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Abstract

It is now well-established that the signalling pathways mediated by Ca%* and cAMP can interact (Ca2*/cAMP
signalling interaction), thus playing a vital role in cellular processes of mammalians. In the neurology and medicine, it
has opened novel opportunities for the development of pharmaceuticals more efficient, and safer, for treating
neurodegenerative diseases. The solution for the so-called “calcium paradox” has been revealed 4 years ago, when
we demonstrated the involvement of the Ca2*/cAMP signalling interaction in this enigma. The “calcium paradox”
emerged 4 decades ago, when numerous clinical studies have concluded that prescription of L-type Ca2* channel
blockers (CCBs) for hypertensive patients decreased arterial pressure, but produced stimulation of sympathetic
hyperactivity. Indeed, initially these adverse effects of CCBs have been attributed to adjust reflex of arterial pressure,
but this conclusion remained not completely satisfactory. The year of 2013 would change this history forever!
Through an original experiment, we revealed that the "calcium paradox" phenomenon came from increased
transmitter release from sympathetic neurons stimulated by CCBs due to its handling on the Ca2*/cAMP signalling
interaction. Then, the manipulation of Ca2*/cAMP signalling interaction could improve therapeutic strategies for

stimulating synaptic transmission compromised by transmitter release deficit, and attenuating death of neurons.
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Introduction

From the past years, it has been shown that the signalling pathways
mediated by Ca?* and cAMP can interact (Ca2*/cAMP signalling
interaction), thus playing a vital role in cellular processes of
mammalians. In the neurology and medicine, it could improve
therapeutic  strategies for stimulating synaptic transmission
compromised by transmitter release defcit, and attenuating death of
neurons.

It has been almost 4 years since we revealed the involvement of the
Ca?*/cAMP signalling interaction in the enigma of the so-called
“calcium paradox” For understanding the “calcium paradox”, we
should return to the past. Indeed, the concept of stimulus-secretion to
elucidate neurotransmitters release has been achieved from creative
experiments made by Douglas, et al. [1]. By their concepts, in 1970"s
Baker and Knight [2] showed that an increase in the cytosolic Ca2*
concentration ([Ca2*]c) is a fundamental requirement to start
transmitter release. In addition, the unquestionable result showing a
correlation between neurotransmitter release and elevation in [Ca?*]c
came from the interesting experiments made by the Nobel laureate
Erwin Neher [3]. Tus, by reducing extracellular Ca?* through
blocking Ca?* channels, we should have a reducing in the
neurotransmitter  release.  Nonetheless, many reports have
demonstrated that L-type Ca®* channel blockers (CCBs), in
concentrations below 1 pmol/L, could induce neurotransmitter release,
a “paradox” [4-6]. In addition, many reports have demonstrated that
cAMP enhances neurotransmitter release at several synapses in

autonomic nervous system of mammalians [7]. Recently, we
demonstrated that Ca2*/cAMP signalling interaction is implicated in
the modulation of transmitters release from sympathetic neurons, and
adrenal chroma#®n cells [8-11].

Teinteraction between Ca2* and cAMP signalling pathways
as a classical concept: an intriguing history

It is well established that the interaction between Ca?* and cAMP
signalling pathways is as a vital cellular process in mammalians [8-11].
Tis classical concept assumes that these signalling pathways virtually
exist in all mammalian cells, modulated by adenylyl cyclases (ACs) and
phosphodiesterases (PDESs) [8-11]. In addition, endoplasmic reticulum
(ER) Ca?*


mailto:leanbio39@yahoo.com.br



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1359576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1359576/
http://dx.doi.org/10.1038/276620a0
http://dx.doi.org/10.1038/276620a0
http://dx.doi.org/10.1038/276620a0
http://www.sciencedirect.com/science/article/pii/089662739390238M
http://www.sciencedirect.com/science/article/pii/089662739390238M

Kreye VA, Luth JB (1975) Proceedings: verapamil-induced phasic
contractions of the isolated rat vas deferens. Naunyn Schmiedebergs Arch
Pharmacol 287 Suppl: R43.

French


https://www.ncbi.nlm.nih.gov/pubmed/1143442
https://www.ncbi.nlm.nih.gov/pubmed/1143442
https://www.ncbi.nlm.nih.gov/pubmed/1143442
http://dx.doi.org/10.1111/j.1476-5381.1981.tb10424.x
http://dx.doi.org/10.1111/j.1476-5381.1981.tb10424.x
http://www.sciencedirect.com/science/article/pii/0014299987906364
http://www.sciencedirect.com/science/article/pii/0014299987906364
http://www.sciencedirect.com/science/article/pii/0014299987906364
http://dx.doi.org/10.1111/j.1471-4159.1988.tb03034.x
http://dx.doi.org/10.1111/j.1471-4159.1988.tb03034.x
http://dx.doi.org/10.1111/j.1471-4159.1988.tb03034.x
http://dx.doi.org/10.1002/prp2.181
http://dx.doi.org/10.1002/prp2.181
http://dx.doi.org/10.1002/prp2.181
http://dx.doi.org/10.1002/prp2.181
http://www.sciencedirect.com/science/article/pii/S0143416013000894
http://www.sciencedirect.com/science/article/pii/S0143416013000894
http://www.sciencedirect.com/science/article/pii/S0143416013000894
https://www.researchgate.net/profile/Leandro_Bergantin/publication/281273495_A_Calcium_Paradox_in_the_Context_of_Neurotransmission/links/55dde97e08ae79830bb580b8.pdf
https://www.researchgate.net/profile/Leandro_Bergantin/publication/281273495_A_Calcium_Paradox_in_the_Context_of_Neurotransmission/links/55dde97e08ae79830bb580b8.pdf
https://www.researchgate.net/profile/Leandro_Bergantin/publication/281273495_A_Calcium_Paradox_in_the_Context_of_Neurotransmission/links/55dde97e08ae79830bb580b8.pdf
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwj8-LjWib3TAhVDL48KHcEQCRwQFggjMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0014299916303934&usg=AFQjCNHp-CTyqGdbnegJRdrwjLWdE8ewSQ&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwj8-LjWib3TAhVDL48KHcEQCRwQFggjMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0014299916303934&usg=AFQjCNHp-CTyqGdbnegJRdrwjLWdE8ewSQ&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwj8-LjWib3TAhVDL48KHcEQCRwQFggjMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0014299916303934&usg=AFQjCNHp-CTyqGdbnegJRdrwjLWdE8ewSQ&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwj8-LjWib3TAhVDL48KHcEQCRwQFggjMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0014299916303934&usg=AFQjCNHp-CTyqGdbnegJRdrwjLWdE8ewSQ&cad=rja
http://europepmc.org/abstract/med/9651732
http://europepmc.org/abstract/med/9651732
httt://dx.doi.org/10.1038/nm0395-244
httt://dx.doi.org/10.1038/nm0395-244
httt://dx.doi.org/10.1038/nm0395-244
https://doi.org/10.1124/jpet.111.179358
https://doi.org/10.1124/jpet.111.179358
https://doi.org/10.1124/jpet.111.179358
https://doi.org/10.1124/jpet.111.179358
http://www.sciencedirect.com/science/article/pii/S0969996111001240
http://www.sciencedirect.com/science/article/pii/S0969996111001240
http://www.sciencedirect.com/science/article/pii/S0969996111001240
http://dx.doi.org/10.1097/01.hjh.0000244961.69985.05
http://dx.doi.org/10.1097/01.hjh.0000244961.69985.05
http://dx.doi.org/10.1097/01.hjh.0000244961.69985.05
http://dx.doi.org/10.1097/01.hjh.0000244961.69985.05
https://www.researchgate.net/profile/Leandro_Bergantin/publication/309232229_Insight_from_Calcium_Paradox_due_to_Ca_2_cAMP_Interaction_Novel_Pharmacological_Strategies_for_the_Treatment_of_Depression/links/580645ee08ae0075d82c58d1.pdf
https://www.researchgate.net/profile/Leandro_Bergantin/publication/309232229_Insight_from_Calcium_Paradox_due_to_Ca_2_cAMP_Interaction_Novel_Pharmacological_Strategies_for_the_Treatment_of_Depression/links/580645ee08ae0075d82c58d1.pdf
https://www.researchgate.net/profile/Leandro_Bergantin/publication/309232229_Insight_from_Calcium_Paradox_due_to_Ca_2_cAMP_Interaction_Novel_Pharmacological_Strategies_for_the_Treatment_of_Depression/links/580645ee08ae0075d82c58d1.pdf
https://www.researchgate.net/profile/Leandro_Bergantin/publication/309902222_Novel_Insights_for_Therapy_of_Parkinson's_disease_Pharmacological_Modulation_of_the_Ca2cAMP_Signalling_Interaction/links/5825d69108ae61258e460f0b.pdf)
https://www.researchgate.net/profile/Leandro_Bergantin/publication/309902222_Novel_Insights_for_Therapy_of_Parkinson's_disease_Pharmacological_Modulation_of_the_Ca2cAMP_Signalling_Interaction/links/5825d69108ae61258e460f0b.pdf)
https://www.researchgate.net/profile/Leandro_Bergantin/publication/309902222_Novel_Insights_for_Therapy_of_Parkinson's_disease_Pharmacological_Modulation_of_the_Ca2cAMP_Signalling_Interaction/links/5825d69108ae61258e460f0b.pdf)
https://www.researchgate.net/publication/311593265_Recent_advances_in_pharmacotherapy_of_neurological_and_psychiatric_disorders_promoted_by_discovery_of_the_role_of_Ca2cAMP_signaling_interaction_in_the_neurotransmission_and_neuroprotection
https://www.researchgate.net/publication/311593265_Recent_advances_in_pharmacotherapy_of_neurological_and_psychiatric_disorders_promoted_by_discovery_of_the_role_of_Ca2cAMP_signaling_interaction_in_the_neurotransmission_and_neuroprotection
https://www.researchgate.net/publication/311593265_Recent_advances_in_pharmacotherapy_of_neurological_and_psychiatric_disorders_promoted_by_discovery_of_the_role_of_Ca2cAMP_signaling_interaction_in_the_neurotransmission_and_neuroprotection
https://www.researchgate.net/publication/311593265_Recent_advances_in_pharmacotherapy_of_neurological_and_psychiatric_disorders_promoted_by_discovery_of_the_role_of_Ca2cAMP_signaling_interaction_in_the_neurotransmission_and_neuroprotection
https://www.researchgate.net/profile/Leandro_Bergantin/publication/312935303_New_therapeutic_strategy_of_Alzheimers_and_Parkinsons_diseases_Pharmacological_modulation_of_neural_Ca2cAMP_intracellular_signaling_interaction/links/588a1b3aaca27239265421f6/New-therapeutic-strategy-of-Alzheimer-s-and-Parkinson-s-diseases-Pharmacological-modulation-of-neural-Ca2-cAMP-intracellular-signaling-interaction.pdf
https://www.researchgate.net/profile/Leandro_Bergantin/publication/312935303_New_therapeutic_strategy_of_Alzheimers_and_Parkinsons_diseases_Pharmacological_modulation_of_neural_Ca2cAMP_intracellular_signaling_interaction/links/588a1b3aaca27239265421f6/New-therapeutic-strategy-of-Alzheimer-s-and-Parkinson-s-diseases-Pharmacological-modulation-of-neural-Ca2-cAMP-intracellular-signaling-interaction.pdf
https://www.researchgate.net/profile/Leandro_Bergantin/publication/312935303_New_therapeutic_strategy_of_Alzheimers_and_Parkinsons_diseases_Pharmacological_modulation_of_neural_Ca2cAMP_intracellular_signaling_interaction/links/588a1b3aaca27239265421f6/New-therapeutic-strategy-of-Alzheimer-s-and-Parkinson-s-diseases-Pharmacological-modulation-of-neural-Ca2-cAMP-intracellular-signaling-interaction.pdf
https://www.researchgate.net/profile/Leandro_Bergantin/publication/312935303_New_therapeutic_strategy_of_Alzheimers_and_Parkinsons_diseases_Pharmacological_modulation_of_neural_Ca2cAMP_intracellular_signaling_interaction/links/588a1b3aaca27239265421f6/New-therapeutic-strategy-of-Alzheimer-s-and-Parkinson-s-diseases-Pharmacological-modulation-of-neural-Ca2-cAMP-intracellular-signaling-interaction.pdf
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.pdf
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.pdf
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.pdf
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.pdf
http://www.avidscience.com/wp-content/uploads/2016/11/DEM-16-01.pdf
http://www.avidscience.com/wp-content/uploads/2016/11/DEM-16-01.pdf
http://www.avidscience.com/wp-content/uploads/2016/11/DEM-16-01.pdf

	Contents
	Novel Concepts for Neurology and Medicine from the Interaction between Signalling Pathways Mediated by Ca2+ and cAMP: An Intriguing History
	Abstract
	Keywords:
	Introduction
	The interaction between Ca2+ and cAMP signalling pathways as a classical concept: an intriguing history
	The interaction between Ca2+ and cAMP signalling pathways and neurology

	Conclusion
	Disclosure Statement
	References


