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ABSTRACT

The possibilityof interactionbetween neurotransmitteruptake clonidineon [3H]norepinephrinereleasewas notantagonizedby
mechanismsand presynapticreceptors regulatingtransmitter the noreplnephrineuptake inhibitorsdesipramineor cocaine;
releasewas investigatedusingrat brainsynaptosomesinsuper- similarly,the inhibitionof [_H]-5-HTreleasewas unaffectedwhen
fusion.Variousconditionswere consideredincluding:1)absence 5-HT uptakewas blocked.The K+-evokedreleaseof [SH]dopa.
of substratafor the uptakewith uptakepotentiallyoperative;2) minefromstrlatalnerveterminalswas potentiatedby ace_

- absermeof substrataand presenceof uptake inhlbitors;and3) line (ACh)throughthe activationof mus_rini¢ presynaptl¢re-
uptakeactivated by added substrate,with or without uptake captors.The actionof AChwas not modifiedby the presenceof
inhib_"ors. The release of [SH]-5-hydroxytryptamine([3H]-5-HT) nomifensine,a dopamineuptakeinhibitor.Finagy,in supedused
evoked by 15 mM KCIfromcerebralcortex synaptosomaswas corticalsynaptosomes,the block of the high-affinityuptake of
inhibitedbylysergicaclddiethylamide.The5-HTuptakeinhibitors choline by hemicholinium-3had no effect on .the muscadnic
cltalopramandchlorimipraminedidnot affecttheinhibitoryaction autoreceptor-mediatedinhibitionof [_I]ACh release by ACh.
of lyserg_ acid dlethylamide.Clonidinedecreasedboth the K÷- Altogetherthe present results do not support the previously
evoked releaseof [SH]noreplnephrineand that of [_H]-5-HT in proposedideathat in nerve t_s a functionalcouplingmay
corticalsynaptoecmesthrough the activation of presynaptic existbetween uptakemechanismsandpresynapticreceptors.
a/pha-2 edrenoceptors.In superfusionconditions,the actionof

i , j

It is well established that nerve terminals in the central The interaction between clonidine and NE uptake blockers
nervous system are endowed with presynaptic receptors that was observed first (Starke and Montel, 1973). Although the
mediate regulation of neurotransmitter release by agents pros- observation has been confirmed several times, there is no
ant in the extracellular flukL The release of a given transmitter agreement on its interpretation. According to Starke and col-
can be regulated by the transmitter itself, through the activa- laborators (Starke and Montel, 1973; Reichenbacher et at,
tion of presynaptic autoreeeptors or by other transmitters or 1982), the action o/'clonidine u an inhibitor of the stimulated
modulators through the activation of presynaptic heterorecep- [aH]NE release is counteracted by the NE raleam_i during
tors (for reviews see Langer, 1981; Starke, 1981, Raiteri et o_, stimulation which, in the presence ofa NE reuptake inhibitor,
1984). accumulates in the vicinity (biophase) of the presynaptic a/pha.

Central nerve terminals are also endowed with membrane 2 autoroceptors. As an alternative explanation, Pelayo et at
carrier systems involved in the reuptake of the transmitters (1980) proposed that the inhibitors of NE uptake may interact

' released previously into the synaptic cleft (for reviews see with an "imidazoUne recognition site" localized on the a/pha-2
lversen, 1971; Levi and Raiteri, 1976). autoreceptors, thus preventing their activation by clonidine or

Experiments performed with brain slices have shown that other a/pha-agonist imidazolines.
auto- and heteromodulations of transmitter release by presyn- Subsequently, when the interactions between presyrmptic
aptic receptor agoniste can be prevented when inhibitors of the receptor agonists and neurotrausmitter uptake inhibitors ap-
reuptake of the released transmitter are present (Starke and peared to represent a generalized phenomenon, a new hypoth-
Montel, 1973; Pelayo et aL; 1980;,Galzin eta/., 1982; [.anger esis was proposed that implies the existence in nerve endings
and Moret, 1982; Reichanbacber eta/., 1982; Cubeddu eta/., of a functional coupling between mechanisms of transmitter
1983; G6thert et al., 1983). uptake and presynaptic receptor mechanisms (Galzin et aL,

ReeeivedforpublicationMarchlg, 1984. 1982; Langer and Moret, 1982; G6thert et at, 1983). Some
'T_ni,workwu ,uppor_ by (]rat. from the Italia Nation,d Remuzh authors, however, still believe that the _u_-mnulation of the

Council(CT88,0_060.04)andborntheItalianMln_ryofR_4t_stion. endogenous transmitter released in the receptor biophase plays

ABBREVIATIONS:NE,nore_; 5-HT,5-hydroxyttyptamlne;DA,d0_; LSD,ly_ aciddlethylamtde,ACh,Ig:_jk:tl_ne.
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the critical role (Retchenbacher et el., 1982; Cubeddu et el., TABLE1
1983). Effect of neuronal uptake aotlvMIon on Iwesynepttoreceptor

Inasmuch as several inhibitora of neuronal transmitter up, hm_on
take are used as antidepressants, the possibility for these drugs s_m_o0omes _ _ [_pE, _ _ _ m suoer_

Inthe m or InI_ pvmm_ of t_ 00rmsl_mcln9substm_ of _ mm¢o_l
to modulate prosynaptic receptor function would be of phaY- _ (exogenous _ or _ _s0os0___st to _ _ exogenous_-_ m
macological and therapeutic relevance. In the present study, mst_9of_).l_9_Uon_mlSmMKOmsW_/,sp_
the problem of the interactions between uptake mechanisms _ ar_s-2 _ present on _ and s4<r tem_s _s_vatsd _ _ and me _/ns0_ _ mt_m_ _
and presynaptic receptors are re-evaluated using isolated nerve t_ated on A¢_ _ _ exo_-_ AC_.When_ted _ _ors
endings in superfusion (Raiteri eta/., 1974). As previously of_mrv_upt_awerssdOodatt0m_ofsup_us_._ans+S.E.M, of_
shown (see Raiteri and Levi, 1978; Raiteri et el., 1984) in these experimentsIn_ areprom_.

experimental conditions, the released transmitters are rapidly Tn_nw_ K+-Ev_l_l
removed by the superfusion fluid before they can interact with

reupteke sites and presynaptic receptors. It is therefore possible [%l]Norvoirmpt_ Re_ase
to study the fxmction of presynaptic receptors and their possible

Control(15 mM KCI)
interactions with the uptake mechanisms by exposing the nerve Clootdine, 0.5 _M 30.5 :!: 3155

endings to controlled amounts ofpresynaptic receptor agonists, Gontro0with uptake substrata (15 mM KO +
under the following conditions: 1) when teuptake does not 0.1 _M T_amine)
operate, but its mechanisms are potentially effective; 2) when CDn_ne, 0.5 _M 28.0 ± 2.38
uptake is rendered operative by adding controlled amounts of Control with uptake substrataanduptakeinhtb-
substrata to the superfusion medium; and 3) when the nerve itor(15 mM KGI+ 0.1 _M T_dne + 1 _M
endings are exposed to selective uptake inhibitors. I:_sl0ram_)Clonldlne, 0.1 _M 29.1 ± 3.25

Materials and Methods _-_)Acety_x_e Release
Control (15 mM KCI)

Crude synapto_omes were prepared essentially according to the AGll, 5 _M 40.6 ± 4.0
method of Gray and Whittaker (1962) with some modifications. Briefly, Control with uptake substr_ (15 mM KC1+
the whole cerebral cortex or the corpus stristum of adult male Sprsgue. 0.1 _M Choline)
Dswley rats (200-250 g) were homogenized in 40 volumes of 0.32 M ACh, 5 pM 36.8 ± 4.2
m_cro_. The homogvnate wa_ centrifuged (5 rain, 1000 x g) to remove Control with uptake substrataand uptakeInhib-
nuclei and debris and synaptosomes were isolated from the supernatant Rot(15 mM KGI+ O.I _M _ + I00 #M
by centrifugation at 12,000 x g for 20 rain. The synaptosemal pellet HC-3)
was then resuspended (st a protein concentration of 0.5-0.6 ms/m|) in Ach, 5 _M 35.1 ± 4.7
a physiological salt solution having the following composition (milli- [SH]5-Hydroxytr_ami_e Release
molar): NsCi, 125; KCI, 3; MgSO,, 1.2; CeCIl, 1.2; NaH_PO,, 1.2; Gontrol(15mM KCI)
NeHCO_, 20; and glucose, 10 (aeration with 95% O= and 5% CO_ at Clonidlne, 0.3 #M 29.7 ± 1.9

37"C), pH 7.2 to 7.4. Protein was measured by the method of Bradford Control with uptake substrate (15 mM KCI+
(1976). 0.01 pM 5-HT)

Synaptosomeswere preincubated10 rain at 37"C in a rotary water- Clonidine,0.3 #M 26.9 -+1.5
bath and were subsequently labeled with (SH]-5-HT (10 rain; final
concentration, 0.03 #M), [SHINE (10 min; final concentration, 0.04
_M), [SH]DA (10 rain; final concentration, 0.01 ,M) or with [SH] tional rate corresponding to the maximal release observed during high-
choline (4 rain; final concentration, 0.1 ,M). K÷ exposure. The results in the figures are therefore expressed as

After labeling, aliquots of the synaptosomal suspensions were dis- percentage of the release evoked by high-K+ in the absence of drugs.
tributed on 0.65-_m Millipore filters (0.3-0._ mg of protein per filter), Under the present experimental conditions, the radioactivity released
placed at the bottom of as many as 20 parallel superfusion chambers by K+-stimulation from synaptosomes prelabeled with [SH]-5-HT,
thermostated at 37"C (Raiteri et el., 1974) and superfusion was then {aH]NE, [SHIDA or Jail)choline consisted, for the major part of the
started, at a rate of 0.6 ml/min, with standard medium continuously unmetabolized transmitters, as shown previously by chromatographic
aerated with 5% CO_ in 0_. Whenever used, uptake inhibitors (citalo- and radioenzymatic analysis (Raiteri et eL, 1982; Maura et _, 1982a,
pram, chlorimipramine, desipramine, cocaine, nomifensine and hemi- 1982b, Marchi et eL, 1983).
cholinium-3) and receptor antagonists (methiothepln, yohimbine and Experiments of uptake in incubation and in superfusion conditions
atropine) were present from the beginning of superfusion; the agonists were performed as follows: the same amount of synaptosomes (0.2-0.3
LSD and clonidine were added at 10 rain, ACh at 15 rain. In the mg of protein) were either incubated or superfused for 5 rain at 37"C
experiments aimed to study presynnptic receptor function in conditions with a medium containing 0.01 pM [_HI-5-HT or with 0.1 ,M [_H)
in which the uptake systems are operative, the uptake substrates were choline. Blanks were obtained incubating or superfusing synaptosomes
added at the beginning or at 18 rain of superfusion, as indicated in at 0-2"C The filters holding the superfused synaptosomes and those
table 1. Depolarization was obtained by exposure to 15 mM KCI on which the incubated synaptosomes were collected were then washed
(substituting nn equimolar concentration of NaCI) at 18 rain of super- with standard medium and the radioactivity was counted in a liquid
fusion. Superfusate samples were collected every minute and the radio- scintillation system.
activity present, in the samples and in the synaptosomes at the end of Chemicals. L-[7,8-'_H]NE (specific activity, 32 Ci/mmol) and [7,8-
the _uperfusion wa_ determined by liquid .qcintillalion counling. The "_FIIDA(specific activity, 46 Ci/mmol) were obtained from the Radio-
radioactivity found in each superfusate sample was calculated as s chemical Ceutre (Amersham. England); [1,2-'_H(N)]-5-HT creatinine
percentage of the total tritium recovered (samples plus superfused sulfate (specific activity. 30.1 Ci/mmol)and ['_H]choline(specific activ-
synaptosomes), ity, 70 Ci/mmol) were obtained from New England Nuclear (Boston,

In order to evaluate the K+-evoked release, the fractional rate of the MA). Yohimbine, ACh hydrochloride and atropine sulfate were pur-
basal efflux (average of the two l-rain superfusate samples immediately chased from Sigma Chemical Co. (St. L_uis, MO), (-)-arterenol biter-
preceding the onset of K÷-stimulation) was subtracted from the frac- trate hydrate and 5-HT creatinine sulfate from Calbiochem (Los An-
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gales, CA) and hemicholinium-3 from Aldrich-Europe (Beerse, Bel- when the ratio between uptake inhibitor and autoreceptor
glum). The following compounds were gifts: LSD (Sandoz, Basel, agonist was 100.
Switzerland), chlorimipramine and desipramine (Ciba Geigy0 Basel, Inhibition by clonidine of the [SH]-5-HT release elic-
Switzerland), citalopram (Lundbeck, Copenhagen, Denmark), nomi- ited by 15 mM KCI in synaptosomes of the rat cerebral
fensine (Hoechst, Frankfurt, FRG) and clonidine (Boehringer [ngel- cortex and study of the interaction between clonidine
helm Int., FRG). and the 5-HT uptake inhibitor chlorimipramine. The

evoked release of [aHJ-5-H'I' can be decreased through the
Results activation of presynaptic heteroreceptors of the alpha-2 type

(G_thert et el., 1981; Frankhuyzen and Mulder, 1982; Maura et
Inhibition by LSD of the [SH]-5-HT release elicited by el., 1982a; Raiteri et eL, 1983). Figure 2 shows that the K ÷-

15 mM KCI in synaptosomes of rat cerebral cortex and evoked release of [aH]-5-HT in superfused cortex synaptosomes
study of the interaction between LSD and the 5-HT was inhibited by clonidine (0.03-1 .M) in a concentration-

uptake inhibitors citalopram and chlorimipramine. Au- dependent manner. The action of clonidine (0.3 .M) was coun-
toreceptors are present on central 5-HT terminals and their teracted by the alpha-2 adrenoceptor antagonist yohimbine (0.3
activation leads to a reduction of the evoked release of [3H]-5- _M) which, by itself, did not modify the K*-evoked release of
HT that can be reversed by methiothepin (Bourgoin et eL, 1977; |:_H]-5-HT. The presence of chlorimipramine in the superfusion
Cerrito and Raiteri, 1979; G/_thert and Weinheimer, 1979; fluid did not affect the inhibitory action of the alpha.2 agonist
Langer and Moret, 1982). Depolarization with high-K + in- imidazoline. At the concentration used (0.3 .M), chiorimipra-
creased the release of [aH]-5-HT from cortical synaptosomes mine did not modify, by itself, the K+-evoked release.

prelabeled with the radioactive amine. Under the experimental Inhibition by clonidine of the [SH]NE release elicited
conditions used, 0.03 pM [3H]-5-HT labeled preferentially the by 15 mM KCI in synaptosomes of the rat cerebral cortex
5-HT nerve terminals, as nomifensine, a potent inhibitor of the and study of the interactions between clonidine and the
DA and NE carriers (Schacht and Leven, 1984) did not decrease NE uptake inhlbitora desipramine and cocaine, Central
significantly the uptake of [3H]-5-HT in cortical synaptosomes NE terminals are endowed with autoreceptors that belong to
(control uptake: 0.44 ± 0.05 pmol/mg of protein per rain; the adrenergic a/pha-2 type (Langer, 1981; Starke, 1981). De-

percentage of inhibition by 0.1 #M nomifensine: 3.5 ± 0.7; n ffi polarization with high-K + stimulated the release of [3H]NE
5). The uptake of [aH]-5-HT was, however, strongly inhibited from superfused cortical synaptosomes prelabeled with the
by 0.1/_M citalopram (percentage of inhibition: 87.5 ± 5.1; n = radioactive amine. Under these experimental conditions that
5). The K+-evoked release of [aH]-5-HT from prelabeled rat K÷-evoked release was found to be largely calcium-dependent
cortical synaptosomes was previously shown to be largely cal- (Raiteri eta/., 1979). Clonidine (0.003-1 _,M) inhibited the K+-
cium-dependent(MauraetaL, 1982b).ExposuretoLSD (0.003- evoked [SH]NE release in a concentration-dependent way
0.3 pM) decreased the depolarization-evoked release of [3H]-5- (fig. 3). The action of 1 _,M clonidine was totally antagonized
IIT in a concentration-dependent manner (fig. 1). The action by 1/,M yohimbine which, by itself, did not modify the K+-
of LSD (0.03 ,M) was antagonized by 0.3 pM methiothepin evoked [SH]NE release. The inhibitory action of clonidine was
which, by itself, did not affect the K+-evoked release. The not affected Significantly when the NE uptake blockers desi-
inhibitors of neuronal 5-HT uptake, citalopram and chlorimi- prarnine or cocaine were present. The NE uptake inhibitors, at
pramine, at 0.3 pM, did not modify, by themselves, the K÷- 1 _,M, did not modify, by themselves, the K+-evoked release of
evoked overflow of [aH]-5-HT. These compounds did not affect the catecholamine.
significantly the inhibition of [3H]-5-HT release by LSD, even

[] _._Rc, m_. o.3_ cwMm_
[] 15adVlKC_• 03_ YOHIMmNE

.p. m

O'
0 0,003 0.03 0.1 0.3 O 0.03 0 0,03 0.1 Q,3 I O 0.3

LSO(pM) CLONIDINE(pM)

Fig. 1. Autoreceptor-mediatedInhibitionof [=H]-G-HTrelease by LSD: Fig. 2. Alpha-2 adrenoceptor-mediatedinh_tion of [=H]-5..HTreteaseby
effects of ¢italopram,chkxkn_amine and methlothepin.Rat ceret)ral clonidlne:effects of chlodmipramineand of yohlml_. Rat cerebral
(xxtex syrmptosomeswere labeleclwith [=H]-5-HTand depolarizedin cortex synaptosomeswere labeledwith [=H]-5-HTand tiered in
superfuskmwith 15 mM KCI as das(_dbedunder"Materialsend Meth- superfustonwith 15 mM KCI as describedunder "Materialsand Meth-
ods."Theabsolutevalueoffractionalreleaseevokedby15 mM KCI(see Ods." The absolutevalue of fractionalreleaseevoked by high.K* (see
"Materialsand Methods') was 1.85 ± 0.08. The valuesdisplayedand "Materials and Methods') was 1.74 + 0.05. The valuesare means :1:
meansd: S.E.M.of fourto six experimentsinquadruplicate. S.E.M. of four to sixquadruplicateexperiments.

=
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The action of 10 pM ACh was blocked by the muscarinic
[] IsmMxcl [] t_mMXC_• I p_COCA_E antagonist atropine (0.1 pM) which, by itself, did not modify
[] m.e _, • I vM,.,_A_ [] 15_MXCl• I sUY0._mr_ the K÷.evoked [SH]DA release. The action of ACh was unaf-

fected by nomifensine, an inhibitor of DA uptake, added to the

euperfusion medium at 10 _M, At this concentration, the drug= did not modify, by itself, the K*-evoked release of [SH]DA.
" m( _ _ _, Inhibition by ACh of the [SH]ACh release elicited by

"_"J1="so .........._n,,........... 1 M _ _ :!iii' ' 15 mM KCI in synapt-mee °f the rat eerebralc°rtex_iii'!iii.::;

!!!!]i::!!!!! -'.i_i :i:i and study of the interaction between ACh and the cho-
!!!i !i!i line uptake inhibitor hemieholinium-3. Muscarinic auto-

2':';'°'2";' !ii! :::: receptors are present on cortical cholinerglc nerve terminal, to

I !!i! regulate the evoked ACh release (Sserb and Somogyi, 1973; '
_¢ :i:i:i:i:::::iiiiiii_lll _i;! iili Marchi etal., 1983). The release of [aH]ACh in superfused

0 - ' i:41]iiii iii:: .,..:i:i cortical synaptosomes was stimulated by a depolarizing concen-
0 00o3 001 01 1 0 i tration of KCI. In these experimental conditions, the evoked

CLONIDINE(pM) releaseof [aH]AChwas shown tobe almosttotallycalcium-
dependent(MarchietaL,1983).Intheexperimentsreported

I_. 3. Author-mediated Inrdb_onof [_H]NE release of _ne: in figure 5 and table 1, we have investigated the possible
efb_ts of dealpramine,cocaine and yohtmt_ne.Rat cambral cortex interactions between muscarinie autoreceptors and the uptake
syr_pto_r_s were_ with[SHINEand depolarizedInsuperfuslon of choline (ACh is not taken up by cholinergic terminals), inwith 15 mM KCIas describedunder"Materialsand Methods."The
absolUtevalue of fraotkmalrelease evoked by high,K*(see "Materials view of the well known relationships betwen hiKh affinity
andMethc<ls")was 1.79 ± 0.13. Thevaluesare means± S.E.M.of four choline uptake and ACh release (Kuhar and Murrin, 1978).
to six expedm_ts in quedmp_c_tte. Moreover, the absence of exchange phenomena between extra-

and intraterminal ACh has made it possible to use ACh as a
muscarinic autoreceptor agonist and therefore to study, in this

[] I_mMKC_ case, the possible interactions between uptake blockade and
[] 15 mM KCI• 10 _ NOMIFENSINE presynaptic activity of the natural transmitter. Exogenous ACh

[] 1_ mM KC!* {},IpM ATROPINE decreased its own release in a concentration-dependent way
(fig. 5). The action of 10 #M ACh was blocked by 0.1 pM

1_0 atropine which, by itself, did not affect the K*-evoked release

of ['_H]ACh.The autoinihibition of [SH]ACh release was not
•_ modified when the uptake carrier of choline was blocked with100 #M hemicholinium-3. At the concentration used, bemi-

_00 --_ _ _ cholinium-3, by itself, had no effect on the K+-evoked release.' '":: Neurotranemitter uptake in superfused aynaptosomes

iljl ii_ !i!:i and effects of neuronal uptake activation on presynaptic

•. .:.:

!!::: !i!!_ receptor function. The data presented so far show that, in

_ iii: :!:i: superfused synaptosomes, the presence of neuronal uptake:';:_

iiil ;i:!: [] I_ rdUK_

:::: ... [] 15mMKCI 100pMHC-3

9 5 10 0 10 [] 15mMKCI._ 0.1 pMATROPINE
ACh (pM)

Fig. 4. Muscarinlc-receptor mediated potentiation of [=H]DA release by
ACh:effectsofnomlfenslneandof atropine.Rat stdatalsynaptosomes

KCI as described .rider "Materials and Methods," The absolute value of _ _
fractionalreleaseevokedbyhlgh-K*(see"MaterialsandMethods')was ' _;_;_ M
2.02 _+0.11.Thevaluesdisplayedaremeans__+S.E.M.ofthreeto five _ i!i!i _!ii
experimentsinquadruplicate. "_ ,_0 ::::i ilia!

15 mM KCI in synaptosomes of the rat corpus striatum :i:_
and study of the interaction between ACh and the DA iiiit iilit
uptake inhibitor nomifensine. Muscarinic heteroreceptors 0 _ m 0 m
are localizedon dopaminergicnerveendingsin the corpus ACh (}_)

striatum.Theiractivationcausespotentiationofthecalcium- Fig.5.Muscar_nic-autoreceptorsmediatedint_t_/o_of[_HIAChrelease
dependent evokedrelease of ['_HJDA (Lehmann and Langer, byACh:effectsofhemiO'_olinium-3andofatropine.Ratcerebralcortex
1982;Raiteri et al., 1982). The evoked release of [aHII)A in- synaptosomeswerelabeledwithtall]cholineanddepolarizedinsuper-fusionwith15mM KCIas descdbedunder"MaterialsandMethods."
duced by 15 mM KCI in striatal synai)tosomeshd)eledprevi- Theabsolutevalueof fractionalreleaseevokedbyhlgh-K*(see"Materials
ously with the tritiated catecholaminewas potentiated by ex- andMethods*)was 1.70 _+0.14.Thevaluesare means+ S.E.M.of
ogenousACh in a concentration-dependentmanner (fig. 4). threetofiveexperimentsin quadruplicate.
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inhibitors did not decrease the effectiveness of presynaptic inhibitors of the reuptake of the released transmitter. In par-
receptor agonists. Inasmuch as in superfused synaptosomes ticular: NE reuptake inhibitors counteracted the a/pha-2 auto-
reuptake of the released transmitters appears to be minimal receptor-mediated inhibition of the evoked [_H]NE release by
(see Raiteri and Levi, 1978), the possibility existed that the clonidine and related imidazolines (Starke and Montel, 1973;
hypothesized coupling between uptake mechanisms and pre- Pelayo et al., 1980; Reichenbacher et al., 1982; G_thert etal.,
synaptic receptors could not be seen in our preparation. Exper- 1983); tile 5-}1'1_ uptake inhibitor citalopram prevented the
iments were therefore performed in order to ascertain; 1) if the activation of 5-HT autoreceptors by LSD and the consequent

integrity of the uptake mechanisms and their susceptibility to inhibition of the evoked release of [3HI-5-HT (Langer and
uptake inhibitors were maintained in our superfused synapto- Moret, 1982); the action of clonidine, as an inhibitor of the
somes preparation and 2) if, in order to show the existence of evoked [3H]-5-HT release, was decreased by 5-HT reuptake
the above functional coupling, a potentially active uptake was inhibitors (G6thert etal., 1983); the presynaptic actions of
not enough, but it was necessary to have the uptake system apomorphine on the evoked release of [3H]DA or of [3H]NE
actually performing substrate transport, were counteracted by nomifensine, an inhibitor of DA reuptake

The data reported in figure 6 show that cortical synaptosomes (Cubeddu etal., 1983) and by NE uptake blockers, respectively
exposed in superfusion of 0.01 #M [3H]-5-HT or to 0.1 #M ['_H] (Galzin etal., 1982).
choline, in the presence of 15 mM KCI, accumulated tritium As already mentioned in the introduction, a number of ex-
radioactivity. Under superfusion conditions, the uptake of [3H] planations have been proposed for these findings. One expla-
-5-HT and that of [_H]choline were strongly inhibited by nation is limited to the interaction between imidazolines and
citalopram or by hemicholinum-3, respectively. Table 1 shows NE uptake inhibitors: the latter, according to Pelayo et aL
that the presence of uptake substrates (0.01 _M 5-HT, 0.1 ,M (1980), may compete for an imidazoline recognition site located
tyramine or 0.1 ,M choline) in the superfusion fluid did not on the a/pha-2 autoreceptors. The following two explanations
cause any amelioration of the presynaptic receptor function, could be more generally applied to the various systems: 1) when

Furthermore, the effectiveness of presynaptic receptor agonists reuptake inhibitors are present, the activity of presynaptic
was not decreased by uptake inhibitors even when the uptake receptor agonists declines because the biophase concentration

systems were activated, of released transmitter rises and, hence, the modulation elicited
by the released transmitter becomes more pronounced (Rei-

Discussion chenbacher etaL, 1982; Cubeddu et al., 1983) and 2) reuptake
inhibitors affect the activity of presynaptic receptor agonists

Experiments with brain slices have provided several exam- because a functional link exists in nerve terminals between
pies showing that the regulation of transmitter release by neuronal uptake and presynaptic receptors (Galzin et aL, 1982;
exogenous presynaptic receptor agonists can be prevented by Langer and Moret, 1982; G_thert etaL, 1983).

The last explanation appears rather provocative and bears a
UFrAKEIN tPTAKEIN number of important implications. For instance, several trans-

INCUBATION _ mitter reuptake inhibitors are antidepressants which, by them-

_H- 5HT (0.01 pM) selves, interact weakly with transmitter receptors, but affect
[:=:] •mM X_ indirectly their "sensitivity" during long-term in uivo adminis-

• _ go • _ #A _T_ tration. Because a tonic autoreceptor-mediated inhibition of

_S6.L_ ___ NE release seems to Occur in the living brain (Langer' 1981;

Starke, 1981; Cerrito and Raiteri, 1981), antidepressant uptake

blockers would be expected to relieve it, thus increasing NE

release. This together with the inhibition of NE uptake may
contribute to the down regulation of the beta adrenoceptor-
linked edenylate cyclase observed in the brain after long-term
antidepressant treatment (Suleer etaL, 1978). Moreover, if the

311- Ch(0.1 pM) proposed functional link exists between uptake and presynaptic
• ,_ Ka receptors, the activity of natural agonists could be strongly

m • ,_ xQ • m _ ,c.3 underestimated as the actions at presynaptic receptors of nat-

t_t_ uraltransmittersubstances(e.g.,catecholaminesorS-HT)arepossibilitymultiple interpretations same

currently studied in the presence of uptake inhibitors.

l The of for the find-
ings originates from the complexity of the experimental system
u_ed, i.e., brain slices in which the role of the transmitters

_< -'- - _ released in the vicinity of the presynaptic receptors can only
Fig. 6. Uptake of [_-1].5-ttTor of [_-I]cholinein supedused or incubated be inferred from indirect evidence. In a system of superfused
syr_otosomes and effects of the uptake inhU_tors citak_ram or hemi- synaptosomes, the transmitters released are rapidly remove&
ct)o_rdum-3.Rat cerebralcortex synaptosomeswere esthersupedused
or incubated 5 mln at 37"C with 0.01 _M [aH]-5-HT or 0.1 #M [aH] therefore they should not be recaptured by the uptake systems
choline, in a medium containing 15 mM KCt.The radioactive substrates and should not accumulate in the biophase of presynaptic
were added concomitantly with KCI.Means ± S.E.M. of two experiments receptors, even in the presence of reuptake inhibitors. In these
in _plleate are presented, The absolute vaiuas of uptake expressed as conditions, presynaptic receptor should be activated only by
p¢ornokm per milligramof proteinper 5 rain± S.E,M, were 0,51 ± 0,05
for [aH]-5-HTin inoubetlon;0.28 ± 0.03 for [aH]-5-HTin superfuslon; the exogenous agonists added to the superfnsion flukL In keep-
3.30 ± 0.6 for [ H]chot_ in incubation;and 1.44 d:0.4 for [ H]choiine ing with this view, neither uptake inhibitors nor presynaptic
in superfusion, receptor antagonists, alone or in combination, increased trans-
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mitter release in superfused synaptosomes (figs, 1-5; see also presynaptic receptors and the consequent possibility that nan,
• Raiteri and Levi, 1978), in contrast to what occurs in brain renal uptake inhibitors affect, as an additional mechanism of

slices, action, the function of presynaptic receptors, Of course, a
If the optimal functioning of presynaptic receptors depended number of reasons besides that of the transmitter increasing in

on the existence of a functional link between these receptors the biophase could be considered to explain the discrepancies
and the uptake systems, one may expect presynaptic receptors between the results of the literature and our own results. For

to be less responsive in superfused synaptosomes in which instance, the experiments with brain slices were all performed
reuptake is not operative. However, the results obtained with by using electrical stimulation, whereas superfused synapto-
auperfusedsynaptosomes (figs. 1-3),wben compared with those seines were depolarized with high-K +. It should be noted,
obtained in brain slices (Langer and Moret, 1982; G6thert et however, that the uptake of [aH]-5-HT and [all]choline was
a/., 1983), show that the effects of LSD and clonidine are largely maintained in the presence of 15 mM KCI. Another•

quantitatively similar in the two preparations, suggesting that reason could be the removal of some endogenous modulators
an operative uptake is not a prerequisite for the functioning of present in the living brain during the preparation of synapto-
the presynaptic receptor systems, seines (and in brain slices) (see for example Barbaceia et al.,

This suggestion is indeed supported by the data shown in 1983) which could be responsible for the interactions between
table 1. When the uptake of NE, of 5-HT or of choline in presynaptic receptor agonists and uptake inhibitors observed
superfused synaptosomes was activated by adding the corre- in _lices.
spending exogenous substrates to the superfusion medium, no
improvement of the presynaptic receptor function could be Ack,owledgme,te
observed. Furthermore, the addition of uptake inhibitors during Theauthorswish to thankMrs.MantaAgatefortypingthe manuscript.
activation of uptake with exogenous eubstrates did not decrease
significantly the effectiveness of presynaptic receptor agonists, ltetere, ee,
In table 1, particularly indicative appear to be the results B^_Accta, M. L., GANDOLIq,O., CHUANO,V. ANDCOSTA.E.:Modulationof

neuronalserotonln uptake by a putative endogenous ligand of imipramine
obtained by activating uptake with tyramine (a substrata of the recognitionsites. Prec. Natl. Acad.Sci. U.S.A.80: 5134-5138,1983.
NEcarrier without receptor agonist properties) and presynaptic Bousoozs, s., AlrrAuD,F., ENJALBElrr,A., Hv._y, F., GLOWINSKI,J. AND
autoreceptors with c]onidine, in the absence or in the presence H^MON,M.:Acute changes in central serotonin metabolisminducedby theblockadeor stimulationof serotoninergicreceptorsduringontogenesisin the
of the NE uptake inhibitor desipramine. This experimental rat. J.PharmacoLExp. That.202: 819-531, 1977.
situation was intended to mimick that present in a slice, but BsAvroR,, M.M.:Rapidandsensitivemethodforthequantitationof microgram

quantities of protein utilizing the principle of protein-dye binding.Anal.
with the important difference that in our system the released Biochem.72: 248-254, 1976.
NE could not increase in the presynaptic receptor biopbase, c_Rsrro, F. ANDRxrr_Ri, M.: Serotonin relem is modulatedby preaynaptic

It has been reported that neuronal uptake inhibitors can autoreceptors.Eur.J. Pharmacoi.87: 427-430, 1979.
C_RRrro,F. aNo RArrsRI,M.:Supersensitivityof centralnoradrenerglcpr_yn-
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