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The aim of this study has been to investigate the effects of vasopressin
and oxytocin on antidepressive and memory improving effects of venlafaxi-
ne. Male Wistar rats weighing 180–200 g were used in the study. Venlafaxi-
ne (20 mg/kg) was administered po 30 min before the test once, and for 7
and 14 days in the chronic experiments. Oxytocin (1 �g/kg) ip and vaso-
pressin (1 �g/kg) sc were administered only once on the test day, 60 min be-
fore the tests. The animals were subjected to Porsolt’s test for testing antide-
pressant activity, and their memory functions (working and spatial memory)
were evaluated in the maze test and Morris Water Maze test. Antidepressant
effects of venlafaxine could be observed already after single drug admini-
stration and the effect was maintained during 7 days of drug administration.
Oxytocin also exhibited antidepressant activity, and concurrent administra-
tion of venlafaxine and oxytocin helped to maintain antidepressant activity
of venlafaxine. Vasopressin was devoid of antidepressant action, yet concur-
rent administration of vasopressin and venlafaxine did not suppress antide-
pressant activity of the latter. In the chronic experiment, there was no short-
ening of passive swimming time. Venlafaxine improved memory in the laby-
rinth test and in the spatial memory test, whereas oxytocin did not affect
memory of the tested animals. Joint administration of venlafaxine and oxyto-
cin did not produce memory improving effect observed after administration
of venlafaxine only. Vasopressin improved memory and joint administration
of venlafaxine and vasopressin maintained the memory improving effect in-
duced by vasopressin.

The regulatory role of neuropeptides and new antidepressant drugs, e.g.
venlafaxine in mood status and memory functions may depend on the inter-
actions between monoaminergic and neuropeptidergic systems.
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INTRODUCTION

Venlafaxine (VEN) is a novel, nontricyclic anti-
depressant agent, thought to produce its therapeutic
effects by inhibiting the neuronal uptake of sero-
tonin, norepinephrine and, to a lesser extent, dopa-
mine [21]. In our earlier studies, VEN exerted anti-
depressant action even after single administration
which may have been related to prolonged nor-
adrenergic desensitization of the neural system [23,
25]. VEN was also found to improve working me-
mory, both after single and multiple administration
[25], and this effect may have been related to the
rise in monoamine concentration in the synaptic
cleft.

Studies on animals have demonstrated that neu-
ropeptides modulate nervous system functions [9].
The two neuropeptides, arginine vasopressin (AVP)
and oxytocin (OXY), seem to play a pivotal role as
neurotransmitters/neuromodulators in behavioral pro-
cesses. The results of numerous anatomical, bio-
chemical and behavioral studies indicate the exis-
tence of interactions between neuropeptides and
monoamines, thus providing background for ex-
plaining the role of neuropeptides in the pathogene-
sis of affective disorders [24].

Vasopressin and related peptides improve me-
mory processes in animals [31] and in humans [7].
The impact of OXY on memory processes is oppo-
site to that of vasopressin [17, 18, 31, 32] and the
effects are dose-dependent, as well as dependent on
the gender of the tested animals and route of ad-
ministration [7].

The aim of the present study was to investigate
the effects of vasopressin and OXY on antidepres-
sive and memory improving effects of VEN.

MATERIALS and METHODS

Animals

Male Wistar rats (180–200 g) bought from a li-
censed breeder (licence of the Ministry of Agricul-
ture Warszawa, Poland) were used in this study.
The animals were housed in standard laboratory
conditions under a 12 h light/dark cycle, light on at
6 a.m., in a temperature controlled room at 21 ± 2°C,
60% humidity, with free access to granulated stan-
dard food and tap water. The rats were kept four per
cage (30 × 30 × 20 cm). Each experimental and
control group consisted of 8 animals. All the tests
were carried out between 10:00 a.m. and 2:00 p.m.

The study protocol was approved by the Ethics
Commission for Research on Humans and Animals
at the University of Medical Sciences in Poznañ.

Drugs

VEN (hydrochloride, Effectin) was from Wyeth-
Ayerts Laboratories Princeton NJ, USA), AVP was
from Bachem (Switzerland), OXY was from Fluka
AG (Switzerland) and carboxymethyl cellulose so-
dium salt (CMC) pure B.P.C. was from Koch-Light
Laboratories Ltd., (London, England).

VEN (20 mg/kg) was suspended in the solution
containing CMS sodium salt and administered po
30 min before the tests. In the chronic experiments,
VEN was administered for the period of 2 weeks.
Each week, after one drug-free day to wash out the
remnants of the last dose, the test was performed
after administering the usual dose of the drug.
OXY (1 �g/kg) was dissolved in saline and admini-
stered ip at a single dose 60 min before the tests.
The controls were given only saline (2 ml/kg ip) ac-
cording to the same schedule. Vasopressin (1 �/kg)
was dissolved in saline and injected sc at a single
dose 60 min before the tests. The controls received
saline sc (0.25 ml) according to the same schedule.

BEHAVIORAL STUDIES

Forced swimming test

Measurement of immobility according to Por-
solt et al. [27].

a) Pre-test: 24 h before the experiments, the
rats were placed individually in plexiglas cylinders
(height 40 cm, diameter 18 cm) filled with water at
25°C up to 17 cm of a height of the cylinder, and
15 min later they were removed to a drying room
(30°C) for 30 min.

b) Test: the drugs were administered 24 h after
the pre-test, 30 min after the administration of VEN
or 60 min after OXY and AVP. The animals were
placed once again in the cylinders and immobility
was measured for 5 min. A rat was judged to be im-
mobile when it remained floating in the water, in an
upright position, making only very small move-
ments necessary to keep its head above water level.
The total duration of immobility during 5 min was
recorded by the observer unaware of which treat-
ment the rats had received.
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c) After prolonged administration (7 and 14
days) of VEN, the drug action was tested as de-
scribed in b).

Water was changed after observation of each rat.

Memory assessment

The maze test

Rats were subjected to a maze test (Scheme 1)
according to the procedure developed by Chodera
(unpublished data).

Before the test, the animals were deprived of
food (rats were individually housed with limited
access to food – 3 pellets per day) but had unlim-
ited access to water. During 2 weeks, the rats were
trained in the maze, with food placed in the end-
point of a complex route. The food was the reward
for finding the way. The animals were put always
in the same place of the maze (start place), only one
animal at a time. Every two days, the rats were fed
without limitations (after test) for 30 min. After
a 2-week training only those rats were selected for
the test which needed less than 30 s for finding the
way to the food. The rats were divided randomly
into groups. The mean time in the groups before
starting the experiment (without drugs) was similar
ranging between 22 and 25 s. CMC, VEN, OXY
and AVP were administered during the tests.

Morris water maze test (according to Morris [22])

The apparatus was a circular basin (diameter =
180 cm, height = 50 cm) filled with water (approxi-
mately 22–24°C) to the depth of 24 cm, with pieces
of styrofoam hiding an escape platform (diameter =
8 cm) placed 1 cm below the water surface (learn-
ing place, invisible condition). Many extra-maze

visual cues surrounding the maze were available,
and the observer remained in the same location for
each trial.

The rats were placed in the water close to and
facing the midpoint section of the wall at one of
four equally spaced locations: North (N), East (E),
South (S) and West (W). The pool was divided into
4 quadrants: NW, NE, SE and SW. The rats were
allowed to swim freely until they found the plat-
form on top of which they could climb. If a rat
failed to locate the platform within 60 s it was
placed on the platform where it remained for 5 s.
Each rat was submitted to 6 trials per day and at
each trial the starting position was changed (start-
ing on the N side, followed by E, S, and W sides in
that order). The inter-trial interval was 5 min be-
tween trials 1–3 and 4–6 and 10 min between trails
3 and 4. For the first 3 days of maze testing, the
submerged platform was placed in the NW quad-
rant and then in the SE quadrant for the following
2 days. After those 5 testing days, there was a pe-
riod of 7 days without any testing. On day 6, the
rats were retested with the platform located as on
day 5. On day 7 day (one day later), the platform
was lifted above water level and placed in the SW
quadrant. On the test day, each rat was subjected to
a single probe trial swim (6 trials). The total
number of times each rat crossed the probe target
area and the time of probe trial swim were recorded
by the observer. The time of each of the 6 trials was
noted and a mean value for each rat was calculated.
The same procedures were followed in the chronic
experiments.

Statistics

The data are shown as means ± SEM. Statistical
analysis of the data from antidepressant activity
test and memory test was carried out using non-
parametric Kruskal-Wallis’ test for unpaired data
and by Friedman test for paired data. Statistical sig-
nificance was then tested by post-hoc Dunn’s test
for memory test and Dunnett’s test for antidepres-
sant test.

RESULTS

Immobility time

Both after single administration and 7-day treat-
ment, the dose of 20 mg/kg of VEN shortened the
passive swimming time, as shown in Table 1, but
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after 14 days, the passive swimming time was only

slightly reduced, without statistical significance.

OXY at the dose of 1 �g/kg administered 60 min

before the test significantly reduced immobility

time on the 1st, 7th and 14th day of its administra-

tion. After joint administration of OXY + VEN, the

passive swimming time was reduced after 7 days

and 14 days of the treatment (Tab. 1). Vasopressin

at a dose of 1 �g/kg administered 60 min before the

test produced no antidepressant effects on the 1st

and on the 7th day, but after 14 days, the passive

swimming time was significantly increased. Con-

current administration of vasopressin and VEN did

not mask antidepressant effects of the latter after

single administration and there was no shortening

in the passive swimming time after multiple ad-

ministration (Tab. 2).

Oxytocin and venlafaxine effect on memory

Maze test

VEN administered only once 30 min before the
test improved memory in a statistically significant
manner. Significant shortening of food finding time
in rats was observed both after single and after
multiple administration (for 7 and 14 days) of VEN
(Tab. 3). OXY at the dose of 1 �g/kg given 60 min
before the test did not affect working memory in
rats (Tab. 3). Joint administration of VEN + OXY
both after single administration and in chronic
treatment counteracted memory improving effect
observed after administration of VEN alone (Tab 3).
Vasopressin at the dose of 1 �g/kg administered
60 min before the test shortened food finding time
both after single and multiple administration (me-
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mory improving effect). The memory improving
effect could still be observed after joint administra-
tion of VEN and vasopressin (Tab. 4).

Morris water maze

After single and chronic administration of VEN,
lower values of escape latencies and lower number
of crossed quadrants were noted, which indicates
performance improvement (Fig. 1–4). After admi-
nistration of OXY, no changes in the number of
crossed quadrants and escape latencies, compared
to the control group, were observed (Fig. 1, 2).
Joint administration of VEN and OXY did not af-
fect memory processes evaluated in the Morris test

(Fig. 1, 2). Administration of vasopressin 60 min
before the Morris memory test shortened both es-
cape latencies and the number of crossed quad-
rants. Similar effect of improvement of spatial
memory was observed after joint administration of
vasopressin and VEN (Fig. 3, 4).

DISCUSSION

VEN is a novel antidepressant which selec-
tively inhibits the uptake of serotonin and nora-
drenaline [13] but, in contrast to tricyclic antide-
pressants, its antidepressant effect can be observed
already after single administration [25, 28].
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Both single and 7-day administration of VEN
shortened immobility time in Porsolt’s test, but af-
ter 14 days of its administration, immobility time
did not differ significantly in comparison with the
control group. Similar results were obtained by
other authors [28, 29]. VEN appears to produce
a rapid desensitization of �-adrenergic receptors
which may have potential relevance to the time
course of antidepressant response [21, 23]. As
shown in another study, VEN induced prolonged
desensitization of neuronal noradrenergic receptors
already after single administration [23, 25]. There
is both clinical and experimental evidence which
suggests a role of neuropeptides in affective disor-
ders, and some of the neuropeptides, e.g. vaso-
pressin and its derivatives, may have beneficial ef-
fect in some depressed patients [1, 5]. Other studies
point to a major role of OXY as an endogenous an-
tidepressant hormone [2].

Previous experiments in animals have demon-
strated antidepressant-like effects of OXY in mice
[2, 19, 20]. Other studies revealed that citalopram,
belonging to SSRIs, produced increased plasma
OXY levels, and probably OXY release is an im-
portant aspect of the pharmacological actions of
SSRIs [30]. In our study, OXY at 1 �g/kg adminis-
tered 60 min before the test displayed antidepres-
sant activity of the potency similar to that of VEN.
Similar results were obtained by Arletti and Berto-
lini [2] who administered OXY at 0.25–1 mg/kg to
mice, and demonstrated that OXY was character-
ized by antidepressant activity of the potency simi-
lar to that of imipramine. Therefore, OXY may be
postulated to act as a regulatory neuropeptide in the
central nervous system.

No antidepressant activity was observed after
the administration of vasopressin, yet joint admini-
stration of vasopressin and VEN enhanced antide-
pressant effects of VEN after single administration.
Nalepa and Vetulani [24] have found that vasopres-
sin produces down-regulation of �-adrenoreceptors
similar in extent and character to that induced by
chronic treatment with imipramine. The authors
suggested that due to a similar biochemical effect,
vasopressin might have antidepressant properties.

Enhancement of antidepressant effect of VEN
by vasopressin seems to support the view that vaso-
pressin may be involved in the pathogenesis of de-
pression symptoms as vasopressin deficiency in the
central nervous system is observed in endogenous
depression [14]. VEN improved both spatial memo-

ry in Morris test and working memory in the maze
test. As shown in our earlier work [25], the memo-
ry improving effect of VEN may be related to anti-
depressant efficacy of the drug which is indirectly
related to the rise in monoamine concentration in
the synaptic cleft. OXY did not affect memory pro-
cesses in rats and, similarly, joint administration of
VEN and OXY did not improve memory in the
tested animals. On the contrary, vasopressin im-
proved working memory and spatial memory, and
the effect could be observed also after joint, both
single and multiple, administration of VEN and va-
sopressin. Also other authors [11] observed im-
provement of short-term olfactory memory per-
formance after a narrow range of concentrations of
endogenous OXY in female rats. However, these
data were discussed in the context of sexual dimor-
phism in brain development and support the hy-
pothesis of a variation in the recognition perform-
ance of female rats according to the stage of their
estrous cycle [16]. Generally, OXY produces ef-
fects which are opposite to those of vasopressin,
and it has been suggested that OXY may be an am-
nesic neuropeptide [31].

Interestingly, in contrast to OXY, peripherally
and centrally administered vasopressin seems to
improve the memory performance not only in
males [12] but also in females [3]. It should be re-
membered that AVP is a neuropeptide which, in ad-
dition to its hormonal function, improves memory
processes in animals and humans [7, 9], although
the mechanism of vasopressin-induced memory
improvement remains unknown. Possibly, the be-
havioral memory improving effect of vasopressin
in the central target structures is mediated not only
by vasopressin V. receptors but also by OXY re-
ceptors [8, 26] which indicates that the influence of
the two neuropeptides on memory improving pro-
cesses is obviously complex [11]. Sustained memo-
ry improving effect after joint administration of VEN
and vasopressin may be linked to noradrenergic
mechanisms via �-adrenergic receptors [4, 17]. It
must also be emphasized that vasopressin exerts
positive effects on memory impairment observed in
depression syndrome [6, 10, 15].

The present results support the hypothesis that
such neuropeptides as OXY and vasopressin modu-
late nervous system functions and play an impor-
tant role in antidepressant and memory improving
effect of venlafaxine. Some memory improving
neuropeptides, e.g. vasopressin, may prove thera-
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peutically beneficial during the early stage of de-
mentia.
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