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Whea arginine®-vasopressin (AVP) or oxytocin {OXT) were applied microiontophoretically to
neurynes in the lateral septal corplex and dorsal hippocampus of rats, more than 50% of the ncurones
rzsponded with excitation. The reraaining neurcnes were not affected by AVP or OXT. Both the AVP-
and OXT-induced responses displayed a short latency in cnset and offset. Medial septal neurones were
almost never excited by AVP or OXT. In inore than S0% of the lateral septal and hippocampal neurcnes,
thic responses to glutamnate were enhanced during the iontophoretic refease of AVP or OXT. The possi-
ble role of both peptides as neurotransmitters in ‘he structures examined is discussed.

Recent immmunocytochemical, electron microscopic znd biochemical studies sug-
gest that the two closely related neuropeptides of hypothalamic neurosecreicry
origin in rats, arginine®-vasopressin (AVP) and oxytocin (OXT), might funciion as
revrotransmitier in various regions of the brain, including the lateral septal cor ;
(LSC) and hippocampus, Pathways containing immunoreactive AVP and OXT were
traced from the suprachiasmatic and paraventricular nuclei towards the sepiuga {3,
15, 16} and hippocampus [1]. Some of the synaptic-like terminals which were observed
on or inthe vicinity of the 1.SC neurones contain granules immunoreactive with an-
tibodics raised against AVP [2]. Moreover, AVP and OXT were detected by radioim-
munoassay in th“ Septum and hippecampus {5--71.

Mmroxmcctxon of AVP and OXT into the septum resulted in a similar effect of
both: pept:des on the delay in extinction of avoidarce behaviour {11} and on the ac-
ceieranon of the tuppcca’np of theta rhythin generated by rats during paradozical sleep
[181 ‘These ﬁndmgs suggest that AVP and OXT may exert a similar action on sepia
neBIones.
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in the present study we exasnined whether iontophoretically applied AVP and
OXT could alter the spontaneous activity of hippocampal and septal neurones and
whether the 2ffects of these peptides were qualitatively similar. Recent biochemical,
pharmacological 2nd electrophysiological evidence [9, 19] suggest that glutamate
(Glw) or @ closely related excitatory amino acid functions as neurotransmitter in
fimbria-fornix fibres innervating the LSC neurones. We therefore also examined the
effect of AVP and OXT on the Glu-induced excitation in LSC neurones.

The experimznis were performed on 28 male Wistar rats (250—300 gj, anaesthetiz-
ed with urethane (1.5 g/kg, intraperitoneally). Following extensive criniotomy, the
cortex and corpus callosum overlying the septal area and the dorsai hippocampus
were removed by suction. Action potentials of single neurones were recorded ex-
tracellularly through a single glass micropipette (containing 3 M NaCl) glued to a
7-barrelled drug pipette (tip size ca 10 um) so that the recording tip protruded in
front of the multibarrelled pipette by 30—50 gm. The following drugs were applied
by microiontophoresis: L-glutamic acid (Sigma, 0.25 M, pH 8), arginine®-vaso-
pressin {Organon, datch number TH 891, 408 U/mg, 5 mM in 165 mM NaCl, pH
5--6), oxytocia {Organon, Org 4882, 567 U/mg, 5 mM in 165 mM NaCl, pH 5-8).
One barrel contained 165 mM NaCl. The current was balanced automatically
through a 3 M MaCl-filled barrel of the multibarrelled pipette during all microion-
tophoretic tesis. The retaining current for Glu and 165 mM NaCl was 10 nA: very
low {03 nA) reiaining currents were used {or the peptides. Conventional techniguss
were us2d for extraceliular recordings and iontophoretic applications. The neurones
encountered in the sepium were classified as lateral or medial sental (MS) cells accor-
ding to their response to electrical stimulation of f{imbria-fornix fibres. LSC
neurcnces ¢xhibited a short-latency orthodromic response to these stimuli. MS
neuroncs were identified according 10 the bursts of spontaneous activity and to an-
ti-lromic invasion established in repeated collision tests. The cells encountered in
penetrations through the hippocampal formation at a depth ranging from 100 to 1400
pwm below the surface, 300 um lateral from the midline, were considered to be hip-
pocampal ceil;. The position of the recording electrode track was verified
histologically.

The effect of AVP on the spontaneous activity of single units was studied on 50
LSC and 27 hippocampal neurones. During iontophoretic application of AVP, 48%
of the neurones in the laieral septum were excited (i.c. at least a 50% increase of
the spontaneous activity), while 67% of the neurones in the hippocampus showed
excitation. In the remaining neurones, the peptide-induced increase in spontaneous
aciivity was either less than 50% or the activity remained unchanged. A decrease in
activity during application of AVP was never observed. OXT induced excitation in
58% of the LSC cells (26 of 45) and in 61% of the hippocampal neurones (17 of
28). The remaining neurones in these structures were unaffected by OXT.

Wrea Na* or C1™ ions were ejected, as controls, through a barrel filled with 165
mM vaCl with current pulses of the same polarity and magnitude as used for the



81

gjection of AVP or OXT, the excitations induced by the peptides were never
reproduced.

in more than 90% of the neurcnes tested, the peptide-induced excitations stasted
shortly after the onset of the iontophoretic administration, reached a ‘piaveau’
within 3—5 sec and remained at this level until the end of the ejection. With this short
latency in cnset and offset, the peptide-induced responses resembied the excitations
elicited in LSC (sez ¢xample in Fig. 1) and hippocampal neurcues by glutmnaie.
However, the peptide-induced responses differed from the Glu-evoked responses in
at least one aspect. Increasing the Glu-expelling current frequently led 16 2 decrease
in the extraceliularly recorded spike amplitude and firing rate of neurones,
presumably as a result of ‘depolarization bisck”™ [4]. In all but two neurones, this
decrease in smaplituce was never observed during applicstion of AVP or OXT cven
when the peptides were gjected with the maximal current (260 nA) for at least 3 min
(not shown). When AVP and OXT were tested on the same neuronss, approximasely
cne-third (n =13} of the neurones responded to both peptides with excitation, Twen-
ty of the remaining neurones were excited by sither AVP or OXT. The mean expell-
ing currents (+ S.E.M.) necessary to excite orthodromically activated LSC neurones
were similar for AVP and OXT (resp. 152.8 & t.4dzpd 117.1 £ 17.7 nA). Only few
of the medial septal neurones responded to AVFE or OXT with an increase of spon-
taneous activity. Only 3 of 18 MS cells couid be excited by AVP. OXT excited
6 of 23 MS neurones tested.

In 10 of 18 LSC ceiis and 7 of 11 hiprocampal neurones the response to Glu
(ejecied with 10 sec pulses of fixed current intensity delivered at ca. 30 sec intervais)
was increased by at least 56% during iontophoretic application of AVP (see exumple
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Fig. 1. The effect of iontarhoretic application of glutamate (GLY, ~ 20 pA), vasopressia (AVP, - 180
pdjand 155 ml NaCl (SAL, - 100 nA) on the spontaneous activity of a lateral septal nenvope, Horizontal
bars show the duration of administration. The ordinate vepressuis the numbir of spikes/sec. Inset: thres
superimposed oscillascops sweeps displaying the orthodromic responss of the newrons stiiudation
the fimbria-fornix fibres Qower tracing indicates the stimulus pulsed.
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in Fig. 2). OXT enhanced the Glu-induced responses in-8 LSC and 4 hippocampal
neuranes; ibe peptide was ineffective in two LSC cells and in one hippocampal
neurone. The Glu-evoked responses of medial septal neurones were seldom increas-
ed during the application of AVP (1 ¢f 9 cells) or OXT (1 of 8 czils).

lontophoretically applied AVP and OXT affected many of the LSC and: hip-
pocampal neurones in a similar fashion and could induce excitations in these cells.
This excitatory action could not have been due to current effects or to the action
of the solvent ions, since appropriate tialancing current was applied automatically
during all iontophoretic tests and the peptide-induced responses could not be
mimicked by ejection of Na* or CI™ ions with the same currents as were used to
expel the peptides. lontophoretically applied AVP has been shown to excite lateral
septal neurones {8}, locus coeruleus neurones {14j and hippocampal pyramidal cells
{171 in a similar way. Neuronal excitation following the iontophoretic rzlease of
OXT has only been shown in paraventiicuiar neurosecretory cells {13]. In our ex-
periments, AVP and OXT could still activate LSC neurones in which the spon-
taneous activity had been temporarily 1oolished by iontophoratically adnvinistered
Mg?* ions (preliminary observation). This indicates that the peptide-induced excita-
tions must have been at least partly due to a postsynaptic effect. The AVP- and
OXT-induced excitation of LSC and hippocampal neurones had a sho:t latency in
onse!. and offset, features resembling the action of a neurotransmitter [10].
However, it cannot be decided on account of the present experiments whether the
short offset lateacy of the peptide-induced responses was due to a metabolic inac-
tivation of the peptides or to fast diffusion.

A mearkedly smaller number of MS rieurones than of LSC cells responded to
microiontophoretically administered AVP and OXT. The low incidence of peptide
sensitive cells among the antidromicaily activeted neurones suggests that the cells

SPthes /set [OR——

S0 AVP 100 nA

40

30 204 OXT 100 nA

204 20
: Ay
0 L WM A ATy fron

- GLES nA - GLU 25nA 10 sek

Fig. 2. Lefi: the effect of vasopressin (AVP, — 100 nA) on the responses of a hippocampa! nevrons to
"h.tamatn (GLU, —~35 nA). Rigit: the effect of oxytocin (OXT, ~ 100 nA) on the glutamstc«mdum‘ ex-
citation {(GLU, ~ 23 nA) in a lateral septal neurone.
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which project upon the hippocampus are less frequently the target for peptide action
than the néurones which receive projection from the hippocampus. This is also sug-
gested “rom the intraseptal distribution of pepiidergic fibres. The highest density of
these fibres was found in the LSC viaareas only few fibres reacting with the AVP
and OXT antisera were seen in the medial sepial area [15].

The responseiof LSC and hippocampal neurones to Giu was increased during con-
comitatit release of AVP or OXT. This action might not have been a mere summa-
tion of the excitatory effects of the peptide and the amino acid, since AVP and OXT
frequently enhanced the ‘Slu-induced response in neurones not excited by the pep-
tides alone administered with the same or higher currents. There is increasing
evidence that Glu, or a closely related excitatory amino acid, finctions as
neurotransmitier in the fimbria-fornix fibres innervating the LSC neurones. Both
AVP and OXT could enhance the action of Glu, a potent natural agonist of the ex-
citatory amino acid recepiors {12, 20} on the LSC cells. This enhancement of amino
acid neurotransmission may therefore represent ancther mechanism for the nodula-
tion of neural processes by AVP, OXT and closely related neuropeptidss.
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