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Arginine Vasopressin Fragment AVP4-9 Facilitates Induction
of Long-Term Potentiation in the Hippocampus
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Long-term potentiation of CA1 field potentials was induced by weak tetanic orthodromic
stimulation of the Schaffer collateral/commissural fibers in isolated hippocampal slices per-
fused with a medium containing arginine vasopressin fragment AVP4-9 in micromolar con-
centrations. It is hypothesized that AVP4-9 affects induction of long-term potentiation at the
intracellular level.
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Arginine vasopressin (AVP), a neuropeptide involved
in endocrine regulation of the water-electrolyte ba-
lance and blood pressure, also plays a role in the regu-
lation of some central nervous functions including
memory and learning [7]. It was established that mem-
ory-related effects of AVP are realized in the limbic
system, predominantly in the hippocampus [10]. These
effects are considered to be mediated by the C-termi-
nal fragments of the peptide, which are formed during
AVP metabolism in the brain [12]. Different experi-
mental models of learning (including passive avoid-
ance and maze tests) revealed that the main AVP me-
tabolite [pGlu4-Cyt6] AVP4-9, which has no hormonal
activity, exhibited a more pronounced and selective
effect on memory compared to AVP [5,8,9,14]. De-
spite considerable attention focused at this peptide, the
mechanisms of its memory-related effects are not
clearly understood.

At the cellular level, memory is associated with
changes in the efficacy of synaptic transmission. It can
be assumed that the improvement of memory function
by vasopressin-like peptides is related to their influ-
ence on long-term potentiation in the hippocampus,
which is considered as a neurophysiological model of

memory [3]. We studied the effect of AVP4-9, the main
AVP metabolite, on long-term potentiation (LTP) in
the Schaffer collateral�pyramidal CA1 cells system
(SC�CA1).

MATERIALS AND METHODS

Experiments were carried out on male Wistar rats
weighing 100-180 g. Isolated hippocampal slices were
placed into the recording chamber and perfused with
modified Ringer solution containing (in mM): 124
NaCl, 3 KCl, 2.5 CaCl2, 2.5 MgSO4, 1.25 Na2HPO4,
26 NaHCO3, and 10 D-glucose, continuously aerated
with carbogen (95% O2+ 5% CO2) at 29-30oC. Elec-
trical activity was recorded 1.5-2 h after preparation
of hippocampal slices. The hippocampal radial layer
was stimulated with single 0.1-msec square pulses,
delivered at a frequency of 1/15 sec�1 via bipolar elec-
trodes filled with the perfusate. Evoked field potentials
were recorded in the pyramidal CA1 layer using a
glass microelectrode (2-5 mΩ) filled with 1.5 M NaCl.
The stimulus strength corresponded to that required to
produce responses of as high peak amplitude as 40 to
50% of maximum population spike of pyramidal neu-
rons (pop-spike, PS). Potentiation of PS was produced
by high frequency stimulation (HFS, 100 Hz) of pre-
synaptic inputs with pulses of the same current strength
and applied via the same stimulating electrodes. Only
one HFS was performed in each slice. Fifteen minutes
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before HFS the perfusion system was switched to a
reservoir containing standard saline (control) or solu-
tion containing AVP4-9 (Sigma) in concentrations of
0.01, 0.1, 1.0, and 5.0 µM. Normal perfusion was re-
sumed 5 min after the end of HFS. Aliquots of the
basic solution of AVP4-9 dissolved in deionized water
were stored in a refrigerator and adjusted to a required
concentration immediately before the experiments.

Responses of pyramidal neuron during application
of AVP4-9 and after HFS were evaluated by deviations
of PS amplitude from its mean value determined for a
15-30-min period of background activity (before per-
fusion with test medium). The data were processed
statistically using nonparametric Mann�Whitney�s U
test. All values are given as mean±SEM.

RESULTS

In series I we studied the effect AVP4-9 on LPT in-
duced by short-term weak HFS (30 pulses, 100 Hz) of
the radial layer. In the control, this stimulation in-
duced only a slight potentiation of the field response.
PS amplitude increased immediately after HFS, but
then rapidly decreased, and 15 to 30 min after stimu-
lation returned to the baseline (Fig. 1, a).

After AVP4-9 administration, weak stimulation in-
duced long-term (persisted for 1 h) potentiation of re-
sponses (Fig. 1, a). The development of LTP nonlin-
early depended on AVP4-9 concentration: it was maxi-
mum (100%) in the presence of 1 µM of AVP4-9 and
decreased at higher (5 µM) and lower (0.1 µM) con-
centrations of the peptide, but still remained above the

control level (Fig. 1, b). In this of concentration range,
the test peptide had no effect on PS amplitude.

In series II we studied the effect of 1 µM AVP4-9

(optimal dose) on LPT induction by standard HFS
(100 pulses, 100 Hz) of radial layer, which induced
LTP of the focal response in all control preparations
(Fig. 2). Under these conditions, pretreatment with
AVP4-9 had no effect on LTP induction, but slightly
decreased its mean amplitude for 1 h of observation
from 144.1±9.2% (n=8, control) to 135.3±10.2% (n=4,
p<0.05).

Thus, the modulating effect of AVP4-9 on the de-
velopment LTP in the hippocampus depended on the
intensity of HFS. AVP4-9 facilitated induction of LTP
after weak stimulation and did not significantly change
it under conditions of more potent presynaptic acti-
vation. It should be noted that the mean LTP ampli-
tude induced by weak HFS after application of 1 µM
AVP4-9 was 160.2±13.7%, i.e. significantly surpassed
the level of LTP after standard HFS observed in the
control (p<0.05). These findings together with previ-
ous observation that LTP induced by standard HFS
after application of AVP4-9 is decreased suggest that
AVP4-9 not only facilitates LTP induction, but also
modulates its amplitude depending on the intensity of
presynaptic inflow.

Our findings agree with previous studies demon-
strating facilitation [11] and prolongation [2] of LTP in
the SC�CA1 pathway produced by AVP in the pres-
ence of vasopressin and vasopressin-like peptides. It was
also shown that desglycinamide-vasopressin and AVP4-8,
desglycinamide AVP4-9 derivative, increased LTP ampli-

Fig. 1. The effect of AVP4-9 on long-term potentiation of CA1 field potentials in rat hippocampal slices after weak high-frequency stimulation
(HFS). a) Changes in amplitude of population spike. Here and on Fig. 2: time 0 corresponds to the start of HFS, application of AVP4-9 is
indicated by arrows. Mean amplitude of the response in the control (1) and after application of AVP4-9 (2). Mean value of potentiation (b)
from 0 to 40 minutes after HFS in control (C) and after perfusion with AVP4-9 in different concentrations. Figures in bars show the number
of experiments in each series.
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tude in this synaptic system [1,13]. Moreover, AVP and
fragment AVP4-8 can induce long-term facilitation of
synaptic transmission in the SC�CA1 system [6,13],
which differs by its pharmacological properties from
LTP induced by electrical stimulation [6].

We found no published data on electrophysiolo-
gical effects of AVP4-9. According to biochemical stu-
dies, AVP4-9 stimulates hydrolysis of inositol-phos-
pholipides via activation of hippocampal V1-receptors,
enhance Ca2+ entry into cells, and increase intracellu-
lar Ca2+ concentration [4]. Another way of induction
of LTP in the SC�CA1 pathway is associated with
the rise of intracellular Ca2+ due to activation of the
NMDA-subtype glutamate receptor complex and volt-

age-dependent Ca2+-channels [3]. It can be hypothe-
sized that AVP4-9 facilitates induction of LTP and in-
creases its amplitude under conditions of weak stimu-
lation of the glutamatergic input due to activation of
intracellular calcium signaling system.

The study was supported by the Russian Founda-
tion of Fundamental Researches (grants No. 98-04-
48311 and No. 00-15-97923).
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Fig. 2. Long-term potentiation of CA1 field potentials in rat hippo-
campal slices after standard high-frequency stimulation (HFS).
Changes in pop-spike amplitude.
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