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RAPID COMMUNICATION
Dopamine Depresses Synaptic Inputs Into the Olfactory Bulb

ALBERT Y. HSIA, JEAN-DIDIER VINCENT, AND PIERRE-MARIE LLEDO
Centre National de la Recherche Scientifique, Institut Alfred Fessard, 91198 Gif-sur-Yvette, France

Hsia, Albert Y., Jean-Didier Vincent, and Pierre-Marie Lledo. expressed in the bulb and are absent in the olfactory nerve Ig
Dopamine depresses synaptic inputs into the olfactory Quibleu-  in fact, their presence had been doubtful until recently (Corona
rophysiol. 82: 1082-1085, 1999. Both observations in humans wily 1997). Itis the D2 receptors that show prominent expressio|
disorders of dopaminergic transmission and molecular studies pointe, 1,1 specifically in the olfactory nerve and glomerular lay
an important role for dopamine in olfaction. In this study we foun Orona’s et al. 1997), and hence in this study we used a spq

that dopamine receptor activation in the olfactory bulb causes t ist t be f il le of d )
significant depression of synaptic transmission at the first relay be< receptor agonist 1o probe Tor a possible role of dopamine

tween olfactory receptor neurons and mitral cells. This depression wigdulating olfactory nerve input to the bulb.
found to be caused by activation of the D2 subtype of dopamine
receptor and was reversible by a specific D2 receptor antagonistM&THOD S

change in paired-pulse modulation during the depression suggests gyneriments were performed on olfactory bulb slices obtained fr
presynaptic locus of action. The depression was found to 0Cer 1o 6-wk-old Wistar rats. Slices (300—4Q0m) were prepared as
independent of synaptic activity. These results provide the first efagcriped (Chen and Shepherd 1997). After at least a 1-h reco
dence for dopaminergic control of inputs to the main olfactory bulby.inq at 30°C. slices were transferred to a submersion cham
The magnitude and locus of dopamine’s modulatory capabilities in thgere they Wer’e continuously superfused2(ml/min) with a 22—

bulb suggest important roles for dopamine in odorant processing. osec ACSE solution saturated with 95%,6% CO,. The external
ACSF solution was composed of (in mM) 119 NacCl, 2.5 KCI, 2
CacCl, 1.3 Mg,SO,, 1.0 NaHPQ,, 26.2 NaHCQ, and 10p-glucose.

INTRODUCTION For field recording, bipolar, stainless-steel stimulating electrod

. . . . were placed in the olfactory nerve layer, and recording pipettes W
Both behavioral and molecular studies point to a potentialpfaced in individual glomeruli (see FigAlL

important role for dopamine in olfaction. Parkinson’s patients, whole-cell recordings were performed under visual control with
for instance, have been found to have impaired odor recogupright Zeiss Axioskop microscope and infrared differential interf
tion (Hawkes and Shephard 1998). In addition, systemic injegace contrast (IR-DIC) videomicroscopy. Mitral cells were eas
tion of dopamine analogues has been shown to result in iifientified by their location and morphology (see Figy) ZShepherd
paired odor detection (Doty and Risser 1989). On tH@d Greer 1998). Microelectrodes had a resistance ®M(). The

molecular level, dopamine receptor expression has been fodtp!e-cell pipette solution was composed of (in mM) 123 Cs-g

P ; onate, 10 CsCl, 1 Cagl10 Cs-EGTA, 10 HEPES-Na, 8 NaCP, 1
to be high in the main olfactory bulb, as are levels of th%—glucose, 0.3 GTP, 2 Mg-ATP, and 0.2 AMPc, pH 7.3. Cells wd

rate-limiting synthetic enzyme of dopamine, tyrosine hydr0>§,—0Itage clamped at 80 mV.

ylase (TH) (Coronas et al. 1997, Halasz et al. 1977). Evoked synaptic responses were elicited at 0.05 Hz. For paifeq

Together these observations motivated us to study at th@se modulation experiments, paired pulses were delivered 40
cellular level a possible modulatory role of dopamine in thgpart, and the peak amplitude of the second response was dividg
mammalian olfactory bulb. The bulb receives inputs from thae first. On- and off-line data analysis was carried out with Acqu
olfactory epithelium via the olfactory nerve, which forms ex(G. Sadoc, CNRS-ANVAR, France).
citatory, glutamatergic synapses in regions of the bulb knownFastinhibitory transmission was blocked with picrotoxin (100).

as glomeruli. There, synapses are made onto the dendriteg¥fitatory responses were blocked through the addition of the ig
mitral cells, the primary output neurons of the bulb. GlomeffOPic glutamate receptor antagonist, kynurenic acid (10 mM). T
; -methylp-aspartate NMDA receptor antagonish,L-2-amino-5-

UIart?%Ldgzg'z‘e def'neddlg part py perlgI%)_hmeruIar qellls, Whll hosphonopentanoic acio,(-APV, 100 uM), was added in some
are bo ergic and dopaminergic. These periglomeru %periments to isolate responses mediatedv@amino-3-hydroxy-5-

cells are excited by dendrodendritic synapses from mitral celfSethy|-4-isoxazolepropionic acid (AMPA) receptors.
and possibly also by axodendritic synapses from the olfactory, | -apv, quinpirole, and sulpiride were obtained from Tocr

nerve (Pinching and Powell 1971). Because TH levels af@kirch, France) and all other drugs and salts were purchased flom

highest in the glomerular layer (Halasz et al. 1977), and b8igma (Strasbourg, France).
cause dopamine receptors have been localized to the olfactorigesults are presented as meanSE. Data were compared statis
nerve and glomerular layers (Coronas et al. 1997), we hypotigally by the Student's-test, and significance was defined Ris<
esized that it is at the first synapse between the olfactory neR/@>-
and mitral cells where dopamine might play a modulatory role.

Dopamine receptors are classified into two broad families: (ESYLTS
and D2 (Missale et al. 1998). D1 receptors are only sparsehp receptor agonist quinpirole inhibits transmission at the

olfactory nerve-mitral cell synapse

The costs of publication of this article were defrayed in part by the payment . . . L
of page charges. The article must therefore be hereby magdaftisemerit We first pe_rformed _extracellular field recordings in indivig
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact. ~ ual glomeruli (see Fig. A) and assessed the effect of D
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A similar magnitude (47 15%) was observed (Fig. B-D; P =

Depressive effect of quinpirole is D2 receptor specific and

reversible

nist, sulpiride, completely prevented the depressive effect
quinpirole (Fig. L; P = 0.0068,n = 4). In addition, the

MCL

sequent application of sulpiride (Fig. & and D; n = 5).
Sulpiride alone had a very smal-6 = 1%) effect on baseling

B synaptic transmission in naive slices (Fig.RandF; P =
0.012,n = 3).
140
z . D2 receptor—-mediated depression causes a change in
g 100 *.v*'_".;; ---------------- paired-pulse modulation and is activity independent
hd Ll Lad . .
2’ R e oo To determine the locus of D2 receptor—-mediated depressjon,
w 60- . * 5 we first tested whether quinpirole application changed fhe
degree of paired-pulse modulation, measured as the ratio of e
20 . . . . . strengths of two closely-spaced EPSPs. The degree of pafrgd
-10 o] 10 20 30 40 g-
Time (min) A B 8
C 5
o Naive é
o Sulpiride pre-treated >
140 - ~ 3
_Quin_ Quin <
€ =}
5 100%@%%&% S
= cl =
o }{ o FoaTie J g
& eof C D °
= =}
140 Quin ol 140 - Quin Sulp— g
1 1 1 1 ) ey = (@]
2(-)10 0 10 20 30 40 E 1008 jomee - - - - - - - - o2 E 1c-o=.-.-.-..i£i- ------ iﬁﬂ-ﬁﬁ g
. . £ . o =
ST T g g
Fic. 1. D2 receptor activation inhibits olfactory nerve inputs to olfac& S & N
tory bulb glomeruli.A: schema illustrating recording configurations for 20 20+ o
extracellular field recording in individual glomeruli and whole-cell record- 6 5 1‘0 (') 5 1'0 B
ing from mitral cells during stimulation of the olfactory nerve. ONL, Time (min) Time (min) o
olfactory nerve layer; GL, glomerular layer; MCL, mitral cell layes: ®
representative experiment in which the effects of the D2 receptor agonig,
quinpirole (100 uM), on pharmacologically-isolated excitatory field 140 Sul F 140 - sul
postsynaptic potentials (fEPSPs) were assessed. Superimposed averélege —=0P E L oA
sweeps before (1) and after (2) quinpirole administration are shown abo 000 9°%5a_ 99 10,0 % © as,, 598 UB5esgento angtd
the graph (scale: 0.1 mV, 2 ms). Smaller but significant levels of depressi@ '%05°°5% %% = %~ *" ==~ £ 100gRguatae o2y Bogter eotaas
were observed with 1@M quinpirole (32* 2%; P = 0.002,n = 4, data & %
not shown).C: summary graph illustrating that quinpirole significantly & il &% bl
depressed glomerular fEPSPs induced by olfactory nerve stimulasjon (— i

When slices were pretreated with the specific D2 receptor antagonist, 20; - 7 ! 20 -

sulpiride (100uM), no effect of quinpirole was observed)( w ?nme {m];? o " t-}nme (ml:l)o »

receptor activation on the strength of field excitatory postsyn-ric. 2. D2 receptor activation depresses transmission onto mitral cells jn a

aptic potentials (fFEPSPs) in response to olfactory nerve stirgversible mannerA: infrared differential interference contrast (IR-DIC) im

ulation. We found that quinpirole a specific D2 receptor agage of a mitral cell body in the olfactory bulb of a 2-wk-old rat. Scale bar] 5
) ! wm. B: superimposed average excitatory postsynaptic currents (EPSCs) from

nist, significantly depressed fEPSP strength by*4%% (Fig. a representative experiment illustrating the depressive effect of quinpirole (1
1,BandC; P = 0.0023,n = 5). uM) on mitral cell responses to olfactory nerve stimulation (scale: 20 pA, |1

Because a component of the glomerularly recorded fEP8B). Superimposed calibration pulses demonstrate the stability of the record
could be contributed by the depolarization of periglomeruléga'e 150 pA, 12 msC and D: example experiment and summary grap

. ", . owing a depression of EPSC amplitude by quinpirole (&80, which is
cells in addition to mitral cells, we performed the analogo"f en reversed by sulpiride (1Q0M). E andF: representative experiment an

experiment in the whole-cell configuration, recording fror8ummary graph demonstrating the slight effect of sulpiride alone 20Pon
visually identified mitral cells (see Fig.A2. A depression of naive slices.

=

0.047,n = 5), suggesting that quinpirole’s depressive effdct
does indeed occur at olfactory nerve synapses onto mitral cglls

Pretreatment of slices with the specific D2 receptor antago-

quinpirole-induced response was completely reversed by gub-

of
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0
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----------- 880 °§ﬁ% Fic. 3. D2 receptor—mediated depression significantly affe¢ts
009 & 41 paired-pulse modulation and is activity independ@riC: repre-
10 0 10 20 30 40 50 60 sentative experiment and summary graph illustrating that quinpi-
Time (min) role (100 uM) causes a significant change in the degree fof

paired-pulse modulation. Average responses before and dfter

B E quinpirole application are shown &(scale: 0.1 mV, 5 msp-F:
E‘ 250 ~ 140 the dependence of the quinpirole-induced depression on olfacfory
S Quin nerve activity was tested by applying quinpirole in the absence of
£ 200l E 100% olfactory nerve stimulation. A representative experiment is de-
B . S picted inD. Arrows indicate when stimulation was suspended: 1st
E 150k v o, o E_E 6oL in the absence of quinpirole, and then in the presence of quirpi-
2 K @ * role (100uM). A depression of fEPSP slope by quinpirole wgs
2 100 _.,__o',"‘_t._‘_._' _________ & sol observed from the very 1st response following nonstimulatign.
@ % o o - Sulpiride (100uM) was added to demonstrate the D2 receptpr
kS 50 . ) , specificity of the depression, and kynurenate (10 mM) was addled
210 0 10 20 210 0 10 20 to confirm measurement of excitatory response&, lm summary g
Time (min) Time (min) graph shows that there is a small (381%), transient potentia-| =
tion following nonstimulation in the absence of quinpirole An | =
C F the summary graph shows that despite nonstimulation, quinpiro%
= Quin still induces a depression of similar magnitude as during expg e
% 250 Quin 140 ments with continual stimulation (compare with FigC)1 e
= —— — o
= =200t E 100 h@ﬁ;ﬁlg ----------- : S
: it & 5 o 3
o 150} HH HH{ o 6of * S
K] { 0N =
2 ﬂ o S
5 100 fudiigansieg®tl - ____. w20 =
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pulse modulation has been found to correlate with the prolf@ppocampus (Otmakhova and Lisman 1999). Our demonst&a-

bility of transmitter release from presynaptic terminalon of a strong synaptic depression induced by dopam
(Markram and Tsodyks 1996). Indeed, quinpirole causedreceptor activation at the first synaptic relay between the
71 = 24% change in the degree of paired-pulse modulatidactory epithelium and the olfactory bulb suggests an importpa@t
(Fig. 3, A-C; P = 0.042,n = 5), suggesting a presynapticrole for dopamine in mediating the entry of olfactory informas;
locus of inhibition. tion into the brain. N

We next assessed whether the D2 receptor-mediated depres- 3
sion required olfactory nerve activity. Figur@3llustrates a D2 receptor activation most likely depresses transmitter ®
typical experiment. First, as a control, we stopped stimulatigslease from olfactory nerve terminals

of the olfactory nerve for 10 min, and then resumed stimula-

tion. Then, after reestablishing a baseline, we again stopped? receptors are the most abundant subtype of dopa
stimulation for 10 min, although this time applying quinpirold€cePtor in the olfactory bulb (Coronas et al. 1997). We found

just after halting stimulation. On resuming stimulation Wéhat one functional effect of D2 receptor activation in the bylb

found that from the very first response in the presence Sf 2 significant depression of synaptic transmission betwgen

quinpirole, synaptic transmission was depressed to a simifajActory recerr)]tor neurons agd n?itral C%”SI' The finding o r?
degree as during experiments with continual stimulation32 concomitant change in paired-puise modulation suggests fthaf

6% for 1st response after nonstimulation; FigDgandF; p =  this depression is due at least in part to a presynaptic megha
0.023,n = 3). Figure & summarizes the effect of a period ofiSM- TO determine whether there may also be a postsyndptiq
nonstimulation alone and shows that, in contrast to resufigntribution to the'de.p.ressmn (e.g., downregulathn of gluta-

obtained with quinpirole, there is a small (¥81%), transient mate receptors at individual synapses) would require the ahal

otentiation following nonstimulatiorP(= 0.0019,n = 3).  YSis of miniature EPSCs (MEPSCs). However, we found that
P g N ) MEPSC frequency was too low to permit analysi€(1 Hz).

In addition, attempts to stimulate asynchronous release thrdugh
the replacement of Ga by SP* were also unsuccessful

Dopamine has been shown to act as a neuromodulator ipexhaps due to significant cable filtering between olfactgry
variety of systems, including the retina (Djamgoz and Wagnaerve-mitral cell synapses and the mitral cell somd@0 wm
1992), nucleus accumbens (Nicola and Malenka 1998), aapart). Although we cannot rule out such additional depresgion

o
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postsynaptically, molecular evidence points to D2 receptorsrhis study was supported by the Institut Universitaire de France and
being expressed in olfactory receptor neurons. D2 mRI\ﬁXiZZ” FO‘;”da“m_‘- M. Lledo. C National de la Rech
transcripts are abundant in offactory receptor neurons (Shipleyicson | o e es s b Lo, e o s on o
et al. 1991), although undetectable in the mitral cell lay&ette, France.

_(Coronas etal. 199.7)' Certamly our inclusion of CS-gluCcmaf:%eeceived 16 March 1999; accepted in final form 14 April 1999.
in the whole-cell pipette solution does allow us to rule ou
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