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Abstract

The effects of chronic treatment with a dopamine uptake blocker on dopamine and acetylcholine extracellular concentrations in striatum of the
awake rat was studied. Male Wistar rats received daily injections (i.p.) of the dopamine uptake blocker nomifensine (10 mg/kg) during 22 days.
Control group was injected with vehicle (saline). Microdialysis experiments were performed on days 1, 8, 15 and 22 of treatment. Nomifensine
injections increased extracellular concentration of dopamine in striatum in all days of treatment without differences among days. In contrast
acetylcholine levels showed no changes in days 1 and 8 but increased in days 15 and 22 of treatment. These results shows that chronic treatm
with a dopamine uptake inhibitor, nomifensine, has no effects on dopamine release but it increases acetylcholine release in striatum of the awa
rat. These results would help to further understand the effects of chronic dopamine uptake inhibition.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Dopamine uptake inhibitor; Acetylcholine; Dopamine; Striatum; Microdialysis

1. Introduction system as the result of chronic blockade of dopamine uptake has
been the focus of intensive reseaf2i—29,31] Chronic treat-
Converging evidence supports the existence of a functionahent with nomifensine has been shown to produce decreases of
interaction between dopamine and acetylcholine in striatumD2 and D3 dopamine receptors in striat{#8,31] but does not
Immunocytochemical studies indicate the existence of synamaffectthe number or affinity of the uptake transporf2#s28]. In
tic contacts between dopaminergic terminals in both soma ancontrast, chronic treatment with other dopamine uptake block-
dendrites of striatal cholinergic interneurofs24]. The fact  ers like for instance cocaine produces increases of D1 receptors
that D1[2,18] and D2[5,30] dopamine receptors have been [4,36] and the number of dopamine uptake transpofi&R6].
localized on striatal cholinergic interneurons further supporiHowever, no studies have so far investigated the effects of
this interaction. Also the effects of dopamine receptor ago€hronic blockade of dopamine uptake on other neurotransmitters
nists and antagonists on the in vitro release of acetylcholinsuch as acetylcholine.
[11,35] and in vivo turnover of acetylcholingl4,34] give The findings reviewed above suggest the possibility that the
strong support to the interaction between these two neurcshanges inthe dopaminergic system as a consequence of chronic
transmitters in striatum. All these data make the striatum amreatment with dopaminergic uptake blockers might change
ideal target to study the interactions between dopamine antthe interaction between dopamine and acetylcholine in stria-
acetylcholine. tum. The aim of this study was to investigate the responses of
Nomifensine as well as other type of dopamine uptake blockdopamine and acetylcholine to daily injections of a dopamine
ers has long been used to treat depresf2@i38] As a con-  uptake blocker in striatum of the awake rat. For that purpose, an
sequence, the study of the changes in the striatal dopaminergithibitor of the uptake of dopamine, nomifensine, was injected
daily intraperitoneally and microdialysis experiments were per-
formed. The use of the microdialysis technique allows the simul-
taneous analysis of different neurotransmitters and, therefore, to
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evaluate their possible interactions.
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2. Materials and methods 2.5. Chemicals

2.1. Animals and surgery Nomifensine was purchased from Sigma—Aldrich (Madrid, Spain).
Nomifensine was dissolved in saline before i.p. administration.

Young (2—-4 months) male Wistar rats were housed in individual wire mesh
cages, provided with food and water ad libitum, and maintained in atemperatur.6. Statistical analysis
controlled room under a light/dark cycle (lights on/off at 8:00 p.m./8:00 a.m.).
Allin vivo experiments, carried out at the Universidad Complutense of Madrid,  For the study of the effects of chronic treatment with nomifensine on the
were conducted during the dark period of the light/dark cycle and follow-actions of this drug on the extracellular concentration of dopamine and acetyl-
ing the guidelines of the International Council for Laboratory Animal Sciencecholine, a three-way ANOVA (treatmentday x perfusate) with repeated mea-
(ICLAS). sures design was used to perform planned compari@3jsFor the study of
Under Equithesin (2ml/kg i.p.) anesthesia rats were stereotaxicallithe effects of chronic treatment with nomifensine on the basal extracellular con-
implanted with bilateral guide-cannulae to accommodate microdialysis probegentration of dopamine and acetylcholine, two-way ANOVA (treatmetiays)
in striatum of the rats. When inserted, the tip of the probe was located in: 0.6 mrdesign was used to perform planned comparisons. For ANOVA analysis, absolute
rostraland 2.5 mm lateral from Bregma and 7.5 mmventral fromduraf@@fer  microdialysis data were normalised by subtracting basal concentration (average
of the three sample values) to each post-basal sample. Pearson’s coefficient and
independence test were used for the study of the correlations between basal

2.2. Drug treatment and microdialysis ; )
extracellular concentrations of the neurotransmitters and days of treatment.

Ten days after surgery rats received a daily injection (i.p.) of nomifensine
(10 mg/kg) or saline, during 22 days. On days 1, 8, 15 and 22 of treatment micra3. Results
dialysis experiments were performed in the freely moving rat. Briefly, micro-
dialysis probes (membrane cut off 5000 Da and length 4 mm) were inserted ar}@l. 1. Effects of chronic dopamine uptake blocker treatment
perfused (3.l/min) with artificial CSF (composition in mM: NaCl, 137; Cagl d . " Il trati in the striat
1.2: KCI, 3: MgSQ, 1; NaHPQy, 0.5: NaHPQy, 2: glucose, 3) containing on dopamine extracellular concentrations in the striatum
neostigmine 1M (pH =7.3). After basal concentrations of neurotransmitters
were established (3 h of perfusion), 20 min samples were collected and separated Basal dialysate concentrations of dopamine were not affected
in two aliquots to analyse them separately for each neurotransmitter. The firsby the chronic treatment with nomifensin’EabIe ])
three samples were used as control. The injection of nomifensine produced an increase in

Atthe end of the experiments, the animals were anesthetised with Equithesig. . h -
and perfused intracardially with 0.9% saline followed by 10% formalin. The &alysate concentrations of dOpamme at all days studied com-

brain was removed and the placement of the microdialysis probe was verifie@ared to saline: day 1F§24=17.719; p=0.000); day 8

with a cryostat microtome and viewing lens. (F1,24=12.396;p=0.001); day 15 K1,24=15.559;p =0.000)
and day 22 £1,24=15.106;p=0.000) Figs. 1 and P There
2.3. Dopamine analysis were no differences between days of treatment.

The dopamine content of samples was analysed by reverse-phase HPLC aB®, Effects of chronic dopamine uptake blocker treatment

electrochemical detection (Coulochem Il model 5200A, ESA). Mobile phase,,, ; otyicholine extracellular concentrations in the striatum
consisted of 0.1 M acetate—citrate buffer (pH = 3.5 adjusted with HCI 1N), 1 mM

EDTA, 2.9 mM sodium octyl sulphonate, and 18% methanol. The flow rate i . i
was maintained at 1 ml/mif82]. Chromatograms were processed using the Basal d'_alysate. conpentratmns of acetylcholine were
Millenium 32 (Waters, Milford, MA) software. The detection limitinour @0 increased with nomifensine chronic treatment. Basal levels on

samples was 0.15nM for dopamine. days 15 and 22 were significantly different from day 1:1 ver-
sus 15 f1,14=7.42;p=0.016) and 1 versus 2Z{ 14=5.504,
2.4. Acetylcholine analysis p=0.034) [able ). Moreover, there is a positive correla-

tion between acetylcholine basal levels and days of treatment
The acetylcholine contents of samples was analysed by reverse-phase HPI(;: 0.601;p< 0'01) (data not ShOWI’I).

and electrochemical detection (HP1049A, Agilent, Palo Alto, CA). The mobile The iniection of nomifensine produced an increase in
phase consisted of 50 mM phosphate buffer, 0.5 mM EDTA, and P80 | P

Reagent 5 ml/l (pH = 8.5 adjusted with NaOH 1N). The flow rate was maintainedlialysate concentration of acetylcholine compared to saline on
at 0.15ml/min[20]. The detection limit in our 1p. samples was 5nM for days 15 and 22: day 15{ 26=10.962;p=0.002) and day

acetylcholine. 22 (F1,26=6.055; p=0.020) Fig. 2. Acetylcholine concen-
Table 1
Basal dialysate concentrations of dopamine and acetylcholine in striatum on days 1, 8, 15, and 22 of treatment
Day DA (nM) ACh (nM)
Nomifensine Saline Nomifensine Saline

1 1.887+ 0.570 @ =4) 1.766+ 0.339 (¢=4) 36.528+ 3.486 ¢=4) 39.549+ 5.845 @ =4)

8 1.768+ 0.465 @ =5) 1.933+ 0.065 =3) 24,798+ 4.924 ¢ =5) 34.139+ 5.030 ¢=3)
15 1.667+ 0.347 @=4) 2.630+ 0.885 @ =4) 68.862+ 10.249 (n=5) 47.806+ 4.730 ¢ =4)
22 2.683+ 0.610 @=5) 1.883+ 0.439 @=3) 65.874+ 7.722 (n=4) 35.695+ 12.804 =3)

Data (meanrt S.E.M.) are absolute values of the average of the three basal values.
2 p<0.001 (vs. nomifensine day 1 in a two-way ANOVA).
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Fig. 1. Effects of nomifensine (NOM 10mg/kg, i.p.) on dopamine (A) and
acetylcholine (B) extracellular concentrations in striatun=4-5). Data 4, Discussion
(meant- SEM) are expressed as absolute valuesp®9.001 A (all days); B

(days 15 and 22) (vs. average of three basal values; planned comparisons in a

three-way ANOVA with repeated measures design). In the present study, we show that nomifensine chronic treat-

mentincreased dopamine extracellular concentration in striatum
without differences along days of treatment. Chronic administra-
tion of this dopamine uptake inhibitor also produced significant

8 NOMIFENSINE increases of acetylcholine on days 15 and 22 of treatment.
Dopamine XY SALINE o . .. . . . .
P Daily intraperitoneal injections of nomifensine increased
6 - extracellular concentrations of dopamine in striatum. This is in
" — agreement with previous studies showing that acute injections

of nomifensine increase dopamine extracellular concentration in
vivo [6,25]. One of the goals of this study was to investigate the
possible changes of dopamine in striatum under chronic treat-

A[DA] (M)
i

0 ment with a dopamine uptake blocker (nomifensine). We show
(A) ] 8 15 22 DAYS here that neither the basal dopamine levels nor the increase of
the extracellular concentrations of dopamine were changed by

** the chronic injections of nomifensine. However, several studies

407 Acetylcholine I NOMIFENSINE have described changes of several other biochemical parameters

SALINE . . . . . .

in the striatal dopaminergic system after chronic treatment with
dopamine uptake inhibitors like homifensine or cocaine such
as a decrease in density of the D2 and D3 dopamine receptors
[29,31] Other reports have shown that chronic treatment with
nomifensine do not change the number of D1 receiaror the
number of dopamine uptake sites in striatum of thd2@t28]
DAYS Chronic treatment with cocaine increased D1 recedtb@6],
_ - , _ and dopamine uptakes sifds36]without changes in D2 recep-
Fig. 2. Effects of nomifensine (NOM 10mg/kg, i.p.) on dopamine (A) and 1,11 5] Stydies with chronic cocaine administration reported

acetylcholine (B) extracellular concentrations in striatum (nomifensiné-5; h in d . lul . . .
saline, n=3-4). Data (meanSEM) are absolute increases (differences between/10 CNANges in dopamine extracellular concentration in striatum

average of maximal increase and average of three basal valpes).05; [3], a similar finding to the one reported here with nomifen-
** p<0.01; ***p<0.001 (vs. saline group; planned comparisons in a three-waysine. In spite of all of these findings, we show no changes in

ANOVA with repeated measures design). the increases of dopamine extracellular concentration during

N N
(B) 1 8 15 22
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all days of treatment. Therefore, our results suggest that underould be necessary to clarify the exact contribution of nicotinic

chronic blockade of dopamine uptake, and despite the many bi@cetylcholine receptors to the results reported here.

chemical changes reported, the presynaptic release of dopamine The striatum is an area of the brain involved in motor, cogni-

remains unaltered. tive, sensorial and reward processes. Alterations in its function
Chronic treatment with nomifensine increased the extracelleads to disorders such as Parkinson’s disease, schizophre-

lular concentrations of acetylcholine after 15 days of treatmentia and addictior{16,17] Substances like amphetamine and

These increases of acetylcholine were also detected on day 22@dcaine increase dopamine extracellular concentration, relying

treatment. A correlation between the increases of acetylcholinéhe addictive properties of these substances on the chronic block-

and dopamine extracellular concentrations induced by nomiferade of dopamine uptak&6,26] Moreover, the treatment with

sine was foundFKig. 3), which suggests that the increases ofinhibitors of monoamine uptake (nomifensine) has been used to

acetylcholine were produced by endogenous dopamine. Moréreat depressiof22,38] The change in the interaction between

over, an increase in basal concentrations of acetylcholine ardbpamine and acetylcholine reported in the present study would

a positive correlation between basal levels of acetylcholine antlelp to further understand the mechanisms that are involved in

days of treatment was also found (see Sec3jofio our knowl-  the effects of chronic dopamine uptake inhibition.

edge, this is the first report showing a change in extracellular

concen_trations of acetylcholine after chronic injectio.ns wi?h aA cknowledgements

dopamine uptake blocker and suggests that a functional inter-

action between dopamine and acetylcholine may exist in the pg NV SAE 2003-00448 supported this research. The

striatum of the rat. _ _ ~authors deeply acknowledge the technical assistance received
There are reports showing no effe¢t§ or an increase in = ¢y Angela Amores.

striatal acetylcholine concentration after acute systemic admin-
istration of dopamine uptake blockefE4]. On the contrary,
some other reports have shown a decrease in acetylcholine ext
cellular concentration after local perfusion of dopamine uptake _ N .
block 1131 Iti ible that the effect of temic admini [1] E.D. Abercrombie, P. DeBoer, Substantia nigra D1 receptors and stim-
0(_: ers[ ! ] _IS possible tha ee ectorsystemic a n_1|n|§- ulation of striatal cholinergic interneurons by dopamine: a proposed
tration of d_opamme uptake plockers |sth(_=.= resultofthe activation  circuit mechanism, J. Neurosci. 17 (1997) 8498-8505.
of both striatal and extrastriatal mechanisms that regulate local2] E. Acquas, G. Di Chiara, Local application of SCH39166 reversibly and
acetylcholine release. These mechanisms seem to be differ- dose-dependently decreases acetylcholine release in the rat striatum, Eur.
entially mediated by D2 and D1 receptors respectively, since _J: Pharmacol. 383 (1999) 275-279.

temic iniecti f D2 ists d d d D1 . th] M.E. Alburges, D.J. Crouch, D.K. Andrenyak, J.K. Wamsley, Lack of
Systemic injections o agonists aecreased an agonis long-term changes in cocaine and monoamine concentrations in rat CNS

increased acetylcholine release in stria{d®12,34] In agree- following chronic administration of cocaine, Neurochem. Int. 28 (1996)
ment with these results, perfusion of D2 agonists in the striatum  51-57.
decreased acetylcholine reled$8,35] Local perfusion of D1~ [4] M.E. Alburges, N. Narang, J.K. Wamsley, Alterations in the dopamin-
agonist in substantia nigra reticulata increased acetylcholine i;g'(clégg‘)sfggz sg;;em after chronic administration of cocaine, Synapse
Concentratior_] in_striaturtll], WhiCh Squ_ESt the in_VOI\/ement [5] A.A. Alcantara, V. Chen, B.E. Herring, J.M. Mendenhall, M.L. Berlanga,
of a substantia nigra-thalamo-cortico-striatal loop in the release | ocalization of dopamine D2 receptors on cholinergic interneurons of
of acetylcholine in the striaturf®,10]. Other pathways such as the dorsal striatum and nucleus accumbens of the rat, Brain Res. 986
the cholinergic afferents from pedunculopontine nucleus could  (2003) 22-29.
also be involved in the release of acetylcholine in strialgfj. (6] S:P- Butcher, J. Liptrot, G.W. ~Aburthnott, Characterisation — of
Chronic treatment with dopamine uptake blockers produce methylp_hem_date_ and nqmﬁepsme_ mdgced dopam!ne release in rat stria-
- . 1 "~ tum using in vivo brain microdialysis, Neurosci. Lett. 122 (1991)
an increase in D1 receptors and a decrease in D2 receptors in 245_24s.
multiple areas of the braif#,29,31,36] although some contro-  [7] H.T. Chang, Dopamine—acetylcholine interaction in the rat striatum: a
versy exist48,15,21] Therefore, the effects of nomifensine on dual-labeling immunocytochemical study, Brain Res. Bull. 21 (1988)
acetylcholine concentration reported here might be the resul{ 295-304.

e L . 8] S.C. Cheetham, C.J. Kettle, K.F. Martin, D.J. Heal, D1 receptor binding
of a shift in the balance between mhlbltory and excitatory in rat striatum: modification by various D1 and D2 antagonists, but

dopamine receptors. Indeed, the potentiation of acetylcholineé not by sibutramine hydrochloride, antidepressants or treatments which
release shown after 15 days of treatment could be produced by enhance central dopaminergic function, J. Neural Transm. Gen. Sect.
an attenuation of local D2-receptor mediated inhibition and an 102 (1995) 35-46.

enhancement of extrastriatal D1-receptor mediated activation of?] S: Consolo, M. Sieklucka, F. Fiorentini, G.L. Forloni, H. Ladinsky,
acetylcholine release Frontal decortication and adaptive changes in striatal cholinergic neurons

" . . in the rat, Brain Res. 363 (1986) 128-134.

It has been previously reported that nomifensine and othgfio] G. bamsma, G.S. Robertson, C.H. Tham, H.C. Fibiger, Dopaminer-
monoamine uptake blockers are able to inhibit nicotinic  gic regulation of striatal acetylcholine release: importance of D1 and
acetylcholine receptors in the brain, changing therefore the N-Methyl-p-Aspartate receptors, J. Pharmacol. Exp. Ther. 259 (1991)
neurotransmitter-release modulating properties of this type of _1064-1072.

tord191. Such ffect icotini t dl d[11] J. de Belleroche, J. Coutinho-Netto, H.F. Bradford, Dopamine inhibi-
receptorg19]. Such an effect on nicotinic receptors could lea tion of the release of endogenous acetylcholine from corpus striatum

to the increase in acetylcholine release observed in the present ang cerebral cortex in tissue slices and synaptosomes: a presynaptic
study, due to long-term changes in sensitivity. Further studies response? J. Neurochem. 39 (1982) 217-222.
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