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Regulation of activity-dependent dendritic
vasopressin release from rat supraoptic neurones
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Magnocellular neurones of the hypothalamus release vasopressin and oxytocin from their
dendrites and soma. Using a combination of electrophysiology, microdialysis, in vitro explants,
and radioimmunoassay we assessed the involvement of intracellular Ca2+ stores in the regulation
of dendritic vasopressin release. Thapsigargin and cyclopiazonic acid, which mobilize Ca2+ from
intracellular stores of the endoplasmic reticulum, evoked vasopressin release from dendrites
and somata of magnocellular neurones in the supraoptic nucleus. Thapsigargin also produced
a dramatic potentiation of dendritic vasopressin release evoked by osmotic or high potassium
stimulation. This effect is long lasting, time dependent, and specific to thapsigargin as caffeine
and ryanodine had no effect. Furthermore, antidromic activation of electrical activity in the
cell bodies released vasopressin from dendrites only after thapsigargin pretreatment. Thus,
exposure to Ca2+ mobilizers such as thapsigargin or cyclopiazonic acid primes the releasable
pool of vasopressin in the dendrites, so that release can subsequently be evoked by electrical
and depolarization-dependent activation. Vasopressin itself is effective in inducing dendritic
vasopressin release, but it is ineffective in producing priming.
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The dendrites of many neurones transmit information to
presynaptic nerve endings by the release of neuroactive
substances (Hausser et al. 1995; Isaacson & Strowbridge,
1998; Zilberter et al. 1999; Isaacson, 2001; Ludwig
& Pittman, 2003). Vasopressin- or oxytocin-containing
neurosecretory granules have been visualized in dendrites
and soma (with a far greater vesicle density in the
dendrites) ofmagnocellular neurones in the hypothalamic
supraoptic (SON) and paraventricular nuclei (Pow &
Morris, 1989). After local release, these neuropeptides
autoregulate the activity of the magnocellular neurones
by both direct actions (Gouzenes et al. 1998), and
indirect actions via modulation of neurotransmitter
release (Kombian et al. 1997; Hirasawa et al. 2004).
Dendritic release of these neuropeptides can be induced
by a range of physiological and pharmacological stimuli,
and is regulated by a number of brain areas (see Landgraf,
1995; Ludwig, 1998; Morris et al. 2000).
Depending upon the stimulus, neuropeptides are

released from the dendrites and axonal terminals of
magnocellular neurones in either a coordinated or
an independent manner. For example, suckling evokes
oxytocin release in the SON before significant peripheral

secretion (Moos et al. 1989), whereas after osmotic
stimulation, oxytocin and vasopressin release from the
SON lags behind peripheral secretion (Ludwig et al. 1994).
In oxytocin cells, electrical activity in the cell bodies
can release neuropeptides from nerve terminals in the
posterior pituitary with little or no measurable release
from the dendrites. Furthermore, some stimuli induce
neuropeptide release from dendrites without increasing
the electrical activity of the cell body, andwithout inducing
secretion from oxytocin cell nerve terminals (Ludwig et al.
2002; Sabatier et al. 2003).
Oxytocin and vasopressin produce a cell-type specific

rise in intracellular [Ca2+] in acutely dissociated
neurones of the SON; oxytocin mobilizes Ca2+ from
thapsigargin-sensitive intracellular Ca2+ stores (Lambert
et al. 1994), whereas the response induced by vasopressin
requires an influx of external Ca2+ through
identified Ca2+ channels as well as mobilization of
thapsigargin-sensitive intracellular Ca2+ stores (Sabatier
et al. 1997). Thapsigargin induces Ca2+ mobilization by
inhibiting the endoplasmic reticulum Ca2+-ATPase, and
thapsigargin-releasable stores include the IP3-sensitive
stores (Thastrup et al. 1990). We have recently shown that
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activation by oxytocin of thapsigargin-sensitive stores
in oxytocin cells induces a long-lasting potentiation
(priming) of activity- or depolarization-dependent
dendritic release (Ludwig et al. 2002).
Although the electrical activity of both vasopressin cells

and oxytocin cells is autoregulated by somato-dendritic
release of their secretory products, the cellular actions of
vasopressin and oxytocin are different. Here we examine
whether vasopressin regulates its dendritic release in a way
similar to the regulation of dendritic oxytocin release by
oxytocin.

Methods

Animals

Female Sprague-Dawley or Wistar rats (150–250 g) were
housed under controlled conditions with free access to
food and water. On the day of the in vivo experiments the
rats were anaesthetized with urethane (ethyl carbamate,
intraperitoneally 1.2 g kg−1, Sigma Chemical Co., UK).
At the end of each experiment the rats were killed with
pentobarbitone (Sagatal; 60 mg kg−1, intravenously). All
surgical procedures were carried out in accordance with
theUKAnimals (Scientific Procedures) Act 1986, and only
the minimum number of animals necessary to produce
reliable scientific data was used.

Microdialysis osmotic stimulation experiment

In-house designed microdialysis probes were
stereotaxically implanted in rats with the U-shaped
tip (molecular weight cut-off of 6 kDa, Fleaker® hollow
fibre, Spectrum Medical Inc., Los Angeles, CA, USA)
located within or adjacent to the left SON (1.0 mm
posterior to bregma; 1.7 mm lateral to midline; 9.3 mm
below the surface of the skull; Paxinos & Watson, 1986)
as previously described (Ludwig et al. 1994). After
implantation, there was an equilibration period of at least
1 h with no sample collection before consecutive 30-min
dialysis samples were collected at a flow rate of 3µl min−1.
The samples were frozen and stored at −20◦C until assay
for vasopressin. After two 30-min baseline periods, the
dialysis fluid was switched to artificial cerebrospinal fluid
(aCSF) containing thapsigargin (2µm, Sigma Chemical
Co., controls received aCSF) for 30min. Rats were
stimulated osmotically by intraperitoneal (i.p.) injection
of 2m NaCl (600µl (100 g body wt)−1) after the fourth
dialysis period, and a further six consecutive dialysate
samples were collected.

Electrical stimulation of the neural stalk

The pituitary stalk and right SON were exposed by the
transpharyngeal approach in urethane-anaesthetized rats
as previously described (Leng&Dyball, 1991).AU-shaped

dialysis probe was bent to position the membrane flat
onto the exposedventral surfaceof theSONafter removing
the meninges. A stimulating electrode was placed on the
neural stalk of the pituitary to activate SON neurones
(Ludwig & Leng, 1997). The SON was dialysed with
aCSF at 3µl min−1 throughout the experiments. The
femoral artery was cannulated for blood sampling. After
an equilibration period of at least 60 min, the stimulation
electrode was set to deliver a repeated stimulus (50 Hz
for 3 s 10 s−1; mean frequency 15 Hz) over 30min. In
another experiment, thapsigargin was retrodialysed onto
the SON over 30min starting 1 h before antidromic
activation of SON (50 Hz for 3 s 10 s−1; mean frequency
15 Hz). Blood samples were taken from the femoral artery
(0.6 ml, replaced with isotonic NaCl) for measurement of
vasopressin. These samples were collected 5min before
and at the end of the stalk stimulation, and were frozen
and stored at−20◦C until radioimmunoassays.

Vasopressin release from SON and neurohypophysis

For in vitro release experiments, female rats (150–200 g)
were killed by decapitation with a guillotine, and
the neurohypophysis devoid of the pars intermedia,
and both SON, were dissected quickly. Release was
measured from individual neurohypophyses, or from
either two or four SON incubated in a single dish. The
tissues were preincubated with Locke buffer at 37◦C
for about 30–45min during which they were rinsed
every 5min before collecting any samples. Five-minute
samples were collected; high potassium (50mm KCl)
was given before and after thapsigargin (200 nm), cyclo-
piazonic acid (CPA, 10µm), ryanodine (2µm), caffeine
(20mm), or a mixture of vasopressin agonists (1µm,
Fig. 4). The SON were also exposed to a mixture
of Ca2+-channel blockers (nicardipine 1µm, ω-CgTx
800 nm, ω-Aga IVA 300 nm, SNX-482 20 nm, Ni2+

50µm; Sigma, UK, see Wang et al. 1999) with and
without the vasopressin agonists. The V1a (F-180; Hmp-
Phe-Ile-Hgn-Asn-Cys-Pro-Dab(Abu)-Gly-NH2) and V2
receptor agonists (dDAVP; 1-deamino-8-D-AVP) were
generously given by Dr J. L. Junien (Ferring SA, Paris,
France) and by Dr M. Manning (Medical College of
Ohio, Toledo, USA), respectively. All drugs were applied
for 10min. The evoked vasopressin release during each
period was calculated by subtracting the release under
basal conditions (mean of five fractions before stimulus)
from that observed during, and directly after, the stimulus
(five fractions).

Electrophysiology

The SONand neural stalk were exposed transpharyngeally
and a U-shaped microdialysis probe was placed flat on
the surface of the SON as described above. Magnocellular
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neurosecretory neurones were identified by antidromic
stimulation from the neural stalk.Oxytocin neuroneswere
distinguished from vasopressin neurones by their firing
pattern andby their response to i.v. cholecystokinin (CCK,
20µg kg−1, Bachem Ltd, Saffron Walden, Essex, UK), i.e.
transient excitation of oxytocin neurones, and no effect or
short-term inhibition of vasopressin neurones (Sabatier
et al. 2004). After a period of continuous dialysis with
aCSF, thedialysismediumwas changed to aCSFcontaining
thapsigargin (2µm) for between 20 and 60min. The firing
rates of cells were recorded using Spike2 software andCED
1401 interface (Cambridge ElectronicDesign, Cambridge,
UK) on a personal computer. The mean firing rate (spikes
s−1) in the 5min before retrodialysis was compared with
therate in the25minafter retrodialysis.Whenappropriate,
the mean intraburst firing rate, burst duration, interburst
interval, and activity quotient (proportion of time active
relative to total time) of each neurone were calculated
before and during drug administration. Phasic bursts were
characterized using the ‘bursts’ script in Spike2; bursts
were defined as activity lasting at least 5 s, containing 20
or more action potentials and with more than 5 s interval
between bursts; using these parameters > 95% of spikes
were categorized as occurringwithin bursts for eachphasic
cell (Brown et al. 1998).

Radioimmunoassay

Microdialysis samples and samples from the in vitro
release studies were measured in different assays as
previously described. Briefly, vasopressin in micro-
dialysates was measured after lyophilization by a
highly sensitive and selective radioimmunoassay (RIA;
detection limit: 0.1 pg sample−1; cross-reactivity less
than 0.7%). Plasma vasopressin was measured after
extraction (Landgraf et al. 1995). Vasopressin released
from the explants was assayed as described before (Cazalis
et al. 1985), with antibody kindly supplied by Dr R. J.
Bicknell (Babraham Institute, Cambridge, UK). The final
antibody dilution was 1 : 100 000 or 1 : 140 000 and the
cross-reactivityof thevasopressin antiserumwithoxytocin
was 0.001%. The sensitivity of the assay was 0.5 pg.
All in vitro experiments were assayed in Montpellier as
previously described (Cazalis et al. 1985) except for the
CPA experiment, which was performed and assayed in
Edinburgh using the same protocol, but using four SON
per dish instead of two as we measured a lower level of
basal release than expected in this series of experiments.
The inter- and intra-assay coefficients of variation for the
assays as performed in Edinburgh were 5–7%, similar to
those reported for the assay performed in Montpellier.

Statistical analysis

Statistical analyses were performed using SigmaStat
software package (Systat Software Inc., Richmond,

Ca, USA). Data were analysed by t tests (paired or
unpaired as appropriate after passed normality tests)
or, when appropriate, by ANOVA followed by Student-
Newman-Keuls post hoc tests. All values are expressed
as means± s.e.m., and differences were considered
significant at P ≤ 0.05.

Results

Dendritic release in response to osmotic stimulation

In anaesthetized rats, vasopressin release was measured in
response to systemicosmotic stimulationwithandwithout
prior application of thapsigargin, which was administered
to the SON via the dialysis probe. Thapsigargin caused
a slight but significant increase in SON vasopressin
release that returned to control levels after washout
(P ≤ 0.05). Subsequent systemic osmotic stimulation
resulted in a gradual and long-lasting increase in dendritic
vasopressin release as previously described (Ludwig et al.
1994).Thapsigarginpretreatment, however, causedamore
rapid onset in vasopressin release, reaching significance
only 30min following osmotic stimulation (P ≤ 0.001,
compared between groups, Fig. 1A). Vasopressin secretion
into the circulation in response to exposure of one SON to
thapsigargin was unaffected. Intraperitoneal injection of
hypertonic saline resulted in significantly increasedplasma
vasopressin concentrations (P ≤ 0.05) with no significant
differences between the groups (Fig. 1B).

Dendritic release in response to axonal stimulation

To test whether thapsigargin potentiated spike-dependent
release from the SON, we placed a microdialysis
loop on the ventral surface of the SON, where the
dendrites form a dense mat, and a stimulating electrode
was placed on the neural stalk of the pituitary for
antidromic activation of magnocellular neurones
(Ludwig & Leng, 1997). Neural stalk stimulation did
not significantly alter the concentration of vasopressin
recovered in the SON dialysates (Fig. 1C). Electrical
stimulation at 50 Hz resulted in significantly increased
plasma concentrations of vasopressin (from 15.0± 3.0
to 117.8± 14.0 pgml−1, n = 12), indicating that the
stimulation was highly effective in eliciting action
potentials in the axons of the magnocellular neurones.
Retrodialysis of thapsigargin onto the SON significantly
increased dendritic vasopressin release (P ≤ 0.05,
compared to controls), which returned to basal
levels in the poststimulation periods. Subsequent
antidromic activation now resulted in a significant
increase in dendritic vasopressin release (Fig. 1C,
P ≤ 0.001, compared to controls). No significant effect
of thapsigargin retrodialysis was observed on plasma
vasopressin release in response to stalk stimulation (data
not shown).
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Dendritic release in response to depolarization
in vitro

To test whether the effects of thapsigargin were
specific to dendritic release of vasopressin, we studied
vasopressin release from isolated neural lobes and SON
in vitro. The responses of vasopressin secretion from
isolated SONs and neural lobes were similar after repeated
stimulation with high potassium solution (Fig. 2A and
C). Vasopressin secretion from the neural lobe, evoked
by depolarization with high-K+ solutions, was unaffected
by thapsigargin (Fig. 2B). By contrast, thapsigargin (but
not ryanodine or caffeine, Fig. 2F) caused significant
vasopressin release from the SON, and produced

Figure 1. Vasopressin release in the SON
A, release after intraperitoneal (I.P.) injection of hypertonic saline (HS)
after dialysis of one SON with thapsigargin (TG, 200 nM, given during
the second 30-min dialysis interval) or control solution. n = 6,
∗P < 0.05, analysis of variance (ANOVA). B, vasopressin measured in
the plasma in the same experiments as A. ∗P < 0.05, compared to
basal. C, vasopressin release in the SON before (black columns) and in
response to electrical stimulation of the neural stalk (white columns) or
thapsigargin (grey column) and electrical stimulation after exposure of
one SON to thapsigargin (hatched column). Data are means ± S.E.M.,
n = 8, ∗P < 0.05, ∗∗P < 0.01, compared to controls, t tests.

a dramatic potentiation of subsequent K+-induced
release (P < 0.01, paired t tests; Fig. 2D). No significant
potentiationwas seen in response tohigh-K+ administered
5min after exposure to thapsigargin (Fig. 2E), but a
large potentiation was observed in response to high K+

administered 30, 60 or 90min after thapsigargin (Fig. 2E).

Figure 2. Effects of thapsigargin (TG) on vasopressin release in
vitro
A and C, repeated stimulation with high-K+ solutions results in
repeatable responses in vasopressin release from isolated neural lobes
(A) and SON (C). B and D, vasopressin release from isolated SON (D),
and neural lobes (B) before and after thapsigargin (TG). E, release from
the SON only, evoked by depolarization with high-K+ solutions, was
strongly potentiated by thapsigargin; the potentiation was long-lasting
and time dependent. F, release from the SON only, evoked by
depolarization with high-K+ solutions, was strongly potentiated by
thapsigargin, but not by caffeine or ryanodine. Data are
means ± S.E.M., n = 4 per group for each experiment, ∗P < 0.05,
t tests.
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As the thapsigargin-induced effect on the sarcoplasmic
reticulum Ca2+-ATPase is irreversible (Thastrup et al.
1990), in one set of experiments we used the reversible
inhibitor CPA (Plenge-Tellechea et al. 1997). Like
thapsigargin, CPA caused significant vasopressin release
from the SON (P < 0.05, n = 7), and produced a
dramatic potentiation of subsequent K+-induced release
(P < 0.001, Fig. 3), with no effect on vasopressin release
from axon terminals (Sasaki et al. 2005). Thus, exposure to
thapsigargin andCPAprimes dendritic vasopressin release
in response to subsequent depolarization, as previously
described for dendritic oxytocin release (Ludwig et al.
2002).
We then tested whether vasopressin itself evoked

dendritic vasopressin release in our in vitro preparation,
just as oxytocin evokes dendritic oxytocin release (Ludwig
et al. 2002). Applicationof amixture ofV1a andV2 agonists
significantly increased vasopressin release (P < 0.05); but
exposure to the agonists did not significantly potentiate
release evoked by a subsequent challenge with high K+

(Fig. 4A). Thus vasopressin, unlike oxytocin, does not
prime subsequent depolarization-evoked peptide release.
Vasopressin release in response to vasopressin agonists was
attenuated, but not fully blocked, in the presence of a
mixture of Ca2+-channel blockers (Fig. 4B), although in
these conditions vasopressin release in response to 50mm
KCl was blocked (P < 0.05, Fig. 4C). This suggests that
vasopressin release in response to vasopressin is partly,
though not wholly accounted for by Ca2+ entry through
voltage-gated channels. By contrast, oxytocin release in
response to oxytocin is independent of voltage-gated Ca2+

entry, and is wholly accounted for by Ca2+ mobilization
from thapsigargin-sensitive stores (Lambert et al. 1994).

Figure 3. Effects of cyclopiazonic acid (CPA) on vasopressin
release in vitro
Vasopressin release from isolated SON evoked by depolarization with
high-K+ solutions was strongly potentiated by CPA (n = 7). The
potentiation was similar to the potentiation seen with thapsigargin
(Fig. 2D).

Responses of vasopressin cells to thapsigargin

To investigate the effects of thapsigargin on the
electrical activity of 14 vasopressin neurones, we
recorded from single vasopressin neurones in virgin
female rats while dialysing the SON with thapsigargin.
Retrodialysis of thapsigargin (2µm) for 20–60min
increased the activity quotient of phasic firing vaso-
pressin neurones (mean change from 0.52± 0.03 to
0.62± 0.07 spikes s−1, P < 0.05, n = 6, Fig. 5A and B)
without changing the intraburst activity (from9.86± 1.07
to 9.91± 0.99 spikes s−1, Fig. 5C). However, thapsigargin

Figure 4. Effects of vasopressin agonists on vasopressin release
in vitro
A, application of a mixture of V1a and V2 (1 µM) agonists significantly
increased vasopressin release from the isolated SON in vitro, but did
not potentiate subsequent K+-induced release. B, this response was
only partially blocked by preapplication of a mixture of Ca2+-channel
blockers. C, however, pretreatment with Ca2+-channel blockers
blocked the high-K+ evoked response in vasopressin release. Data are
means ± S.E.M., t tests, n = 4 per group for each experiment.
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treatmentdidnot significantly alter the electrical discharge
rate of continuously active vasopressin cells (n = 8,
Fig. 5D).

Discussion

Exposure to thapsigargin, which mobilizes Ca2+ from
intracellular stores, produced a dramatic potentiation of
dendritic vasopressin release in response to subsequent
activation of SON neurones by osmotic stimulation,
high potassium or antidromic activation, but produced
no potentiation of secretion from the axon terminals.
Thus exposure to thapsigargin or CPA, but not exposure
to ryanodine or caffeine, appears to selectively prime
activity-dependent vasopressin release from dendrites.
Priming in vasopressin cells is not a consequence of
long-lasting elevation of intracellular Ca2+ as priming
outlasts the increase in intracellular Ca2+ induced by
thapsigargin (Lambert et al. 1994; Dayanithi et al. 1996)
or CPA (data not shown). No potentiation was seen in
response to high K+ administered 5min after exposure
to thapsigargin, but a large potentiation was observed in
response to high K+ administered 30, 60 or 90min after
thapsigargin. Prolonged dendritic release has been noted
in dialysis experiments where dendritic release outlasts
that from the axon terminals in the pituitary (Ludwig
et al. 1994). There is a similarly persistent neurohormone
secretion in Aplysia bag cells long after cytosolic [Ca2+]
has returned to baseline (Michel & Wayne, 2002).
Statistical analysis using a paired t test following a

passed test for normality indicated significant effects of
thapsigargin induced priming 30, 60 and 90min after
thapsigargin administration.Conclusionsdrawnwith ann
valueof 4 require careful inspection, and the evidence from
such experiments has been implicitly tested for coherence
and compatibility with other available evidence. A group
size of 4 is inadequate for rigorously demonstrating
significance with conservative non-parametric tests, and

Figure 5. Effects of thapsigargin (TG) on the
electrical activity of vasopressin cells
A, recording of the electrical activity of a
phasically firing vasopressin neurone showing an
increase in the activity induced by microdialysis
administration (retrodialysis) of thapsigargin (TG,
200 nM) onto the SON. B and C, changes in
activity quotient (B) but not intraburst activity (C)
after TG (P < 0.05, n = 6). D, continuously active
vasopressin neurones were not affected by
thapsigargin. n = 8, Data are means ± S.E.M.,
∗P < 0.05, t tests.

though the present data passed normality tests, these
only demonstrate that the data are not demonstrably
inconsistent with the assumption that they are normally
distributed. However, in the present study, the data
showing theeffectsof thapsigarginareeffectively replicated
(with different protocols) several times (at three time
points, 30, 60 and 90min) and are also replicated using a
different drug (CPA, n = 7). In all cases the effects are very
large – these are not marginal changes. The effectiveness
of thapsigargin in priming vasopressin release is therefore
robustly established.
Priming might involve actions on translation/protein

processing (e.g. local synthesis of proteins supporting
exocytosis, Ma & Morris, 2002), vesicle tethering and/or
active vesicle transport. We have recently shown that
thapsigargin-induced priming involves translocation of
neurosecretory vesicles closer to the release site at the
dendritic membrane (Tobin et al. 2004).
The long-lasting priming of activity-dependent

dendritic release of vasopressin is similar to that seen
in oxytocin cells, but the magnitude of the priming is
much lower. In oxytocin cells, oxytocin itself plays a
critical role in priming; in dissociated magnocellular
neurones from the SON, oxytocin-induced increases
in intracellular [Ca2+] are due to mobilization from
thapsigargin-sensitive stores and are independent of
external Ca2+ (Lambert et al. 1994). By contrast, although
vasopressin produces a rise in intracellular [Ca2+] in
vasopressin cells that is similar in magnitude to that
induced in oxytocin cells by oxytocin,most of the response
to vasopressin reflects Ca2+ entry through voltage-gated
channels. The response induced by vasopressin requires
about 70% influx of external Ca2+ through L-, N-, and
T-type channels and only 30%mobilization of Ca2+ from
thapsigargin-sensitive stores (Sabatier et al. 1997).
Although vasopressin increases intracellular [Ca2+]

(Dayanithi et al. 1996), the present data show that
vasopressin does not prime dendritic release. In oxytocin
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cells, primingdoesnot result fromincreases in intracellular
[Ca2+] per se, but specifically accompanies mobilization
of thapsigargin-sensitive stores; it seems that the limited
activation of these stores by vasopressin is insufficient to
induce priming.
Exposure to thapsigargin evokes immediate release of

vasopressin from dendrites, as previously described for
oxytocin cells. In oxytocin cells this occurred without
an increase of electrical discharge rate and without
triggering secretion from axon terminals. In vasopressin
cells, thapsigargin administration resulted in an increase
in electrical activity in phasic cells only. The simplest
explanation for the difference in responses is that, in
vasopressin cells, thapsigargin-induced increases in
intracellular [Ca2+] activate Ca2+-dependent currents
that underlie activation of the depolarizing afterpotential
(DAP) that is exhibited by vasopressin cells but not
by oxytocin cells (see Hatton & Li, 1998). The DAP
underlies the genesis of the phasic firing pattern that
is specific to vasopressin cells (see Armstrong, 1995).
Although thapsigargin caused an increase in electrical
activity and an increase in dendritic release, these
might not be causally related. It seems likely that, as in
oxytocin cells, a rise in intracellular [Ca2+] is a direct
trigger for dendritic vasopressin release. Alternatively,
the observed differences between oxytocin and
vasopressin neurones might reflect differences in
their calcium buffering capacity. Oxytocin neurones
express high levels of calbindin and also express calretinin,
whereas vasopressin cells have very low levels of calbindin
and no calretinin (Miyata et al. 1998).

Physiological consequences

After priming, it seems likely that activity-dependent
dendritic release of oxytocin underlies the
oxytocin-dependent generation of bursting activity
in response to suckling (Ludwig et al. 2002). These
observations suggest that priming can change the nature
of interactions betweenmagnocellular neurones and their
inputs over a long time period. However, the physiological
consequence of vesicle priming in vasopressin cells has
yet to be determined. Neuropeptides released from
dendrites are at very high local concentrations (Ludwig
& Leng, 1997) and might have long half-lives, and even
degradation produces shorter, but still active, fragments
(Gouzenes et al. 1999). Not only can their local actions be
prolonged, but diffusion through the brain extracellular
fluid might allow them to act on receptors on neurones
at a distance from their sites of release (Landgraf &
Neumann, 2004), including regions involved in behaviour
regulation that are known to be influenced by oxytocin
and vasopressin, but which have no direct anatomical
connection with magnocellular neurones (see Engelmann
et al. 1996; Ferguson et al. 2002). However, the precise

physiological role of priming of dendritic vasopressin
release remains to be shown.
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