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a b s t r a c t

Voltammetric (electrochemical) methodologies such as differential pulse voltammetry and amperometry
used together with electrically and chemically treated carbon fibre micro-electrodes (mCFE) allow selec-
tive monitoring of nitric oxide (NO). Preliminary in vitro studies have shown that the selective serotonin
reuptake inhibitor (SSRI) antidepressant paroxetine inhibits constitutive nitric oxide synthase (cNOS)
activity in animals and humans and that another SSRI such as fluoxetine reduced NO release in the media
eywords:
itric oxide

n vivo voltammetry
at brain
triatum
luoxetine

of synovial cells. The aim of this work was to verify by means of amperometry and specifically treated
mCFE the capability of fluoxetine to alter the in vivo release of central NO, in the attempt to further clarify
such putative antidepressant mechanism of action of this SSRI compound. The in vivo results support the
chemical NO related nature of the endogenous amperometric signal evoked by NMDA injection in the
striatum of anaesthetised rats, as pre-treatment with NOS inhibitor l-NAME prevented its appearance.
Subsequently fluoxetine treatment resulted in decreased striatal NO, further supporting in vitro studies

the s
proposing a link between

itric oxide (NO) is a highly reactive free radical and an impor-
ant biological intra-cellular messenger either in periphery or in
he central nervous system.

NO is produced by nitric oxide synthase (NOS) during the con-
ersion of l-arginine (NOS substrate) to citrulline. In the brain, NO
s a reactive volume transmitter produced in response to neuronal
ctivation [6], mainly by increased activity of glutamate N-methyl-
-aspartate (NMDA) receptor [17].

NO has short half-life (0.2–120 s [9,15,25,30]) that makes its
irect measurement in biological models very difficult also because
f its low concentration (<0.1 �mol/L) and fleeting existence: the
hortest half-life of NO measured in perfusion cascades is 3–6 s [4].
n addition, NO reacts extremely fast with superoxide and other
ctive free radicals and slower with molecular oxygen [2].

Thus, most of the techniques for assaying NO use indirect
ethods relying on measurements of secondary species such as

itrites, nitrates or l-citrulline, an endogenous co-product [1].
hese indirect not real time methods suffer from poor sensitivity
nd selectivity [24].
More recently electrochemical methods such as microdialy-
is or voltammetry have been introduced. They are based upon
he feasibility of monitoring NO release following stimulation of
MDA receptors. For instance, in microdialysis studies, the NMDA-
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induced NO release was assessed indirectly by measuring the
accumulation of its chemically stable secondary products: nitrites
and nitrates in perfusate samples [21]. Clearly, this prevents the
detection of changes of NO release occurring within a time scale of
milliseconds–seconds [3,19].

On the other hand, voltammetric methods allow sufficient
time resolution to detect real time NO release. Indeed, by using
amperometry, we were able to perform measurements of NO
in time intervals of fraction of seconds at a selective oxida-
tion potential when used together with specifically treated mCFE
then avoiding measuring the accumulation of stable metabolites
(nitrites, nitrates). With such methodology we demonstrated the
induced NO formation in vitro (ex vivo) when adding in the
lumen of rodent aortic ring NO releasers such as NMDA, Sub-
stance P or vaso-active compounds such as lacidipine or other
dihydropyridines [10,13]. Furthermore we have pharmacologi-
cally verified the chemical nature of the oxidation signal related
to NO and monitored in vivo in the rat striatum using NO
releasers or NOS inhibitors as well as NMDA receptor antagonists
[9,12].

NO involvement in cellular memory processes and synaptic
plasticity makes it an ideal regulator of short and long term adap-

tive changes associated with mood regulation [19] and evidence for
its involvement in schizophrenia [31] and anxiety disorders [27]
have been recently introduced. In particular, in vitro studies have
shown that SSRI antidepressant paroxetine inhibits constitutive
NOS activity in animals and humans. In addition, it was reported

http://www.sciencedirect.com/science/journal/03043940
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hat fluoxetine reduced NO release in the media of synovial cells
timulated by interleukin-1 alpha plus tumor necrosis factor alpha
32]. Successively, Luo and Tan [22] have shown that chronic mild
tress (CMS) physically deforms neurons in the rat hippocampal
ormation and that fluoxetine can renormalize those neurons via
he inhibition of NOS over-expression, otherwise origin of an over-
roduction of NO, which lead to the morphological abnormality in
uch rat model (CMS) of human depression. This finding has been
ecently supported by observation that nNOS over-expression is
ssential for chronic stress-induced depression and that exposi-
ion to CMS resulted in behavioral changes typical of depression
.e. behavioral despair [34].

The aim of the present in vivo work was to study the capability of
uoxetine to alter NMDA-stimulated release of NO monitored in the
triatum of anaesthetised rat, by means of in vivo voltammetry and
pecifically treated mCFE [9,12,25]. The attempt is to analyse the
nvolvement of central NO within the antidepressant mechanism(s)
f action of such SSRI compound.

Adult male rats (250 g) supplied by Charles-River (Italy) were
ept in temperature and humidity-controlled rooms (22 ◦C, 50%)
ith lights on from 0700 to 1900 h with water and food available ad

ibitum. Amperometric analyses were carried on in the striatum of
naesthetised rats (urethane, 1.2 g/kg i.p.) held in a Kopf stereotaxic
rame throughout the experiments. All procedures were carried out
ccording to the Italian law (Legislative Decree no.116, 27 January
992), and the European Directive 86/609/EEC, fully compliant with
laxoSmithKline policy on the care and use of laboratory animal
nd codes of practice. All efforts were made to minimize the number
f animals used and their suffering.

NO, sodium nitrite (Carlo Erba, Milan, Italy), NMDA, l-NG-nitro-
rginine methyl esther (l-NAME) (all from Tocris, Cambridge, UK)
ere dissolved in aCSF and injected locally into the rat striatum

volume: 1 �L during 30 s).
Voltammetry was applied by means of a �Autolab polaro-

raph (EcoChemie, The Netherlands) linked to an IBM PC computer
quipped with a General-Purpose Electrochemical System Soft-
are (GPES) package [8]. Measurements were performed with
three-electrode potentiostat system made of a electrochemi-

ally coated in HCl 0.1 M silver wire (Clark Instruments, diameter
00 �m) to obtain a silver/silver chloride (Ag/AgCl) reference elec-
rode, a silver wire auxiliary (counter, diameter 100 �m) electrode
nd a 30 �m diameter mCFE (working electrode) constructed and
reated as described earlier [7,12,25]. Briefly, at first the active tip
f the mCFE was electrically treated i.e. it was submitted to three
onsecutive 20-s periods of electrical pulse (70 Hz; 0–3 V, 0–2.5 V
nd 0–1.5 V, respectively. Then the tip of the mCFE was coated with
afion [11] and electro-polymerized with ortho-phenylenediamine
Nafion-oPD mCFE) in order to selectively monitor NO [16]. Indeed,
uch treatment affects the active tip (500 �m length) of the
0 �m diameter carbon fibre [26] that protrudes from the end
f the glass pipette and was confirmed as having increasing
ensitivity, selectivity and reliability of the micro-sensor to selec-
ive detection of NO when using DPV as well as amperometry
9,12,25].

Subsequently, amperometric parameters were selected to
chieve real time selective measurement of NO oxidation current as
escribed [9,12]. In particular, here the use of short range differen-
ial amperometry applied within +500 and +550 mV as mentioned
bove and described earlier [23] helps avoiding detection of ascor-
ic acid, dopamine, serotonin, their metabolites uric acid, i.e. the
ompounds monitored with DPV at oxidation potentials between

100 mV and +450 mV [7]. In fact, it measures a differentiated cur-

ent due to NO oxidation as the contribution of other oxidizable
ompounds was eliminated by the differentiation provided that
he difference between their oxidation potentials and the NO were
ufficient (that is more than 100 mV) [23].
ers 470 (2010) 95–99

Furthermore, in vivo oxidation of neuropeptides has been
described at +700 mV [7], thus also such compounds are not
detected in the present electrochemical configuration.

This amperometric method is accurate in evaluating the amount
of species that can be oxidised and it is quite in “real time” as the cor-
responding current level can be measured in time intervals of 0.1 s
or less. Then, following DPV in vitro calibration to determine the
specific oxidation potential of the compounds tested as described
[9,12,25] selective amperometric analyses of NO or nitrites were
performed in the striatum of anaesthetised rats.

For in vivo studies the reference and auxiliary electrodes pre-
pared from silver wire (100 �m diameter) as described above,
were inserted between the bone and the dura mater through holes
(200 �m diameter) that were drilled in the parietal bone of the
rat head. The mCFE was positioned in the striatum under stere-
omicroscopy, with coordinates: AP, 1.2; ML, 2.5; DV, 4.5 mm from
bregma. All electrodes were connected with electrical wires to the
polarograph.

A Hamilton needle (diameter 100 �m) for local injection was
also positioned in the striatum approximately 250 �m apart of
mCFE. Amperometric scans were then performed, each scan lasting
at least 200 s, in six groups of anesthetised rats (n = 5 each):

Group 1: received vehicle (aCSF, 1 �L/30 s) 10 min before the local
intrastriatal injection of NMDA (1 �L, 100 �M);
Group 2: received l-NAME (1 �L, 100 �M) 10 min before the local
intrastriatal injection of NMDA (1 �L, 100 �M);
Group 3: received a systemic treatment with vehicle (aCSF, 600 �L
i.p.) 90 min before the local injection of the solvent of NMDA: aCSF
(1 �L/30 s). 15 min later the NOS inhibitor l-NAME was also locally
injected (1 �L, 100 �M).
Group 4: received vehicle systemically (aCSF, 600 �L i.p.) 90 min
before local intrastriatal NMDA challenge (1 �L, 100 �M).
Group 5: received fluoxetine systemically (20 mg/kg i.p.) 90 min
before local intrastriatal NMDA challenge (1 �L, 100 �M).
Group 6: received two local intrastriatal NMDA challenges (1 �L,
100 �M) 90 min apart.

At the end of each experiment, local intrastriatal injection of
1 �L/100 �M sodium nitrite followed approximately 5 min later by
local injection of exogenous NO (approximately 0.3 �M) both dis-
solved in aCSF were performed as control for the proper functioning
of the mCFE system, as described previously [9,12].

The anatomical localization of the probes was performed at end
of each experiment as described [8].

The statistics were calculated from the raw data using ANOVA
with STATISTICA software version 6.0. Raw values are peak heights
expressed in nanoAmperes (nA). Bonferroni multiple comparison
test was used to calculate the statistical significance of differences
between groups. Statistical significance was set at p < 0.05.

Injection of 1 �L/100 �M NMDA in the striatum of the anaes-
thetised animal generated a transient and sharp oxidation signal
(2.81 ± 0.32 nA over baseline, mean ± SEM, n = 20) (see as exam-
ple Fig. 1 trace a). The NMDA-induced NO signal appeared about
10–15 s after the injection and lasted about 20–25 s. In contrast,
intrastriatal injection of vehicle (i.e. aCFS) 10 min before local
NMDA application, did not affect the current baseline (see for
instance trace c in Fig. 1). Additionally, two successive NMDA injec-
tions made 90 min apart were followed by similar oxidation signals
(see as example Fig. 3). The time interval of 90 min between NMDA
injections was chosen to avoid possible desensitisation processes

of the response by repeated NMDA applications [12].

In other rats (group 2) intrastriatal application of the
non-selective NOS inhibitor l-NAME (1 �L, 100 �M 10 min
beforehand markedly and significantly (p < 0.05) reduced the
NMDA-stimulated NO release to 0.60 ± 0.48 nA (mean ± SEM) as
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Fig. 1. Trace a: obtained in one rat (i.e. of group 1) receiving focal application to the
striatum of vehicle (aCSF, 1 �L/30 s) 600 s before the local injection of �L of 100 �M
NMDA (arrow X); trace b: obtained in one rat (of group 2) receiving focal application
to the striatum of l-NAME (1 �L, 100 �M) 600 s before the local injection of NMDA
(1 �L, 100 �M, arrow Y); and trace c: obtained in one rat (of group 3) receiving focal
application to the striatum of vehicle (1 �L aCSF, arrow Z) 5400 s after systemic
treatment with vehicle (600 �L aCSF i.p.). A second intrastriatal application was
performed with L-NAME (1 �L, 100 �M) 900 s after the first focal injection with aCSF
(not shown). Trace c is very similar in shape to the representative evolution in time of
the signal when no treatments are performed. It appears that after 50 s recordings
and until 300 s (and more) the digression of baseline current is inferior to 0.5 nA,
therefore we consider that as stable baseline. In all traces only the ascending side
of the signal was considered and measured. Representative amperometric striatal
traces obtained in single animals. Inset: histograms show the mean ± SEM of the data
(peak height) collected in the various groups of rats. Data were averaged and were
expressed in percent of the averaged NO levels measured in nA. Asterisks: p < 0.05
as determined by one-way ANOVA and Bonferroni’ post hoc multiple comparison
test.

Fig. 2. Trace a: obtained in one rat (of group 4) receiving intrastriatal application of
NMDA (1 �L, 100 �M, arrow X) 5400 s after systemic treatment with vehicle (600 �L
aCSF i.p.); and trace b: obtained in one rat (of group 5) receiving fluoxetine (20 mg/kg
i.p.) 5400 s before intrastriatal NMDA challenge (1 �L, 100 �M, arrow Y). Representa-
tive amperometric striatal traces obtained in single animals. Inset: histograms show
the mean ± SEM of the data (peak height) collected in the various groups of rats. Data
were averaged and were expressed in percent of the averaged NO levels measured
in nA. Asterisks: p < 0.05 as determined by one-way ANOVA and Bonferroni’ post
hoc multiple comparison test.

Fig. 3. Traces obtained in one rat (of group 6) receiving two successive NMDA intras-
triatal injections made 5400 s apart (arrow X and Y, respectively). Representative
amperometric striatal traces obtained in single animals. Inset: histograms show the
mean ± SEM of the data (peak height) collected in the various groups of rats. Data
were averaged and were expressed in percent of the averaged NO levels measured

in nA. Asterisks: p < 0.05 as determined by one-way ANOVA and Bonferroni’ post
hoc multiple comparison test.

shown in Fig. 1 (see as example trace b). On the other hand, in
the rats of group 3 intrastriatal addition of such NOS inhibitor had
no significant effect on baseline oxidation current (not shown).

Data gathered in another group of animals (group 5) showed
that fluoxetine given 90 min before local treatment with NMDA
to stimulate NO release was responsible for a significant (p < 0.05)
reduction of the amperometric NO related signal. The reduction
reached approximately 68 ± 6% (mean ± SEM) of control values (see
as examples traces a versus trace b, respectively, Fig. 2).

At the end of each experiment, and similarly to in vitro experi-
ments, at potential +550 mV the application in the striatum of 1 �L
of 0.3 �M exogenous NO, but not that of 100 �M sodium nitrite,
caused the generation of a sharp, transient DCA oxidation signal.
Typically, the signal appeared about 5–8 s after the injection, had an
intensity of about 20 nA and a peak width at half height of approx-
imately 10 s.

It appears that following intrastriatal injection of NO (1 �L
0.3 �M) the in vivo related NO signal reached about 12.1 ± 1.4 nA
(n = 30) while in vitro calibration, addition of the same amount
of NO in 3 mL solvent resulted in a 25.3 ± 2.6 nA oxidation sig-
nal (n = 10 mCFE). The NO related signal determined by fluoxetine
treatment appeared to be approximately 2.5 ± 0.12 nA (n = 10)
therefore suggesting that the fluoxetine-stimulated NO release
corresponds approximately 3 nM concentration. However, it is rel-
atively awkward to compare in vivo and in vitro results because
of the obvious physical and chemical differences between in vitro
and in vivo constituents (aCSF versus brain tissue) that may inter-
vene differently upon the NO molecule. Nonetheless, being a gas,
NO diffuses quickly and in spite of its short half-life [15,30] can
spread over considerable distances and affect a large number of
structures. For instance, in our setting (time between the injection
of exogenous NO and the appearance of the signal approximately
5 s; distance between the injection needle and the mCFE approxi-
mately 250 �m) we evaluated in 50 �m/s the velocity of diffusion

in tissue. This result is in good agreement with theoretical pre-
dictions [30] proposing that exogenous NO can rapidly reach the
striatal mCFE.
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Various studies have proposed that endogenous NO contributes
o the pathogenesis of depression. For instance, conditions of
educed endogenous NO production: i.e. via treatment with NOS
nhibitors such as l-NNA, l-NAME, or 7-nitroindazole have shown
vidence of antidepressant activities in the forced swimming
est (FST) which are prevented by pre-treatment with l-Arginine
20,33]. Additionally, recent observations have proposed a link
etween depression and a lack of hippocampal neurogenesis and
hat endogenous NO contributes to CMS-induced depression by
uppressing hippocampal neurogenesis [34]. Furthermore, clinical
tudies have revealed significantly higher plasma nitrate concen-
rations, an index of NO production, in depressed patients [27].

More than a decade ago, Harvey [19] reported that:

(i) stress-mediated dopamine release, with subsequent depletion
of serotonin, results in excessive glutamatergic activity and NO
synthesis;

ii) NMDA receptor antagonists display antidepressant efficacy in
animal models.

Successively, the direct involvement of serotonergic function in
he antidepressant-like effects of NOS inhibitors has been further
escribed [18]. In particular, it was observed that sub-effective dose
f 1-(2-trifluoromethylphenyl)-imidazole (TRIM), a novel neuronal
OS inhibitor, selectively augmented the behavioural effect (i.e.
ecreased immobility in the FST) of antidepressants acting on
erotonergic system, especially that of the SSRIs fluoxetine and
italopram [28].

In the present study, we have at first re-confirmed the chemical
ature of the endogenous in vivo amperometric signal evoked in the
triatum of anaesthetised rats by NMDA injection, via assessing the
ffect of the NOS inhibitor l-NAME on the NMDA-induced response.
he addition of such a compound prevented the appearance of
O related oxidation signal while pre-treatment with vehicle did
ot. This is shown in Fig. 1 where trace a indicates the effect of
MDA injection, while trace b shows the influence of l-NAME pre-

reatment on the successive local NMDA application, respectively.
Further confirmation of previous works proposing that the

reated mCFE is selectively monitoring NO [9,10,13] is the lack of
xidative signal in presence of the exogenous nitrites either in vitro
nd in vivo (not shown). In particular, the electrical treatment mod-
fies profoundly the physical and chemical state of the carbon fibre
26] i.e. it determines a large presence of COO− groups on the sur-
ace of the carbon fibre [14] which therefore can easily adsorb NO
ntermediates such as NO+. In addition, the increased roughness
f the carbon fibre amplifies the interaction with the small sized
O molecule [29]. Thus, higher signal than the “diffusion” peak can
e monitored with amperometry in case of good adsorption at the
urface of the mCFE of the starting material (NO) and/or the initial
xidation reaction product (i.e. NO+) [5].

We have also demonstrated that NO can have a different oxida-
ion potential than that of nitrites, and this either in vitro, ex vivo
unctional and in vivo pharmacological experiments. Briefly:

In vitro at a potential of +550 mV and at room temperature, the
addition during the DPV scan of different amount of saturated NO
solution (2 mM in PBS) to a well containing 3 mL of PBS resulted in
the occurrence of an amperometric signal. The amplitude of the
signal was concentration dependent. In contrast to NO, the addi-
tion of 100 �M sodium nitrite, as well as that of solvent produced
no significant modification of basal current levels at this poten-

tial. Only at higher potential (i.e. +650/+750 mV) the addition of
sodium nitrite caused an elevation of the oxidation current trace
[9].
Ex vivo functional studies have shown that addition of NO to an
adrenaline contracted aortic ring but not that of nitrites, resulted

[

[

ers 470 (2010) 95–99

in the expected ring relaxation and the concomitant appearance
of a DP voltammetric signal at +550 mV when positioning the
active tip of the mCFE parallel and in contact with the endothe-
lium of the aortic ring [9].

• Pharmacological in vivo experiments demonstrated that the
amperometric signal monitored at +550 mV in the rat striatum
is responsive to glutamatergic stimulation (NMDA, substance
P) or inhibition (l-NAME, l-NMMA) of NO synthase [9,10,25].
These selective pharmacological data, together with the match-
ing results following the treatment with the competitive or the
non competitive NMDA receptor antagonist AP5 or dizolcipine
[12] further confirm that increased activity of glutamate NMDA
receptors represents the dominant mechanism by which NO is
generated in the brain [17].

Consequently, the present data showing in vivo decrease in
endogenous NO following fluoxetine as measured in situ and in
real time by amperometry together with selective mCFE further
support the relationship between the serotonergic system and the
NO system.

Finally, our original in vivo findings confirm that voltamme-
try with specifically treated micro-sensors can measure NO in vivo
quite in real time and that with this methodology it is possible to
monitor interaction(s) between SSRIs and NO. Further in vivo work,
i.e. in animal models of depression, would be useful to elucidate the
role of NO within the clinical antidepressant effect of SSRIs.

References

[1] S. Archer, Measurement of nitric oxide in biological models, FASEB J. 7 (1993)
349–360.

[2] K. Asada, T. Yoshikawa, Frontiers of Reactive Oxygen Species in Biology and
Medicine, Elsevier, New York, 1994.

[3] T.G. Banke, S.F. Traynelis, Activation of NR1/NR2B NMDA receptors, Nat. Neu-
rosci. 6 (2003) 144–152.

[4] J.S. Beckman, W.H. Koppenol, NO, superoxide and peroxynitrite: the good, the
bad, the ugly, Am. J. Physiol. 271 (1996) 1424–1437.

[5] A. Bond, Modern Polarographic Methods in Analytical Chemistry, Dekker, New
York, 1980.

[6] D.S. Bredt, S.H. Snyder, Nitric oxide, a novel neuronal messenger, Neuron 8
(1992) 3–11.

[7] F. Crespi, In vivo voltammetry detection of neuropeptides with micro carbon
fibre biosensors: possibile selective detection of somatostatin, Anal. Biochem.
194 (1991) 1–8.

[8] F. Crespi, Anxiolytics antagonize Yohimbine-induced central noradrenergic
activity: a concomitant in vivo voltammetry–electrophysiology model of anx-
iety, J. Neurosci. Methods 180 (2009) 97–105.

[9] F. Crespi, M. Campagnola, A. Neudeck, K. McMillan, Z. Rossetti, A. Pastorino, U.
Garbin, A. Fratta-Pasini, A. Reggiani, G. Gaviraghi, L. Cominacini, Can voltam-
metry measure nitrogen monoxide (NO) and/or nitrites? J. Neurosci. Methods
109 (2001) 59–70.

10] F. Crespi, C. Lazzarini, E. Vecchiato, E Voltammetric and functional evidence that
NMDA and substance P mediate rat vascular relaxation via nitrogen monoxide
(NO) release, Neurosci. Lett. 287 (2000) 219–222.

11] F. Crespi, K. Martin, C.A. Marsden, Nafion coated carbon fibre electrodes
combined with differential pulse voltammetry measure 5HT release in vivo,
Neuroscience 27 (1988) 885–896.

12] F. Crespi, Z. Rossetti, Pulse of nitric oxide release in response to activation of
N-methyl-d-aspartate receptors in the rat striatum: rapid desensitisation, inhi-
bition by receptor antagonists and potentiation by glycine, J. Pharmacol. Exp.
Ther. 309 (2004) 462–468.

13] F. Crespi, E. Vecchiato, C. Lazzarini, G. Gaviraghi, Electrochemical evidence that
lacidipine stimulates release of nitrogen monoxide (NO) in rat aorta, Neurosci.
Lett. 298 (2001) 171–174.

14] A.J. Downard, A. Roddick, A.M. Bond, Covalent modification of carbon electrodes
for voltammetric differentiation of dopamine and ascorbic acid, Anal. Chim.
Acta 317 (1995) 303.

15] P.C. Ford, D.A. Wink, D.M. Stanbury, Autoxidation kinetics of aqueous nitric
oxide, FEBS Lett. 326 (1993) 1–3.

16] M.N. Friedemann, S.W. Robinson, G.A. Gerhardt, O-phenylenediamine-
modified carbon fiber electrodes for the detection of nitric oxide, Anal. Chem.

68 (1996) 2621–2628.

17] J. Garthwaite, C.L. Boulton, Nitric oxide signalling in the central nervous system,
Annu. Rev. Physiol. 57 (1995) 683–706.

18] A.J. Harkin, T.J. Connor, M. Walsh, N. St John, J.P. Kelly, Serotonergic mediation of
the antidepressant-like effects of nitric oxide synthase inhibitors, Neurophar-
macology 44 (2003) 616–623.



e Lett

[

[

[

[

[

[

[

[

[

[

[

[

[

[

F. Crespi / Neuroscienc

19] B.H. Harvey, Affective disorders and nitric oxide: a role in pathways to relapse
and refractoriness? Hum. Psychopharmacol. 11 (1996) 309–319.

20] S.R. Joca, F.S. Guimaraes, Inhibition of neuronal nitric oxide synthase in the rat
hippocampus induces antidepressant-like effects, Psychopharmacology 185
(2006) 298–305.

21] D. Luo, S. Knezevich, S. Vincent, NMDA induced NO release: an in vivo micro-
dialysis study, Neuroscience 57 (1993) 897–900.

22] L. Luo, R.X. Tan, Fluoxetine inhibits dendrite atrophy of hippocampal neurons
by decreasing nitric oxide synthase expression in rat depression model, Acta
Pharmacol. Sin. 22 (2001) 865–870.

23] F. Marcenac, F. Gonon, Fast in vivo monitoring of dopamine release in the
rat brain with differential pulse amperometry, Anal. Chem. 57 (1985) 1778–
1779.

24] C. Privat, F. Lantoine, F. Bedioui, E. Millanvoye van Brussel, J. Devynck, M.A.
Devynck, Nitric oxide production by endothelial cells: comparison of three
methods of quantification, Life Sci. 61 (1997) 1193–1202.
25] Z.L. Rossetti, F. Crespi, Inhibition of nitric oxide release in vivo by ethanol
alcoholism, Clin. Exp. Res. 28 (2004) 1746–1751.

26] T. Self, F. Crespi, Electron microscopic and voltammetric analysis of carbon fibre
electrode pre-treatments, J. Mater. Med. 3 (1992) 418–425.

27] E. Suzuki, G. Yagi, T. Nakaki, S. Kanba, M. Asai, Elevated plasma nitrate levels in
depressive states, J. Affect. Disord. 63 (2001) 221–224.

[

[

ers 470 (2010) 95–99 99

28] G. Ulak, O. Mutlu, F.Y. Akar, F.I. Erden, Neuronal NOS inhibitor 1-(2-
trifluoromethylphenyl)-imidazole augment the effects of antidepressants
acting via serotonergic system in the forced swimming test in rats, Pharmacol.
Biochem. Behav. 90 (2008) 563–568.

29] R. Wobshall, I. Shain, Effect of adsorbtion of electroactive species in stationary
electrode polarography, Anal. Chem. 39 (1967) 1514.

30] J. Wood, J. Garthwaite, Models of the diffusional spread of nitric oxide:
implications for neural NO signalling and its pharmacological properties, J.
Neuropharmacol. 33 (1994) 1235–1244.

31] M. Yanik, H. Vural, A. Kocyigit, H. Tutkun, S. Zoroglu, A. Koylu, O. Akyol, Is the
arginine-nitric oxide pathway involved in the pathogenesis of schizophrenia?
Neuropsychobiology 47 (2003) 61–65.

32] I. Yaron, I. Skirazi, R. Judovich, D. Levartovsky, D. Caspi, M. Yaron, Fluoxetine and
amitriptyline inhibit nitric oxide, prostaglandin E-2, and hyaluronic acid pro-
duction in human synovial cells and synovial tissue cultures, Arthritis Rheum.
42 (1999) 2561–2568.
33] F. Yildiz, B.F. Erden, G. Ulak, N. Gacar, Antidepressant like effect of 7-
nitroindazole in the forced swimming test in rats, Psychopharmacology 149
(2000) 41–44.

34] Q.G. Zhou, Y. Hu, Y. Hua, M. Hu, C.X. Luo, X. Han, D.Y. Zhu, Neuronal nitric oxide
synthase contributes to chronic stress-induced depression by suppressing hip-
pocampal neurogenesis, J. Neurochem. 103 (2007) 1843–1854.


	The selective serotonin reuptake inhibitor fluoxetine reduces striatal in vivo levels of voltammetric nitric oxide (NO): A feature of its antidepressant activity?
	References


