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Nor-Adrenaline Activation of Adenylate Cyclase Modulates Memory Pathways.

Overexposure to epinephrine inactivates adenylate-cyclase causingests-related
pathologies.
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Abstract

Brydon-Golz, Ohanian and Bennun-Graduate Programs of Rutgers Uni\(/]épsity
demonstrated that, by incubatimith nor-adrenaline isolated membranes of rat’s brain
corpus striatumandcortex, initially appears an activator effect of the neurotransmitter on
theseadenylate-cyclase preparations (AC). However, the prolongation of the ircubati
time turns the enzyme unstable and inactive.

The adenylate-cyclase characterization, as activated by adrsreicénhibit by
calcium, suggest that, at the physiological nervous cell level, after theonitiditthe
change of membrane potential, the neurotransmitter activating AC temtaacellular
cyclic AMP. Thereatfter, calcium entrance inhibits the enzyme. The irerteof cyclic
AMP, activates kinases and their protein phosphorylating activity. This would iresul
cell modifications that eventually lead to the required conformation to form néurona
circuits’.

Introduction

A cell cAMP pathway and related metabolic interactions (Fig. A), allows to
postulate, that in the brain, adenylate cyclase activity by constitutingrthative
pathways for emotional neuronal circuits, modulates emotional perception and emotiona
memory. These, are subject to brain control through adrenaline and nor adrevalse |

Therefore, this conform pathways contributing to the integration of overall
emotional intelligence. The level of adrenalines and the exposition time oftissonmees
to these, are incremented by stress. Thus stress, through the destalnitizimylztor
effect of these hormones on AC modifies the enzyme itself, and its ability toldoratin
cells activity and feedback response. This, leads to pathologies of psychosomatic
etiology.
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Fig. A: lllustration of a cell CAMP pathwayllustrate that modulating neurons, unloads
the nor-adrenaline neurotransmitter, in its synspgiéh a neuron and how beta-blockers presence (an
administered drug), prevents the nor-adrenalineiolygic agent to fulfill its function. Activatioof nor-
adrenaline receptor associated to adenylate-cydleselts in transformation of the substrate MgAiTiRy
cyclic AMP, which regulates biochemical pathways.

Results

Purpose:lt was assumed that the molecular characterization of brain tissue
adenylate-cyclase permits in an isolated system, to measure responsaiteiaéines,
for a biochemical simulation of this enzyme physiological response to stress.

Incubatory techniques:Rat brain’s isolated membranes of corpus striatum (a)
and cortex (b), had been incubated at 2%@ing 60 minutes at pH 7.4, with the
indicated concentration of MgCI2 ( graphic 1: 10 mM-MgCI2 and 15 mM-MgCiI2;
graphic 2: 10 mM-MgCI2 and 20 mM-MgCl2) and constant INnM-ATP (Sigma product
Chemical Co. Obtained from horse’s muscles, containing 96% of ATP, 2% of GTP and
minimum quantity of others nucleotides), plus additions indicated on tests.
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Graphic 1:Nor-adrenaline effect on the activation of adenytatyclaseof

cerebral corpus striatumgasal (without addition) + adrenaline (+0.1 mM-rinenaline) and +
adrenaline + calcium (+ 0.1 mM-noradrenaline argriM- CaCl2). It's been determinate the cAMP
(cyclic AMP) formed and it is expressed by activityits (nmol of cAMP formed by hour/gr of proteins
the particle preparation of the membrane).
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Graphic 2:Nor-adrenaline effect on the activation of adenytatyclaseof

cerebral cortexsasal (without addition) + adrenaline (+0.1 mM-ranenaline) and + adrenaline +
calcium (+ 0.1 mM-noradrenaline and 0.3 mM- CaCl23.been determinate the cAMP (cyclic AMP)
formed and it is expressed by activity units (nmiotAMP formed by hour/gr of proteins in the pasic
preparation of the membrane).



Graphics 1 and 2 show increment of cyclic AMP production as a response to
adenylate-cyclase activation by nor-adrenaline, and a decrease ofAdyi&li by
inhibition of the enzyme by the calcium addition.

Consequently, enzyme activation could be characterized like the molecular
answer to the stimuli, mediated by the adrenalines known as “fight or flightgrahe/
initial step on the formation of emotional mem&\» “ ©) Calcium unloads within the
brain cells, to inhibit the enzyme and terminate the activator impulse initiatie b
neurotransmitter.
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Graphic 3: Destabilizing effect on adenylate cyclasby overexposure to

nor-adrenaline. isolated membranes of rat brain cortex were praebated at 38 C during 3 hours

at pH 7.4 with the indicated additions from 1 tddice the pre-incubation ends, membranes were @Washe
and re-incubated under the same conditions destcfivegraphics 1 and 2. After the pre-incubatoryg éme
incubatory period, the residual adenylate-cyclasizity was measured in absence of adrenaline-asab
conditions- (1 to 5-ligth bars), and with additidri mM nor-adrenaline (1 to 5 dark bars).

Graphic 3 show that the enzymatic activity has a notably decrease during the pr
incubation period with nor-adrenaline

Thus, it could be infer that the enzyme pre-incubated with nor-adrenaline for a
long period of timeZ: 0,5 mM Nor-adrenaline), acquires a more unstable configuration,
because the adrenaline-enzyme complex, it's more sensitive to the imagtefégct of
the incubation temperatuf® than the configuration of enzyme alotie Buffer/control)

The pre-incubation of the enzyme, with a saturating substrate concentration,
measures protection on the active and regulatory center, by formation of the enzyme
substrate compleX3(5 mM Mg ATP). This pre-incubation, activated by three-folds the



enzyme by formation of the substrate MgATP-enzyme complex, show that thmeesnzy
MgATP protection against the inactivity effect of the nor-adrenaline.

On the other hand, it also shows that, if the enzyme had been pre-incubated with
buffer alone or buffer plus Mg{5 mM MgSQ), the enzyme keeps considerable
activity.

Enzymes maintain cell levels by continuous synthesis, opposed to the
inactivation, in certain cases a thermal phenomenon. In the test tube, accetdrtte
thermal effect, by the stress hormone adrenaline, is not compensated bthegsisyand
the enzyme level would show more clearly, the accelerated decrease.

In terms of the physiologic role of observed molecular relationship, pre-
incubation with buffer alone, would correspond with a partial or total starvation,
decreasing intracellular ATP. Therefore, lack of ATP could decreastarese to stress,
pathological condition that afflicts patients with nervous anorexia syndrome.

In children’s development, could be predicted from the data that alimentary
insufficiency, will retard learning link to emotional memé&?y This effect has great
social impact, because it would decrease the children efficiency at tgaanohit would
affect cerebral development leading to lower their intellectual cosffici

Beta-blockers mechanism, like propanolol action in the pharmacologic receptor
for noradrenaline (denominated norepinefrine in the U.S.A.), can be explained by its

antagonistic binding to the adrenaline receptor, which controls the activity of the
adenylate-cyclase enzyfi§®7)@©NIAAHAS)A7)A8E)

The Beta-blockers, when antagonizing the adrenaline binding to adenylate
cyclase, mitigate or attenuate the effects on cells of the circukdimegalines in blood,
or in the cerebral spinal fluid.

Beta-blockers are used to protect the vascular system from the effects of
adrenalines. An additional therapeutic effect may surge from protectpdepeom the
emotional impact associated with formation of harmful memories.

There is a short term memory, an intermediate memory and a long term memory
The beta-blocker, if given before formation of long term memory, could diminish the
intensity of the association between perception of the event and traumatic bodily
response, like tachycardia, etc. Therefore, allowing an scenario turninigmghot
memory, into a factual memory.



Discussion

Beta-blockers, as competing with adrenalines, block molecular way that involves
the enzyme activated by adrenalines, in the cellular activity contsaveiral weaves.
In beta-blockers absence, adrenalines activation leads to an incrementicof cycl
intracellular AMP®.

Fig. B: Cyclic AMP modulator effects. Inside the pre-synapse neuron, cyclic AMP, the
second messenger, activates protein kinase, wisieh ATP, to produce phosphorylated proteins and/or
enzymes, which change from inactive to active eevierse. These conform a neuronal pathway ledding
changes on a neuron, which could condition its @nsgw subsequent stimulus, and therefore, theyoconf
ways to memory formation.

Latter studies, agree on that a cascade of molecular events inducesaitruct
changes, intensifying or debilitating the nervous cells connectivity, whachdwbe the
sustenance of the long term mem&HpP.

These studies, agree on that, in the memory affirmation, there are two different
phases: the cell mechanism, that establish the changes fixation in the forceonéheur
connection previously described; and those who reorganize and restructures ttge circui
that recuperate and store memoff&8®),



Then, the noradrenaline activated Waynd the mediated by acetylcholine way
® @ are differentiable systems of memory, functionally separated, but irstedoat
conscious memory capabilif§). Thus, the emotional way configures the possibility of
acquiring skills, habits, affects and aversions, @) @ ® The spinal-brain barrier
separates blood from cerebral spinal fluid. The locus cereleus is rich in neurons gploadin
nor-adrenaline at the synapse, and it's been related with conducts disorders, tike pani
avoidance, etc.

Stress response of fat cells mediated by the metabolite-modulation ofeaylate-
cyclase

The emotional pathway, in the reaction of stress, stimulates the adrenal glandule
to produce adrenaline in blood, activating the adenylate cyclase in tissues tiksuia,
heart, etc. The adenylate cyclase of fat tissue (EC 4.6.1.1; ATP pyrophdspkate-
(cyclizing)), responds to the adrenaline stimuli in function of metabolite-miedula
interactions between active centers for substrate Mg-ATP complex, to proddée cA
(cyclic AMP). The regulatory controls of the enzymatic activity, ag@uitswer to
adrenaline, its exerted by free Mg2+ vs. free ATP4-, since their equililadioms
modulator effects in a receptor site for Mg2+, acting like a sensor ofetiterg
availability.

Excess of ATP4- or citrafe indicates that the intracellular level of energetic
reserves is high and, in the case of the fat cells, saturation of the ATP $iits ithta
stimulatory effect of the lipolytic hormones: ACTH and the stress hornglneagon
and l-adrenaline, by decreasing their affinity for the enzyme. Inactivat the adenylate
cyclase shifts the cells metabolic response to triglycerides systhesi
(1016)A9)20)212(23)2N\etabolic-dependent changes in the concentration of ATP could
be amplified therefore, by changing the ionic equilibria participate in gtabulic
integrative control of the hormonal responsiveness of the adipocyte’s adayyliise.

An excess of ionic Mg2+, results from a low level of the chelating metabolites
which are intermediates of glucolysis. Saturation by free Mg2+, of thiategy site
magnifies the affinity of the enzyme for the stress hormones.

Can metabolites by modulating activity and stability of the adrenaline respase to
A-C affects animal longevity?

The study of longevity consistently shows that over-alimentation decreases in
more than half, the average of life expectancy of the studied animals. Subtatiore
prolongs the life expectancy, with respect to control animals. The enzyme$atelen
cyclase and insulin receptor tyrosine-kinase are characterized asrbeiiigd by
ATP4- concentration in excess of free Mg2+. At similar concentration, theiolgela
interaction of ATP with Mg, forms ATPMg allowing little dissociation, and ¢fi@re
decreasing the ionic form (Mg2+), suppressing the activator effect @f timesones in
the enzymes. The condition of ATP4- in excess reinforces inhibition by absence of



Mg2+. The latter relationship would be present in over-fed animals, and would @ecreas
the response to stress, a possible explanation of over-eating as a defersgsmetch
emotional stress. On the other hand, tendency to sub-alimentation would lead to nervous
anorexia.

Conclusions

In the essay tube, the enzyme activated by noradrenaline, would physidjogical
function to conform a pathway of emotional memory formation, and decrease of its
activity by blockers may alter the link between emotion and memory . The mind is
considered responsible, through maintaining the increment of adrenaline hormones
during an extended period of stress, for producing somatic illnesses, that nofextt/ af
the brain, but alternatively others organs.

As demonstrated noradrenaline action in the test tube, is not only to activate the
enzyme, but also destroy it because of its prolonged action, it could be proposed as the
molecular mechanism of the physiological responses. This would be equivalent to a
molecular connection between mind and body, or in other words, the place for
psychosomatic effects, as mind producing over exposition to noradrenaline of theeenzy
molecules, part of the soma or body.

This connection would function by mind increasing secretion of adrenaline,
initially stimulating the enzyme, but latter destroying the enzyme, ddlpmged
expositions of the enzyme, in excess of the cell capacity to restore it.

This would be the base for psychosomatic illneS3€% and corresponds to the
observed model of psychosomatics illnesses progress, which shows at firstra hippe
functionability followed by a hippo functionability.

Applied to a psychologically disease, this would be equivalent to anxiety followed
by depression. Analogous evolution of other disorders, affecting other tissues like
thyroid, would be a hipper thyroid stimulation followed by hippo thyroid function.

Molecular level studies are concordant with those at the organism level, sinc
they demonstrate that, if adrenaline is blocked by propranolol, it has a psychatherape
activity. The effects of Beta-Blockers can be explained at molelavlal, because by
antagonizing the union between noradrenaline and enzyme associated receptovethe ac
center of the latter becomes blocked. In this way, beta-blockers lesegarerh
consequences dependent on adrenaline, during traumatic experiences. In the absence of
blockers, the stress effects prolong the adrenaline action even furthes thetivator
function, since overtime has an inactivating effect on the adenylateewgriagme. This
overexposure, would causes dysfunctions in capabilities like thinking, planning,
judgment and memo¥®®. Consequently, beta-blockers administration would be
efficient by its preventive action, rather than showing curative action
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