVLM) 
neurons of SHR rats are more sensitive and have an increased 
response to ANG II with respect to the WKY [32]. Therefore, the 
hypotensive effect induced by the intracerebellar administration of 
AM in SHR could be due to an increase in sensitivity and response 
in SHR compared with WKY rats. Alternatively, this differential 
response may be the manifestation of the cerebellar dysregulation 
of signaling pathways, or AM and AM1 receptor expression which 
are reduced during hypertension [20,25,26]. The possible mechanism 
of cerebellar AM-induced hypotensive action in SHR rats has not 

Figure 3: Proposed model of effect of AM microinjection into the cerebellar vermis on blood pressure regulation during normotension, hypertension and acute 
stress. The expression of AM and its receptor components, CRLR, RAMP1, RAMP2, and RAMP3 are altered in SHR when compared to WKY rats: In hypertensive 
rats, AM and RAMP2 expression is reduced, while RAMP1, RAMP3, and CRLR expression is significantly increased. Microinjection of AM (0.2 - 200 pmol/5μL) 
into the cerebellar vermis of SHR rats causes a powerful and significant hypotensive response, which is specific and dose-dependent via AM1 receptors possibly 
mediated by AC/cAMPc/PKA. This hypotensive effect is manifested only during hypertension. Microinjection of AM (0.2 - 200 pmol) in situ into the cerebellar vermis 
in SD, WKY and SHR rats, significantly decreased the vasopressor response induced by footshock stress (100V, 5 Hz, 10 msec, for 4 minutes), sugges ting that the 
hypotensive action is mediated through regulation of sympathetic outflow possibly by cerebellum – RVLM connection. AC: Adenylyl cyclase, BP: Blood pressure, 
PKA: Protein kinase A, SD: Sprague Dawley rats, SHR: Spontaneously hypertensive rats, WKY: Wistar Kyoto Rats.
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been established so far, but could be associated with the regulation of 
sympathetic efflux and possibly requires a stimulated system.

Effects of Cerebellar AM on Acute Stress
Stress is defined as a state in which homeostasis is actually 

threatened or perceived to be so; homeostasis is reestablished by 
a complex repertoire of behavioral and physiological adaptive 
responses of the organism. In fact, all living organisms maintain a 
complex dynamic equilibrium, or homeostasis, which is constantly 
challenged by internal or external adverse effects, termed stressors 
[33]. The response to environmental stressors and adverse forces 
involve the activation of complex pathways in the Central Nervous 
System (CNS), ranging from the perception of stress to behavioral, 
autonomic and endocrine responses, and the increase in activities 
of several physiological systems that induce the interruption of 
homeostasis [34,35].

The central control stations of the stress system are located in the 
hypothalamus and brain stem and include parvocellular neurons that 
synthesize and secrete the Corticotropin Releasing Hormone (CRH), 
neurons of the paraventricular nucleus of the hypothalamus releasing 
arginine-vasopressin and the Locus Coeruleus (LC) considered the 
central sympathetic system [36,37]. The Hypothalamic-pituitary-
adrenal Axis (HPA), together with the sympathetic adrenomedullary 
efferent system, represents the effector organ, which through brain 
stimulation influence all body organs on exposure to a stressor 
stimulus [38]. In the brain there is also modulation of the vagal 
efferent and the sacral portion parasympathetic efferent that mediate 
gut responses to stress [39].

Stress represents a critical influence on motor system function 
and has been shown to impair movement performance. The role of 
the cerebellum in the response to stress is elusive. In this regard, the 
evidence show that exposure to two weeks of mild restraint stress 
causes lasting impairments in skilled movement and balance in rats 
associated with an altered expression of 39 genes and nine micro RNA 
(miRNAs) in the cerebellum, a structure known to contribute to the 
learning and coordination of skilled movement [40]. Likewise, in rats 
exposed to stress by forced swimming for seven days, the cerebellum 
shows a significant increase in lipid peroxidation, suggesting that 
stress activates processes of free radical production leading to an 
increase of lipid peroxidation [41].

Some neuroendocrine factors such as catecholamines, CRH, 
serotonin, endothelins, vasopressin and ANG II act in the central 
circuits, mediating stress responses [38]. The involvement of AM in 
the stress response is poorly understood. In this regard, it has been 
shown that movement restriction stress stimulates sympathetic 
activity and the HPA axis, and produces a significant increase in AM 
plasma levels, and in pituitary and adrenal glands [42]. This suggests 
a regulatory and protective function for AM to counter the HPA axis 
activation induced by a variety of physiological and psychological 
stressors [42]. Effectively, AM endocrine effects are mediated through 
the inhibition of Adrenocorticotropic Hormone (ACTH), cortisol 
[43], corticosterone [44] and ANG II-stimulated aldosterone release 
[45].

Several of AM protective actions during stress could be mediated 
through the CNS. The evidence supports this possibility, since the 

existence of AM receptors and their components in brain structures 
and specifically in the cerebellum has been demonstrated [12,20]. 
Likewise, our recent findings demonstrate the existence of a functional 
cerebellar adrenomedullinergic system, which is dysregulated during 
hypertension [20,25]. Moreover, AM administration into the cerebellar 
vermis during hypertension produces a profound hypotensive effect, 
which is dose-dependent and site-specific, and is mediated through 
AM1 receptor stimulation [25]. Although these findings demonstrate 
that cerebellar AM is involved in the regulation of blood pressure, it is 
not clear whether the cerebellar adrenomedullinergic system is able to 
regulate the cardiovascular response to stress. The evidence indicates 
that cerebellar AM action could be associated with the regulation 
of sympathetic activity and seems to require a stimulated system. If 
this is the case, AM administration into the cerebellar vermis should 
counteract the vasopressor response produced by Footshock (FS), an 
acute stress which causes sympathoadrenal activation with increases 
in arterial pressure and heart rate, plasma catecholamines and blood 
sugar, and decreases intestinal motility [46]. Our results points 
toward this possibility as acute stress produced by FS significantly 
increased blood pressure in SD, SHR and WKY rats [47], possibly due 
to an increment in the release of catecholamines into the circulation 
[48-50], and microinjection of AM (0.2 pmol/5μL) into the cerebellar 
vermis blunted vasopressor response to FS in normotensive and 
hypertensive rats, suggesting that intracerebellar AM may act by 
inhibiting sympathetic efflux. Moreover, in rats subjected to FS, 
intracerebellar administration of a higher dose of AM (200 pmol/5μL) 
not only inhibited the vasopressor response to FS, but also produced 
a profound and significant hypotensive response (Figure 2). This AM 
inhibitory effect was dose-dependent and site-specific, as in situ AM 
administration outside the cerebellar vermis was unable to alter the 
vasopressor response induced by the FS. Furthermore, AM effect 
was specific since the administration of ANG II, a pressor peptide, 
into the cerebellar vermis did not alter vasopressor response to acute 
stress induced by FS when compared to vehicle [47] even though it 
was demonstrated the presence of ANG II receptors in the cerebellum 
[51,52]. In this sense, it was shown that iontophoretic application of 
ANG II in the cerebellum causes depression of the Purkinje cells 
firing rate [53]. These results constitute the first in vivo functional 
evidence of the role of cerebellar AM in the control of blood pressure 
response during stress.

AM hypotensive and inhibitory effect on the sympathoadrenal 
response to FS stress is difficult to explain. In this respect we 
could speculate that the cerebellum, through its neuroanatomic 
connections from the fastigial nucleus and mediated via NO/cGMP 
signaling pathway exerts a powerful counter-regulatory action on 
the excitatory brain nuclei which participate in blood pressure 
regulation. It is known that the fastigial nucleus plays an important 
role in the regulation of the autonomic nervous system, since this 
nucleus projects to brain stem structures such as the RVLM, which 
in turn receives innervation from the hypothalamic Supraoptic 
Nucleus (SON) and Paraventricular Nucleus (PVN). In addition, 
NO neurons are found in autonomic centers including PVN, SON, 
Nucleus Tractus Solitari (NTS) and Ventrolateral (VLM) and medial-
lateral medulla [54]. In PVN, NO inhibits sympathetic activity 
through the stimulation of Gamma-Aminobutyric Acid (GABA) 
ergic interneurons [55,56]. On the other hand, in NTS and VLM, 
NO has both sympatho-excitatory and sympatho-inhibitory effects, 
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suggesting that in the brain stem, NO regulates sympathetic efflux, 
through a balance of the outputs of these autonomic centers [54]. 
Moreover, AM Intracerebroventricular (ICV) injection stimulates 
hypothalamic NO production and activates NO-producing neurons 
in the PVN [57]. The stimulation of sympathetic efflux by AM-ICV 
administration together with inhibition of sympathetic efflux by 
NO in PVN suggests that AM-induced stimulation of hypothalamic 
nitrergic system may be part of a feedback mechanism, which acts to 
restore the homeostatic balance [58]. In support of this, low doses of 
AM-ICV administration have been reported to cause inhibition of 
renal sympathetic activity [59]. Additionally, Fujita et al. [60] found 
that endogenous brain AM inhibits sympathetic activation through 
its antioxidant action. On the other hand, Xu and Krukoff [61] 
indicated that AM in RVLM exerts an inhibitory effect on baroreflex 
activity through a mechanism mediated by specific AM receptors, 
where activation of Protein Kinase A (PKA) is involved.

Contrary to the AM inhibitory effect in cerebellum, there 
is evidence indicating that AM in other several brain regions 
increases sympathetic activity and renal sympathetic efflux. 
Indeed, AM administration in the RVLM increases blood pressure, 
suggesting AM stimulation of RVLM neurons which control cardiac 
sympathetic activity [62,63]. In addition, AM-ICV administration 
caused an increase in blood pressure, which seems to be mediated by 
increased sympathetic activity [64-66] as it was blocked by peripheral 
administration of an alpha-adrenergic blocker phentolamine. This 
data support the notion that AM is involved in the central regulation 
of cardiovascular and sympathetic renal function. Similarly, 
Taylor et al. [57] found that AM-ICV administration increases 
plasma corticosterone levels, suggesting that AM acts within the 
hypothalamus stimulating the release of CRH, and thus increasing 
HPA axis activity. Moreover, AM-ICV administration stimulates 
sympathetic efflux and renal and abdominal sympathetic discharge 
[66-69] and increases baroreflex sensitivity [67]. In addition, AM-
ICV administration activates PVN, which is associated with central 
cardiovascular and sympathetic regulation [66,68]. Also, AM 
microinjection stimulates tyrosine hydroxylase gene expression, 
known as rate-limiting enzyme of catecholamine biosynthesis in 
the LC [66]; were noradrenergic neurons participates in important 
processes regulating cardiovascular function. Thus it is possible 
that AM mediates some of its effects through its actions on LC 
catecholaminergic system [66,69].

Conclusion
The evidence indicates that cerebellar AM constitutes a powerful 

hypotensive peptide during hypertension and reinforces the novel 
concept of the existence of a cerebellar adrenomedullinergic system 
of physiological importance. Its protective role against acute stress 
through the inhibition of sympathetic efflux predicts a potential future 
in its pharmacological use. Thus, the study of the neuroanatomical 
and neuropeptidergic pathways involved in cerebellar AM actions on 
blood pressure regulation and the cardiovascular response to acute 
stress is an open matter Figure 3.

Acknowledgements 
This study was supported by Grants from People’s Ministry of 

Science, Technology and Industry, Science Mission Project, Subproject 
7, ECCV No. 2007001585, Programa Estímulo a la Investigación e 

Innovación PEII-20122000760 and Consejo de Desarrollo Científico 
y Humanístico CDCH-UCV AIA-06.8402.2012. 

References
1. Nisimaru  N. Cardiovascular modules in the cerebellum. Jpn J Physiol. 2004; 

54: 431-448. 

2. Rector D, Richard C, Harper R. Cerebellar fastigial nuclei activity during blood 
pressure challenges. J Appl Physiol. 2006; 101: 549-555. 

3. Tandon O, Malhotra V, Bhaskar V, Shankar P. Cerebellar control of visceral 
response-possible mechanisms involved. Indian J Exp Biol. 2006; 44: 429-
435.

4. Bradley D, Ghelarducci B, Paton J, Spyer K. The cardiovascular response 
elicited from the posterior cerebellar cortex in the anaesthetized and 
decerebrated rabbit. J Physiol. 1987; 383: 537-550.

5. Rocha I, Goncalves V, Bettencourt M, Silva L. Effect of stimulation of sub-
lobule IX-b of the cerebellar vermis on cardiac function. Physiol Res. 2008; 
57: 701-707. 

6. Baumel Y, Jacobson G. Cohen Implications of functional anatomy on 
information processing in the deep cerebellar nuclei. Front Cell. 2009; 3: 1-8.

7. Bradley D, Paton J, Spyer K. Cardiovascular responses evoked from the 
fastigial region of the cerebellum in anaesthetized and decerebrated rabbits. 
J Physiol. 1987; 392: 475-491.

8. Beltowski J, Jamroz A. Adrenomedullin-what do we know 10 years since its 
discovery? Pol J Pharmacol. 2004; 56: 5-27.

9. Bell D, Zhao Y, Kelso E, McHenry E, Rush L, Lamont V, et al. Upregulation 
of adrenomedullin and its receptor components during cardiomyocyte 
hypertrophy induced by chronic inhibition of nitric oxide synthesis in rats. Am 
J Physiol Heart Circ Physiol. 2006; 290: H904-H914.

10. McLatchie L, Fraser N, Main M, Wise A, Brown J, Thompson N, et al. RAMPs 
regulate the transport and ligand specificity of the calcitonin-receptor-like 
receptor. Nature. 1998; 393: 333-339.

11. Pan C, Jaing W, Zhong G, Zhao J, Pang Y, Tang C, et al. Hypertension 
induced by nitric oxide synthase inhibitor increases responsiveness of 
ventricular myocardium and aorta of rat tissue to adrenomedullin stimulation 
in vitro. Life Science. 2005; 78: 398-405.

12. Serrano J, Uttenthal O, Martínez A, Fernández P, Martínez J, Alonso D, et al. 
Distribution of adrenomedullin-like inmunoreactivity in the rat central nervous 
system by light and electron microscopy. Brain Res. 2000; 853: 245-268.

13. Chakravarty P, Suthar T, Coppock H, Nicholl C, Bloom S, Legon S, et al. 
CGRP and adrenomedullin binding correlates with transcript levels for 
calcitonin receptor-like receptor (CRLR) and receptor activity modifying 
proteins (RAMPs) in rat tissues. Br J Pharmacol. 2000; 130: 189-195.

14. Sone M, Takahashi K, Satoh F, Murakami O, Totsune K, Ohneda M, et al. 
Specific adrenomedullin binding sites in the human brain. Peptides. 1997; 
18: 1125-1129.

15. Uezono Y, Nakamura E, Ueda Y, Shibuya I, Ueta Y, Yokoo H, et al. 
Production of cAMP by adrenomedullin in human oligodendroglial cell line 
KG1C: Comparison with calcitonin gene-related peptide and amylin. Brain 
Res Mol Brain Res. 2001; 97: 59-69.

16. Serrano J, Alonso D, Fernández AP, Encinas JM, López JC, Castro-Blanco 
S, et al. Adrenomedullin in the central nervous system. Microsc Res Tech. 
2002; 57: 76-90.

17. Ueda T, Ugawa S, Saishin Y, Shimada S. Expression of receptor-activity 
modifying protein (RAMP) mRNAs in the mouse brain. Mol Brain Res. 2001; 
93: 36-45.

18. Morara S, Wimalawansa S, Rosina A. Monoclonal antibodies reveal 
expression of the CGRP receptor in Purkinje cells, interneurons and 
astrocytes of rat cerebellar cortex. NeuroReport. 1998; 9: 3755-3759.

19. Edvinsson L, Eftekhari S, Salvatore C, Warfvinge K. Cerebellar distribution 
of calcitonin gene-related peptide (CGRP) and its receptor components 
calcitonin receptor-like receptor (CLR) and receptor activity modifying protein 

https://www.ncbi.nlm.nih.gov/pubmed/15667667
https://www.ncbi.nlm.nih.gov/pubmed/15667667
https://www.ncbi.nlm.nih.gov/pubmed/16690795
https://www.ncbi.nlm.nih.gov/pubmed/16690795
https://www.ncbi.nlm.nih.gov/pubmed/16784113
https://www.ncbi.nlm.nih.gov/pubmed/16784113
https://www.ncbi.nlm.nih.gov/pubmed/16784113
https://www.ncbi.nlm.nih.gov/pubmed/3656134
https://www.ncbi.nlm.nih.gov/pubmed/3656134
https://www.ncbi.nlm.nih.gov/pubmed/3656134
https://www.ncbi.nlm.nih.gov/pubmed/17949257
https://www.ncbi.nlm.nih.gov/pubmed/17949257
https://www.ncbi.nlm.nih.gov/pubmed/17949257
https://www.ncbi.nlm.nih.gov/pubmed/19949453
https://www.ncbi.nlm.nih.gov/pubmed/19949453
https://www.ncbi.nlm.nih.gov/pubmed/3446788
https://www.ncbi.nlm.nih.gov/pubmed/3446788
https://www.ncbi.nlm.nih.gov/pubmed/3446788
https://www.ncbi.nlm.nih.gov/pubmed/15047974
https://www.ncbi.nlm.nih.gov/pubmed/15047974
https://www.ncbi.nlm.nih.gov/pubmed/16040721
https://www.ncbi.nlm.nih.gov/pubmed/16040721
https://www.ncbi.nlm.nih.gov/pubmed/16040721
https://www.ncbi.nlm.nih.gov/pubmed/16040721
https://www.ncbi.nlm.nih.gov/pubmed/16212982
https://www.ncbi.nlm.nih.gov/pubmed/16212982
https://www.ncbi.nlm.nih.gov/pubmed/16212982
https://www.ncbi.nlm.nih.gov/pubmed/16212982
https://www.ncbi.nlm.nih.gov/pubmed/10640622
https://www.ncbi.nlm.nih.gov/pubmed/10640622
https://www.ncbi.nlm.nih.gov/pubmed/10640622
https://www.ncbi.nlm.nih.gov/pubmed/10781016
https://www.ncbi.nlm.nih.gov/pubmed/10781016
https://www.ncbi.nlm.nih.gov/pubmed/10781016
https://www.ncbi.nlm.nih.gov/pubmed/10781016
https://www.ncbi.nlm.nih.gov/pubmed/9396052
https://www.ncbi.nlm.nih.gov/pubmed/9396052
https://www.ncbi.nlm.nih.gov/pubmed/9396052
https://www.ncbi.nlm.nih.gov/pubmed/11744163
https://www.ncbi.nlm.nih.gov/pubmed/11744163
https://www.ncbi.nlm.nih.gov/pubmed/11744163
https://www.ncbi.nlm.nih.gov/pubmed/11744163
https://www.ncbi.nlm.nih.gov/pubmed/11921358
https://www.ncbi.nlm.nih.gov/pubmed/11921358
https://www.ncbi.nlm.nih.gov/pubmed/11921358
https://www.ncbi.nlm.nih.gov/pubmed/11532336
https://www.ncbi.nlm.nih.gov/pubmed/11532336
https://www.ncbi.nlm.nih.gov/pubmed/11532336
http://journals.lww.com/neuroreport/Abstract/1998/11160/Monoclonal_antibodies_reveal_expression_of_the.34.aspx
http://journals.lww.com/neuroreport/Abstract/1998/11160/Monoclonal_antibodies_reveal_expression_of_the.34.aspx
http://journals.lww.com/neuroreport/Abstract/1998/11160/Monoclonal_antibodies_reveal_expression_of_the.34.aspx
https://www.ncbi.nlm.nih.gov/pubmed/21040789
https://www.ncbi.nlm.nih.gov/pubmed/21040789
https://www.ncbi.nlm.nih.gov/pubmed/21040789


J Cardiovasc Disord 4(1): id1034 (2017)  - Page - 06

Israel A Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

1 (RAMP1) in rat. Mol Cell Neurosc. 2010; 5: 1-7.

20. Figueira L, Israel A. Desregulación del sistema adrenomedulinérgico 
cerebeloso en la hipertensión arterial. Rev Lat Hipert. 2013; 8: 9-15.

21. Figueira L, Israel A. Señalización de la adrenomedulina en el vermis del 
cerebelo de la rata. Arch Venezol Farmacol Terap. 2014; 33: 92-97.

22. Figueira L, Israel A. Efecto de la adrenomedulina cerebelosa sobre las 
quinasas reguladas por señales extracelulares en la hipertensión. Rev Fac 
Farm. 2014; 77: 46-53.

23. Figueira L, Israel A. Efecto de la hipertensión sobre la acción antioxidante de 
la adrenomedulina cerebelosa. Rev Fac Farm. 2015; 78: 43-50.

24. Figueira L, Israel A. Efecto de la adrenomedulina sobre la producción de 
GMPc/ óxido nítrico en el vermis de cerebelo durante la hipertensión. Rev 
Fac Farm. 2015; 78: 77-83.

25. Figueira F, Israel A. Role of cerebellar adrenomedullin in blood pressure 
regulation. Neuropeptides.2015; 52: 59-66.

26. Figueira L, Israel A. Cerebellar Adrenomedullinergic System. Role in 
Cardiovascular Regulation. Adv Exp Med Biol. 2017; 956: 541-560.

27. Figueira L, Israel A. Adrenomedullin and angiotensin II signaling pathways 
involved in the effects on cerebellar antioxidant enzymes activity. Brain 
Research Bulletin. 2017; 128: 83-91.

28. Pastorello M, Díaz E, Csibi A, Garrido MR, Chabot JG, Quirion R. Israel A 
Papel de la adrenomedulina cerebelosa en la hipertensión arterial. Arch Vene 
Farmacol Terap. 2007; 26: 98-104.

29. Gibbons C, Dackor R, Dunworth W, Fritz-Six K, Caron K. Receptor Activity-
modifying proteins: RAMPing up adrenomedullin signaling. Mol Endocrinol. 
2007; 21: 783-796.

30. Figueira L, Israel A. Effect of valsartan on cerebellar adrenomedullin system 
dysregulation during hypertension. Cerebellum. 2017; 16: 132-141.

31. He H, Bessho H, Fujisawa Y, Horiuchi K, Tomohiro A, Kita T, et al. Effects 
of a synthetic rat adrenomedullin on regional hemodynamics in rats. Eur J 
Pharmacol. 1995; 273: 209-214.

32. Chan R, Chan Y, Wong T. Responses of cardiovascular neurons in the rostral 
ventrolateral medulla of the normotensive Wistar Kyoto and spontaneously 
hypertensive rats to iontophoretic application of angiotensin II. Brain Res. 
1991; 556: 145-150.

33. Chrousos GP, Gold PW. The concepts of stress system disorders: overview 
of behavioral and physical homeostasis. JAMA. 1992; 267: 1244-1252.

34. McEwen BS, Magarinos AM, Reagan LP. Studies of hormone action in the 
hippocampal formation: possible relevance to depression and diabetes. J 
Psychosom Res. 2002; 53: 883-890. 

35. McEwen BS. Stressed or stressed out: What is the difference? J Psychiatry 
Neurosci. 2005; 30: 315-318.

36. Chrousos GP. Regulation and dysregulation of the hypothalamic-pituitary-
adrenal axis: the corticotropin releasing hormone perspective. Endocrinol 
Metab Clinics NA. 1992; 21: 833-858.

37. Tsigos C, Chrousos GP. Physiology of the hypothalamic- pituitary-adrenal 
axis in health y dysregulation in psychiatric and autoimmune disorders. 
Endocrinol Metab Clin North Am. 1994; 23: 451-466.

38. Johnson EO, Kamilaris TC, Chrousos GP, Gold PW. Mechanisms of stress: A  
dynamic overview of hormonal and behavioral homeostasis. Neurosci 
Biobehav Rev. 1992; 16: 115-130.

39. Habib KE, Gold PW, Chrousos GP. Neuroendocrinology of stress. Endocrinol 
Metab Clin North Am. 2001; 30: 695-728.

40. Babenko O, Golubov A, Ilnytskyy Y, Kovalchuk I, Metz GA. Genomic 
and epigenomic responses to chronic stress involve miRNA-mediated 
programming. PLoS One. 2012; 7: 29441.

41. Nayanatara AK, Nagaraja HS, Anupama BK. The effect of repeated swimming 
stress on organ weights and lipid peroxidation in rats. Ai J Physiol Sci. 2005; 
18: 3-9. 

42. Khan S, Michaud D, Moody TW, Anisman H, Merali Z. Effects of acute 
restraint stress on endogeneous adrenomedullin levels. Neuroreport. 1999; 
10: 2829-2833. 

43. Parkes DG, May CN. ACTH-suppressive and vasodilator actions of 
adrenomedullin in conscious sheep. J Neuroendocrinol.1995; 7: 923-929.

44. Ziolkowska A, Budzynska K, Trejter M, Tortorella C, Belloni AS, Malendowicz 
LK. Effects of adrenomedullin and its fragment 22-52 on basal and ACTH-
stimulated secretion of cultured rat adrenocortical cells. Int J Mol Med. 2003; 
11: 613-615.

45. Albertin G, Malendowicz LK, Tortorell C, Mazzocchi G, Nussdorfer GG. 
Evidence for a paracrine role of adrenomedullin in the physiological resetting 
of aldosterone secretion by rat adrenalzona glomerulosa. Peptides. 2000; 21: 
413-417.

46. McCarty R, Gold PW. Catecholamine, stress and disease: A Psychobiological 
perspective. Psychosom Med. 1996; 58: 590-597.

47. Figueira L, Israel A. Papel de la adrenomedulina cerebelosa durante el 
estrés. Investigación Clínica. 2016; 57: 280-292.

48. Sakata J, Shimokubo T, Kitamura K, Nishizono M, Iehiki Y, Kangawa K, et 
al. Distribution and characterization of immunoreactive rat adrenomedullin in 
tissue and plasma. FEBS Lett. 1994; 352: 105-108.

49. Kvetnansky R, Sun C, Lake C, Thoa N, Torda T, Kopin I. Effect of handling and 
forced immobilization on rat plasma levels of epinephrine, norepinephrine, 
and dopamine-beta-hydroxylase. Endocrinol. 1978; 103: 1868-1874.

50. Sabban E. Catecholamines in stress: molecular mechanisms of gene 
expression. Endocrine Reg. 2007; 41: 61-73.

51. Dinh D, Frauman A, Johnston C, Fabiani M. Angiotensin receptors: 
distribution, signalling and function. Clin Sci. 2001; 100: 481-492.

52. Arce M, Sanchez S, Seltzer A, Ciuffo G. Autoradiographic localization of 
angiotensin II receptors in developing rat cerebellum and brainstem. Regul 
Pept. 2001; 99: 53-60.

53. Ito M. Functional roles of neuropeptides in cerebellar cicuits. Neuroscience. 
2009; 162: 666-672.

54. Krukoff TL. Central actions of nitric oxide in regulation of autonomic functions. 
Brain Res Rev. 1999; 30: 52-65.

55. Bains J, Ferguson A. Nitric oxide regulates NMDA- driven GABAergic inputs 
to type I neurons of the rat paraventricular nucleus. J Physiol. 1997; 499: 
733-746.

56. Zhang J, Patel K. Effect of nitric oxide within the paraventricular nucleus on 
renal sympathetic nerve discharge: role of GABA. Am J Physiol. 1998; 275: 
728-734.

57. Taylor M, Samson W. A possible mechanism for the action of adrenomedullin 
in brain to stimulate stress hormone secretion. Endocrinology. 2004; 145: 
4890-4896.

58. Shan J, Krukoff TL. Distribution of preproadrenomedullin mRNA in the rat 
central nervous system and its modulation by physiological stressors. J Comp 
Neurol. 2001; 432: 88-100.

59. Mitsuhiko S, Shimokawa A, Kunitake T, Kato K, Hanamori T, Kitamura K, 
et al. Central actions of adrenomedullin on cardiovascular parameters and 
sympathetic outflow in conscious rats. Am J Physiol. 1998; 274: 979-984.

60. Fujita M, Kuwaki T, Ando K, Fujita T. Sympatho-inhibitory action of 
endogenous adrenomedullin through inhibition of oxidative stress in the brain. 
Hypertension. 2005; 45: 1165-1172.

61. Xu Y, Krukoff TL. Adrenomedullin in the rostral ventrolateral medulla inhibits 
baroreflex control of heart rate: a role for protein kinase A. Br J Pharmacol. 
2006; 148: 70-77.

62. Xu Y, Krukoff T. Adrenomedullin in the rostral ventrolateral medulla increases 
arterial pressure and heart rate: roles of glutamate and nitric oxide. Am J 
Physiol. 2004; 287: 729-734.

63. Ji SM, He RR. Microinjection of adrenomedullin into rostral ventrolateral 

https://www.ncbi.nlm.nih.gov/pubmed/21040789
http://190.169.94.12/ojs/index.php/rev_lh/article/view/9428
http://190.169.94.12/ojs/index.php/rev_lh/article/view/9428
http://190.169.94.12/ojs/index.php/rev_aavft/article/view/9289
http://190.169.94.12/ojs/index.php/rev_aavft/article/view/9289
http://www.academia.edu/27655717/Efecto_de_la_adrenomedulina_cerebelosa_sobre_las_quinasas_reguladas_por_se%C3%B1ales_extracelulares_en_la_hipertensi%C3%B3n
http://www.academia.edu/27655717/Efecto_de_la_adrenomedulina_cerebelosa_sobre_las_quinasas_reguladas_por_se%C3%B1ales_extracelulares_en_la_hipertensi%C3%B3n
http://www.academia.edu/27655717/Efecto_de_la_adrenomedulina_cerebelosa_sobre_las_quinasas_reguladas_por_se%C3%B1ales_extracelulares_en_la_hipertensi%C3%B3n
http://saber.ucv.ve/ojs/index.php/rev_ff/article/view/9642
http://saber.ucv.ve/ojs/index.php/rev_ff/article/view/9642
http://190.169.94.12/ojs/index.php/rev_ff/article/view/9648
http://190.169.94.12/ojs/index.php/rev_ff/article/view/9648
http://190.169.94.12/ojs/index.php/rev_ff/article/view/9648
https://www.ncbi.nlm.nih.gov/pubmed/26259851
https://www.ncbi.nlm.nih.gov/pubmed/26259851
https://www.ncbi.nlm.nih.gov/pubmed/27614623
https://www.ncbi.nlm.nih.gov/pubmed/27614623
http://www.sciencedirect.com/science/article/pii/S0361923016303653
http://www.sciencedirect.com/science/article/pii/S0361923016303653
http://www.sciencedirect.com/science/article/pii/S0361923016303653
http://biblat.unam.mx/ca/revista/archivos-venezolanos-de-farmacologia-y-terapeutica/articulo/papel-de-la-adrenomedulina-cerebelosa-en-la-hipertension-arterial
http://biblat.unam.mx/ca/revista/archivos-venezolanos-de-farmacologia-y-terapeutica/articulo/papel-de-la-adrenomedulina-cerebelosa-en-la-hipertension-arterial
http://biblat.unam.mx/ca/revista/archivos-venezolanos-de-farmacologia-y-terapeutica/articulo/papel-de-la-adrenomedulina-cerebelosa-en-la-hipertension-arterial
https://www.ncbi.nlm.nih.gov/labs/articles/17053041/
https://www.ncbi.nlm.nih.gov/labs/articles/17053041/
https://www.ncbi.nlm.nih.gov/labs/articles/17053041/
https://www.ncbi.nlm.nih.gov/labs/articles/27108271/
https://www.ncbi.nlm.nih.gov/labs/articles/27108271/
http://www.sciencedirect.com/science/article/pii/001429999400683X
http://www.sciencedirect.com/science/article/pii/001429999400683X
http://www.sciencedirect.com/science/article/pii/001429999400683X
https://www.ncbi.nlm.nih.gov/pubmed/1933347
https://www.ncbi.nlm.nih.gov/pubmed/1933347
https://www.ncbi.nlm.nih.gov/pubmed/1933347
https://www.ncbi.nlm.nih.gov/pubmed/1933347
https://www.ncbi.nlm.nih.gov/pubmed/1538563
https://www.ncbi.nlm.nih.gov/pubmed/1538563
https://www.ncbi.nlm.nih.gov/pubmed/12377298
https://www.ncbi.nlm.nih.gov/pubmed/12377298
https://www.ncbi.nlm.nih.gov/pubmed/12377298
https://www.ncbi.nlm.nih.gov/pubmed/16151535
https://www.ncbi.nlm.nih.gov/pubmed/16151535
https://www.ncbi.nlm.nih.gov/pubmed/1486878
https://www.ncbi.nlm.nih.gov/pubmed/1486878
https://www.ncbi.nlm.nih.gov/pubmed/1486878
https://www.researchgate.net/publication/15392855_Physiology_of_the_hypothalamic-pituitary-adrenal_axis_in_health_and_in_psychiatric_and_other_disorders
https://www.researchgate.net/publication/15392855_Physiology_of_the_hypothalamic-pituitary-adrenal_axis_in_health_and_in_psychiatric_and_other_disorders
https://www.researchgate.net/publication/15392855_Physiology_of_the_hypothalamic-pituitary-adrenal_axis_in_health_and_in_psychiatric_and_other_disorders
https://www.ncbi.nlm.nih.gov/pubmed/1630726
https://www.ncbi.nlm.nih.gov/pubmed/1630726
https://www.ncbi.nlm.nih.gov/pubmed/1630726
https://www.ncbi.nlm.nih.gov/pubmed/11571937
https://www.ncbi.nlm.nih.gov/pubmed/11571937
https://www.ncbi.nlm.nih.gov/pubmed/22291890
https://www.ncbi.nlm.nih.gov/pubmed/22291890
https://www.ncbi.nlm.nih.gov/pubmed/22291890
http://www.j-pbs.org/pdf/181/nayanatara.pdf
http://www.j-pbs.org/pdf/181/nayanatara.pdf
http://www.j-pbs.org/pdf/181/nayanatara.pdf
https://www.ncbi.nlm.nih.gov/pubmed/10511448
https://www.ncbi.nlm.nih.gov/pubmed/10511448
https://www.ncbi.nlm.nih.gov/pubmed/10511448
https://www.ncbi.nlm.nih.gov/pubmed/8745270
https://www.ncbi.nlm.nih.gov/pubmed/8745270
https://www.ncbi.nlm.nih.gov/pubmed/12684698
https://www.ncbi.nlm.nih.gov/pubmed/12684698
https://www.ncbi.nlm.nih.gov/pubmed/12684698
https://www.ncbi.nlm.nih.gov/pubmed/12684698
http://www.sciencedirect.com/science/article/pii/S0196978100001625
http://www.sciencedirect.com/science/article/pii/S0196978100001625
http://www.sciencedirect.com/science/article/pii/S0196978100001625
http://www.sciencedirect.com/science/article/pii/S0196978100001625
https://www.ncbi.nlm.nih.gov/pubmed/8948007
https://www.ncbi.nlm.nih.gov/pubmed/8948007
https://medes.com/publication/117083
https://medes.com/publication/117083
https://www.ncbi.nlm.nih.gov/pubmed/7925955
https://www.ncbi.nlm.nih.gov/pubmed/7925955
https://www.ncbi.nlm.nih.gov/pubmed/7925955
https://www.ncbi.nlm.nih.gov/pubmed/748021
https://www.ncbi.nlm.nih.gov/pubmed/748021
https://www.ncbi.nlm.nih.gov/pubmed/748021
https://www.ncbi.nlm.nih.gov/pubmed/18257649
https://www.ncbi.nlm.nih.gov/pubmed/18257649
https://www.ncbi.nlm.nih.gov/pubmed/11294688
https://www.ncbi.nlm.nih.gov/pubmed/11294688
https://www.ncbi.nlm.nih.gov/labs/articles/11257315/
https://www.ncbi.nlm.nih.gov/labs/articles/11257315/
https://www.ncbi.nlm.nih.gov/labs/articles/11257315/
https://www.ncbi.nlm.nih.gov/pubmed/19361475
https://www.ncbi.nlm.nih.gov/pubmed/19361475
https://www.ncbi.nlm.nih.gov/pubmed/10407125
https://www.ncbi.nlm.nih.gov/pubmed/10407125
https://www.ncbi.nlm.nih.gov/pubmed/9130169
https://www.ncbi.nlm.nih.gov/pubmed/9130169
https://www.ncbi.nlm.nih.gov/pubmed/9130169
https://www.ncbi.nlm.nih.gov/pubmed/9728069
https://www.ncbi.nlm.nih.gov/pubmed/9728069
https://www.ncbi.nlm.nih.gov/pubmed/9728069
https://www.ncbi.nlm.nih.gov/pubmed/15271873
https://www.ncbi.nlm.nih.gov/pubmed/15271873
https://www.ncbi.nlm.nih.gov/pubmed/15271873
https://www.ncbi.nlm.nih.gov/pubmed/11241379
https://www.ncbi.nlm.nih.gov/pubmed/11241379
https://www.ncbi.nlm.nih.gov/pubmed/11241379
https://www.ncbi.nlm.nih.gov/pubmed/9575959
https://www.ncbi.nlm.nih.gov/pubmed/9575959
https://www.ncbi.nlm.nih.gov/pubmed/9575959
https://www.ncbi.nlm.nih.gov/labs/articles/15867131/
https://www.ncbi.nlm.nih.gov/labs/articles/15867131/
https://www.ncbi.nlm.nih.gov/labs/articles/15867131/
https://www.ncbi.nlm.nih.gov/pubmed/16501581
https://www.ncbi.nlm.nih.gov/pubmed/16501581
https://www.ncbi.nlm.nih.gov/pubmed/16501581
https://www.ncbi.nlm.nih.gov/pubmed/12506316
https://www.ncbi.nlm.nih.gov/pubmed/12506316
https://www.ncbi.nlm.nih.gov/pubmed/12506316
https://www.ncbi.nlm.nih.gov/pubmed/12506316


J Cardiovasc Disord 4(1): id1034 (2017)  - Page - 07

Israel A Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

medulla increases blood pressure, heart rate and renal sympathetic nerve 
activity in rats. Sheng Li Xue Bao. 2002; 54: 460-466.

64. Takahashi H, Watanabe T, Nishimura M, Nakanishi T, Sakamoto M, 
Yoshimura Y, et al. Centrally induced vasopressor and sympathetic 
responses to a novel endogenous peptide, adrenomedullin, in anesthezides 
rats. Am J Hypertens. 1994; 7: 478- 482.

65. Saita M, Shimokawa A, Kunitake T, Kato K, Hanamori T, Kitamura K, et 
al. Central actions of adrenomedullin on cardiovascular parameters and 
sympathetic outflow in conscious rats. Am J Physiol. 1998; 274: R979-R984.

66. Shan J, Stachniak T, Jhamandas J, Krukoff T. Autonomic and neuroendcrine 
actions of adrenomedullin in the brain: mechanisms for homeostasis. Reg 
Pept. 2003; 112: 33-40.

67. Matsumura K, Abe I, Tsuchihashi T, Fujishima M. Central adrenomedullin 
augments the baroreceptor reflex in conscious rabbits. Hypertension. 1999; 
33: 992-997.

68. Xu Y, Krukoff TL. Decrease in arterial pressure induced by adrenomedullin 
in the hypothalamic paraventricular nucleus is mediated by nitric oxide and 
GABA. Reg Pept. 2004; 119: 21-30.

69. Aston G, Shipley M, Chouvet G, Ennis M, Van Bockstaele E, Pieribone V. 
Afferent regulation of locus coeruleus neurones: anatomy, physiology and 
pharmacology. Prog Brain Res. 1991; 88: 47-75.

Citation: Figueira L and Israel A. Involvement of Cerebellar Adrenomedullin in Cardiovascular Regulation and 
Vasopressor Response to Acute Stress. J Cardiovasc Disord. 2017; 4(1): 1034.

J Cardiovasc Disord - Volume 4 Issue 1 - 2017
ISSN 2379-7991 | www.austinpublishinggroup.com 
Israel et al. © All rights are reserved

https://www.ncbi.nlm.nih.gov/pubmed/12506316
https://www.ncbi.nlm.nih.gov/pubmed/12506316
https://www.ncbi.nlm.nih.gov/pubmed/8060585
https://www.ncbi.nlm.nih.gov/pubmed/8060585
https://www.ncbi.nlm.nih.gov/pubmed/8060585
https://www.ncbi.nlm.nih.gov/pubmed/8060585
https://www.ncbi.nlm.nih.gov/pubmed/9575959
https://www.ncbi.nlm.nih.gov/pubmed/9575959
https://www.ncbi.nlm.nih.gov/pubmed/9575959
http://www.sciencedirect.com/science/article/pii/S016701150300020X
http://www.sciencedirect.com/science/article/pii/S016701150300020X
http://www.sciencedirect.com/science/article/pii/S016701150300020X
https://www.ncbi.nlm.nih.gov/pubmed/10205236
https://www.ncbi.nlm.nih.gov/pubmed/10205236
https://www.ncbi.nlm.nih.gov/pubmed/10205236
https://www.ncbi.nlm.nih.gov/pubmed/15093693
https://www.ncbi.nlm.nih.gov/pubmed/15093693
https://www.ncbi.nlm.nih.gov/pubmed/15093693
http://www.sciencedirect.com/science/article/pii/S0079612308637991
http://www.sciencedirect.com/science/article/pii/S0079612308637991
http://www.sciencedirect.com/science/article/pii/S0079612308637991

	Title
	Abstract
	Abbreviations
	Introduction
	Physiological Effects of Cerebellar AM 
	Effects of Cerebellar AM on Acute Stress
	Conclusion
	Acknowledgements
	References
	Figure 1
	Figure 2
	Figure 3

