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signalling interaction

Afonso Caricati-Neto and Leandro Bueno Bergantin®

Department of Pharmacology - Universidade Federal de Sdo Paulo - Escola Paulista de Medicina, Brazil

Abstract

Since 70°s, the sympathetic hyperactivity due to increment of catecholamine plasma levels is the main adverse effect reported by hypertensive patients that use
L-type Ca* channel blockers (CCBs). Our discovery of the involvement of interaction between the intracellular signalling pathways mediated by Ca** and cAMP
(Ca*/cAMP interaction) revealed that the sympathetic hyperactivity was resulting of increase of transmitter release from sympathetic neurons stimulated by
CCB:s due to its interference on the Ca?/cAMP interaction. For the pharmacotherapy of Parkinson’s disease, new paths for the understanding of the cellular and
molecular mechanisms involved in the pathogenesis of this disease can be achieved through this discovery. In this way, novel pathways for the development of new

pharmacological strategies more effective for the treatment of Parkinson’s may be initiated.

Introduction

Reduction of dopamine release from striatal dopaminergic
neurons due to neuronal death is the main accepted concept of
Parkinson’s disease [1]. The disease can be stablished years before a
clinical diagnosis may be consistently made (asymptomatic/slightly
symptomatic patients). Thus, the early diagnostic phase offers a real
opportunity for therapies, for example: those aimed to prevent the
progression of the disease, and its many complications side effects.
However, no such efficient therapies are available nowadays. Thus,
elucidating the mechanisms of neurodegeneration from the beginning
stages could lead to the development of new approaches, whose
therapeutic potential will need to be evaluated in adequately designed
clinical trials [1].

Advances in the knowledge of this early phase of Parkinson's disease
could lead to the identification of biomarkers of neurodegeneration,
and its progression. These biomarkers could help to identify the ideal
population to be included, and the most appropriate outcomes to be
assessed in clinical trials of medicines. Possible risks for asymptomatic
patients developing Parkinson’s disease, and individuals who do not
wish to know their mutation status, could pose specific ethical dilemmas
in the design of clinical trials. In this review, we discuss novel strategies
to treat Parkinson’s disease, throughout our recent discovery entitled
“calcium paradox” phenomenon due to an interaction between the
intracellular signalling pathways mediated by Ca** and cAMP (Ca*/
cAMP interaction) [2-4].

Current therapy to treat Parkinson'’s disease

Therecognizable core signs of the disease are related to asymmetrical
bradykinesia and hypokinesia (slowness and reduced amplitude of
movement), muscle rigidity (stiffness) and rest tremor, consequences
from modifying motor control. These signs come from the reduction
of dopamine release in striatal dopaminergic neurons, notable due to
neuronal death. Rest tremor, prominentasymmetry and a good response
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to levodopa are the features that most accurately predict Parkinson’s
disease pathology [5]. Response to Parkinson’s disease medicines
should raise evidences about the diagnosis, including early falls or
autonomic symptoms [5]. Commonly prescribed dopamine-blocking
medications, such as antipsychotics (eg, haloperidol, risperidone)
and antiemetics (eg, metoclopramide, prochlorperazine) should be
excluded in Parkinson’s patients because of medication-induced
Parkinsonism. Functional imaging of the dopaminergic system using
cerebral single photon emission computed tomography or positron
emission tomography can be useful in diagnosis of early Parkinson’s
disease [1,5]. Positron emission tomography studies examining the
rate of decline in dopamine-producing cells suggest that humans have
already lost 50%-70% of their nigral neurons, before they develop
motor symptoms [5], and it has been estimated that the duration of
this “presymptomatic” phase is about 5 years. Thus, a critical issue may
rest in early diagnosis, turning more effective the therapeutic action of
neuroprotective drugs when they become available.

In fact, increasing dopamine, mainly by using Levodopa combined
with a dopa-decarboxylase inhibitor remains the most potent drug
therapy for reversing motor impairment. A higher maintenance dose
of Levodopa (eg, 200 mg three times daily compared with an initial
dose of 100 mg three times daily) provides slightly greater benefit
for reducing motor symptoms, but at the cost of earlier wearing-off
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symptoms and dyskinesias [5]. The combination of novel ideas may
lead to advances in Parkinson’s disease research with the promise of
finding compounds that are both effective, and fast-acting, including
in patients who have tried other therapies with restricted success. In
conclusion, new insights for more efficient pharmacological handling
of Parkinson s disease are clearly needed.

From a “eureka insight” to a novel potential therapeutic
target to treat Parkinson’s disease: The Ca*/cAMP
signalling interaction

Discovery of the role of interaction of intracellular signalling
pathways mediated by Ca** and cAMP in neurotransmitter release

Numerous experiments initiated sixty years ago, using
catecholaminergic cells, originated the concept of stimulus-secretion
coupling to elucidate neurotransmitter release and hormone secretion.
This concept was initially resulted from the study of cat adrenal gland
perfused with acetylcholine executed by Douglas and Rubin in the 1960s
[6]. The discovery that increase in the cytosolic Ca** concentration
([Ca**]c) was a basic requirement for exocytosis in adrenal
catecholaminergic cells was made by Baker and Knight in 1970s [7]. In
addition, some studies showed that cAMP raises transmitter release at
several synapses in autonomic nervous system of vertebrate, including
sympathetic neurons [8]. Indeed, the evidences suggest that this
intracellular messenger can participate in fine regulation of exocytosis
due to its modulatory action on the intracellular Ca** signals.

In fact, the hypothesis for Ca**/cAMP interaction has been
extensively studied in many cells and tissues. Generally, this interaction
results in synergistic effects on cell functions [2-4] and occurs at the
level of adenylyl cyclases (ACs) or phosphodiesterases (PDE) (Figure 1).
The Ca**/cAMP interaction has particularly been extensively studied at
the Ca?* channels [e.g.: ryanodine receptors (RyR)] of the endoplasmic
reticulum (ER) [2-4]. Phosphorylation of RyR by protein kinase A
(PKA), and also inositol trisphosphate receptor (IP,R) at submaximal
IP, concentrations, may increase the open probability of ER Ca** stores,
amplifying Ca**-induced Ca®* release (CICR) mechanism and cellular
responses [2-4] (Figure 1). Dysfunctions of cellular homeostasis of
Ca’* and/or cAMP in neuronal cells could result in the dysregulation
of Ca**/cAMP interaction, resulting in reduction of neurotransmitter
release and also neuronal death. Then, Ca?>*/cAMP interaction could be
a novel therapeutic target for medicines (Figure 1).

Paradoxical effects of CCBs on neurotransmission and their
pleiotropic effects in Parkinson s disease

Since four decades ago, several clinical studies have been reporting
that acute and chronic administration of L-type Ca** channel blockers
(CCBs), such as nifedipine and verapamil, produces reduction in
peripheral vascular resistance and arterial pressure associated with
an increase in plasma noradrenaline levels and heart rate, typical
effects of sympathetic hyperactivity [9]. However, the fundamental
mechanisms involved in this apparent paradoxical effect of the L-type
CCBs remained unclear for decades. In addition, experimental studies
using isolated tissues richly innervated by sympathetic nerves showed
that neurogenic responses were completely inhibited by L-type CCBs
in high concentrations (>1 pmol/L), but paradoxically potentiated in
concentrations below 1 umol/L [10-12]. During almost four decades,
these enigmatic phenomena remained unclear. In 2013, we discovered
that this paradoxical increase in sympathetic activity produced
by L-type CCBs is due to Ca**/cAMP interaction [2-4]. Then, the

J Syst Integr Neurosci, 2017 doi: 10.15761/JSIN.1000187

pharmacological handling of the Ca*>*/cAMP interaction produced by
combination of the L-type CCBs used in the antihypertensive therapy,
and cAMP accumulating compounds used in the anti-depressive
therapy such as rolipram, could represent a potential cardiovascular
risk for hypertensive patients due to increase in sympathetic
hyperactivity. In contrast, this pharmacological manipulation could
be a new therapeutic strategy for increasing neurotransmission in the
psychiatric disorders, such as Parkinson s disease.

In addition, several studies have been demonstrating pleiotropic
effects of CCBs. CCBs, like nifedipine, genuinely have pleiotropic effects
[13]. Ca** channels are important regulators of central nervous system,
and their dysfunction can give rise to pathophysiological conditions as
psychiatric conditions such as epilepsy, pain and autism [13]. In the
nervous system, CCBs have been emerging as potential therapeutic
avenues for pathologies such as Parkinson’s disease [13]. However,
the molecular mechanisms involved in these pleiotropic effects remain
under debate. Different mechanisms have been proposed, but the exact
mechanisms are still uncertain.

Importance of pharmacological modulation of Ca*/cAMP
interaction in the treatment of Parkinson s disease

In contrast to adverse effects produced by combination of L-type
CCBs with cAMP-accumulating compounds in the cardiovascular
diseases, the pharmacological implications of the Ca?/cAMP
interaction produced by this drug combination could be used to
enhance neurotransmission and neuroprotection [2-4].

Considering our model in which increment of [cAMP]c stimulates
Ca*" release from ER (Figure 1), it may be plausible that the therapeutic
use of the PDE inhibitor rolipram [14,15], in combination with low doses
of verapamil to increase neurotransmission (Figure 1) in the areas of
central nervous system involved in neurological/psychiatric disorders
in which neurotransmission is reduced, including Parkinson s disease.
This new pharmacological strategy for the treatment of psychiatric
disorders could increase the therapeutic efficacy and reduce the adverse
effects of the medicines currently used for treating Parkinson s disease.
Considering that CCBs genuinely exhibit cognitive-enhancing abilities
and reduce the risk of neurodegenerative diseases like Parkinson’s
disease [13]; and that the mechanisms involved in these pleiotropic
effects are largely unknown. Then, whether Ca?*/cAMP interaction is
involved in such effects deserves special attention.

In addition, considering [Ca*]c elevation could contribute to
both: negatively to neuroprotective effects and positively to exocytosis,
it may be plausible the therapeutic use of the PDEs inhibitors [14,15]
for antiparkinsonism purposes. Then, pharmacological handing of the
Ca**/cAMP interaction produced by combination of L-type CCBs and
cAMP-accumulating compounds could enhance antiparkinsonism
response and reduce clinical symptoms of neurodegenerative
diseases. Thus, the association of currently medicines could enhance
antiparkinsonism treatments. For example: the association of
Levodopa with CCBs or rolipram could dramatically improve typical
antiparkinsonism medicines, mainly by reducing their adverse
effects and increasing their effectiveness. This new pharmacological
strategy could be alternatively used for treatment of the symptoms of
neurodegenerative diseases [16-23].

Conclusion

The diagnosis of Parkinson s disease depends critically on clinical
diagnosis of patients. In addition, emerging therapies may supplement
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Figure 1. Pharmacological handling of the Ca?*/cAMP signaling interaction by combined use of L-type Ca?* channel blockers and cAMP-enhancer drugs may produce increase of the
neurotransmitter release, and attenuation of neuronal death (neuroprotection). Considering our model in which increment of [cAMP]c stimulates Ca?* release from endoplasmic reticulum,
it may be plausible that the therapeutic use of the PDE inhibitor (rolipram) in combination with low doses of L-type Ca?* channel blocker (verapamil) to increase the neurotransmission, and
neuroprotection, could be a novel therapeutic strategy to treat the neurological/psychiatric disorders, including Parkinson’s disease. PDE - phosphodiesterase inhibitors.

clinical assessment in the next years. Although pharmacological
therapies have been largely unsuccessful in attenuating Parkinson’s
disease symptoms, targeting potential risk factors aiming to decrease
incidence of this neurodegenerative disease is an important public
health issue. Finally, novel strategies to treat Parkinson’s diseases,
throughout our recent discovery entitled “calcium paradox”
phenomenon due to Ca?*/cAMP interaction, could greatly contribute to
enhance therapeutic strategies for increasing neuroprotection [16-23].
Thus, the association of typical antiparkinsonism medicines with CCBs
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or rolipram could dramatically improve antiparkinsonism therapies,
mainly by reducing adverse effects and improving effectiveness of these
currently medicines [16-23].

Disclosure statement

Caricati-Neto and Bergantin thank the continued financial support
from CAPES, CNPqand FAPESP (Bergantin 's Postdoctoral Fellowship
FAPESP #2014/10274-3).

Volume 4(1): 3-4



Caricati-Neto A (2017) From a “eureka insight” to a novel potential therapeutic target to treat Parkinson’s disease: The Ca*/camp signalling interaction

References

1.

Salat D, Noyce AJ, Schrag A, Tolosa E (2016) Challenges of modifying disease
progression in prediagnostic Parkinson's disease. Lancet Neurol S1474-4422(16)00060-
0. [Crossref]

Caricati-Neto A, Garcia AG, Bergantin LB (2015) Pharmacological implications of the
Ca2+/cAMP signaling interaction: from risk for antihypertensive therapy to potential
beneficial for neurological and psychiatric disorders. Pharmacol Res Perspect 3:
e00181. [Crossref]

Bergantin LB, Souza CF, Ferreira RM, Smaili SS, Jurkiewicz NH, et al. (2013) Novel
model for “calcium paradox™ in sympathetic transmission of smooth muscles: role of
cyclic AMP pathway. Cell Calcium 54: 202-212. [Crossref]

Bergantin LB, Jurkiewicz A, Garcia AG, Caricati-Neto A (2015) A Calcium Paradox
in the Context of Neurotransmission. Journal of Pharmacy and Pharmacology 3: 253-
261. [Crossref]

Hayes MW, Fung VS, Kimber TE, O'Sullivan JD (2010) Current concepts in the
management of Parkinson disease. Med J Aust 192: 144-149. [Crossref]

Douglas WW, Rubin RP (1961) The role of calcium in the secretory response of the
adrenal medulla to acetylcholine. J Physiol 159: 40-57. [Crossref]

Baker PF, Knight DE (1978) Calcium-dependent exocytosis in bovine adrenal
medullary cells with leaky plasma membranes. Nature 276: 620-622. [Crossref]

Chern YJ, Kim KT, Slakey LL, Westhead EW (1988) Adenosine receptors activate
adenylate cyclase and enhance secretion from bovine adrenal chromaffin cells in the
presence of forskolin. J Neurochem 50: 1484-1493. [Crossref]

Grossman E, Messerli FH (1998) Effect of calcium antagonists on sympathetic
activity. Eur Heart J 19 Suppl F: F27-31. [Crossref]

. Kreye VA, Luth JB (1975) Proceedings: verapamil-induced phasic contractions of the

isolated rat vas deferens. Naunyn Schmiedebergs Arch Pharmacol 287 Suppl: R43.
[Crossref]

. French AM, Scott NC (1981) A comparison of the effects of nifedipine and verapamil

on rat vas deferens. BrJ Pharmacol 73: 321-323. [Crossref]

. Moritoki H, Twamoto T, Kanaya J, Maeshiba Y, Ishida Y, et al. (1987) Verapamil

enhances the non-adrenergic twitch response of rat vas deferens. Eur J Pharmacol 140:
75-83. [Crossref]

16.

20.

2

22.

23.

. Zamponi GW (2016) Targeting voltage-gated calcium channels in neurological and

psychiatric diseases. Nat Rev Drug Discov 15: 19-34. [Crossref]

. Li YF, Cheng YF, Huang Y, Conti M, Wilson SP, et al. (2011) Phosphodiesterase-4D

knock-out and RNA interference-mediated knock-down enhance memory and increase
hippocampal neurogenesis via increased cAMP signaling. J Neurosci 31: 172—183.
[Crossref]

. Xiao L, O'Callaghan JP, O'Donnell JM (2011) Effects of repeated treatment with

phosphodiesterase-4 inhibitors on cAMP signaling, hippocampal cell proliferation, and
behavior in the forced-swim test. J Pharmacol Exp Ther 338: 641-647. [Crossref]

Bergantin LB, Caricati-Neto A (2016) Challenges for the pharmacological treatment
of neurological and psychiatric disorders: Implications of the Ca2+/cAMP intracellular
signalling interaction. Eur J Pharmacol 788: 255-260. [Crossref]

. Bergantin LB, Caricati-Neto A (2016) Insight from “Calcium Paradox” due to Ca2+/

cAMP Interaction: Novel Pharmacological Strategies for the Treatment of Depression.
Int Arch Clin Pharmacol 2: 007. [Crossref]

. Bergantin LB, Caricati-Neto A (2016) Novel Insights for Therapy of Parkinson’s

disease: Pharmacological Modulation of the Ca2+/cAMP Signalling Interaction. Austin
Neurol & Neurosci 1: 1009. [Crossref]

. Bergantin LB, Caricati-Neto A (2016) Recent advances in pharmacotherapy of

neurological and psychiatric disorders promoted by discovery of the role of Ca2+/
cAMP signaling interaction in the neurotransmission and neuroprotection. Adv
Pharmac J 1: 66. [Crossref]

Bergantin LB, Caricati-Neto A (2016) From discovering "calcium paradox" to
Ca2+/cAMP Interaction: Impact in Human Health and Disease. Scholars Press 108.
[Crossref]

. Caricati-Neto A, Bergantin LB (2016) New therapeutic strategy of Alzheimer’s and

Parkinson’s diseases: Pharmacological modulation of neural Ca2+/cAMP intracellular
signaling interaction. Asian Journal of Pharmacy and Pharmacology 2: 136-143.
[Crossref]

Bergantin LB, Caricati-Neto A (2016) Impact of interaction of Ca2+/cAMP Intracellular
Signalling Pathways in Clinical Pharmacology and Translational Medicine. Clinical
Pharmacology and Translational Medicine 1-4. [Crossref]

Bergantin LB, Caricati-Neto A (2016) Challenges for the Pharmacological Treatment
of Dementia: Implications of the Ca2+ /cAMP Intracellular Signalling Interaction.
Avidscience 2-25. [Crossref]

Copyright: ©2017 Caricati-Neto A. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Syst Integr Neurosci, 2017

doi: 10.15761/JSIN.1000187

Volume 4(1): 4-4


http://www.thelancet.com/journals/laneur/article/PIIS1474-4422(16)00060-0/abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4618650/
https://www.ncbi.nlm.nih.gov/pubmed/23849429
https://www.researchgate.net/publication/281273495_A_Calcium_Paradox_in_the_Context_of_Neurotransmission
http://www.ncbi.nlm.nih.gov/pubmed/20121682
https://www.ncbi.nlm.nih.gov/pubmed/13887557
https://www.nature.com/articles/276620a0
http://onlinelibrary.wiley.com/doi/10.1111/j.1471-4159.1988.tb03034.x/full
http://www.ncbi.nlm.nih.gov/pubmed/9651732
https://www.ncbi.nlm.nih.gov/pubmed/1143442
http://www.ncbi.nlm.nih.gov/pubmed/7236986
https://www.ncbi.nlm.nih.gov/pubmed/3113986
http://www.ncbi.nlm.nih.gov/pubmed/26542451
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3079568/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3141907/
https://www.ncbi.nlm.nih.gov/pubmed/27349146
https://www.clinmedjournals.org/articles/iacp/international-archives-of-clinical-pharmacology-iacp-2-007.php?jid=iacp
http://austinpublishinggroup.com/neurology-neurosciences/fulltext/ann-v1-id1009.php
https://scholar.google.com/scholar?cluster=2629171463436404755&hl=en&oi=scholarr
https://www.amazon.com/discovering-calcium-paradox-cAMP-interaction/dp/3659840157
https://www.researchgate.net/publication/312935303_New_therapeutic_strategy_of_Alzheimers_and_Parkinsons_diseases_Pharmacological_modulation_of_neural_Ca2cAMP_intracellular_signaling_interaction
https://www.researchgate.net/profile/Leandro_Bergantin/publication/311966087_Impact_of_interaction_of_Ca_2_cAMP_Intracellular_Signalling_Pathways_in_Clinical_Pharmacology_and_Translational_Medicine/links/5865966908ae8fce490c26d4/Impact-of-interaction-of-Ca-2-cAMP-Intracellular-Signalling-Pathways-in-Clinical-Pharmacology-and-Translational-Medicine.pdf
http://www.avidscience.com/wp-content/uploads/2016/11/DEM-16-01.pdf

	Title
	Correspondence
	Abstract
	Key words
	Introduction
	Current therapy to treat Parkinson´s disease 
	From a “eureka insight” to a novel potential therapeutic target to treat Parkinson´s disease: The Ca
	Conclusion
	Disclosure statement 
	References

