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Synaptically Released Histamine Increases Dye Coupling among 
Vasopressinergic Neurons of the Supraoptic Nucleus: Mediation by 
H, Receptors and Cyclic Nucleotides 
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Activating direct olfactory (glutamatergic) inputs to supraoptic 
nucleus (SON) neurons increases interneuronal coupling in 
slices from lactating but from not virgin or male rats. Studied 
here were influences on coupling of another monosynaptic 
input to SON, the histaminergic tuberomammillaty nucleus (TM) 
projection, activation of which selectively excites phasically 
firing (putative vasopressin) cells. Effects of TM stimulation and 
its possible downstream consequences on Lucifer yellow (LY) 
dye coupling among putative vasopressin cells were deter- 
mined in male rat SONS. In unstimulated slices, 12 LY injections 
(1 cell/SON) yielded eight single and four pairs of coupled 
neurons. In slices in which TM was stimulated for 10 min at 10 
Hz, 13 injections yielded 4 single and 28 coupled cells, with 
groups of 2 to 4 cells coupled to the injected neuron, a threefold 
increase in the number of coupled cells per injection fp < 0.02). 

Bathing slices in medium containing 10 PM pyrilamine (H, 
antagonist) blocked this stimulation-induced coupling increase, 
suggesting mediation by activation of guanylate cyclase-cGMP 
to which H, receptors often are linked. Bathing slices in me- 
dium containing 0.5-l mM 8-bromo-cGMP yielded results sim- 
ilar to those of TM stimulation, a 2.5fold increase over control 
in the number of coupled cells per injection. Effects of TM 
stimulation on coupling also were blocked by bathing slices in 
a guanylate cyclase inhibitor (10 PM LY83583). In contrast to 
cGMP, 1 mM 8-bromo-CAMP significantly reduced coupling. 
We conclude that synaptically released histamine increases 
coupling via cGMP-dependent mechanisms. 
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Coupling via electrical synapses in the mammalian central nervous 
system (CNS) is one of the more intriguing phenomena to come 
to light in recent times. Once considered a rare oddity found only 
in obscure cell groups or in invertebrates, and therefore of no real 
significance, coupling has now been demonstrated among neurons 
in brain areas as diverse as the mesencephalic trigeminal nucleus 
(Baker and Llinas, 1971), inferior olive (Llinas et al., 1974), 
neocortex (Gutnick and Prince, 1981), hippocampal formation 
(MacVicar and Dudek, 1981), hypothalamus (Andrew et al., 
1981), dentate gyrus (MacVicar and Dudek, 1982), substantia 
nigra (Grace and Bunney, 1983), lateral septum (Phalen et al., 
1993), nucleus accumbens (O’Donnell and Grace, 1993), striatum 
(Onn and Grace, 1994), locus coeruleus (Travagli et al., 1994) and 
the retina (see Vaney, 1994), often considered an extension of the 
CNS. Such coupling no longer can be ignored as a factor that may 
have profound influences on brain function. Coupling is probably 
more widespread than is currently appreciated, because it is found 
almost everywhere that serious attempts are made to look for it. 
The structures supporting coupling are connexons, intercellular 
channels consisting of connexin proteins. Clusters of connexons 
(gap junction plaques) are readily identified at the electron mi- 
croscopic level, given sufficiently large plaques and proper planes 
of section, but intercellular communication via connexons is not 
restricted to those cases (Hatton, 1990; Dermietzel and Spray, 
1993; DeZeeuw et al., 1995). 
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Mammalian brain tissue expresses several connexins, but it is 
connexin-32, expressed by certain populations of neurons (Nagy 
et al., 1988; Dermietzel and Spray, 1993), that forms the intercel- 
lular channels believed to mediate neuronal dye transfer and 
electrical coupling. Supraoptic nucleus (SON) neurons express 
mRNA for connexin-32 (Micevych and Abelson, 1991), and ex- 
pression levels are low under conditions in which coupling inci- 
dence is low and are high under conditions in which the incidence 
of coupling has been physiologically upregulated (Hatton and 
Micevych, 1992) (P. E. Micevych, P. Popper, and G. I. Hatton, 
unpublished observations). Recently, DeZeeuw et al. (1995) 
showed that SON neurons contained dendritic lamellar bodies, 
structures associated in several brain regions with dendrodendritic 
gap junctions and electrotonic coupling. 

We sought to determine whether the synaptically enhanced 
coupling observed previously (Hatton and Yang, 1990; Modney et 
al., 1990) was peculiar to the special conditions and glutamatergic 
input studied or whether excitation via a nonglutamatergic path- 
way also would influence coupling. Furthermore, we sought to 
ascertain which cellular mechanisms modulate coupling. To these 
ends, we exploited the monosynaptic connection between the 
histaminergic tuberomammillary nucleus (TM) and the SON 
(Inagaki et al., 1988; Panula et al., 1989; Yang and Hatton, 1989, 
1994). Selective excitation of vasopressinergic SON neurons is 
achieved by TM stimulation (Yang and Hatton, 1994) current 
injection into TM neurons (Yang and Hatton, 1989), or applica- 
tion of histamine (HA) (Li and Hatton, 1995). Histaminergic 
depolarization of vasopressinergic neurons is via H, receptor 
subtype activation (Armstrong and Sladek, 1985; Yang and Hat- 
ton, 1989; Smith and Armstrong, 1993; Yang and Hatton, 1994; Li 
and Hatton, 1995). 
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Figure I. Diagram of horizontally cut slice through the ventral hypothal- 
amus, typical of those used here, which maintains the histaminergic axonal 
projections from the TM to the SON. Slices were hemisected along the 
vertical line (Cut). CTX cortex; OC: optic chiasm; Ret: recording elec- 
trode; Stim: stimulating electrode; 31/: third ventricle. 

MATERIALS AND METHODS 
Adult male Sprague-Dawley rats, 50- to 60-d-old, were housed in group 
cages (3 rats per cage) with ad Zibitum food and water on a 12 hr light/l2 
hr dark cycle. At -4-S hr into the light portion of the cycle, they were 
gently introduced to a guillotine and decapitated without anesthesia. 
Brains were quickly removed, mounted cortex-down on the stage of a 
Vibratome, cut in the horizontal plane at 400-500 pm, and placed in 
room temperature medium. Slices were then hemisected along the third 
ventricle by severing the optic chiasm and the medial mammillary bodies 
(Fig. 1) and transferred to one of two types of recording chamber, either 
a ramp style (Haas et al., 1979) or a static bath chamber (Hatton et al., 
1980). There they were maintained at 34-35°C in medium gassed with 
95% O,/ 5%CO,. Medium composition was as follows (in mM): NaCll26, 
NaHPG, 1.3, NaHCO, 26, KCi5, CaCl, 2.4, MgS04 1.3, glucose 10, and 
3 IN-morohohnolorooanesulfonic acid buffer 5. DH 7.4. Recording elec- 
trodes we’re glass’micropipettes filled with 3%‘Lucifer yellow (LY) CH 
(Stewart, 1978) in 0.25 M Li acetate, pH 7.3, and had resistances of 
loo-150 MfI. Extracellular electrical stimulation was delivered through 
concentric bipolar electrodes (MCE 100, Rhodes Medical Instruments, 
Woodland Hills, CA) using constant current. 

Procedures. As in our previous coupling studies (Andrew et al., 1981; 
Cobbett and Hatton. 1984: Yane and Hatton, 1988; Hatton and Yang, 
1994) the following precautions iere taken to prevent spurious coupling: 
(1) only one neuron per SON was recorded and injected; (2) brief pulses 
of positive current were used in making impalements; and (3) penetra- 
tions were terminated if the action potential amplitude fell below 40 mV 
during the LY injections. Intracellular impalements were not attempted 
until after an incubation period of 3 hr. LY was injected using pulsed 
negative currents (200 msec pulses at -0.1 to -0.3 nA) for 2-3 min. In 
experiments involving electrical stimulation, an SON neuron was impaled 
and its response to stimulation of the TM was determined. Only neurons 
in which TM stimulation evoked excitatory responses were included. 
These cells were LY-iniected and either stimulated for 10 min at 10 Hz 
or, in the case of conirols, simply recorded for 10 min after the LY 
injection. TM stimulation oarameters were 20-100 J.LA, 0.1 msec. In all 
experiments, half of the slice received the experimental treatment and the 
other half was subjected to control procedures. In experiments involving 
manipulation of the medium composition, a cell in one half-slice was 
LY-injected, and then that half was removed and stored in the same 
medium until the other half-slice had been treated and injected. Then 
after a further delay of -30 min, both halves were placed in buffered 4% 
p-formaldehyde fixative. In our previous studies, no relationship was 
found between incidence of coupling and time from LY injection to 
fixation of the slice. Incidence of dye coupling was determined under 
epifluorescence on slices that were dehydrated and cleared in methyl 

salicylate (see Fig. 2). Statistical analyses of coupling incidence were 
performed using either ,$ or Fisher’s exact probability test. 

Drugs and other compounds. Compounds and the concentrations at 
which they were used were as follows: 8-bromo-CAMP, 1 mM; 8-bromo- 
cGMP, 0.5-1.0 mM; LY83583; 6-anilinoquinoline-5,8-quinone, an inhib- 
itor of cGMP production with little or no effect on CAMP, 10 pM (Mulsch 
et al., 1988); pyrilamine, an H, receptor antagonist, 10 PM; and LY CH 
(3%). LY83583 was obtained from Calbiochem (La Jolla, CA); all other 
compounds were from Sigma (St. Louis, MO). 

RESULTS 
Neuronal characteristics 
To be included in the studies reported here, a neuron was re- 
quired to display spontaneous phasic bursting activity (see Fig. 3) 
and/or to respond to electrical stimulation of the TM with exci- 
tatory postsynaptic potentials (EPSPs). These are characteristics 
that identify an overwhelming majority of SON vasopressin cells 
(Yamashita et al., 1983; Cobbett et al., 1986; Leng, 1988; Yang 
and Hatton, 1989, 1994). A total of 139 SON neurons meeting 
these criteria was recorded and injected with LY. Membrane 
characteristics of these neurons were similar to those reported in 
previous studies of this kind by us and others. Membrane poten- 
tials were -58.5 ? 0.3 mV, with action potentials of 65.8 ? 0.5 
mV and input resistances of 164 2 5 Ma (mean +- SEM for all 
measures). 

TM stimulation 
Hemisected slices were used in the stimulation studies because 
the input to the SON from the TM has been found to be both ipsi- 
and contralateral (Weiss et al., 1989). Thus, the hemisection 
prevented stimulation of the control half of the slice. In this 
experiment, extracellular electrical stimulation of the TM for 10 
min at 10 Hz was performed on, and LY-injected neurons were 
recovered from, 13 hemisected slices, one neuron per SON. The 
unstimulated control halves of these slices yielded 12 injected 
neurons. Dye coupling was observed in both control and TM- 
stimulated slices (Fig, 2). Plotted in Figure 4 are the numbers of 
coupled neurons per dye-injected cell for these two conditions. In 
the control halves, 12 injections yielded 8 single and 8 coupled 
cells (4 pairs), whereas in slices in which the TM was stimulated 
for 10 min at 10 Hz, 13 injections resulted in 4 single and 28 
coupled cells, of which there were 4 pairs and 20 cells coupled 
together in groups of 3-5 neurons. Therefore, not only was there 
an increased incidence of coupling associated with TM stimula- 
tion, but there also was an increase in the number of cells coupled 
to the injected neuron. This brief TM stimulation produced a 
greater than threefold increase in the number of coupled neurons 
per injection (Fig. 4, left). This difference was statistically signifi- 
cant at p < 0.02. 

Blockade by HI receptor antagonist 
Excitatory effects of TM stimulation or applications of HA on 
vasopressinergic neurons are via H, receptor activation (Arm- 
strong and Sladek, 1985; Smith and Armstrong, 1993; Yang and 
Hatton, 1994; Li and Hatton, 1995). To determine whether the 
observed stimulation effect on coupling was mediated by this 
receptor, slices were tested for excitatory synaptic responses of 
SON cells to TM stimulation, perifused with medium containing 
the H, receptor antagonist pyrilamine (10 PM), and then the 
blockade of the synaptic responses was observed (see Fig. 3). 
Control hemislices were unstimulated, whereas the other halves 
were subjected to additional TM stimulation for 10 min at 10 Hz. 
The results of these two treatments on neuronal coupling were 
similar: 9 injections in control and 10 injections in stimulated 
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Figure 2. Fluorescence photomicrographs of LY-filled, putative vasopressinergic neurons of the supraoptic nucleus. A and B, Dye-filled neurons from 
control slices. A, Single dye-filled neuron. B, Coupled pair of neurons that were in the same focal plane. C, Montage showing five coupled neurons (not 
all in the same focal plane) in a slice in which the TM was electrically stimulated for 10 min at 10 Hz. D, Montage showing coupled triplet of dye-filled 
neurons in a slice bathed for 30 min in medium containing 1 mM S-bromo-cGMP. In all cases, only one neuron was injected. Note that all coupling is 
dendrodendritic. Scale bar, 44 pm. 

slices each resulted in 7 coupled neurons and 6 and 7 single cells, 
respectively. The numbers of coupled neurons per injection (Fig. 
4, right) were not statistically different (p > 0.8) from one another 
or from those of the unstimulated slices incubated in control 
medium (Zeft bar). H, receptor blockade seems to have prevented 
the stimulated increase in the incidence of coupling without 
affecting basal levels. 

Effects of cGMP on coupling 
One mechanism by which the histaminergic input from the TM to 
the SON might influence the incidence of LY coupling is via 
cGMP-dependent pathways, because H, receptors are often 
linked to guanylate cyclase activation (for review, see Prell and 
Greene, 19X6; Greene, 1994). Incubation of hemislices in 0.5-1.0 
mM 8-bromo-cGMP for 30 min before LY injection resulted in an 
elevated incidence of coupling compared with that of slices equiv- 
alently incubated in control medium. In slices treated with 8- 

bromo-cGMP, 19 LY injections produced 6 single dye-filled 
neurons and 32 coupled cells consisting of 7 coupled pairs and 6 
triplets. In contrast, 15 injections into cells in slices kept in control 
medium yielded 10 single and 10 coupled neurons, the latter all in 
pairs. This was a 2.5fold increase in the number of coupled 
neurons per injection and was significantly different from control 
at p < 0.02 (Fig. 5, left). 

inhibition of cGMP production 
As a further assessment of the possible involvement of cGMP in 
the observed stimulation-induced increase in coupling incidence, 
an attempt was made to reduce or inhibit the increased produc- 
tion of cGMP that may occur during histaminergic activation of 
phasically firing SON neurons. LY injections were made into nine 
cells in hemislices incubated in control medium and into nine cells 
in tissue incubated in medium containing the cGMP production 
inhibitor LYX3583 at 10 PM. This concentration is effective in 
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Figure 4. Data from two separate experiments showing the number of 
coupled neurons per injected cell. Filled bars: hemislices maintained in 
control medium in which the TM was (n = 13) or was not (n = 12) 
electrically stimulated, Control, No Urn, or TM Stim, respectively. Differ- 
ence was statistically significant at p < 0.02. Open bars: hemislices treated 
similarly to those on the left, except that the medium contained 10 PM 

pyrilamine (IYI Ant); No Stim (n = 9), Stim (n = 10). The difference 
between these two conditions was nonsignificant. 

BI Normal medium stimulated for 10 min at 10 Hz in both sets of hemislices. As in the 

f 

B 2 Pyrilamine 10 pM, 25 min 
* 

initial stimulation experiment in this series, TM stimulation of 
slices in control medium resulted in an enhanced incidence of 
coupling, the 9 LY injections producing 2 single and 19 coupled 
dye-filled neurons. As in the TM-stimulated slices of the first 
experiment, 11 of these 19 cells were in groups of 3 or more 
coupled neurons. Under conditions in which the medium con- 
tained LY83583, however, 9 injections yielded 6 single and 8 
coupled cells, the latter consisting of 4 pairs. This 2.4-fold increase 
in the number of coupled neurons per injection was significant at 
p < 0.04 (Fig. 5, right). Inhibition of the increased production of 
cGMP that is induced by H, receptor activation also seemed to 
interfere with the stimulation-induced increase in the incidence of 
dye coupling. Because synaptic responses to TM stimulation were 
observed in both conditions, LY83.583 apparently did not interfere 
with synaptic transmission. 

Effects of CAMP on coupling 
Because the SON receives various neurotransmitter inputs, some 
of which may act by stimulating receptor subtypes‘ linked to 
adenylate cyclase (e.g., noradrenaline via p-receptors and dopa- 
mine via D, receptors), the possible effects of CAMP on coupling 
in this nucleus were of interest. As in the experiments already 
described, after their initial 3 hr in control medium, hemislices 
were incubated for 30 min either in control medium or in medium 
containing 1 mM %bromo-CAMP, after which one phasically firing 
cell per SON was LY-injected. In control medium, 23 injections 
yielded 15 single and 16 coupled dye-filled neurons. By contrast, 
20 injections into cells bathed in medium containing 8-bromo- 
CAMP produced 18 single and only 4 coupled cells (2 pairs). This 
3.5-fold decrease in the incidence of coupling was statistically 
significant atp < 0.02 (see Fig. 6). Increasing intracellular CAMP 
in these SON neurons seems to decrease basal levels of coupling. 

f 

7 IO.2 nA 
200 ms 

Figure 3. Spontaneous (A) and synaptically evoked (B) activity typical of 
the supraoptic neurons included in this study. Al, Spontaneously occur- 
ring phasic bursting activity. A2, Single burst from AI at faster sweep 
speed showing interburst action potential and burst of spikes superim- 
posed on a plateau potential. BI, Voltage records of a putative vaso- 
pressinergic neuron responding to stimulation of the TM. Three superim- 
posed sweeps are shown during which the TM was stimulated (arrow). 
When a small depolarizing current was injected (top), TM stimulation 
evoked an action potential (truncated here). Hyperpolarizing currents 
reveal evoked EPSPs (middle and bottom). B2, Same neuron as in BI; bath 
application of the H, receptor antagonist pyrilamine (10 pM) blocked the 
EPSPs and action potentials evoked by TM stimulation. Current monitor 
traces at bottom of B2 also apply to BI. * Calibration pulses of 10 mV, 
5 msec. 

preventing the activation of soluble guanylate cyclase and thereby 
in blocking cGMP production in a variety of tissues including 
platelets and vascular and kidney cells (Brandt and Conrad, 1991; 
Fleming et al., 1991; Launay et al., 1994). The TM was then 

DISCUSSION 
Our results suggest that HA, released by stimulation of the TM onto 
vasopressinergic neurons of the SON, enhances the interneuronal 
transfer of LY. This enhancement seems to be associated with 
activation of H, receptors linked to guanylate cyclase, because when 
either the H, receptor was blocked or the enzyme was inhibited, 
stimulation failed to increase the incidence of coupling. Enhanced 
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Cont Med. cGMP TM Stim TM Stim 
Cont Med. LY83583 

Figure 5. Data from two separate experiments showing the number of 
coupled neurons per injected cell. Filled bars: hem&slices maintained in 
control medium, Cont Med. (n = 15), or in medium containing 0.5-1.0 mM 
8-bromo-cGMP, cGMP (n = 19). The difference was significant at p < 
0.02. Open bars: hemislices subjected to electrical stimulation of the TM 
(TM Stim) and maintained in either control medium, Cont Med. (n = 9), 
or medium containing the inhibitor of cGMP production LY83583 (n = 9) 
at 10 PM. The difference was significant at p < 0.04. 

coupling induced by raising intracellular cGMP in these neurons 
suggests that actions of the cGMP-dependent protein kinase are 
involved. Electrical stimulation of the TM evoked fast EPSPs in the 
phasically firing neurons studied here (Fig. 3). These responses were 
blocked by the H, receptor antagonist pyrilamine, consistent with 
our previous observations that presynaptically released HA appar- 
ently mediates fast neural transmission, These effects of TM stimu- 
lation have been characterized more completely in a previous report 
(Yang and Hatton, 1994), in which it was also found that the evoked 
EPSPs were not blocked by CNQX or HZ antagonists and therefore 
were unlikely to be caused by coreleased glutamate or activation of 
H, receptors. In the present study, 10 min of TM stimulation was 
associated with a threefold increase in interneuronal coupling (Figs. 
4, 5). 

It is possible that the coupling increase was simply because of 
repeated membrane depolarizations. This is unlikely because sim- 
ilar synaptic activation of SON neurons via stimulation of the 
glutamatergic lateral olfactory tract input was without effect on 
coupling in males or untreated females (Hatton and Yang, 1990; 
Modney et al., 1990). Furthermore, increasing cellular cGMP 
levels (present studies) without synaptic excitation also increased 
coupling. Finally, TM stimulation during inhibition of guanylate 
cyclase produced repeated depolarizations but no increase in 
coupling. Thus, we conclude that the observed enhanced inci- 
dence of coupling is attributable to the downstream consequences 
of H, receptor activation. 

That raising intracellular CAMP had an effect opposite to that 
obtained with cGMP may signify that these two cyclic nucleotide 
pathways are involved in phosphorylating different portions of the 
connexin-32 intracellular domains and that the gating of junc- 
tional conductance may be differentially affected by phosphoryla- 
tion of different amino acid residues. Alternatively, other mem- 
brane-associated proteins could be involved as well in one or both 
of these effects on coupling. Because little is known about the 
actual influence that phosphorylation of connexin-32 has on fac- 
tors that would have direct effects on dye transfer, such as unitary 
conductance or channel opening times, this step in the process is 
difficult to determine (for review, see Saez et al., 1993). At 
present, there are data to indicate that CAMP-dependent phos- 
phorylation of connexin-32 and increased junctional conductance 
between liver cells have a similar time course (Saez et al., 1990) 

Cont Med. CAMP 

Figure 6. Number of coupled neurons per injected cell in hemislices 
maintained either in control medium, Cant Med. (n = 23), or in medium 
containing 1 mM 8-bromo-CAMP, CAMP (n = 20). The difference was 
significant at p < 0.02. Note expanded ordinate scale compared with 
Figures 4 and 5. 

but no comparable information is available for cGMP-dependent 
processes or for neurons in the brain. 

To our knowledge, our experiments are the first to show that 
guanylate cyclase cGMP-dependent mechanisms can modulate 
coupling among mammalian central neurons or indeed between 
any cells joined by connexin-32 protein channels. Modulation of 
coupling through connexin-43-mediated junctions by cGMP has 
been shown in mammalian cardiac myocytes (Burt and Spray, 
1988) and in fish retinal horizontal cells (connexin unknown; 
DeVries and Schwartz, 1989; Miyachi and Murakami, 1991; Miya- 
chi and Nishikawa, 1994). In all of these cases, the effect of cGMP 
was to reduce junctional conductance and/or dye coupling. As 
pointed out by Bennett et al. (1991), influences on junctional 
conductances tend to vary according to cell type, connexin type, 
and type of protein kinase involved. Although little is known 
currently about cGMP actions on junctional conductances in 
neurons, CAMP is effective in uncoupling both horizontal and 
amacrine cell types in retinae of several species (Miyachi and 
Murakami, 1989,199l; Dong and McReynolds, 1991; Hampson et 
al., 1994; McMahon and Brown, 1994). The endogenous process 
underlying the observed uncoupling or decrease in dye transfer is 
thought to be dopamine acting via D, receptors linked to adeny- 
late cyclase activation. Conversely, dopamine or D, agonists act- 
ing on D, receptors increase the incidence of coupling among 
striatal neurons (Onn and Grace, 1994), possibly via the linkage of 
both D,, receptors and D,, receptors to the inhibition of adeny- 
late cyclase (Weiner and Molinoff, 1994). Our present finding that 
CAMP decreases the incidence of coupling below basal levels in 
the SON (compare Figs. 5 and 6) is consistent with those of the 
earlier studies cited above. 

Several studies have demonstrated that the number of neurons 
actually coupled in a network is grossly underestimated by injec- 
tions and subsequent transfer of LY. Simultaneous injections of 
LY and either neurobiotin or biocytin into individual neurons in 
the hypothalamus (Hatton and Yang, 1994), the neocortex (Pei- 
nado et al., 1994) and the retina (Vaney, 1991) have shown that 
there may be lo-200 times more coupled cells than is revealed by 
LY transfer. It has been estimated that detection of LY coupling 
requires junctional conductances of -2 nS (Dermietzel and Spray, 
1993), but probably much smaller conductances would be neces- 
sary for neurobiotin coupling because it is a smaller, less highly 
charged molecule. Therefore, LY transfer may represent stronger 
coupling than neurobiotin transfer within a given network. If so, 
then the induced increase in the incidence of LY coupling that we 
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observed in response to brief stimulation may represent an in- 
crease in stronger electrical interactions between the coupled 
cells. Increased coupling strength would probably be because of 
channel gating, i.e., number of open channels or increased open- 
ing time, rather than to added connexons, because the stimula- 
tion, although effective, lasted only 10 min. Changes in junctional 
conductance between coupled neurons have been modeled and 
found to have potentially profound influences on such factors as 
synchrony and firing patterns (Sherman and Rinzel, 1992). It is 
well established that the amount of vasopressin secreted from 
terminals in the posterior pituitary is highly dependent on the 
pattern of firing in that population of neurons (Leng, 1988). 

homotypic with respect to peptide type (Cobbett et al., 1985; 
Hatton et al., 1987; Yang and Hatton, 1987). 
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To date, attempts to establish the functional significance of 
electrotonic coupling for any given set of neurons have been 
impeded by the difficulties involved in combining determinations 
of coupling with measures of functional output of the system 
under study, because most determinations of interneuronal cou- 
pling have been carried out using in vitro preparations. Therefore, 
the currently available data are mostly correlational. In the case of 
the magnocellular neurons of the SON and paraventricular nu- 
cleus, increased coupling incidence has been associated consis- 
tently with physiological conditions requiring increased peptide 
release, i.e., lactation and dehydration (Hatton, 1990). It is note- 
worthy in this context that intravascular injections of hypertonic 
saline induce release of HA into the SON (Akins and Bealer, 
1990) and that elevation of hypothalamic HA consistently pro- 
duces enhanced and protracted release of vasopressin (for review, 
see Weiss et al., 1989). Increased coupling among groups of 
vasopressin neurons may aid in coordinating such hormonal re- 
sponses. Of interest in determining the functional significance of 
electrotonic interactions between neurons will be those factors 
that control or modulate the incidence and/or the strength of 
coupling. In addition to the aforementioned actions of dopamine, 
it has been shown that gonadal steroids, for example, are capable 
of up- or downregulation of coupling incidence in the hypo- 
thalamic paraventricular and SON neurons, depending on which 
steroid is manipulated (Cobbett et al., 1987; Hatton et al., 1992); 
that testosterone modulates the occurrence of gap junctions in the 
nucleus of the bulbocavernosus of the spinal cord in males (Mat- 
sumoto et al., 1988); and that brief activation of glutamatergic 
synaptic inputs to SON neurons increases neuronal coupling un- 
der some physiological conditions but not under others (Hatton 
and Yang, 1990; Modney et al., 1990). Our results extend this 
knowledge to include modulatory effects of synaptically released 
HA and cyclic nucleotides. 

Technical considerations 

Phasic bursting firing patterns are characteristic of activated 
vasopressin neurons in the rat (Yamashita et al., 1983; Cobbett et 
al., 1986) but occasionally such patterns have been observed in 
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