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Narcolepsy is a sleep disorder characterized by abnormal
manifestations of rapid-eye-movement
(REM) sleep and excessive daytime sleepiness. Using a canine model of the
disease, we found that central D, antagonists suppressed
cataplexy, a form of REM-sleep atonia occurring in narcolepsy, whereas this symptom was aggravated by D, agonists.
The effect on cataplexy was stereospecific
for the S(-) enantiomer of sulpiride (a D, antagonist) and the I?(+) enantiomer of 3-PPP (a D, agonist). There was also a significant
correlation between the in viva pharmacological potency and
in vitro drug affinity for D, receptors (but not for D, and (Y*
receptors) among the seven central D, antagonists tested.
Selective D, compounds were also tested; however, the results were inconsistent because both antagonists and agonists generally suppressed cataplexy. Our current results
demonstrate that central D,-type receptors are critically involved in the control of cataplexy and REM sleep. Furthermore, the finding that small doses of D, antagonists suppressed cataplexy and induced behavioral excitation, while
small doses of D, agonists aggravated cataplexy and induced sedation, suggests that this effect is mediated presynaptically. However, considering the fact that selective
dopamine reuptake inhibitors did not modify cataplexy and
that our previous pharmacological results demonstrated a
preferential involvement of the noradrenergic system in the
control of cataplexy, we believe that the effect of D, compounds on cataplexy is mediated secondarily via the noradrenergic systems.
Human narcolepsy is an incurable sleep disorder characterized
by sleep-onset periods of rapid-eye-movement
(REM) sleep,
recurring bouts of flaccid muscular paralysis (cataplexy), which
are often initiated by emotional stimuli, and excessive daytime
sleepiness (Guilleminault, 1976). Canine narcolepsy is a spontaneous animal model ofthis condition that presents behavioral,
pharmacological, and electrophysiological similarities to the human disorder (Baker and Dement, 1985; Mignot et al., 199 1).
As with primary human narcolepsy, no morphological abnormalities in the CNS have been found in affected canines, and
it is therefore suggested that subtle neurochemical dysfunctions
are involved in the pathophysiology of this disorder (Baker et
al., 1982; Baker and Dement, 1985).
Received Nov. 19, 1990; revised Apr. 3, 1991; accepted Apr. 9, 1991.
This work was supported by NIH Grant NS-23724 and by a grant from The
Upjohn Company. We thank L. Sharp and the staff of the Stanford University
Department of Laboratory
Animal Medicine for technical support.
Correspondence should be addressed to Seiji Nishino, Stanford Sleep Disorders
Research Center, 701 Welch Road, Suite 2226, Palo Alto, CA 94304.
Copyright 0 1991 Society for Neuroscience
02706474/91/l
12666-06$03.00/O

In the canine model, several neurochemical abnormalities
have been found, including fluctuations in the levels of dopamine (DA) and norepinephrine (NE) and their metabolites in
the cerebrospinal fluid (Faull et al., 1982) and localized brain
regions (Mefford et al., 1983; Miller et al., 1990), and regional
upregulations of adrenergic (Y,, q, and dopaminergic D, receptors in the narcoleptic canine CNS (Bowersox et al., 1987; Mignot et al., 1988a; Fruhstorfer et al., 1989). Furthermore, we
have studied the effect on cataplexy of various pharmaceutical
compounds acting on the central catecholaminergic systems,
and have demonstrated a preferential involvement of the noradrenergic system in the control of cataplexy; specifically, enhancing the activity of central noradrenergic systems results in
a suppression of cataplexy, while decreased central noradrenergic activity is associated with an aggravation of this symptom
(Babcock et al., 1976; Foutz et al., 198 1; Mignot et al., 1988a,b;
Nishino et al., 1990). In contrast to these clearly demonstrated
pharmacological results, the effect of dopaminergic compounds
on cataplexy reported in a previous study (Foutz et al., 1981)
was inconclusive, and further studies were needed to clarify the
role of this monoamine in the modulation of cataplexy. In the
present study, by means of both in vivo and in vitro pharmacological approaches using new selective dopaminergic (D, and
DJ compounds, we have demonstrated that dopamine D,-type
receptors are critically involved in the control of cataplexy.
Materials and Methods
In vivo pharmacological studies
Animals. Six genetically narcoleptic Doberman pinschers were used for
this study. All dogswerehoused
in theStanfordUniversityDepartment
of Animal Laboratory Medicine in individual stainless-steel cages (100
x 180 cm*), and all experiments were carried out in strict accordance
with the National Institutes of Health Guide for the Care and Use of
Laboratory Animals. Dogs were fed daily at 9 A.M. and exposed to a
12-hr:12-hr Ii&/dark cvcle lliahts on at 7 AM. off at 7 PM). Room
temperature w&s maintamed at32.2 + l.l”C, and relative humidity, at
40%. Mean age and weight of the six narcoleptic dogs were 3.6 + 0.6
yr and 27.2 + 0.8 kg (mean + SE), respectively.
Food-Elicited Cataplexy Test. The Food-Elicited Cataplexy Test
(FECT), a standardized biological assay for quantifying the severity of
cataplexy, was originally developed by Babcock et al. (1976) and has
been successfully used by several investigators to assess symptom severity in narcoleptic canines (Foutz et al., 1981; Mignot et al., 1988b,
Nishino et al., 1989, 1990). Food, which is equivalent to an emotional
stimulus in humans, precipitates multiple cataplectic attacks in these
animals, sometimes resulting in full-blown REM-sleep periods. In our
experimental procedure, 12 pieces of wet food (1 cm’) were placed 30
cm apart in a line on the floor. The dogs previously had been trained
to eat all pieces of food in serial order. The experimenter recorded the
number of cataplectic attacks that occurred while the dog ate the pieces
of food and the time required for the dog to eat all 12 pieces of food.
FECTs were always administered in duplicate (two tests on the same
dog).
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Experimentaldesigns.
Two types of experimental design were used:
(1) time-course studies in which the long-term effects of the drugs on
cataplexy were recorded, and (2) cumulative dose-response experiments
in which drug doses were progressively increased and the effect on
cataplexy was measured after each dose. A minimum of six drug-free
days was allowed for each dog between pharmacological experiments.
For the time-course studies, two baseline FECTs were performed at
-0.5 hr (- 15 min for quinpirole) and just before (0 hr) drug administration. The drug or vehicle was injected intravenously through the
right cephalic vein at lo:30 A.M., and postdrug FECTs were performed
0.5, 1, 2, 4, and 8 hr (5, 15, 30, 60, and 120 min for quinpirole) after
drug administration.
In the dose-response studies, an indwelling catheter was implanted
in the right cephalic vein at 9:00 A.M. on the day of the experiment,
and baseline FECTs were performed. Increasing concentrations of the
drug were injected, and cataplexy testing by FECT was performed 30
min (5 min for D, agonists) after each drug dose. The first drug dose
injected was calculated to be pharmacologically inactive, as deduced
from the data available in the literature or from drug affinities obtained
by radioreceptor binding assays. The drug dose was increased two- or
fourfold each time, until a maximal effect on cataplexy was observed
on two successive doses, or when interfering side effects (emesis, anorexia, major behavioral changes) were present. The injection volume
at each concentration for all drugs was adjusted to 0.2 ml/kg.
In vivo data analysis. Results are expressed as mean values & SEM
of six dogs. For the dose-response curve analysis, the significance of
drug effects was assessed using a repeated-measures one-way analysis
of variance. When dose-dependent drug effects were statistically significant @ < 0.05), the maximal effect (E,,J and the dose producing 50%
of the maximal effect [ED,, (&kg, i.v.)] were calculated by nonlinear
regression analysis (Quasi-Newton procedure) on the dose-response curve
using the equation E = E,,,l(l
+ (ED,ddose)) as described in Pliska
(1987).
For time-course experiments, drug effects were compared with control
values (vehicle injection) using a repeated-measures analysis of variance
with drug treatment as a grouping factor. All computations were performed using the software program SYSTAT@ (Systat Inc., Evanston, IL)
on a personal computer.
In vitro radio receptor binding assays
Drug affinities for canine D,, D,, and LYE
receptors were assessed by radio
receptor binding assay using ‘H-raclopride (New England Nuclear, Boston, MA, specific activity, 72.7 Ci/mmol), ‘H-SCH-23390 (Amersham,
Arlington Heights, IL, specific activity, 83.0 Ci/mmol), and 3H-yohimbine (New England Nuclear; specific activity, 79.5 Ci/mmol) as ligands,
respectively. The tissue used for this study was canine caudate (for DZ)
and frontal cortex (for D, and a*) obtained from brain tissue purchased
from Pel-Freez (Rogers, AR). Brain tissue homogenates were used for
receptor binding assays, and the oz, D,, and D, binding studies were
carried out as described in Fruhstorfer et al. (1989) and Hall et al. (1988;
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Figure 1. Effect ofraclopride, a D, antagonist, on canine cataplexy. Effect on
cataplexy was assessed by the FECT.
Each point represents the mean t SEM
(vertical bars) of six narcoleptic dogs. a,
Time course for the effect of raclopride
on cataplexy. Drug or vehicle was injected at time 0 (arrow). In the overall
model, raclopride significantly suppressed cataplexy (p < 0.00 1, repeatedmeasures ANOVA with drug treatment
as a grouping factor). b, Dose-response
curve for the effect of raclopride on cataplexy. Drug doses were progressively
increased, and the effect on cataplexy
was measured after each dose. Significance ofdoseresponse
effects (p < 0.0 1)
_
was assessed using a repeated-measures
one-way ANOVA.

with 40 nM of ketanserin for the D, assay). Specific binding for D,, D,,
and (Yereceptors was defined as that radioactivity that could be displaced
by 1 PM cis-flupenthixol, 1 PM (+)-butaclamol,
and 0.1 mM (-)-norepinephrine, respectively. Under the above assay conditions, the dissociation constant (Kd) (mean + SEM; n = 3) of )H-raclopride (1.93 +
0.31 nM), 3H-SCH-23390 (0.78 + 0.26 nM), and ‘H-yohimbine (0.76
+ 0.18 nM) were obtained from saturation studies, and the final concentration of these ligands used for displacement studies ranged from
2.20 to 2.40 nM. from 0.77 to 0.86 nM. and from 0.67 to 0.88 nM.
respectively. The data were analyzed using LIGAND (Munson and Rod:
bard, 1980) an iterative nonlinear least-squares curve-fitting program,
with a one-site model. Values were expressed as the mean of three
separate determinations for each compound tested.

Drugs
The compounds used for this study were obtained from the following
sources: raclopride and S( -)- and R( +)-sulpiride, Astra Research Center AB, Siidertglje, Sweden; UH-232, AJ-76, and U-86 170E, The Upjohn Company, Kalamazoo, MI; haloperidol, pimozide, domperidone,
quinpirole, S( -)- and R( +)-3-PPP, apomorphine, bromocriptine, SKF83566, SKF-38393, SKF-77437, SKF-82958, (+)-butaclamol, and ketanserin, RBI, Natick, MA, YM-09 15 l-2, Yamanouchi Pharmaceutical
Co., Tokyo, Japan; EMD-23448, Merck E, Darmstadt, Germany; SCH23390, Schering Corp., Bloomfield, NJ; cis-flupenthixol, Lundbeck
AS, Copenhagen, Denmark; and (-)-norepinephrine,
Sigma Chemical
Company, St. Louis, MO. All drug solutions were freshly prepared each
experimental day.

Results
Effect of D, antagonistson cataplexy
Raclopride,
a selective D, antagonist, produced a significant
dose-dependent
suppression of cataplexy (Fig. la,b), and the
effect was associated with moderate behavioral excitation, aggressiveness, and tachypnea. The effect on cataplexy occurred
within 30 min after drug administration
and disappeared within
4 hr after drug administration
(Fig. la). Theseeffects on cataplexy and general behavior were similar to the effects of (Ye
antagonists and (Y, agonists previously
reported by our group
(Mignot et al., 1988a,b; Nishino et al., 1990). A total of seven
centrally active D, antagonists (YM-09 154-2, ED,, = 0.063 pg/
kg, i.v.; halopetidol,
ED,, = 0.43 &kg, i.v.; pimozide, ED,, =
10.8 &kg, i.v.; racloptide, ED,, = 32.8 &kg, i.v.; UN-232, ED,,
= 329.9 &kg,
i.v.; AJ-76, ED,, = 539.6 &kg,
i.v.; S(-)sulpiride,
ED,, = 1083.0 &kg,
i.v.) were found to suppress
cataplexy significantly. On the other hand, a peripheral
D, an-
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Figure 4. Stereospecificity of the effect of R(+)- and S(-)-3-PPP
cataplexy in vivo. For details, see Figure 2 caption.

Figure 2. Stereospecificity of the effect of S(-)- and R( +)-sulpiride on
cataplexy in vivo.Effect on cataplexy was assessed by FECT. Each point
represents the mean +- SEM (verticnl bars) of six narcoleptic dogs. Drug
doses were progressively increased, and the effect on cataplexy was
measured after each dose. Significance of dose-response effects (p i
0.0 1) was assessed using a repeated-measures one-way ANOVA.

on

short-lasting (< 5 min) emesis.This compound also induced a
significant behavioral sedation, based on assessmentof locomotor activity by an open-field measurementdescribedin Nishino et al. (1990); the motor activity had decreasedto 18.7%
of the predrug activity level at 10 min after drug administration
(p < 0.00 1, paired t test). The effectsof quinpirole on cataplexy
and general behavior were similar to the effects of (Yeagonists
and 01,antagonistsreported in our previous studies(Mignot et
al., 1988b; Nishino et al., 1990). A total of seven D, agonists
were tested, and five of these(U-86 170E, ED,, = 2.9 &kg, i.v.;
apomorphine, ED,, = 3.7 &kg, i.v.; quinpirole, ED,, = 5.1 pg/
kg, iv.; EMD-23448, ED,, = 20.3 &kg, i.v.; R(+)-3-PPP, ED,,
= 817.7 &kg, i.v.) were found to aggravate cataplexy significantly. One potent D, agonist, bromocriptine (0.18-12.0 &kg,
i.v.), had no clear effect on cataplexy and induced long-lasting
vomiting (up to 8 hr) and anorexia, an effect not observedafter
administration of other D, agonists.The cataplexy aggravating
effect of R( +)-3-PPP wasstereospecificbecauseits enantiomer,
S(-)-3-PPP, instead suppressedcataplexy (p = 0.054; Fig. 4).

did not modify cataplexy at intravenous
dosesup to 384.0 &kg. The effects of D, antagonistson cataplexy were stereoselectivefor the enantiomers of sulpiride;
S( -)-sulpiride suppressedcataplexy, while R( +)-sulpiride had
no effect on cataplexy acrossthe doserangetested (15.7-4000.0
pdkg, i.v.; Fig. 2).

tagonist, domperidone,

Efect of D, agonistson cataplexy
A selective D, agonist, quinpirole, significantly and dose-dependently aggravatedcataplexy (Fig. 3a,b). The effect occurred
immediately after drug administration, but lasted lessthan 30
min (Fig. 3a). The effect was very dramatic, and all six dogs
respondedwith increasedcataplexy at very low doses(< 6 pg/
kg, i.v.) before the occurrenceof emesis,which is considereda
classicalD, agonist effect. After the administration of 6 &kg
of quinpirole, all dogs were sleepy, and three of six dogs had
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Figure3. Effect of quinpirole, a D, agonist, on cataplexy. a, Time course for
the effect of quinpirole on cataplexy. In
the overall model, quinpirole significantly aggravated cataplexy @ < 0.05).
b, Doseresponse curve for the effect of
quinpirole on cataplexy. For details, see
Figure 1 caption.
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Figure 5. Correlation between pharmacological potency on cataplexy in vivo and drug affinity for D, receptors in vitro. When dose-dependent
drug effects were statistically significant by the ANOVA, ED,, (nmol/kg, i.v.) and E,,, were calculated by nonlinear regression analysis (QuasiNewton procedure) on the dose-response curve using the equation E = E,,,l( 1 + (EDJdose)) as described in Pliska (1987). Drugs indicated by
solid squares had a significant effect on cataplexy, while drugs indicated by open squares had no significant effect under the dose range tested. Drug
affinities for canine D, receptors were assessed by radio receptor binding assay using ‘H-raclopride as a ligand, as described in Materials and
Methods. a, Correlation between effect on cataplexy and drug affinities among seven central D, antagonists. The enantiomer of S(-)-sulpiride,
R(+)-sulpiride, had no effect on cataplexy at doses as high as log(nmoUkg, i.v.) = 4.1. The peripheral D, antagonist domperidone did not modify
cataplexy at doses up to log(nmol/kg, i.v.) = 3.0. b, Correlation between effect on cataplexy and drug affinities among five central D, agonists. S(-)3-PPP and bromocriptine did not modify cataplexy at doses as high as log(nmol/kg, i.v.) = 3.6 and 1.3, respectively.

plexy, it wasdifficult to obtain a maximum enhancingeffect for
D, agonists. Higher dosesof these drugs induced a dramatic
increasein cataplexy (status cataplecticus),and the dogs could
not complete the food test. Thus, the calculated ED,,s for aggravation of cataplexy are probably not asaccurate asthe ED,,+
Effect of D, compoundson cataplexy
for suppressionof cataplexy. The binding affinity constant (K,)
of most agonists for D, receptors fell within a narrow range
Two selective D, antagonists and three selective D, agonists
(log[K,M] ranged from -7.9 to -5.8) compared to that of D,
were also tested; however, the results were not consistent for
antagonists and agonists. The antagonists (SCH-23390,
SKPantagonists(log[K,M] ranged from -9.9 to -5.9). This trend
83566) and one agonist (SKF-77437) significantly suppressed may have alsomadeit difficult to obtain a significant correlation
between affinity and behavioral effect for D, agonists.At any
cataplexy (ED,, = 3.2,21.7, and 227.8 &kg, i.v., respectively).
These effects were associatedwith various side effects, such as
rate, the tendency for a positive correlation between the ED,,
for cataplexy and the affinity for the D, (r = 0.34; n = 5; p =
acute dystonia (following D, antagonist administration) or an0.58)or LYE
(r = 0.38; n = 5;p = 0.53)receptorwas not statistically
orexia (following D, antagonist or agonistadministration). Fursignificant (data not shown).
thermore, two other selectiveD, agonists,SKF-38393 and SKF82958, had no clear effect on cataplexy at intravenous dosesup
Discussion
to 1024.0 &kg and 256.0 &kg, respectively.
In the present study, we found that central dopamine D, anCorrelations betweenin vivo effectson cataplexy and in vitro
tagonists significantly suppress,whereasmost D, agonistsagdrug a&ities for receptors
gravate, canine cataplexy. There was a significant correlation
As shown in Figure 5a, a total of seven central D, antagonists between the in vivo pharmacological potency on cataplexy and
significantly suppressedcataplexy, and there was a significant
in vitro drug affinities for canine D, receptors,but not for D, or
correlation (r = 0.86; n = 7; p = 0.013) between the ED,, for
o(~receptors, among sevencentral D, antagonists.Furthermore,
the effect on cataplexy was stereospecificfor the S(-) enantiocataplexy in vivo and the affinity for D, receptors in vitro. The
ED,, wasnot significantly correlated with affinities toward either
mer of sulpiride, a D, antagonist. Theseresultsstrongly suggest
D, (r = 0.45; n = 7; p = 0.25) or q (r = 0.13, n = 7; p = 0.79)
that the effect on cataplexy was mediated by D, receptors bereceptors(data not shown).Concerning the effect of D, agonists, causeboth enantiomerspenetrate the blood-brain barrier to the
samedegree(Andersen, 1988) and becausethe in vitro affinity
there wasa tendency for a positive correlation betweenthe ED,,
for cataplexy and the affinity for the D, receptor (Fig. 5b) among of S(-)-sulpiride (log[K,M] = -7.1) for canine D, receptors is
20 times higher than that ofR(+)-sulpiride
(log[K,M]
= -5.9).
the five D, agoniststhat aggravatedcataplexy. This trend, howHowever, there were reverse stereospecificitiesfor D, and (Y*
ever, wasnot statistically significant (r = 0.58; n = 5; p = 0.29).
Compared to the suppressanteffect of D, antagonistson catareceptors; the affinity of S( -)-sulpiride
for D, (log[K,M] = -4.0)
This effect of S(-)-3-PPP
may be related to a partial agonist
property, as suggested by Clark et al. (1985). Our observation
that S(-)-3-PPP
(4.0-1024.0
&kg, i.v.) did not induce emesis
in any of the dogs supports this hypothesis.
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and o(* receptors (log[K,M] = - 5.7) is lower than that of R( +)sulpiride (log[K,M]
= -4.1, - 6.2, respectively). This result suggests that S(-)-sulpiride,
at least, is not exerting its effect on
cataplexy through the D, or o2 receptor. In contrast to the effect

of D, compounds on cataplexy, the effect of D, compounds on
cataplexy

is difficult

to interpret

because both D, antagonists

and a D, agonistsignificantly suppressedcataplexy. This might
be due to the lack of structural variation of D, compounds
currently available, becauseall D, antagonistsand agonistsused
in this study have a benzazepine structure. Thus, while further
studies are necessary to explore

the role of D, mechanisms

on

cataplexy, this discrepancy of the effect of D, compounds on
cataplexy

does not seem to interfere

with our interpretation

that

the effect of D, compounds on cataplexy is mediated by D,
receptors.
Central DA receptors are located both pre- and postsynaptically (Langer, 1981), and the effect on cataplexy of D, compounds could be a function of either receptor. However, our
finding that small doses of D, agonists aggravate cataplexy and
induce sedation, while D, antagonists suppress cataplexy and
induce behavioral
excitation, suggests that “presynaptic
dopa-

mine autoreceptors” (regulatory DA receptors through which
the DA system controls its own activity) are involved in the
control of cataplexy becauseit hasbeenreported that behavioral
sedationand excitation induced, respectively, by small dosesof
D, agonistsand antagonistsare mediated through thesereceptors (Di Chiara et al., 1976). Similarly, compoundssuchas AJ76, UH-232,
or R(+)-3-PPP,
which are reported to act preferentially on presynaptic dopamine autoreceptors
(Clark et al.,
1985; Piercey and Lum, 1990), also modified cataplexy in the
same way as other D, antagonists and D, agonists (Fig. 5a,b).
Furthermore,
this hypothesis could explain why bromocriptine
did not aggravate cataplexy, because this drug is reported to be
less active at presynaptic dopamine autoreceptors
(Lehmann et

al., 1983). All of the above results suggestan involvement of
“presynaptic dopamine autoreceptors” in the regulation of cataplexy and REM sleep.However, we recently found that selective DA uptake inhibitors (GBR-12909 and amineptine) had
no effect on caninecataplexy, in contrast to the potent cataplexysuppressingeffect of the NE uptake inhibitors (nisoxetine, desipramine,and nortriptyline; Renaud et al., 1991). Theseresults
are difficult to interpret according to the above hypothesis, becausethesefindings suggestthat the activity of the dopaminergic
system itself is not important for the regulation of cataplexy.
The uptake inhibition data, and the fact that adrenergic(Y,agonists and a2 antagonistsdecreasecanine cataplexy (Mignot et
al., 1988a,b, Nishino et al., 1990), suggesta preferential involvement of noradrenergic rather than dopaminergic systems
in the control of cataplexy. Taken together with the fact that
the firing rate of DA neuronsdoesnot changeduring REM sleep
in the substantia nigra or ventral tegmental area (Miller et al.,
1983; Steinfels et al., 1983), in contrast to the complete suppressionof firing of NE-containing neurons in the locus coeruleus during REM sleep(Aston-Jones and Bloom, 1981; Hobson et al., 1983), we believe that the effect of D, compoundson
cataplexy is probably mediated via the noradrenergic system.
Severallines of experimental evidence indicate an interaction
betweenthe D, receptor mechanismand noradrenergicactivity.
It has recently been reported that peripheral administration of
selective D, agonistsreduces,and of D, antagonistsincreases,
NE releasein the rat frontal cortex (Rossetti et al., 1989). Furthermore, a D, agonist,R(+)-3-PPP [and not S( -)-3-PPP], sup-

pressesthe firing of NE-containing neurons in the locus coeruleusin rats (Elam et al., 1986).This electrophysiologicalresult
resemblesour current pharmacological results for the enantiomers of 3-PPP; only R( +)-3-PPP aggravatescanine cataplexy.
Consideringthe similarities between our pharmacologicalfindings in vivo and the above findings in vitro, we favor the hypothesisthat “presynaptic (D,-type) heteroreceptors” [Laduron,
1985; possibly located on NE neuron terminals, regulating synthesisand releaseof NE (Langer, 198l)], rather than “presynaptic dopamine autoreceptors,” are involved in the regulation
of cataplexy and REM sleep.Recently, severalcentral dopamine
(D,-like) receptor geneshave been cloned and expressed(Bunzow et al., 1988; Sokoloff et al., 1990) and it is possiblethat
one of these receptors plays a special role in the regulation of
cataplexy and REM sleep.Consideringthe clarity of the results
of our study, in conjunction with accumulated evidence of variousneurochemicalabnormalitiesin DA systemsin human (Kish
et al., 1989) and canine narcolepsy (Mefford et al., 1983; Bowersox et al., 1987; Miller

et al., 1990), it appears

that altered

D,-type receptor mechanisms may be critical in the pathophysiology of narcolepsy.
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