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Abstract

Recent evidence suggests that s receptor ligands and neuropeptide Y may act through the same pathways to modulate centrally
Ž .mediated immune function. The present study demonstrated that both the s receptor ligand igmesine: q -N-cyclopropylmethy-N-

Ž . Ž y7 y5 . Ž y9 y7 .methyl-l, 4-diphenyl-l-yl-but-3-en-1-ylamine, hydrochloride JO 1784 10 and 10 M and neuropeptide Y 10 and 10 M in
vitro significantly reduced neutrophil phagocytosis and decreased mitogen stimulated lymphocyte proliferation. By contrast, central

Ž .administration of JO 1784 0.5 and 5 mgr5 ml significantly reduced the activity of neutrophil phagocytosis, but enhanced lymphocyte
Ž y9 y7 .proliferation without changing the serum concentration of corticosterone. Neuropeptide Y 10 and 10 M , following intracerebroven-

tricular infusion, also decreased the neutrophil response, but significantly raised the corticosterone concentration. These results indicate
Žthat different mechanisms involving various neurotransmitters and their receptors, changes in the activity of the hypothalamic–

.pituitary–adrenal axis, or s receptor subtypes may be involved in the central effects of JO 1784 and neuropeptide Y. q 1998 Elsevier
Science B.V.
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1. Introduction

s Receptors have been defined as non-opiate, non-
Ž .dopaminergic and non-phencyclidine PCP receptors

Ž .Walker et al., 1990; Quirion et al., 1992 . Most s recep-
tor ligands produce behavioural excitation, elevate
dopaminergic function and interact with the NMDA recep-

Ž . Žtors in the central nervous system CNS Sagratella et al.,
.1991; Zhang et al., 1993 . These effects are similar to

Ž . Žthose caused by phencyclidine PCP Conteras et al.,
.1988; Monnet et al., 1992a . Both s receptor ligands and

PCP receptors have been found to protect the brain from
neurotoxicity by inhibition of glutamate-activated cGMP

Ž .formation Lesage et al., 1995; Lockhart et al., 1995 . In
the periphery, it has been reported that s receptor ligands
may exert immunosuppressive and endocrine effects di-
rectly through actions on the pituitary gland and other

Žtarget organs Sagratella et al., 1991; Wolfe and De Souza,
. Ž .1993 . For example, haloperidol and 1,3-di- o -

) Corresponding author. Life Science Research Centre, Carleton Uni-
versity, 1125 Colonel By Drive, Ottawa, Ont., Canada K15 5B6. Tel.:
q1-613-5202600r2700; fax: q1-613-5204052.

Ž .tolylguanidine DTG suppress in vitro murine nature killer
Ž . Ž .NK cell activity, while PCP, DTG and q -pentazocine
significantly reduce lectin-induced lymphocyte prolifera-

Ž .tion Carr et al., 1992 . Some s receptor ligands have
been also shown to elevate plasma corticosterone concen-

Žtration via an action on serotonin 5-hydroxytryptamine,
. Ž .5-HT receptors Gudelsky and Nash, 1992 .

Ž Ž .JO 1784 igmesine: q -N-cyclopropylmethy-N-
methyl-l, 4-diphenyl-l-yl-but-3-en-1-ylamine, hydrochlo-

. Žride is a novel and potent ligand for s sites Roman et al.,
.1990 . In addition, JO 1784 has anti-amnesic activity by

increasing acetylcholine release and enhancing NMDA
induced neuronal activation of CA3 hippocampal cells
Ž .Earley et al., 1991; Monnet et al., 1991 . However, the
central role of s receptor ligands in immune modulation
and the effects of JO 1784 on cellular immunity are
unclear.

The effects of neuropeptide Y on the immune and
endocrine systems and brain have been extensively investi-

Žgated Dumont et al., 1992; Friedman et al., 1995; Song et
.al., 1996 . Most neuropeptide Y studies in vitro showed

that the peptide inhibits immunocyte functions, such as NK
cell cytotoxicity, macrophage activity and neutrophil

Ž .chemotaxis Nair et al., 1993; Dureus et al., 1993 .
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We have previously reported that central administration
Ž .of a low dose of neuropeptide Y 0.5 nM did not affect

lectin-stimulated lymphocyte proliferation or the differen-
tial white blood cell count in intact rats but did increase
the serum corticosterone concentration and reversed the
suppressed lymphocyte function in the olfactory bulbec-

Ž .tomized rat model of depression Song et al., 1996 .
s receptors are distributed in the same brain regions

and in the adrenal gland and leukocytes as neuropeptide Y
ŽAdrian et al., 1983; Tam and Cook, 1984; Heilig et al.,

.1988; Su et al., 1990; Dumont et al., 1992 . There it
evidence that s receptor ligands and neuropeptide Y
interact. Thus it has been found that the sigma ligand
haloperidol increased neuropeptide Y immunoreactivity in

Ž .the locus coeruleus Smialowska and Legutko, 1992 . In
addition, central administration of neuropeptide Y and JO

Ž .1784 reverse corticotrophin-releasing factor CRF -in-
Žduced colonic motor activity Junien et al., 1991; Gue et

.al., 1992 . These effects of JO 1784 and neuropeptide Y
may be associated with their actions on s receptors and

ŽGi protein linked second messengers Junien et al., 1991;
.Bueno et al., 1992 . However, so far few investigators

have studied the effects of s receptor ligands and NPY on
the immune functions, in vivo and in vitro. The purpose of
this study was therefore to compare the effects in vivo and
in vitro of s receptor ligands JO 1784 and neuropeptide Y
on neutrophil phagocytosis, lymphocyte proliferation and
serum corticosterone concentration. By comparing the ef-
fects of the drugs on these processes it should be possible
to determine whether JO 1784 and NPY have qualitatively
effects that may implicate similar intracellular changes
involving s receptors.

2. Materials and methods

2.1. Animals

Ž .Adult male Sprague–Dawley rats 250–280 g were
obtained from Harlan Olac, Blackthorn, Bicester, UK and
maintained on a 12 h light and 12 h dark cycle at room
temperature 21"18C. Water and food were available ad
libitum.

2.2. Reagents

Ž .Neuropeptide Y porcine form was obtained from
Sigma Chemical Co., London and JO 1784, PCP, DTG
and haloperidol were obtained from Jouveinal Research
Institute, Fresnes, France.

For the i.c.v. administration, JO 1784 and neuropeptide
Y were dissolved in sterile physiological saline. For in
vitro study, DTG, PCP, haloperidol, JO 1784 and neu-

Žropeptide Y were dissolved in RPMI-1640 medium Gibco
.Life Technologies, UK for incubation with lymphocytes.

JO 1784 and neuropeptide Y were dissolved in Hank’s

Ž . Žbalance salt solution HBSS Gibco Life Technologies,
.UK for incubation with neutrophils.
The lectins, phytohemagglutinin-P, concanavalin A,

pokeweed mitogen, luminol and zymosan were purchased
w3 xfrom Sigma Chemical Co., London; H thymidine was

purchased from Amersham Co., London.

2.3. Procedures

Following intraventricular cannulation, rats were al-
lowed to recover for two weeks. They were then assigned
to seven acute i.c.v. treatment groups of 8 rats per group:
Ž . Ž .1 control for neuropeptide Y treatment infused with 5

Ž . y9 Ž .ml saline; 2 5 ml of neuropeptide Y at 10 M; 3
y7 Ž . Žneuropeptide Y at 10 M; 4 control for JO 1784

. Ž .treatment infused with 5 ml saline; 5 JO 1784 at 0.1
Ž . Ž .mgr5 ml; 6 JO 1784, 0.5 mgr5 ml and 7 JO 1784, 5

mgr5 ml. These concentrations were chosen from the
Ž .results of previous experiments by Heilig et al. 1990 ,

Ž . Ž .Gue et al. 1992 , Nagain et al. 1995 and Song et al.
Ž .1996 . Animals were habituated to i.c.v. infusion by
handling and manipulation of the cannulae daily for a
week prior to the treatment. In all treatments 5 ml of either
saline, JO 1784 or neuropeptide Y were infused by gravity

Ž .as described by Song and Leonard 1995 . Following acute
infusion over a period of 40–45 min, blood samples were
taken into heparinized syringes by cardiac puncture under

Ž .diethyl ether anaesthesia Song and Leonard, 1994a, 1995 .
These blood samples were used for neutrophil phago-
cytosis and lymphocyte proliferation. Then the animals
were decapitated and the trunk blood was collected. The
serum from trunk blood was used to determine the concen-
tration of corticosterone or to opsonise the zymosan.

To examine whether JO 1784 in vitro has similar effects
as other s receptor ligands, blood samples from eight
intact rats were taken by cardiac puncture to separate
lymphocytes. DTG, PCP, haloperidol and JO 1784 were
incubated with these lymphocytes.

To compare the in vitro effects of JO 1784 and neu-
ropeptide Y on immune cellular functions, blood samples
from eight intact rats were taken by cardiac puncture to
separate neutrophils and lymphocytes. Purified neutrophils
or lympocyte from each rat was divided into two equal
volumes: one volume was incubated with RPMI-1640 or
HBSS as control and the other with different concentra-
tions of neuropeptide Y or JO 1784.

2.4. Surgery

ŽRats were anaesthetised with tribromoethanol 250
Ž .mgrkg i.p. Van Riezen and Leonard, 1990 and placed in

a sterotaxic apparatus. Cannulae were located stereotaxi-
cally over the lateral cerebral ventricle as described in

Ždetail elsewhere Song and Leonard, 1995; Song et al.,
.1996 . The needle was extended 1 mm beyond the tip of

the guide cannula into the lateral ventricle.
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2.5. Preparation of neutrophils and lymphocytes

Ž . ŽPlasma gel 2–3 ml Hausmann Lab., St. Galley,
. Ž .Switzerland was added to each blood sample 5–6 ml

and mixed. After leaving for 30 min at room temperature,
the mixture of neutrophils and lymphocytes in the super-

Žnatant were layered onto a Nycoprep gradient Nycomed
.AS Oslo, Norway and centrifuged at 600=g for 20 min

at 48C. Following centrifugation, two distinct bands of
white cells were obtained. The upper layer contained the
lymphocytes and the lower the neutrophils. The purity of
these fractions was approximately 98% as assessed by
microscopic examination. Neutrophils were washed three
times using HBSS and lymphocytes were washed three
times with RPMI-1640. The number of neutrophil cells
was adjusted to 106 cellsrml in HBSS for the determina-
tion of phagocytic activity. The number of lymphocytes
were adjusted to 2=106 cellsrml for determination of the
mitogen stimulated lymphocyte proliferation.

2.6. Neutrophil phagocytosis and mitogen stimulated lym-
phocyte proliferation

The neutrophil phagocytosis was performed using a
Ž .modification of the method of O’Neill and Leonard 1990 .

Briefly, the trunk blood was centrifuged at 700=g for 10
min and the serum then removed for the opsonisation of
the zymosan. The phagocytic activity of neutrophils was
measured in a luminometer. A 200 ml aliquot of neutrophil
cells was mixed with 200 ml of 10y4 M luminol and
placed in the light-sealed measuring chamber of the lumi-

Ž .nometer. The chemiluminescence response in mV stimu-
lated by engulfment of the zymosan particles by neu-
trophils was recorded for 25 min. The onset of phago-

Ž .cytosis was expressed in s Hosker et al., 1989 . For the in
y9 y7 Žvitro study, 10 or 10 M neuropeptide Y Soder and

. y9 y7Hellstrom, 1987; Hafstrom et al., 1993 and 10 , 10 or
10y5 M JO 1784 was incubated with neutrophils for

Ž .40–45 min, respectively Song and Leonard, 1994a .
Lymphocyte proliferation was performed in triplicate as

Ž .previously described Song and Leonard, 1994a,b . The
lymphocyte suspension was placed in each well of 96 well
microtiter plate containing 0.2 ml of RPMI-1640 medium

Ž .supplement with penicillin 2% and heat-inactivated foetal
Ž .calf serum 10% . To each well, one of the following

reagents was added: RPMI-medium for background activ-
ity, optimal concentration of the lectins: phytohemagglu-
tinin, 10 mgrml; concanavalin A, 2 mgrml and pokeweed

Ž .mitogen, 10 mgrml Song et al., 1996 . For the in vitro
comparative study between JO 1784 and neuropeptide Y,

Ž y9 y7 . Ž y9neuropeptide Y 10 or 10 M and JO 1784 10 ,
y7 y5 .10 or 10 M were added to the wells containing the

medium, phytohemagglutinin, concanavalin A or poke-
Ž .weed mitogen Carr et al., 1992 . For the comparative

study between ‘more classical’ s receptor ligands and JO
1784, DTG, PCP, haloperidol and JO1784 at 10y5 M

Žconcentration Sonders et al., 1988; Carr et al., 1991,
.1992 were added to 96 well plate containing above three

lectins. The cultures were then incubated for 52 h at 378C
in a 5% CO atmosphere. After addition of tritiated thymi-2

Ž .dine 0.5 mCirwell for 18 h, the cells were harvested
Ž . .Dynatech Multimash-2000 , Germany . The tritiated
thymidine uptake was then measured in a scintillation

Ž .counter Beckman, LS-7000, USA . Mean scintillation
Ž .counts per min cpm were determined.

2.7. Assay of corticosterone

Blood samples were allowed to clot for at least 30 min
at room temperature. These samples were centrifuged at
800 g for 10 min and the resultant supernatant was re-
moved. Serum corticosterone concentrations were deter-
mined by a modification of the method of Glick et al.
Ž .1964 . Briefly, samples were mixed in 600 ml chloroform
for 15 s. 500 ml of the chloroform phase was transferred
into a tube containing 400 ml sulphuric acid:ethanol
Ž .32.5:17.5 and mixed for 15 s. The samples were then
kept in the dark for 45 min. A 300 ml aliquot from the
lower acid phase was removed and fluorescence measured
in a specrophotofluorimeter. Results are expressed as
mgrdl of serum.

2.8. Statistics

For the in vivo study, the differences between control
and drug treatment groups were analysed by repeated

Ž .analysis of variance ANOVA followed by the least sig-
Ž . Ž .nificant difference LSD Winer, 1971 . The results are

expressed as mean"S.E.M. The Wilcoxon match-pairs
signed-ranks test was used to analyse the responses of
neutrophil phagocytosis and lymphocyte proliferation in
vitro with each sample acting as its own control. These
results are expressed as median and inter quartile range
Ž .Winer, 1971 .

3. Results

3.1. SuppressiÕe effects of s receptor ligands on lympho-
cyte proliferation in Õitro

Table 1 shows that in vitro s receptor ligands DTG,
PCP and haloperidol at dose 10y5 M significantly sup-
press phytohemagglutinin, concanavalin A and pokeweed-
stimulated lymphocyte proliferation. JO 1784 at the same
dose also significantly decreases these three mitogen-

Ž .stimulated lymphocyte proliferation Table 1 .

3.2. ImmunosuppressiÕe effects of JO 1784 and neuropep-
tide Y in Õitro

After incubation of JO 1784 with neutrophils for 45
min, the peak height of phagocytosis was significantly
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Table 1
The effects of s receptor ligands on mitogen stimulated lymphocyte proliferation in vitro in the rat
3 3 y5 y5 y5 y5w x Ž . Ž . Ž . Ž . Ž . Ž .H -uptake cpm=10 Control medium DTG 10 M Haloperidol 10 M PCP 10 M JO1784 10 M

a a bŽ . Ž . Ž . Ž . Ž . Ž .PHA 10 mgrml 40.86 32.28–49.16 32.20 23.55–40.81 31.54 24.06–39.75 30.76 23.72–39.72 18.26 12.69–22.35
a a a bŽ . Ž . Ž . Ž . Ž . Ž .Con A 2.0 mgrml 69.16 38.67–85.01 49.77 15.59–56.16 47.96 15.23–58.36 47.12 15.76–60.39 42.48 24.97–56.75
a a bŽ . Ž . Ž . Ž . Ž . Ž .PWM 10 mgrml 20.91 14.09–27.02 14.02 8.56–23.83 1867 9.34–26.79 13.41 7.98–21.42 10.97 5.34–19.30

Ž .Results are expressed as median inter quartile range .
Lymphocyte numbers2=106.
aP-0.05.
bP-0.01 compared to controls.
ns8.

Table 2
The inhibitive effect of s receptor ligand JO 1784 on neutrophil phagocytosis and mitogen stimulated lymphocyte proliferation in vitro in the rat

y9 y7 y5Ž . Ž . Ž . Ž .Control medium JO 1784 10 M JO 1784 10 M JO1784 10 M
a bŽ . Ž . Ž . Ž . Ž .Phagocytosis peak height mV 24.46 20.21–29.32 22.79 17.51–27.01 17.24 13.22–25.49 12.37 6.63–17.61
a aŽ . Ž . Ž . Ž . Ž .Time of onset s 49.44 43.57–58.82 49.63 44.31–62.48 56.58 49.39–65.77 69.15 61.72–78.21
a bŽ . Ž . Ž . Ž . Ž .Proliferation: PHA 10 mgrml 42.25 32.54–48.24 34.20 24.55–40.81 24.24 16.67–36.62 17.37 13.45–23.31
a bŽ . Ž . Ž . Ž . Ž .Con A 2.0 mgrml 67.18 37.61–86.11 57.37 31.53– 85.24 47.13 15.77–60.41 44.03 21.11–66.65

a bŽ . Ž . Ž . Ž . Ž .PWM 10 mgrml 21.43 14.98–28.36 18.96 3.12–28.29 14.40 3.9–23.10 11.41 5.68–21.30

Ž .Results are expressed as median inter quartile range .
Neutrophil numbers106, lymphocyte numbers2=106.
aP-0.05.
bP-0.01 compared to controls.
ns8.

Table 3
The effect of neuropeptide Y on neutrophil phagocytosis and mitogen stimulated lymphocyte proliferation in vitro in the rat

y7y9Ž . Ž . Ž .Control medium NPY 10 M NPY 10 M
a bŽ . Ž . Ž . Ž .Phagocytosis peak height mV 21.87 18.33–27.32 19.74 16.49–23.01 16.38 14.63–19.74

aŽ . Ž . Ž . Ž .Time of onset s 58.44 52.57–64.12 58.63 54.31–66.47 64.79 59.82–70.23
a aŽ . Ž . Ž . Ž .Proliferation: PHA 10 mgrml 39.15 30.22–46.24 33.12 19.60–40.72 28.87 23.45–44.31
a bŽ . Ž . Ž . Ž .Con A 2.0 mgrml 69.16 38.69–85.01 58.24 27.58–74.11 47.89 22.33–60.86

aŽ . Ž . Ž . Ž .PWM 10 mgrml 20.91 14.09–27.02 19.76 15.12–28.29 14.56 12.34–20.31

Ž .Results are expressed as median inter quartile range .
Neutrophil numbers106; Lymphocyte numbers2=106.
aP-0.05.
bP-0.01 compared to controls.
ns8.

Table 4
The effects of i.c.v. administration of s receptor ligand JO 1784 on neutrophil phagocytosis and mitogen stimulated lymphocyte proliferation in the rat

Ž . Ž . Ž . Ž .Control medium JO 1784 0.1 mgr5 ml JO 1784 0.5 mgr5 ml JO1784 5.0 mgr4 ml
a bŽ .Phagocytosis peak height mV 39.44"4.35 33.77"7.85 23.55"5.5 19.58"4.55

aŽ .Time of onset s 62.86"6.44 78.75"8.33 81.43"7.05 84.29"7.51
aŽ .Proliferation: PHA 10 mgrml 36.01"16.69 28.33"8.12 89.41"21.86 104.36"22.29
a aŽ .Con A 2.0 mgrml 59.54"15.71 58.61"17.83 105.27"21.42 145.86"63.17

aŽ .PWM 10 mgrml 30.76"9.78 28.57"11.13 66.41"27.37 77.12"23.18

Results are expressed as mean"SEM.
Neutrophil numbers106; Lymphocyte numbers2=106.
aP-0.05.
bP-0.01 compared to controls.
ns8.
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Table 5
The effects of i.c.v. administration of neuropeptide Y on neutrophil phagocytosis and mitogen stimulated lymphocyte proliferation in the rat

y9 y7Ž . Ž . Ž .Control medium NPY 5=10 Mr5 ml NPY 10 Mr5 ml
aŽ .Phagocytosis peak height mV 35.15"3.16 30.679"6.25 24.17"5.3

aŽ .Time of onset s 60.76"5.73 65.12"7.93 82.11"8.14
Ž .Proliferation: PHA 10 mgrml 40.67"10.82 43.88"6.37 33.64"7.56

Ž .Con A 2.0 mgrml 68.19"14.33 78.72"17.29 54.87"17.54
Ž .PWM 10 mgrml 36.91"12.31 38.55"11.31 27.88"5.21

Results are expressed as mean"SEM.
Neutrophil numbers106; Lymphocyte numbers2=106.
aP-0.05 compared to the control.
ns8.

Žlower compared with controls i.e. neutrophils incubated
. Ž .with same volume of HBSS Table 2 . JO 1784 also

significantly increased the time of onset of phagocytosis
Ž .Table 2 . The mitogen phytohemagglutinin, concanavalin
A and pokeweed mitogen stimulated thymidine uptake was
significantly reduced by sigma ligand JO 1784 in the

Ž .lymphocyte proliferation test Table 2 . The suppressive
effect of JO 1784 on both cellular functions was dose
dependent and was significant in the concentration range
of 10y7 to 10y5 M.

Neuropeptide Y also had a significant inhibitory effect
on neutrophil phagocytosis causing a decreased peak height

Ž .and increased time onset of phagocytosis Table 3 . Neu-
ropeptide Y in vitro treatment also markedly reduced
thymidine uptake during the lectin-stimulated lymphocyte
proliferation test. The effects were significant at both doses

Ž y9 y7 . Ž .used 10 and 10 M Table 3 .

3.3. Central effects of JO 1784 and neuropeptide Y on
immune functions

Results in Table 4 show that i.c.v. administration of JO
Ž1784 at doses of 0.5 and 5 mgr5 ml which approximate

y5 y4 .to 5=10 M and 10 M in vitro significantly reduced
the peak height of neutrophil phagocytosis and increased
the onset time of phagocytosis. However, JO 1784 en-
hanced mitogen stimulated lymphocyte proliferation. Both

Ž .of these effects were dose dependent Table 4 . I.c.v.
Ž y6administration of JO 1784 at doses of 0.1 mgr5 ml 10

Table 6
The effects of i.c.v. administration of JO 1784 and neuropeptide Y on the
concentration of corticosterone in the rat

Mean SEM

Control 9.68 1.47
Ž .JO 1784 0.1 mgr5 ml 10.11 1.09
Ž .JO 1784 0.5 mgr5 ml 9.73 0.74
Ž .JO 1784 5.0 mgr5 ml 9.25 1.11

aŽ .NPY 0.5 nM 13.71 1.10
bŽ .NPY 2.0 nM 18.89 2.17

Results are expressed as mean and SEM and mgrdl.
aP -0.05 and bP -0.01 compared to the control.
ns8.

. Ž y4 .M and 10 mgr5 ml 2=10 M were also evaluated on
phytohemagglutinin and concanavalin A stimulated lym-
phocyte proliferation; 0.01 mgr5 ml JO 1784 slightly
increased lymphocyte proliferation, while 10 mgr5 ml JO
1784 slightly decreased lymphocyte proliferation. These

Žchanges did not reach statistical significance results not
.shown .

The central effects of NPY infusion on neutrophil func-
Ž .tion was similar to that of JO 1784 Table 5 . Thus the

phagocytic response was reduced and the time of phago-
Ž y7 .cytic onset was longer in highest dose 10 M group,

whereas the effect of neuropeptide Y on lymphocyte pro-
liferation was different from that of JO 1784. Neither dose

Ž y9 y7 .of neuropeptide Y 10 and 10 M affected the
w3 xH thymidine uptake but there was a slight decrease in the
lymphocyte proliferation after highest dose of neuropep-

Ž .tide Y used Table 5 .

3.4. Central administration of JO 1784 and neuropeptide Y
on changes in the serum concentration of corticosterone

JO 1784 i.c.v. administration failed to change the serum
concentration of corticosterone at any of the doses used
Ž .Table 6 . However, both doses of neuropeptide Y signifi-
cantly increased corticosterone concentration and these

Ž .changes were dose dependent Table 6 .

4. Discussion

The results in Table 1 shows that in vitro s receptor
ligands DTG, PCP and haloperidol significantly sup-
pressed mitogen-stimulated lymphocyte proliferation which
are similar to previous findings reported by Carr et al.
Ž .1992 . It has also been shown that JO 1784 has similar
immunosuppressive effects as those ‘more classical’ s

receptor ligands.
In the present study, the results demonstrated for the

first time that the s receptor ligand JO 1784 and neu-
ropeptide Y exert similar immunosuppressive influences in
vitro on some neutrophil and lymphocyte functions. These
results suggest that, in vitro JO 1784 and neuropeptide Y
may act in similar fashion either on s receptors, or
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through the same intracellular pathways, to change cellular
functions.

It has been reported that there are at least two types of
s receptors, s and s . s receptors are present in high1 2 1

concentrations in the immune and endocrine system, while
Žs receptors are present in low concentrations Wolfe and2

.De Souza, 1994 . So far, there is no evidence that PCP
receptors occur in human peripheral lymphocytes, rat

Ž .spleen and endocrine glands Wolfe and De Souza, 1994 .
Ž .. Ž .Carr et al. 1991, 1992 and Garza et al. 1993 reported

the existence of some s receptor ligand binding sites on
T- and B-lymphocytes, NK cells and thymocytes. The

Ž .culture of q -pentazocine, DTG, haloperidol and s re-
ceptor ligand JO 1784 in vitro with these immunocytes
resulted in reductions in the NK cell activity, lymphocyte
proliferation and antibody production at concentrations of

y7 y5 Ž10 –10 M Carr et al., 1991, 1992; Garza et al.,
.1993 . These studies demonstrated that JO 1784, same as

the other ‘classical’ s receptor ligands, selectively bind to
s receptors. Other investigators have reported that the low

Ž y7 .concentration of s receptor ligands below 10 M
appeared to act solely through s receptors, whereas higher

Ž y5 .concentrations )10 M of these ligands may also
Žactivate non-s receptors Gonzalez-Alvear and Werling,

.1994 . For these reasons, we chose the concentrations of
JO 1784 in the range of 10y9 to 10y5 M to compare the
effects of neuropeptide Y on immune cellular functions.

Results in Table 2 showed that novel s receptor ligand
JO 1784 also has suppressive effects on neutrophil phago-
cytosis and lymphocyte proliferation at doses 10y7 and
10y5 M but none at 10y9 M. In vitro studies have shown
that JO 1784 has no affinity for PCP or any other non-s
receptor sites in the range of concentrations used in the
present study. There is also evidence that JO 1784 has

Žselectivity for s receptors Roman et al., 1993; Bouchard1
.et al., 1994 . The intracellular mechanisms of the action of

s receptor ligands such as JO 1784 have been linked to
the activation of G-proteins and a change in Ca2q uptake
Ž .Goto et al., 1983; Carr et al., 1991, 1992 .

Neuropeptide Y has been reported to inhibit NK cell
y9 y12 Žcytotoxicity at concentrations of 10 to 10 M Nair et

. y7 y9al., 1993 , neutrophil chemotaxis at 10 to 10 M
Ž . y9Dureus et al., 1993 and neutrophil phagocytosis at 10

Ž .M Hafstrom et al., 1993 . Our in vitro results are consis-
tent with these findings in that neuropeptide Y signifi-
cantly suppressed the response of neutrophil phagocytosis
and prolonged the onset of phagocytosis at both 10y9 and
10y7 M. This study demonstrated for the first time that
treatment of neuropeptide Y in vitro significantly reduced
w3 xH thymidine uptake during lymphocyte proliferation.

There are two types of neuropeptide Y receptors, neu-
ropeptide Y Y and neuropeptide Y Y , which are widely1 2

distributed in the mammalian brain, sympathetic nervous
Žsystem, immune organs and endocrine glands Romano et

al., 1991; Dumont et al., 1992; Wahlestedt and Reis,
.1993 . While the difference in distribution of these two

receptors has been studied in the brain, there is no avail-
able information regarding the distribution of these recep-
tors in the immune system. The intracellular mechanisms
of neuropeptide Y in vitro in modulating lymphocyte and
neutrophil functions is also unclear. It has been reported
that neuropeptide Y raises the intracellular Ca2q concen-

Žtrations in many cell types including neutrophils Motulsky
and Michel, 1988; Mihara et al., 1989; Aakerlund et al.,

.1990; Hafstrom et al., 1993 . In addition, neuropeptide Y
acts upon its membrane receptors that are G-protein linked
Ž .Unden and Bartfai, 1984; Wahlestedt et al., 1990 , which
is similar to the cellular mechanism of s receptor ligands.

Results from investigations in the CNS have suggested
that neuropeptide Y can act as direct potent competitors of

Ž .w3 x Žs receptors labelled using q H SKF10047 Roman et
.al., 1989, 1990 . In addition, it has been found that both

neuropeptide Y and JO 1784 reduced intestinal ion trans-
port; effects which were attenuated by s antagonist

Ž .haloperidol Monnet et al., 1990 . Therefore, the action of
neuropeptide Y has been proposed as an endogenous lig-

Žand for the s receptor Roman et al., 1989; Riviere et al.,
.1990 . However, to date no studies have investigated the

possible relationship between these two agents on the
immune system. The evidence from the present study may
indicate that JO 1784 and neuropeptide Y trigger the same
intracellular pathways in modulating the activity of some
types of immune cells.

The precise relationship between neuropeptide Y recep-
Ž .tors and s receptors is still uncertain. Su 1993 reported

that s receptors differ from both neuropeptide Y Y and1

neuropeptide Y Y receptors in their distribution and bio-2

chemical characteristics. Furthermore, while there is evi-
dence that neuropeptide Y and the related peptide YY alter
the functional activity of s receptors in mouse brain, there
is no evidence that these peptides have any affinity for s

Žreceptors Tam and Mitchell, 1991; Quirion et al., 1991;
.Roman et al., 1993 . Clearly further research is required to

determine the precise relationship between neuropeptide Y
and s receptors. For example, some antagonists for s

binding sites should be investigated together with neu-
ropeptide Y.

Following the central administration of JO 1784 or
neuropeptide Y, the peak height of neutrophil phagocytosis
was significantly reduced and the time of onset of phago-
cytosis was increased. However, the influences of JO 1784
and neuropeptide Y on lymphocyte proliferation and the
serum concentration of corticosterone clearly differ. Both
JO 1784 and neuropeptide Y stimulate noradrenaline and
dopamine release from the hippocampus, hypothalamus
and other brain regions by activating NMDA receptors
Ž .Heilig et al., 1990; Monnet et al., 1992a,b . However, the
action of most s receptor ligands on the brain and pitu-
itary gland appears to be indirectly mediated by dopamine,

Žopiate or PCP receptors Wolfe et al., 1989; Zhang et al.,
.1993; Barg et al., 1994 . By contrast, there is evidence that

neuropeptide Y modulates corticotropin-releasing factor
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Ž .CRF and adrenoceptors in the CNS and the sympathetic
nervous system that innervates the lymphoid organs
ŽWahlestedt et al., 1989; Heilig et al., 1990; Romano et al.,

.1991; Schalling et al., 1991 . Furthermore, Nagain et al.
Ž .1995 have shown that i.c.v. injections of neuropeptide Y
inhibited pancreatic secretion by acting on a -adrenocep-2

tors, an effect that s receptor ligands lack. Thus, whereas
s receptor ligands may exert their modulatory effects on
the immune and endocrine system directly through actions

Žon the pituitary and target organs Wolfe and De Souza,
.1993 , NPY may produce its immunomodulatory effects

indirectly by activating the sympathetic system which in-
Žnervates the lymphoid organs Felten et al., 1992; Irwin et

.al., 1992 . These difference between the sites of action of
s receptor ligands and neuropeptide Y may be responsible
for their different actions on immune and endocrine system
which have been shown in the present study.

It has been shown that i.c.v. administration of most s

receptor ligands significantly elevate corticosterone by ac-
tivating serotonin and dopamine receptors in the CNS

Žandror s receptors in the pituitary gland Gudelsky and
Nash, 1992; Karbon et al., 1993; Wolfe and De Souza,

.1994 . In the present study, the highly specific s receptor1

ligand JO 1784 did not change the corticosterone concen-
tration. This result agrees with our previous finding in
which chronic treatment with JO 1784 also failed to

Žchange corticosterone concentrations in the rat Song and
.Leonard, 1997 . One explanation for this is that non-selec-

tive srPCP receptors agonists stimulate the pituitary to
Ž .release adrenocorticotropin hormone ACTH whereas se-

Ž .lective s receptor ligands such as JO 1784 have little
Žeffect on the release of ACTH Wolfe and De Souza,

.1994 . In support of this view, we have recently shown
that JO 1784 failed to reverse a CRF-induced increase in
serum corticosterone or CRF induced changes in lympho-

Ž .cyte and neutrophil numbers Song and Leonard, 1997 .
Several studies have demonstrated that i.c.v. administra-

Ž y9 .tion of neuropeptide Y at doses higher than 10 M
stimulates the secretion of CRF from the hypothalamus
thereby increasing the concentrations of ACTH and
corticosterone; as a consequence the raised serum cortico-

Žsterone suppresses some aspects of cellular immunity Irwin
.et al., 1991; Song et al., 1994, 1995 . We have previously

Ž .found that incubation of corticosterone 25 to 100 mgrdl
with neutrophils significantly reduces the peak height of
phagocytosis and prolongs the onset time of the phagocytic

Ž .response data not published . Thus the changes caused by
i.c.v. neuropeptide Y administration found in the present
study are consistent with the view that some of the effects
of this peptide on cellular immunity are due to the rise in
the serum glucocorticoid concentration.

In conclusion, we have demonstrated that both JO 1784
and neuropeptide Y in vitro exert an immunosuppressive
influence on neutrophil phagocytosis and mitogen stimu-
lated lymphocyte proliferation. These effects may be
elicited by the activation of G-proteins, change of Ca2q

uptake or by a functional increase in s receptors. The
central administration of JO 1784 significantly reduced the
activity of neutrophil phagocytosis, but enhanced lympho-
cyte proliferation without changing the concentration of
corticosterone. By contrast, neuropeptide Y infusion also
decreased neutrophil responsiveness but significantly raised
the serum corticosterone concentration. These results indi-
cate that different mechanisms related to an increase in
amine neurotransmitters and their receptors. Changes in
the HPA axis and in the activity of s receptors may be
involved in the central modulation following JO 1784 and
neuropeptide Y administration. It therefore seems unlikely
that specific s receptor ligands such as JO 1784, and
neuropeptide Y cause changes in the immune system by a
common action on s receptors.

Acknowledgements

The authors thank the Jouveinal Research Institute,
Fresnes, France for the gift of JO 1784 and other s

receptor ligands used in these studies.

References

Aakerlund, L., Gether, U., Fuhlendorff, J., Schwarts, T.W., Thastrup, O.,
1990. Y1 receptor for neuropeptide Y are coupled to mobilization of
intracellular calcium and inhibition of adenylate cyclase. FEBS Lett.
260, 73–78.

Adrian, T.E., Allen, J.M., Bloom, S.R., Ghatei, M.A., Rossor, M.R.,
Roberts, G.W., Crow, T.J., Tatemoto, Polak, J.M., 1983. Neuropep-
tide Y distribution in human brain. Nature 306, 584–586.

Barg, J., Thomas, G.E., Bem, W.T., Parnes, M.D., Ho, A.M., Belcheva,
M.M., McHale, R.J., McLachlan, J.A., Tolman, K.C., Johnson, E.F.,
1994. In vitro and in vivo expression of opioid and sigma receptors in
rat C6 glioma and mouse N18TG2 neuroblastoma cell. J. Neurochem.
63, 570–574.

Bouchard, P., Roman, F., Junien, J.L., Quirion, R., 1994. Comparative in
vivo and in vitro autoradiography of sigma receptors in the mouse
brain: Evidence for in vivo interaction with NPY and CGRR-related
peptides. Soc. Neurosci. Abstr. 20, 747.

Bueno, L., Gue, M., Fabre, C., Junien, J.L., 1992. Involvement of central
dopamine and D1 receptors in stress-induced colonic motor alter-
ations in rats. Brain Res. Bull. 29, 135–140.

Carr, D.J.J., Costa, B.R.D., Radesca, L., Blalock, J.E., 1991. Functional
w3 Ž .assessment and partial characterization of H q -pentazocine bind-

ing sites on cells of the immune system. J. Neuroimmunol. 35,
153–166.

Carr, D.J.J., Mayo, S., Woolley, T.W., Decosta, B.R., 1992. Immunoreg-
Ž .ulatory properties of q -pentazocine and sigma ligands. Immunol-

ogy 77, 527–531.
Conteras, P.C., Conteras, M.L., O’Donohue, T.L., Lair, C.C., 1988.

Biochemical and behavioural effects of sigma and PCP ligands. In:
Sigma and Ligands. A.R. Liss, New York, pp. 240–243.

Dumont, Y., Martel, J.C., Fournier, A., St-Pierreand, S., Quirion, R.,
1992. Neuropeptide Y and neuropeptide Y receptor subtypes in brain
and peripheral tissues. Prog. Neurobiol. 38, 125–167.

Dureus, P., Louis, D., Grant, A.V., Bilfinger, T.V., Stefano, G.B., 1993.
Neuropeptide Y inhibits human and invertebrate immunocyte chemo-
taxis, chemokinesis and spontaneous activation. Cell. Mol. Neurobiol.
13, 541–546.



( )C. Song, B.E. LeonardrEuropean Journal of Pharmacology 345 1998 79–8786

Earley, B., Burke, M., Leonard, B.E., Gouret, C.J., Junien, J.L., 1991.
Evidence for an anti-amnesic effect of JO 1784 in the rat: A potent
and selective ligand for the sigma receptor. Brain Res. 546, 282–286.

Felten, S.Y., Felten, D.L., Bellinger D.L., Olschowka, A., 1992. Nora-
drenergic and peptidergic innervation of lymphoid organs. In: Blalock,

Ž .J.E. Ed. , Chemical Immunology: Neuroimmunoendocrinology.
Karger, Basel, p. 25.

Friedman, E.M., Irwin, M.R., Nonogaki, K., 1995. Neuropeptide Y
inhibits in vivo specific antibody production in rats. Brain Behav.
Immun. 3, 182–189.

Garza, H.H., Mayne, S., Bowen, W.D., DeCosta, B.R., Carr, D.J.J., 1993.
Ž .Characterization of a q -azidophenazocine-sensitive sigma receptor

on splenic lymphocytes. J. Immunol. 151, 4672–4680.
Glick, D., von Redlich, D., Levine, S., 1964. Fluorimetric determination

of corticosterone and cortisol in 0.02–0.05 ml of plasma or submil-
ligram samples of adrenal tissue. Endocrinology 74, 653–655.

w3 xGonzalez-Alvear, G.M., Werling, L.L., 1994. Regulation of H dopamine
release from rat striatal slices by sigma receptor ligands. J. Pharmacol.
Exp. Ther. 271, 212–218.

Goto, T., Herbermann, R.B., Maluish, A., Strong, D.M., 1983. Cyclic
AMP as a mediator of prostaglandin E2-induced suppression of
human natural killer activity. J. Immunol. 130, 1350–1355.

Gue, M., Yoneda, M., Monnikes, H., Junien, J.L., Tache, Y., 1992.
Central neuropeptide Y and the sigma ligand, JO 1784, reverse
corticotropin-releasing factor-induced inhibition of gastric acid secre-
tion in rats. Br. J. Pharmacol. 107, 642–647.

Gudelsky, G.A., Nash, J.F., 1992. Neuroendocrinological and neurochem-
ical effects of sigma ligands. Neuropharmacology 31, 157–162.

Hafstrom, I., Ringertz, B., Lundeberg, T., 1993. The effect of endothelin,
neuropeptide Y, calcitonin gen-related peptide and substance P on
neutrophil functions. Acta Physiol. Scand. 148, 341–346.

Ž .Heilig, M., Wahlestedt, C., Widerlov, E., 1988. Neuropeptide Y NPY -
induced suppression of activity in the rat: Evidence for NPY receptor
heterogeneity and for interaction with a-adrenoceptors. Eur. J. Phar-
macol. 157, 205–213.

Heilig, M., Vecsei, L., Wahlestedt, C., Alling, C., Widerlov, E., 1990.
Ž .Effects of centrally administered neuropeptide Y NPY and NPY

13–36 on the brain monoaminergic systems of the rat. J. Neural
Transm. 79, 193–208.

Hosker, H.S.R.C., Kelly, C., Corris, P.A., 1989. Assessment of phago-
cytic function using chemiluminescence. Blood Rev. 3, 88–93.

Irwin, M., Brown, M., Patterson, T., Hauger, R., Mascovich, A., Grand,
I., 1991. Neuropeptide Y and natural killer cell activity: Findings in
depression and Alzheimer caregiver stress. FASEB J. 5, 3100–3107.

Irwin, M., Hauger, R., Brown, M., 1992. Central corticotropin-releasing
hormone activates the sympathetic nervous system and reduces im-
mune function: Increased responsivity of the aged rat. Endocrinology
131, 1047–1053.

Junien, J.L., Gue, M., Bueno, L., 1991. Neuropeptide Y and sigma ligand
Ž .JO 1784 act through a Gi protein to block the psychological stress
and corticotropin-releasing factor-induced colonic motor activity in
rats. Neuropharmacology 30, 1119–1124.

Karbon, E.W., Abreu, M.E., Erickson, R.H., Kaiser, C., Natalie, K.L. Jr.,
Clissold, D.B., Borosky, S., Bailey, M., 1993. NPC 16377, a potent
and selective sigma-ligand. I. Receptor binding, neurochemical and
neuroendocrine profile. J. Pharmacol. Exp. Ther. 265, 866–875.

Lesage, A.S., de Loore, K.L., Peeters, L., Leysen, J.E., 1995. Neuropro-
tective sigma ligands interfere with the glutamate-activated NOS
pathway in hippocampal cell culture. Synapse 20, 156–164.

Lockhar, B.P., Soulard, P., Benicourt, C., Privat, A., Junien, J.L., 1995.
Distinct neuroprotective profiles for sigma ligands against NMDA
and hypoxia-mediated neurotoxicity in neuronal culture toxicity stud-
ies. Brain Res. 675, 110–120.

Mihara, S., Shigeri, Y., Fujimoto, M., 1989. Neuropeptide Y induced
intracellular Ca2q increase in vascular smooth cells. FEBS Lett. 259,
79–82.

Monnet, F.P., Debonnel, G., de Montigny, C., 1990. Neuropeptide Y

selectively potentiates N-methyl-D-aspartate-induced neuronal activa-
tion. Eur. J. Pharmacol. 192, 207–208.

Monnet, F., Debonnel, G., de Montigny, C., 1991. In vivo electrophysio-
logical evidence for a selective modulation of N-methyl-D-aspartate-
induced neuronal activation in rat CA3 dorsal hippocampus by sigma
ligands. J. Pharmacol. Exp. Ther. 261, 123–130.

Monnet, F.P., Blier, P., Debonnel, G., de Montigny, C., 1992a. Modula-
w3 xtion by sigma ligands of N-methyl-D-aspartate-induced H -nor-

adrenaline release in the rat hippocampus: G-protein dependency.
Arch. Pharmacol. 346, 32–39.

Monnet, F.P., Debonnel, G., Fournier, A., de Montigny, C., 1992b.
Neuropeptide Y potentiates the N-methyl-D-aspartate response in the
CA3 dorsal hippocampus. II. Involvement of subtype of sigma recep-
tor. J. Pharmacol. Exp. Ther. 263, 1219–1225.

Motulsky, H.J., Michel, M.C., 1988. Neuropeptide Y mobilizes Ca2q and
inhibits adenylate cyclase in human erythroleukemia cells. Am. J.
Physiol. 255, E880–885.

Nagain, C., Chariot, J., Roze, C., 1995. Differential effects of peptide
YY, neuropeptide Y, and sigma ligands on neutrally stimulated
external pancreatic secretion in the rat. Pancreas 10, 123–130.

Nair, M.P.N., Schwartz, S.A., Wu, K., Kronfol, Z., 1993. Effect of
Neuropeptide Y on natural killer activity of normal human lympho-
cytes. Brain Behav. Immun. 7, 70–78.

O’Neill, B., Leonard, B.E., 1990. Abnormal zymosan-induced neutrophil
chemiluminescence as a marker of depression. J. Affect. Disord. 19,
265–272.

Quirion, R., Mount, H., Chaudieu, I., Dumont, Y., Boksa, P., 1991.
Neuropeptide Y, polypeptide YY, phencyclidine and sigma related
agents. Any relationships? In: NMDA and Related Agents: Biochem-
istry, Pharmacology and Behaviour. NPP Press, Ann Arbour Michi-
gan, pp. 203–210.

Quirion, R., Bowen, W.D., Itzhak, Y., Junien, J.L., Musacchio, J.M.,
Rothman, R.B., Su, T.P., Tam, S.W., Taylor, D., 1992. A proposal for
the classification of sigma binding sites. Trends Pharmacol. Sci. 13,
85–86.

Riviere, P.J.M., Pascaud, X., Junien, J.L., Porreca, F., 1990. Neuropep-
tide Y and JO1784, a selective s ligand, alter intestinal ion transport
through a common haliperidol-sensitive site. Eur. J. Pharmacol. 187,
557–559.

Roman, F.J., Pascaud, X., Duffy, O., Vauche, D., Martin, B., Junien, J.L.,
1989. Neuropeptide Y and peptide YY interact with rat brain s and
PCP binding sites. Eur. J. Pharmacol. 174, 301–302.

Roman, F., Pascaud, X., Martin, M., Vauche, D., Junnien, J.L., 1990. JO
1784: A potent and selective ligand for rat and mouse brain sigma
sites. J. Pharm. Pharmacol. 42, 439–440.

Roman, F., Martin, B., Junnien, J.L., 1993. In vivo interaction of
neuropeptide Y and peptide YY and sigma receptor sites in mouse
brain. Eur. J. Pharmacol. 242, 305–307.

Romano, T.A., Felten, S.Y., Felten, D.L., Olschowka, J.A., 1991. Neu-
ropeptide Y innervation of the rat spleen: Another potential im-
munomodulatory neuropeptide. Brain Behav. Immun. 5, 116–131.

Sagratella, S., de Carolis, S.A., Popoli, P., 1991. Behavioural and elec-
toencephalographic interactions between haloperidol and PCCrsigma
ligands in the rat. Psychopharmacology 105, 485–491.

Schalling, M., Franco-Cereceda, A., Hemsen, A., Dagerlind, A., Seroogy,
K., Persson, H., Hokfel, T., Lundberg, J.M., 1991. Neuropeptide Y
and catecholamine synthesizing enzymes and their mRNA in rat
sympathetic neurons and adrenal glands: Studies on expression, syn-
thesis and axonal transport after pharmacological and experimental
manipulations using hybridization techniques and radioimmunoassay.
Neuroscience 41, 735–766.

Smialowska, M., Legutko, B., 1992. Haloperidol-induced increase in
neuropeptide Y immunoreactivity in the locus coeruleus of the rat
brain. Neuroscience 47, 351–355.

Soder, O., Hellstrom, P.M., 1987. Neuropeptide regulation of human
thymocyte, guinea pig T-lymphocyte and rat B-lymphocyte mitogene-
sis. Int. Arch. Allergy Appl. Immunol. 84, 205–211.



( )C. Song, B.E. LeonardrEuropean Journal of Pharmacology 345 1998 79–87 87

Sonders, M.S., Keana, J.F.W., Weber, E., 1988. Phencyclidine and
psychotomimetic sigma opiates: Recent insights into their biochemi-
cal and physiological sites of action. Trends. Neurol. Sci. 11, 37–40.

Song, C., Leonard, B.E., 1994a. The effects of chronic lithium chloride
administration on some behaviour and immune functions in olfactory
bulbectomized rats. J. Psychopharmacol. 8, 40–47.

Song, C., Leonard, B.E., 1994b. Serotonin reuptake inhibitors reverse the
impairments in behaviour, neurotransmitter and immune functions in
the olfactory bulbectomized rat. Hum. Psychopharmacol. 9, 135–146.

Song, C., Leonard, B.E., 1995. Interleukin-2 induced changes in be-
haviour, neurotransmitter and immune functions in the olfactory
bulbectomized rat: IL-2 may be a modulator of depression in the
central nervous system. Neuroimmunomodulation 2, 263–273.

Song, C., Leonard, B.E., 1997. The effects of pretreatment of sigma
ligand JO1784 on CRF-induced changes in behavioural, neurochemi-
cal and immune aspects. Neuropsychobiology 35, 200–204.

Song, C., Kelly, J.P., Leonard, B.E., 1994. The effect of stressful
behavioural exposure on endocrine and immune parameters in the rat.
Stress Med. 10, 239–245.

Song, C., Earley, B., Leonard, B.E., 1995. Behavioural, neurochemical,
and immunological responses to CRF administration: Is CRF a media-
tor of stress?. Ann. N. Y. Acad. Sci. 771, 55–72.

Song, C., Earley, B., Leonard, B.E., 1996. The effects of central adminis-
tration of neuropeptide Y on behaviour, neurotransmitter, and immune
functions in the olfactory bulbectomized rat model of depression.
Brain Behav. Immun. 10, 1–16.

Su, T.P., 1993. Pharmacologic characterization of sigma receptors. NIDA
Res. Monogr. 133, 41–53.

Su, T.P., Shuklat, K., Gund, T., 1990. Steroid binding at s receptors:
Ž .CNS and immunological implications. In: Wiley, C. Ed. , Ciba

Foundation Symposium, vol. 153. pp. 107–113.
Tam, S.W., Cook, L., 1984. Sigma opiates and certain antipsychotic

Ž . 3drugs mutually inhibit q H SKF 10047 and 3H haloperidol
binding in guinea pig brain membranes. Proc. Natl. Acad. Sci. USA
81, 5618–5621.

Tam, S.W., Mitchell, K.N., 1991. Neuropeptide Y and peptide YY do not

bind to brain s and PCP binding sites. Eur. J. Pharmacol. 193,
121–122.

Unden, A., Bartfai, T., 1984. Regulation of neuropeptide Y binding by
guanine nucleotide in the rat cerebral cortex. FEBS Lett. 177, 125–
128.

van Riezen, H., Leonard, B.E., 1990. Effects of psychotropic drugs on the
behaviour and neurochemistry of olfactory bulbectomized rats. Phar-
macol. Ther. 47, 21–34.

Wahlestedt, C., Ekman, R., Widerlov, E., 1989. Neuropeptide Y and the
central nervous system distribution effects and possible relationships
to neurological and psychiatric disorders. Prog. Neuro-Psycho-
pharmacol. 13, 31–54.

Wahlestedt, C., Reis, D.J., 1993. Neuropeptide Y-related peptides and
their receptors-are the receptors potential therapeutic drug targets?.
Annu. Rev. Pharmacol. Toxicol. 32, 309–352.

Wahlestedt, C., Grundemar, L., Hakanson, R., Heilig, H., Shen, G., 1990.˚
Neuropeptide Y receptor subtypes. Y1 and Y2. Ann. N. Y. Acad. Sci.
611, 7–26.

Walker, J.M., Bowen, W.D., Walker, F.O., Matsumoto, R.R., de Costa,
B., Rice, K.C., 1990. Sigma receptors: Biology and function. Pharma-
col. Rev. 42, 355–402.

Winer, B.J., 1971. Statistical Principles in Experimental Design, 2nd ed.
McGraw-Hill, New York.

Wolfe Jr., S.A., De Souza, E.B., 1993. Sigma and phencyclidine recep-
tors in the brain–endocrine–immune axis. NIDA Res. Monogr. 133,
95–123.

Wolfe Jr., S.A., De Souza, E.B., 1994. Role of sigma binding sites in the
Ž .modulation of endocrine and immune functions. In: Itzhak, Y. Ed. ,

Sigma Receptors. Academic Press, New York, pp. 288–309.
Wolfe Jr., S.A., Culp, S.G., De Souza, E.B., 1989. s-Receptors in

endocrine organs: Identification, characterization, and autoradio-
graphic localization in rat pituitary, adrenal testis, and ovary. En-
docrinology 124, 1160–1172.

Zhang, J., Chiodo, L.A., Wettstein, J.G., Junien, J.L., Freeman, A.S.,
1993. Repeated administration of sigma ligands alters the population
activity of rat midbrain dopaminergic neurons. Synapse 13, 223–230.


