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Rapid communication

Neuropeptide-Y exerts antidepressant-like effects in the forced swim test
in rats
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Abstract

The effects of neuropeptide-Y were examined in the forced swim model of depression in rats. Following a 15-min preswim, four
groups of rats were given three intracerebroventricular (i.c.v.) injections of neuropeptide-Y (0.5, 5, or 10 .g) or saline over a 24-h period.
Several behaviors were subsequently measured during a 5-min forced swim. Neuropeptide-Y treatment dose dependently increased
swimming and decreased immobility. The pattern of results is consistent with that produced by serotonergic antidepressant drugs in this

model. © 2000 Elsevier Science B.V. All rights reserved.
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Neuropeptide-Y is an abundant and highly conserved
neurotransmitter that regulates emotional behavior, cogni-
tion, feeding, circadian rhythms, and autonomic and en-
docrine functions (Wahlestedt and Heilig, 1995). Previous
clinical studies implicate neuropeptide-Y dysfunction in
some forms of depression. Several studies have reported
decreased neuropeptide-Y levels in the cerebrospinal fluid
(Heilig and Widerlov, 1990) and plasma (Nilsson et al.,
1996) of depressed patients compared to healthy controls.
Levels of neuropeptide-Y correlate negatively with anxiety
scores in depressed patients (Heilig and Widerlov, 1990),
suggesting that individuals with low levels of neuropep-
tide-Y may be predisposed to anxiety-related or stress-in-
duced depression.

Previous experiments in rats have demonstrated that
chronic antidepressant treatment and electroconvulsive
stimulation increase neuropeptide-Y gene expression and
decrease neuropeptide-Y Y, receptor densities in distinct
brain regions in rats (Heilig et al., 1988; Widdowson and
Halaris, 1991). These results suggest that antidepressants
may exert some of their therapeutic effects through upreg-
ulation of endogenous neuropeptide-Y. Neuropeptide-Y
also produces antidepressant-like effects in the olfactory
bulbectomized rat model of depression (Song et a., 1996).
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These findings suggest antidepressant properties of both
endogenous and exogenous neuropeptide-Y .

The present experiment studied the effect of intracere-
broventricular (i.c.v.) administration of neuropeptide-Y in
the Porsolt forced swim test in rats, which is a reliable tool
for screening antidepressant drugs (Porsolt et al., 1977).
The experiments provide a novel test of the hypothesis that
central administration of neuropeptide-Y would produce
antidepressant-like effects in the forced swim model.

Forty-one male Sprague—Dawley rats (234—284 g at the
time of testing) served as subjects. Rats were individually
housed with free access to food and water in an environ-
mentally regulated vivarium maintained on a 12-h light
cycle. Following 1 week of habituation to the vivarium,
rats were anesthetized with halothane, placed in a stereo-
tactic frame, and guide cannulae were implanted unilater-
ally above the right lateral ventricle at the following
coordinates from bregma: posterior: 1.0 mm, ventral: 3.0
mm, lateral 1.5 mm. Cannulae were secured with dental
acrylic surrounding jewelers screws affixed to the skull.
After a 7-day recovery period the rats were placed in a
19-cm-diameter cylinder filled with 22°C water to a depth
of 28 cm for 15 min. Rat neuropeptide-Y (RBI, Natick,
MA, USA) was dissolved in 0.9% sdline (pH = 7.4). Rats
received i.c.v. injections of neuropeptide-Y (0.1, 1, or 2
wg/wl) or saline in 5wl volumes through an injector
extending 2 mm beyond the cannula tip. Rats were injected
immediately, 8 and 23 h following the preswim. Twenty-
four hours after the first injection, the rats were placed
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Fig. 1. Rats were placed in a cylinder of water for 15 min. Rats then
received threei.c.v. injections of neuropeptide-Y (NPY: 0.5 wg, n=10; 5
wg, n=9; or 10 g, n=10) or saline (n= 12) delivered immediately, 8
h, and 23 h following the preswim. Rats were replaced in the swim
apparatus 1 h after the final injection and the incidence of severa
behaviors was recorded every 5 s for 5 min. Data are presented as
mean+ standard error. Significant differences from saline: * p < 0.05,
+ p<0.01

back into the water for 5 min, and their behavior was
recorded every 5 s (Porsolt et al., 1977). Behavior was
divided into five categories: immobility (forepaws immo-
bile), passive swimming (forepaws moving underwater),
active swimming (forepaws breaking the water’s surface),
wall climbing, and diving. All behavioral testing was
conducted during the first 6 h of the light phase. The data
were analyzed by analysis of variance (ANOVA) with
least squares difference post hoc correction. All procedures
were reviewed and approved by the University of Georgia
Animal Care and Use Committee and followed the Guide
for the Care and Use of Laboratory Animals (National
Research Council).

Cannula placement and function were verified within 1
week of testing. Rats were placed in a CO, chamber until
unconscious, injected i.c.v. with 5 .l of fast green dye (2
mg,/ml), and decapitated. Brains were dissected to ensure
the dye had reached the ventricles. No subjects were
excluded from the data analysis because of improper can-
nula placement.

ANOVA revedled a significant difference between
groups in immobility (F(3,37) = 4.77, P < 0.01) and pas-
sive swimming (F(3,37) =3.25, P < 0.05) during the
forced swim test (see Fig. 1). Post hoc tests indicated that
the low-dose neuropeptide-Y (0.5 @) and high-dose neu-
ropeptide-Y (10 p.g) groups showed significantly less im-
mobility during the swim test than the saline group (P <
0.05). The middle-dose neuropeptide-Y (5 w.g) and high-

dose neuropeptide-Y groups showed significantly more
passive swimming than the saline group (P < 0.05; P <
0.01, respectively). Neuropeptide-Y treatment did not sig-
nificantly influence active swimming, diving, or wall
climbing.

The present results support the hypothesis that neu-
ropeptide-Y exerts antidepressant effects. The action of
neuropeptide-Y in decreasing immobility and increasing
swimming without affecting wall climbing resembles the
action of selective serotonin reuptake inhibitors in the
forced swim test (Lucki, 1997). This pattern differs from
that produced by antidepressants primarily targeting nor-
epinephrine systems, suggesting that neuropeptide-Y may
mediate its effects primarily through the enhancement of
serotonergic transmission. Further experiments with selec-
tive antagonists are required to identify the neuropeptide-Y
receptor subtype that mediates the antidepressant-like ef-
fects of neuropeptide-Y.
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