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When argininet-vasopr~nin (AVP) or ov.~ocin (OXT) were applied mieroiomophoregcally m 
neurones in the lateral sepral cor.,~plex stud dorsal hippoc~mpus of rats, more ghedl 50070 of the acurones 
responded with exdtattion. The renminh~g neurones were not affected by AVP or OXT. Boih the AVP. 
and OXT-induc~! rmponses displayed a short latency in onset and offset. Medial septal neurones were 
almost never excited byAVP or OXT. In more than 50% of the lateral septfl and hippocampal neurc.nes, 
the t~sponses to glutamate were enhanced dm-it~g the fontophoretic reiea~ of AVP or OXT. The possi- 
ble role of both pcptid~ as neurotransmitte.~s in :he stt~acture~ cxedrdn~d is discussed. 

Recent immunoc~-tochemic~, electron nficroscopic e,nd biochemical studies sug~- 
gest that  the two closely related n~uropeptides of  hypoth~damic neurosecrctc~~' 
origin in rats, ar,~inineLvasopress'~n (AVP) and exytociin (OXT), m~ght fu~c th~  a~ 

n e u r 0 t r a n s ~ t t c r  in  various r ~ o n s  of  the brain ,  including the lateral sep~a~ c o r ~ e : ~  
(LSC) a n d  h i p ~ p u s ~  Pa thwayseon ta in ing  imnmnorcacfive A V P  and OXT were 
traced f rom the suprachiasmatic and paraventr icular  nuclei towards the seplul~ ~3, 

15, 161and h ! p p o ~ p u s  [ t] ,  Sonic e f  the syna0tic-like t e rminah  which were observed 

o n o r  infl~e ~eini ty  of  the LSC neurones contain granules immunareacdve  with an- 
t i bod i~  ~ s ~  a g ~ n s  t A V P  [2], Morex~ver, A V P  and OXT were detected by radioim- 

m ~ a ~ v  h!: thee :septurn and: hiptx~campus [5--7t. 
. .Micr~njecfion of Avp and OXT into the septum resulted in a shw,.'lar effect ,3f 

both  peptides on the delay i n  extinction of  avoidar..ce behaviour [1 !] and on the ac- 

c d e r a t i o n ~ f  the hippocamp~dt~cta rhythm generated by rats during paradoxical s.~ecp 
[!81~ These f i ~ n g s  suggest tha,t AVP ,'u~d O X T  may exert a ~imilax actio~ on zepta! 

neuroses .  
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tn the present stu:iy we exazrdncd whether iontophoretically applied AVP and 
OXT could alter the spontaneo~ls activity of hippocampal and ~ptal neurones and 
whether the effects of these pep~ides were qualitatively similar. Recent biocherr.2c.aI, 
pharmacological and electrophysiological evidence [9, i9] suggest that glutamate 
(Glu) or a dosdy related excitatory amino acid run, ions :as neurotransmitter !n 
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 ext:erim:nts were laerformed on 28 male Wistar rats (250--300 g), anaesthetiz- 
ed with urethane (1.5 g/kg, intraperitoneally). Following extensive cr~niotomy, the 
cortex and carpus callosum overlying the septa! area and the dors~i hippocampus 
were removed by suction. Action potentials of single neurones were recorded ex- 
tracellularly through a single glass micropipettc (containing 3 M NaCI) glued to a 
7-barrelled drug pipette (tip size ca 10 ~m) so that the recording tip protruded in 
front of the mulfibarrelled pipette by 30-50/zm. The following drugs were applied 
by microiontophoresis: L-~lutamic acid (Sigma, 0.25 M, pH '3), arginineS-vaso - 
pressin (Organon, t~atch number TH 891, ,~08 U/rag, 5 mM in 165 mM NaCI, pH 
5-6), oxy[ocin (Organon, Org 4882, 567 U/rag, 5 mM in 165 mM NaCI, pH 5-6). 
One barrel contaiaed 165 mM NaCI. The current wa~s balanced automatically 
through a 3 M NaCl-filled barrel of the multibarrelled pipette during all microion- 
tophoretic tes~s~ The retaining current for Glu and 165 mM NaCI was 10 hA: very 
low (0.-5 nA) retaining cerrents were used for the pcptides. Convention~.l techniqu,.~s 
were used for ~.×tracellula: recordings and iontophoretic applications. The neuron~.~s 
F:ncountere~i in the septum were classified ~ lateral or medial septal (MS) cells acco r- 
ding to their response to electrical stimulation of fimbr[a-fornix fib~'es. LSC 
neurones e:~hitfited a shor tdatcncy orthodroraic response to these stimuli. MS 
neurones were identified according ~o the bursts of spontaneous activity and to an- 
tiSromic ~.nvas.':on ~tablished in repeated collision tests. The cells encountered in 
penetrations through the hippocampal formation at a depth ranging from 100 to 1400 
#m below the surface, 300/zm lateral from the midline, were considered to be hip- 
pocampal ceik;. The position of the recording electrode track w~;s verified 
hiszologically. 

The effect of AVP on the spontaneous activity of single units was stu,:licd on 50 
LSC and 27 hippocampal neurones. During iontophoretic application of AVP, 48°7o 
of the neurones in the lateral septum were excited (i.e. at least a 50% increase of 
the spontaneous activity), while 67°o of the neurones in the hippocampus showed 
excitation. In the remaining neurones, the peptidc-induced increase in sr,ontaneous 
aciivity was either less than 50~70 or the activity remained unchanged. A ~ecreasc in 
activity during application of AVP was never observed. OXT induced e~,citation in 
58~70 of the LSC cells (26 of 45) and in 61¢/0 of the hippocampal neurones (17 of 
28). The remaining neurones in these structures were unaffected by OXT. 

W~ ea Na + or Cl-  ions were ej~ted, as controls, through a barrel filled with t65 
mM ]qaC1 with current pulses of ':he same p~larity and magnitude as used for the 



ejection o f  AVP or OXT, the e.xcitat.lon,,~ induced by the peptides were never 
reproduced. 

In more thm~ 90% of the neuror~es tested, the peptide-induced excitations started 
shortly after the offset of t he  iontophoretic admirfistration, reached a 'pia,_'eau' 
within 3-5 sec and remained at this level until the end of the ejection. With this short 
latency in onset and offset, tl',e peptide-induced responses resemNed the excitations 
et~cited in LSC (see example in Fig. 1) and hippoeampal r~eurenes by g!utmna-te. 
However, the peptide-induced responses differed from the Glu-evoked responses in 
at least one aspect. Inc~eazing the G]u-expelling currcz~t frequently led to a decrease 
in the extracellu|a~'ly recorde0, spike amplitude and firing rate of neurones, 
presumably as a result of  'dei)olarization b!Gck ~ [4]. In a~l but two neurones, tNs 
decrease in amplitude was never observed during application of AVP or OXT even 
when the peptides were ejected with the maxima ~, current (260 hA) for at least 3 mi~_ 
(not shown)° When AVP and OXT were tested on the same neurotics, approximately 
one-third (n = 13) of the neuroues responded to both F,eptid~ with excitatP3m Twen- 
ty of  the remaining neurones were excited by either AVP or OXT.  The mean expell- 
ing currents (± S.E.M.) necessary to excite ~rthodromically activated LSC neurones 
were similar for AVP and OXT (resp !52.8 .+. 1.4 and 1!7.1 _+ 17.7 rtA). Only few 
of the med~.al septal neurones responded to AVP or OXT with an hacrease of spon- 
taneous activity. Only 3 of  18 MS cells could be excited by AVP. OXT excited 
6 of  23 MS neurones tested. 

In 10 of 18 LSC cedis and 7 of 11 hij0poca,,npal neurones the response to Glu 
(ejected with l0 sec pulses of fixed current intensity delivered at ca. 30 sec intervais) 
was increased by at least 500•o during iomophoretic application of AVP (see c×ample 

01.L~ 20 6VP 181) 5~,t  tSl3 Ii) 50C 

Fig. I, The effect of iont~9~l~oretlc applicalion o~ giutamate ((3i,U, -2~3 r.~A), yasopre,ssin (AV~,~ - IC0 
hA) and 165 ml NaCI (SAL, - 100 nA) on the spontaneous aciivit~ of a !ater~.l seNat neurone, Horizontal 
bars show the duration of adirdnist~ation. Tlxe ordinate repres~:;~: the nuw':b~r of spikeJsec, inset: t~ee 
superimposed oscitlo~op.-# sweeps ~splayit~g the orb, he, drone.it :'es~'ot~..~c of ~he neuroae ~o :~im~latio:~. e.f 
tt~e fimbria-fornix fibres 0ower tracing in,cares ~he stimulus ~ulse). 



in Fig. 2). OXT enhanced the Glu-induced responses in 8 LSC a n d 4  hippoeampal 
neurones; the peptide was ineffective in two LSC cells and in one hippo~mapal 
neurone. The Glu-evoked responses of medial septal neurones were seldom increas- 
ed during the appii~:ation of AVP (! of 9 ce!ls) or OXT (I of 8 cells). 

Iontophoretically applied A V P  and OXT affected: many c,f the LSC and:k ip ,  
pocampal neurones in a similar fashioit and could; induce excret ions in ~these :cells: 
This excitatory action could not  have been due to current effects or to the: action 
of the solvent ions, since appropriate balancing current was applied automatically 
during all iontophoretic tes ts  mad the p e p t i d e - i n d u ~  responses :could not be 
mimicked by ejection of Na + or C l -  £ons with the same currents  as were used to 
expel the peptides, lontophoretically applied AVP has been shown to excRe lateral 
septal neurones [8], locus coeruleus neurones [14] ~nd hippocampal pyramidal cells 
[171 in a similar way. Neu:'onal excit,.~tion following the iontophoretic release of 
OXT has only been shown in paravemticular neurosecretory cells [13]. In  our ex- 
periments, AVP and OXT could still activate LSC neurones in which the spon- 
taneous activity had been temporarily abolished by iontophoretically adw.inistered 
Mg 2 ~" ions (preliminary observation). This indicates that the peptide-induced excita- 
tions must have been at least partly due to ~ postsynaptic effect. The AVP- and 
OXT-induced excitation of LSC and hippocampal neurones had a short latency in 
onset 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 late:acy of the peptide-induced responses was due to a metabolic inac- 
tiva6on of the peptides or to fast diffusion.. 

A n,arkedly smaller number of MS neurones than of LSC cells responded to 
micn)iontophoretically administered AVP and OXT. The low incidence of peptide 
sensitive cells among the antidromically activeted neurones suggests that the cells 
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Fig. 2. Left: the effect of vasopre~sin (AVP, - 100 hA) on the responses of a h~ppocampa! neurone to 
glutamate (GLU, - 35 hA). Right: the effect of ox~odn (OXT, - 100 hA) on the glutamate-inducod ex- 
citation (GLU, - 25 hA) in a lateral septal neurone. 



which projecx upon the hippocampus are less f requent ly the target  for  peptide action 

them the neurones which receive projecfior~ f rom the hippocamp~as. This is also sugo 

gested f rom the intrasep~al distribution of  pepfidergic fibres. The highest denshy of  

these fibres was found ~n the LSC v,.'eereas only few fibre~ reacting wk:.~, the A V P  
and OXT antisera were seen in the med~M septa~ area [~5]. 

The  resportse o f  LSC and hippocampal  neurones  to  Giu was increased during con- 

comitant  release of  A V P  or OXT.  This act ion might  not have been a mere summa- 

tion o f  the  excitatory effects o f  the pc, pride and  the amino acid, since AVP and OXT 

frequently enhanced the  'Glu-induced response in neurones not  excited by the pep- 

tides alone administered with the same or higher current~. There  is ~nereas~ng 

evidence that  Glu, or a closely related excitatory amino acid, functions as 

neurotransmit ter  in the fimbria-fornix fibres innerv~tting the LSC nem'ones. Both 

/kVP and  OXT could enhance the action o f  Glu, a potent natural  agonist e f  the ex- 

citatory amino acid receplors [12, 20] on the LSC cells. This ex-~hancement of  amino 

acid neurotransmission may  therefore represent a~aothe.r mechanism for the modula-  

tion o f  neural processes b'¢ AVP,  OXT and closely related neuropeptides.  
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