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Abstract

Ethanol is an abused psychoactive drug and alcohol abuse is formally recognized as pathology. Alcohol interacts with several central neurotransmitter systems, among
others dopamine (DA) serotonin (5-HT') and peptides such as cholecystokinin (CCK).

Voltammetry is an electrochemical methodology for direct in situ and real time measurement of electronically active chemicals. In particular differential pulse
voltammetry (DPV) associated with micro biosensors such as specifically treated carbon fiber micro electrodes (mCFE) has been shown able to measure dopamine
(DA) and serotonin (5-HT') metabolism as well as CCK levels in discrete brain areas of rodents.

In the present work the DPVoltammetric levels of DA and 5-HT metabolism as well as those of the peptidergic signal related to CCK are monitored in the frontal
cortex (FR1), the caudate\o putamen, the nucleus accumbens and the hippocampus, in particular the CA3 region, of spontaneous alcohol drinking rats (AD rats) and
compared to those gathered in water preferring rats (WP rats). These regions have been selected as they are implicated in the drug dependence phenomena and AD
rats as well as WP rats have been obtained within naive rats submitted to free choice between water and alcohol.

Results show that changes of DA and 5-HT metabolism and peptidergic (CCK) levels occurred selectively in the CA3 hippocampus of AD rats, suggesting that this
region is particularly sensitive to alcohol.

Since these data have been obtained in adult rats it may be possible to suggest that the hippocampal functions are selectively altered by alcohol not only in adolescents
as proposed earlier but also in adults. This may be useful indication for the development of innovative pharmacological approaches towards alcohol abuse in both

adolescent and adult addicted.

Introduction

Alcohol is the second most widely abused psychoactive drug
after caffeine. In 1990, the American Medical Association formally
recognized alcohol abuse as pathology. In the aim to develop new
drugs for the treatment of alcohol abuse, recent studies have shown
that ethanol interacts with several central neurotransmitter systems,
such as:

- The GABAergic system activity via increasing the number of GABA
receptors [1,2];

- The dopaminergic system: resulting either in increase [3,4] or decrease
[5.6];

- The serotoninergic system that seems to play a role in the control of
ethanol intake [5,7];

- The CCK system with the evidence of the development of preference
for ethanol in naive rats when treated with CCK receptor antagonists
(8,915

- The NO system: where ethanol, at pharmacologically significant
doses, strongly inhibits striatal NO* production and release apparently
through inhibition of NMDA receptor function. Inhibition of NMDA
receptor-mediated activation of the NO* pathway could be a primary
neurobiological mechanism contributing to the effects of ethanol [10].
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Voltammetry is an electrochemical methodology for direct in situ
and real time measurement of electronically active chemicals without
the need for sample preparation or chromatographic analysis.

Especially DPV associated with micro biosensors and in particular
with specifically treated carbon fiber micro electrodes (mCFE) 7 to 30
micrometer diameter (Figure 1) is an electrochemical methodology
that allows monitoring specific compounds in the extracellular fluid
of discrete brain areas [11]. This methodology complies with the
majority of the conditions required for examining specific compounds
in the extracellular fluid [12]. Here DPV has been performed in
various brain areas of rats submitted to free choice between water and
alcohol as described earlier (13). In particular the levels of DOPAC
(DA metabolite), 5-HIAA (serotonin metabolite) and the levels of the
peptidergic signal related to CCK [13-16] are monitored in the Frontal
cortex (FR1) the caudate\o putamen, the nucleus accumbens and the
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Figure 1. Top: Schematic representation of the micro-biosensor (mCFE) used here. The protruding active tip (approximately 200/300 um length) is previously treated as described in Methods

Middle: Typical in vitro DPV scan obtained with the mCFE when immersed in a PBS solution at pH 7.4 containing a mixture of DOPAC, 50 uM and SHIAA, 25 uM. It results in two
distinct oxidation peaks at approximately 30mVolts and 200mVolts, respectively (X axis).

h: size of the peak measured in nanoAmperes (Y axis)

Bottom: Typical in vitro DPV scan obtained with the mCFE immersed in a PBS solution at pH 7.4 containing a mixture of 5-HIAA, 25 uM and CCK 50 puM. It results in two distinct
oxidation peaks at approximately 200mVolts and 600mVolts, respectively

The measurements of oxidation potential (X axis) and of oxidation current (Y axis) are done automatically by the Autolab polarograph (potentiostat/galvanostat Ecochemie, The Netherlands)
linked to an IBM pc computer equipped with a general purpose electrochemical system software (GPES) package
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hippocampus, in particular the CA3 region. These regions have been
selected as they are implicated in the drug dependence phenomena [17-22].

DPVoltammetric data gathered indicate a selective significant
change on the levels of catecholaminergic and serotonergic metabolism
as well as those of the peptidergic signal in CA3 of hippocampus, while
no significant alterations of the above mentioned voltammetric signals
have been detected within the other brain regions analyzed.

Methods

DPVoltammetry is applied via a three-electrode potentiostat
system as described previously [11,12,14]. The mCFE were prepared
using a 12 um-diameter carbon fiber (Carbone Lorraine, Lyon, France)
with an electro-active tip of 0.2 / 0.3mm length and were electrically
treated firstly with a voltage from zero to 3 Volts, 70 Hz, 10 s, then
with continuous potentials (+1.5 Volts, 5 s and —0.9 Volts, 5 s). The
electrochemical treatment as well as the successive in vitro calibration
of the mCFE were carried out with the auxiliary, reference, and working
electrodes immersed in 0.1 M phosphate-buffered saline (PBS) at
pH 7.4 [14-16]. The electrochemical treatment enables the detection
of three separate peaks in vitro in a solution of ascorbic acid 5mM;
DOPAG, 50uM; and 5-HIAA, 25uM, as already demonstrated [11,14].
Furthermore, it also allows the in vitro detection of a further oxidation
peak when the DPV recordings were made in the same solution with
the addition of amino acids or peptides [15,16] and when the DPV scan
rate used was 10mV/s from -250 to +950mV at a step size of 50mV
(Figure 1).

The DPV measurements of oxidation potentials and of oxidation
currents are done automatically by the Autolab polarograph
(potentiostat/galvanostat Ecochemie, The Netherlands) linked to an
IBM pc computer equipped with a general purpose electrochemical
system software (GPES) package.

Animals

Twenty male adult rats (Wistars, 220-250 g) were supplied
by Charles-River (Italy) and kept in temperature- and humidity-
controlled rooms (22°C, 50%). All animal procedures were carried out
in accordance with the Italian law (Legislative Decree no. 116, 1992)
which acknowledges the European Directive 86/609/EEC and were
fully compliant with the GlaxoSmithKline policy on the care and use of
laboratory animals and codes of practice. Furthermore, all efforts were
made to minimize the number of animals and their suffering.

Behaviour

In the first week of adaptation to alcohol, animals received ethanol
2% (v/v), solution known not to be selective [23,24]. Successively
animals were submitted to a free choice between a bottle of fresh water
and a bottle of an ethanol solution at a concentration (10% V/V) that
has been shown allowing selecting between alcohol drinking rats (AD
rats) or water preferring rats (WP rats) [13,23,24]. For details of the
drinking free choice procedure used here see in particular ref 13.

Ex vivo DPV

At the conclusion of the drinking behaviour, rats were sacrificed,
the brain rapidly removed, and brain slices were prepared and then
submitted to DPV measurements as described earlier [13,25].

Statistical Analysis

Row data were subjected to ANOVA, with comparison between
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WP rats and AD rat’s values performed using the Bonferroni (Dunn's)
test. Then, the results were presented as % of control values, mean +
s.e.m., *p < 0.05.

Results

Drinking Behaviour

During the week of adaptation, the intake of 2% ethanol (v/v) was
similar in all animals. Successively, when submitted to the free choice
between water and a solution of ethanol 10% v/v, it was possible to
obtain rats that consumed a significant amount of ethanol 10% v/v.
These were called alcohol drinking (AD) rats, and were about 40% of the
animal population tested. This occurred within 4 weeks, when the AD
rats had reached a regular consumption of 15.2 + 3.4 ml ethanol 10%
v/v daily (mean + s.e.m). The remaining rats, so called water preferring
(WP) disliked consuming alcohol as they ingested approximately only
3.2 + 1.1 ml water, daily (mean + s.e.m) (Figure 2).

DPVoltammetry

Figure 3 shows typical DPVoltammograms obtained i.e. in the slice
preparations from AC3 hippocampus. Four major oxidation signals

WP RATS

EETHANOL
OWATER
B TOTAL INTAKE

AD RATS

EETHANOL
OWATER
EITOTAL INTAKE

Figure 2. Total amount (ml) of water AND ethanol 10% v/v consumed daily by rats (WP or
AD) when submitted to the free choice between 1 bottle of water AND 1 bottle of ethanol 10%
v/v. ([13] for the details of the behavioral alcohol and WATER drinking free choice procedure)

WP rats: 3 £ 1 ml ethanol 10% v/v and 31 + 4 ml water.
AD rats: 15 + 3 ml ethanol 10% v/v and 21 + 5 ml water.
Data are expressed as liquid consumption, SEM are omitted for clarity

Volume 5: 3-6



Crespi F (2019) Evidence that ethanol selectively alters dopamine and serotonin metabolism as well as peptidergic levels in CA3 hippocampus of spontaneously
alcohol preferring rats

(peaks) are obtained using the Autolab apparatus (Ecochemie, the In this figure, the top voltammogram is obtained in the CA3 slice of
Netherlands) that measure automatically the size of each peak. The size a WP rat, while the bottom one in the CA3 slices of an AD rat. Similar
(h: measured in nanoAmperes) gives the direct measure of each current data are obtained in the other WP or AD rats, (Figure 4). Note in the

signal while in abscissa is indicated the specific oxidation potential. latter the decrease of the current size of Peaks 2 and 3, corresponding
asdoT
i/ A vE-DB
T
PEAK 3

0001 ] PEAK 5

2500

030 0100 0.000 0100 0200 0300 D400 0500 0600 G700 0.800
== v

3.5001
1/ A*E-0Q8
t

2,000} PEAK 5

%007 PEAK 3

1.800 1
PEAK 1

07200 0100 0.000 0100 0.200 %ﬁ 0400 0500 0600 Q700 O.EX
-

Figure 3. Typical ex vivo DPVoltammograms obtained i.e. in the CA3 hippocampus with the mCFE: TOP in one WP rat, BOTTOM in one AD rat

Note the automatic detection by the Autolab — GPES package of four peaks, corresponding to oxidation of ascorbic acid (peak 1), DOPAC (peak 2), 5-HIAA (peak 3) and CCK related
signal (Peak 5) [11,16]. At approximately 400 mV there is a non-significant alteration of the current baseline that may correspond to the so called peak 4 recorded i.e. in the striatum and
corresponding to the oxidation of 3-methoxytyramine [29,30].
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Figure 4. Results obtained in brain slices of the four regions selected. Note the significant
decrease of the current size of the DPVoltammetric signals corresponding to the oxidation
of DOPAC and 5-HIAA, respectively as well as of that corresponding to the oxidation of
the peptidergic CCK-like DPV peak [11,13].

Data are expressed in uM levels, mean + sem. * p<0.05.

to the oxidation of DOPAC and 5-HIAA, respectively as well as that of
Peak 5, corresponding to the oxidation of CCK [11,13].

Discussion

It has been widely observed that alcohol impacts brain function
and behaviour, and possibly adolescents seem to be more vulnerable
than adults to impairments following repeated alcohol exposure [26].
Studies indicate that alcohol alters learning and memory by enduringly
damaging the hippocampus and in particular the CA3 hippocampal
subfield [17]. Again, behavioral as well as extra-cellular and whole-cell
electrophysiological studies to evaluate the impact of acute and chronic
ethanol exposure indicated clearly that hippocampal function is
specifically responsive to ethanol during development [18]. However,
the mechanism of action of alcohol is poorly understood [17].

Studies in rodents and in humans show that alcohol stimulates
dopamine release mostly in the striatum and in the nucleus accumbens:
occurrence that is implicated in the reinforcing effects of drugs of abuse [19,20].

The frontal cortex is also implicated in the context of drug (alcohol)
addiction and in particular it has been shown that it regulates the value
of rewards by modulating dopamine increases in the ventral striatum [21].

Clin Res Trials, 2019 doi: 10.15761/CRT.1000247

In addition, microdialysis experiments performed to monitor
the extracellular concentrations of dopamine, serotonin, and their
major metabolites DOPAC and 5-HIAA, respectively in the nucleus
accumbens of alcohol-naive rats selectively bred high-alcohol-drinking
(HAD) and low-alcohol-drinking (LAD) demonstrated that in both
HAD and LAD groups, the extracellular levels of DA were increased
following the intra-peritoneal injection of 1.0 and 2.0 g of ethanol/kg
body weight while only the 2.0 g/kg dose elevated the concentration of
5-HT. It appeared also that none of the ethanol doses altered the extra-
cellular levels of their major metabolites DOPAC and 5-HIAA [22].

The frontal cortex is also implicated in the context of drug (alcohol)
addiction and in particular it has been shown that it regulates the value
of rewards by modulating dopamine increase in the ventral striatum [21].

Accordingly, in the present work, the DPVoltammetric data
gathered in the brain regions analyzed ie. frontal cortex, nucleus
accumbens (nAccumbens) and striatum (c.putamen) of alcohol
drinking (AD) rats show no significant changes on the levels of DA and
5-HT metabolites DOPAC and 5-HIAA.

In contrast, DOPAC and 5-HIAA levels appeared significantly
decreased in the CA3 hippocampus of the AD rats versus WP rats, thus
supporting the proposed selective influence of alcohol upon this brain
area [18].

It has been shown that CCK, in addition to its wide distribution
in the cerebral cortex, is present in abundance in many areas of the
hypothalamus and limbic system, and in particular in the CA3 region
of the hippocampus [27,28].

The feasibility of monitoring neuropeptides in vitro and in vivo
by means of DPVoltammetry has been reported (11, 15, 16) and it
has been shown that the peptidergic signal occurring at the oxidation
potential of approximately +600mV corresponds to the oxidation of
CCK [8,13].

Again, here it is shown that this peptidergic signal is significantly
and specifically decreased in the CA3 hippocampus of AD rats versus
WP rats.

This is possibly in accord with the previously reported evidence
that peptides more than biogenic amines are involved in the free choice
of drug intake suggesting a putative influence of these compounds
upon the phenotype involved in the preference for drugs of abuse. This
may be a significant observation in the contest of the development of
a novel pharmacological approach to interfere with such phenotype in
the attempt to reduce the willingness to consume drugs.

Furthermore, since the animals involved in the present experiments
are adult rats it may be possible to suggest that the hyppocampal
functions are selectively altered by alcohol not only in adolescents
[17,18] but also in adults. Again, this observation may help in the
design of innovative pharmacological approaches towards alcohol
abuse in both adolescent and adult addicted.
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