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We investigated the nature of the excitatory amino acid and the type of amino acid 
receptor involved in the projection of fimbria-fomix (fi-fx) fibers on neurons in the 
lateral septal complex (LSC) of the rat. It appeared that neurons which were strongly 
orthodromically activated (SOA) by stimulation of fi-fx fibers were excited by glutamate 
(GLU) and aspartate (ASP) at much lower ejecting currents than neurons which were 
only weakly orthodromically excited. In addition, GLU was a stronger agent than 
ASP, particularly in SOA septal cells. Two amino acid antagonists tested, glutamic 
acid diethylester (GDEE) and 2-amino-S-phosphonovaleric acid (2-APV), selectively 
antagonized responses to the amino acid agonists quisqualate (QUIS) and N-methyl- 
D-aspartate (NMDA), respectively. They also depressed GLU- and ASP-induced re- 
sponses, although in that case the antagonists frequently had to be expelled with 
currents higher than those needed to block QUIS- and NMDA-evoked excitations. 
Furthermore, GDEE frequently antagonized GLU-induced responses better than ASP- 
evoked excitations, whereas 2-APV often blocked responses to ASP more effectively 
than those to GLU. It was observed that GDEE, ejected with currents that blocked 
responses to QUIS reversibly, decreased the number of synaptic responses induced in 
SOA cells by fi-fx stimuli. Synaptically induced excitation in these neurons was con- 
sistently una&cted by 2-APV, even when the antagonist was expelled with high currents. 
According to these results, LSC neurons, in particular the SOA neurons, are more 

Abbreviations: li-fx-fimbria-fomix; LSC-lateral septal complex; SOA, WOA-strongly, 
weakly orthodromically activated; GLU-glutamate; ASP-aspartate; GDEE-glutamic acid 
diethylester, 2-APV-2-amino%phosphonovaleric acid; QUIS-quisqualate; NMDA-N-methyl- 
Daspartate; KA-kainic acid. 
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readily activated by GLU than by ASP. Monosynaptic excitations elicited in SOA 
septal cells by fi-fx stimuli appear to be predominantly if not exclusively mediated 
by QUIS receptors. There are indications that GLU-induced responses in the LSC 
neurons are presumably mediated by the QUIS receptors. From these data it may be 
inferred that GLU rather than ASP is the transmitter involved in the projection of 
Ii-fx fibers on LSC neurons. 

INTRODUCTION 

Electrophysiological investigations have revealed that much of the inner- 
vation which the lateral septal complex (LX) receives from the hippocampal 
formation by way of the fimbria-fomix (fi-fx) fibers, is excitatory (9, 10,20, 
23). Data indicating that the innervation is mediated by an excitatory amino 
acid were obtained from biochemical studies. Electrical stimuli delivered to 
fi-fx fibers preincubated with [3H]aspartate induced a Ca*+dependent release 
of the amino acid marker from fi-fx terminals (18). In addition, extirpation 
of the entire hippocampus, destruction of the hippocampal pyramids with 
kainic acid, or transection of the fi-fx pathway markedly reduced the amount 
of endogenous glutamate (GLU) and the high-affinity uptake of this amino 
acid in the dorsolateral septum (13, 25, 30, 32, 34). In that experimental 
design, however, the uptake mechanism of GLU does not distinguish between 
GLU- and aspartate (ASP)-using fibers (2). 

Recently, we examined electrophysiologically the excitatory fi-fx projection 
in more detail (16). It appeared that neurons situated in the dorsal part of 
the LSC receive a considerably stronger excitatory input along fi-fx fibers 
than do neurons in the ventral part of the LSC. The dorsally located cells 
which were strongly orthodromically activated (SOA) by electrical stimulation 
of the fi-fx fibers, were found to be more responsive to iontophoretically 
administered GLU than neurons which were only weakly orthodromically 
activated (WOA). Glutamic acid diethylester (GDEE), an excitatory amino 
acid antagonist (22), suppressed both the GLU- and synaptically elicited 
excitations in LSC neurons. These results suggested that amino acid receptors 
are present on LSC cells, that the receptors are presumably involved in the 
GLU- and synaptically induced excitations and they thus support the hy- 
pothesis that fi-fx fibers innervating LSC neurons use an amino acid as 
transmitter. On the basis of these biochemical and electrophysiological ex- 
periments, however, it can not be decided which of the two putative excitatory 
amino acid transmitters, GLU or ASP, may actually be involved in the fi- 
fx projection to the LSC. 

Two electrophysiological approaches can be used to further investigate 
which of the excitatory amino acids, GLU and ASP, and what type of amino 
acid receptor mediates the excitations induced in LSC cells by fi-fx stimulation. 
First, it can be investigated whether or not a difference in sensitivity to 
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iontophoretically administered GLU and ASP exists between neurons re- 
ceiving a strongly excitatory input along the fi-fx fibers, i.e., the SOA neurons, 
and neurons which do not receive this strong input. A difference in sensitivity 
may be expected if one of the amino acids acts as transmitter in this pathway. 
The second approach is executed with the aid of recently developed specific 
amino acid agonists and antagonists. Two types of excitatory amino acid 
receptors have been clearly defined using these compounds: one selectively 
activated by quisqualate (QUIS) and preferentially blocked by GDEE, the 
other activated by N-methyl-Daspartate (NMDA) and antagonized by 2- 
amino-5phosphonovaleric acid (2-APV) [see for review (20, 33)]. The ex- 
istence of a third type of receptor activated by kainic acid (KA) was inferred 
from observations showing that neuronal excitations induced by KA could 
not be antagonized with either of the antagonists (8, 15, 22). The natural 
amino acids, GLU and ASP, can activate all types of receptors, but there is 
evidence that GLU acts more effectively on the QUIS type of receptors 
whereas ASP exhibits a stronger action upon NMDA receptors (5). Deter- 
mination of the type of receptor mediating the transmission between fi-fx 
fibers and LSC cells may therefore provide some information about the 
amino acid actually involved in this projection. 

We used both methods to study the nature of the excitatory amino acid 
and the type of amino acid receptor involved in neurotransmission between 
fi-fx terminals and LSC neurons. Thus, we examined the responsiveness of 
SOA and WOA septal cells to iontophoretically applied GLU and ASP. 
Subsequently, we investigated the type of amino acid receptor involved in 
the fi-fx projection, using the amino acid agonists, QUIS and NMDA, and 
the antagonists, GDEE and 2-APV. 

MATERIALS AND METHODS 

The experiments were carried out on 23 male Wistar rats. The animals 
(250 to 300 g) were anesthetized with urethane (1.5 g/kg), provided with a 
tracheal cannula, and placed in a stereotaxic instrument. After craniotomy, 
the neocortex and corpus callosum overlying the septum and dorsal hip 
pocampus were gently removed by suction; local bleeding was stopped witb 
hemostatic sponges. The exposed surface of the septum was covered with 
agar (37°C). In this preparation, the intersection of the anterior border of 
the hippocampal commissure with the midline served as reference zero for 
the visually guided placement of the recording electrodes. Body temperature 
was maintained at about 36°C. At least 3 h elapsed between surgery and the 
experiment. 

Stimulation and Recording. Four pairs of electrodes (stainless-steel wire 
100 pm in diameter, coated with Trimel except for the tip) were unilaterally 



FIMBRIA-FORNIX AND LATERAL SEPTUM TRANSMISSION 129 

inserted into the fi-fx immediately behind the caudal border of the hippo- 
campal commissure. The length of the stimulation electrodes was adjusted 
to the profile of the fi-fx so that both the dorsal and the ventral aspects of 
the fi-fx could be stimulated during the experiments. These electrodes served 
for the synaptical activation of single units in the LSC. 

Action potentials of single neurons were recorded with glass micropipets 
(filamented SClark glass, 1 mm diameter) filled with 3 M NaCl. The recording 
micropipets were glued to 7-barrel multipipets so that their tips protruded 
in front of the multipipet by 30 to 50 pm. The signal from the recording 
electrodes was filtered (low- and high-frequency cut-offs at 200 and 5000 Hz, 
respectively) and fed into registering instruments consisting of an oscilloscope, 
audio-amplifier, magnetic tape, and window discriminator. Single and in- 
tegrated pulses of the window discriminator were recorded on polygraphic 
paper and used for quantification of the single-unit data. 

Drugs. The channels of the multibarrel pipets were filled with solutions 
of the following drugs: L-aspartic acid (ASP, Sigma, 0.25 A4 adjusted to pH 
8 with NaOH, expelled as anion), L-glutamic acid (GLU, Sigma, 0.25 M 
adjusted to pH 8 with NaOH, anion), L-glutamic acid diethylester (GDEE, 
Fluka, 0.5 A4, pH 4, cation), MgC12 (Merck, 0.5 M, pH unadjusted, cation), 
all aquous solutions; quisqualic acid (QUIS, Sigma, 5 n&f), N-methyl-D- 
aspartate (NMDA, CRB, 50 mM) and +2-amino-5-phosphonovaleric acid 
(2-APV, CRB, 50 mM) all dissolved in 165 mM NaCl, adjusted to pH 7 
with NaOH, and ejected as anion. Automatic current balancing was through 
a barrel containing 3 M NaCl. Impedances of the drug channels ranged from 
10 to 40 MR. Retaining currents were about 10 nA. 

Experimental Protocol and Data Analysis. Neurons were sampled in pen- 
etrations made through the LSC at 1500 pm anterior to the reference zero 
and 500 to 700 pm lateral of the midline. To exclude artefacts due to me- 
chanical stimulation, single units were approached with extreme care. As 
soon as single-unit activity was discerned, the electrode assembly was main- 
tained in place for about 10 min. Next the electrode was slowly lowered until 
the signal to noise ratio became at least two, the spontaneous activity remaining 
unaltered on approaching the neuron. 

Prior to the iontophoretic application of drugs, all neurons were subjected 
to a test procedure to establish the input-output relationship of the neurons 
to fi-fx stimulation. The LSC neurons which displayed an excitatory response 
to stimulation of fi-fx fibers with a latency of about 5 ms, were classified as 
strongly orthodromically activated (SOA) cells if(i) the cells were excited by 
low-intensity stimuli (usually less than 100 PA) delivered to various pairs of 
the stimulating electrodes, (ii) the responses appeared at a stable latency, and 
(iii) the responses followed stimulus frequencies greater than 50 Hz with a 
stimulus-response ratio equal to one. Other neurons responded to stimulation 
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at comparable latencies, but in that case the latency of the responses to 
repeated stimuli lacked stability, not every stimulus was followed by a response, 
the stimulus intensity for eliciting an excitatory response was much higher 
(500 /IA), and a further increase of the stimulus intensity did not improve 
the stimulus-response ratio of those neurons. These cells were classified as 
weakly orthodromically activated (WOA) neurons. The effect of GLU, ASP, 
QUIS, and NMDA on the spontaneous activity of these neurons was studied 
in a test procedure in which the compounds were administered altematedly 
during 10-s ejection pulses at fixed intervals (30 or 60 s). The action of a 
compound was considered to be excitatory if spontaneous activity was in- 
creased by at least 50% in two subsequent applications. GLU and ASP were 
also studied in a test sequence in which responses to the amino acids were 
examined before, during, and after iontophoretic administration of Mg’+. 

The potency of GLU relative to that of ASP was determined from the 
ratio of equieffective ejection currents. The amino acids were ejected either 
alternatedly or in two separate runs at fixed 60-s intervals, using currents 
that produced stable, submaximal responses. Approximately equal numbers 
of SOA and WOA neurons were sampled with each electrode, thus minimizing 
the influence from variations in the physical properties of the electrodes (3, 
11, 19). The results were analyzed statistically with Student’s t test. 

The action of 2-APV and GDEE on the amino acid-induced responses 
was studied in a procedure in which the responses of a neuron to 10-s pulses 
of the agonists given at 60-s intervals were examined before, during, and 
after the iontophoretic release of the antagonist. Antagonism was defined as 
a reduction by at least 50% of the response to the agonist during release of 
the antagonist in at least two subsequent runs. The effect of 2-APV and 
GDEE on synaptically induced excitations was examined in a test in which 
32 stimuli were delivered to the fi-fx before, during, and after iontophoretic 
release of the antagonists. 

The threshold stimulus intensity was the intensity needed to induce an 
orthodromic response in the neuron under study in about 50% of the cases. 
The antagonists were first expelled with currents which were sufficient to 
antagonize excitations induced in the neuron by the appropriate agonist. If 
the antagonist failed to affect the synaptic response at this current level, the 
expelling currents were increased and the procedure repeated. Poststimulus 
histograms of the neuronal response before, during, and after administration 
of the antagonist were computed in a computer average transient set into 
the poststimulus histogram mode. 

Histology. At termination of each experiment, the recording position of 
the micropipet was marked by placing a pontamine sky blue spot (10 PA 
for 15 min). The position of the stimulating electrodes was marked by iron 
deposition and the Prussian blue reaction. The animals were killed with an 
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overdose of pentobarbital (Nembutal) and perfused with 10% Formalin in 
saline. Placement of the recording and stimulating electrodes was reconstructed 
on frontal frozen sections (60 pm) stained with 0.1% cresyl violet. 

RESULTS 

Action of L-Glutamate and L-Aspartate on Neurons of the Lateral Septal 
Complex. Iontophoretically administered GLU and ASP induced excitatory 
responses in almost all neurons tested in the LSC, commencing 3 to 5 s after 
the onset of the iontophoretic release and terminating rapidly after the end 
of the release (see an example in Fig. 1). Iontophoretic administration of 
Mg2+ depressed or completely abolished spontaneous activity in 19 LSC 
neurons tested. In all cases tested, however, these cells still responded to GLU 
(N = 14) and ASP (N = 9) during the release of M2+ ions. When the same 
or nearly the same number of SOA and WOA cells were tested with each 
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FIG. 1. Responses to r&namate (GLU) and L-aspartate (ASP) established in a lateral septal 
neuron receiving strongly orthodromic activation along hmbria-fomix (fi-fx) fibers (upper tracing) 
and a neuron receiving only weakly orthodromic input (lower tracing). The neurons were sampled 
with the same micropipet assembly during one penetration. The ordinate represents the number 
of spikes/s. Horizontal bars show the duration of applications, the numbers below the bars 
representing the ejecting currents (in nA) used to obtain approximately equipotent responses for 
GLU and ASP. Upper inset-three superimposed oscilloscope sweeps of a strongly orthodromically 
activated neuron. Unit response was followed by a large field potential characteristic for the locus 
where this neuron was encountered (450 pm below the septal surface). Lower inset-&tee 
superimposed oscilloscope sweeps of the weakly activated neuron indicating the response of the 
cell to fi-fx stimulation. At this depth (1200 pm) the field potential was markedly reduced. 
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micropipet assembly, it appeared that the mean GLU-ejecting current needed 
to induce submaximal excitation in SOA cells was markedly less (53%) than 
the corresponding current needed for activation of WOA cells. A less pro- 
nounced difference (72%) in mean expelling currents for those two groups 
of neurons was observed in the case of ASP (see Table 1). A difference in 
the action of GLU and ASP on SOA and WOA cells also arose from the 
mean GLU:ASP current ratios in both groups of neurons. The ratio for SOA 
cells was significantly smaller (t = 2.76) than the ratio for the other group 
of neurons (see an example in Fig. 1). Interestingly, for eliciting comparable 
responses with GLU and ASP in SOA cells, ASP had to be expelled on 
average with a 60% higher current than GLU (see Table l), whereas in WOA 
cells the mean ASP-expelling current was only about 20% higher than that 
used for GLU. 

Action of Selective Agonists. In 35 of 38 cells tested, both NMDA and 
QUIS induced excitatory responses, characterized by a slow onset (6 to 8 s) 
and offset (about 5 s; see an example in Fig. 2). In some cases these NMDA- 
and QUIS-induced responses lasted to 30 s after termination of the ionto- 
phoretic release. Of the remaining neurons, two were excited by NMDA but 
not by QUIS, and one was exclusively activated by QUIS. 

Mean NMDA- and QUIS-expelling currents were computed for SOA and 
WOA neurons collected with electrodes sampling nearly equal numbers of 
neurons (see Table 1). The SOA cells were activated by QUIS at significantly 
(t = 2.21) lower currents than were WOA cells. With NMDA also, the com- 
puted mean current needed to induce excitatory responses in SOA cells was 
lower than the mean current needed in WOA cells. However, as indicated 
by the SE, the NMDA-expelling currents varied considerably among the 
WOA cells. 

Eflect of Glutamic Acid Diethylester and 2-Amino-5-phosphonovaleric Acid 
on the Action of Selective Agonists. In 15 of 17 neurons tested, QUIS-induced 

TABLE I 

Mean Expelling Current + SE for Quisqualate (QUIS), N-Methyl-D-aspartate (NMDA), L- 

Glutamate (GLU), and L-Aspartate (ASP) and the Mean Potency Ratio (GLU-Current:ASP- 
Current) Obtained for Two Distinct Populations of Lateral Septal Neurons” 

SOA cells 
WOA cells 

GLU current ASP current 

30.29 + 5.59 (21) 49.19 + 6.91 (21) 
57.32 + 7.41 (19)’ 68.68 ? 6.55 (19) 

Potency ratio 

0.60 + 0.06 (21) 
0.82 * 0.05 (19)’ 

QUIS current NMDA current 

26.22 + 6.21 (9) 25.50 k 4.55 (8) 
48.00 + 7.80 (7) 50.00 2 14.23 (6) 

* Neurons receiving a strongly orthcdromic input along timbria-fomix fibers (SOA cells) and neurons receiving a weak excitatory 
input along this pathway (WOA cells). Numbers in parentheses indicate the total number of cells tested. The values were obtained 
using electrodes which sampled nearly equal numbers of SOA and WOA cells. 

l P i 0.02. 
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FIG. 2. The effect of glutamic acid diethylester (GDEE, upper tracing) and 2-amino-5-phos- 
phonovaleric acid (2-APV, middle) on responses to exogenously applied iV-methyl-Daspartate 
(NMDA) and quisqualate (QUIS). Ordinates represent the number of spikes/s. Horizontal bars 
represent the duration of the applications. The computed poststimulus histograms (lower tracing) 
show the total number of responses of this neuron to 32 fi-fx stimuli delivered before the release 
of the antagonist, during application of 2-APV (10 nA, 1 min), during the control 5 min after 
termination of 2-APV release, during application of GDEE (10 nA, I min), and during the 
control taken 5 min after GDEE administration. Arrows indicate the moment of stimulation. 

excitations were temporarily suppressed by GDEE administered with currents 
between 10 and 50 nA (see Table 2). In 8 of those neurons, the effect of 
GDEE on NMDA-induced responses was tested in addition. GDEE expelled 
with currents which antagonized responses to QUIS had no effect on NMDA- 
evoked excitations in seven of the eight neurons. One neuron exhibited a 
slight but noticeable decrease in the NMDA response during iontophoretic 
application of GDEE. 

Administration of 2-APV (5 to 20 nA) reversibly suppressed NMDA- 
evoked excitations in all 18 cells tested. Selectivity of the antagonistic action 
by 2-APV was tested in 11 cells. In 10 of those cells, 2-APV ejected with 
currents that diminished or completely abolished the NMDA responses, failed 
to affect QUIS-induced excitations (see an example in Fig. 2). 

Efect of Glutamic Acid Diethylester and 2-Amino-Sphosphonovaleric Acid 
on the Action of &Glutamate and L-Aspartate. Iontophoretically administered 
GDEE temporarily depressed GLU-induced responses in about 70% of the 
LSC neurons tested, whereas ASP-induced responses were diminished during 
release of the antagonists in about 50% of the cells (see Table 2). To obtain 
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TABLE 2 

The Effect of 2-APV and GDEE on Excitatory Responses Induced in Lateral Septal 
Neurons by NMDA, QUIS, ASP, and GLU” 

GDEE 2-APV 

NMDA 1 (8) 18 (18) 
QUIS 15 (17) l(ll) 
ASP 7 (12) 15 (20) 
GLU 10 (14) 8 (16) 

“The table shows the number of neurons in which the antagonist listed at the head of the 
column reversibly reduced by at least 50% the response to the compound listed at the left. The 
numbers in parentheses show the total number of neurons in which the antagonistic action of 
2-APV or GDEE on responses to the excitatory amino acids was tested. 

antagonism of the natural amino acid responses, GDEE often had to be 
expelled with currents higher than the currents needed to demonstrate the 
blockade of the QUIS-induced responses. If the action of GDEE was tested 
on responses to GLU and ASP in the same neuron, GDEE blocked the 
responses to both amino acids equally well in six neurons. In two cells, the 
response to GLU was antagonized by GDEE with lower currents than the 
response to ASP, whereas the opposite effect was observed in two other cells. 
The 2-APV blocked the responses to ASP in about 75% of the neurons tested, 
whereas GLU-evoked excitations were antagonized by 2-APV in about 50% 
of the cells (see Table 2). The action of 2-APV on both GLU- and ASP- 
evoked responses was tested in 11 neurons. In 6 of those neurons, the an- 
tagonist expelled with currents that effectively depressed ASP excitations had 
little or no effect on GLU-induced excitations. In the remaining 5 cells, the 
responses to ASP and GLU were antagonized by 2-APV with approximately 
the same currents. 

E#ect of Glutamic Acid Diethylester and 2-Amino-5Phosphonovaleric Acid 
on Synaptically Evoked Excitation. The effect of GDEE on synaptically elicited 
excitations was studied in 18 SOA cells. In 15 of those cells, the release of 
the antagonist with currents which suppressed the QUIS- but not the NMDA- 
induced excitations, reversibly decreased the number of action potentials in 
response to fi-fx stimuli. Recovery of the number of synaptic responses in 
SOA cells after termination of GDEE administration was about 90%. In 3 
SOA cells, the synaptically induced activity was not affected by the release 
of GDEE. 

Blockade of the fi-fx responses with 2-APV was attempted in nine SOA 
neurons. The 2-APV, ejected with currents which blocked responses to NMDA 
but not to QUIS, did not reduce the number of synaptically induced action 
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potentials in any of those neurons. The antagonist consistently failed to affect 
fi-fx responses even when the expelling current was increased to 150 nA for 
a long application period (about 7 min). The selective blockade by GDEE 
of the synaptic excitations induced in SOA neurons by fi-fx stimulation was 
best demonstrated in cells in which the action of GDEE and 2-APV was 
examined on QUIS-, NMDA-, and synaptically induced responses (see 
Fig. 2). 

DISCUSSION 

As indicated by the rate of extracellularly recorded action potentials, ion- 
tophoretically administered GLU and ASP excited the majority of the LSC 
neurons tested. The GLU- and ASP-evoked excitations exhibited a similar 
rapid onset and fast decay as was reported for the effect of these substances 
in other brain regions (4, 17). Septal cells in which the spontaneous activity 
was temporarily depressed during release of Mg*+ ions, were still readily 
activated by GLU and ASP, although in the presence of Mg*+ ions the amino 
acid-induced responses tended to be slightly diminished. The latter aspect 
may be caused by the decrease in spontaneous activity during release of Mg*+ 
ions, presumably by presynaptic suppression of transmitter release (24), but 
could also be due partly to the antagonistic postsynaptic action of Mg*+ ions 
on amino acid receptors, in particular the NMDA receptors (7). The above 
mentioned features of the extracellularly recorded responses to GLU and 
ASP would be expected if the amino acids acted on LSC cells as transmitters 
and activated some receptor-coupled ionic conductances (1, 12, 35, 36). 

Considerably lower expelling currents were needed for GLU and ASP to 
excite SOA than WOA septal cells. Previous experiments (16) already showed 
that the inducement of excitations in SOA cells with GLU required much 
lower currents than in WOA cells. The weaker action of the amino acids on 
WOA cells could not be due to variations in the physical properties of the 
micropipets, to clogging of the micropipets, or to cell injury as a result of 
the penetrations. It was observed more than once that during one penetration 
SOA cells encountered in the deeper layers of the LSC were excited by the 
amino acids with currents in the same range as those needed to excite the 
more dorsally situated cells. The dorsal WOA cells on the other hand, required 
as high ejecting currents as did the more ventrally located WOA cells. Fur- 
thermore, LSC neurons show similarities in size and shape of the cell bodies, 
organization of the dendrites, and the sites of termination of the fi-fx fibers 
(26). Thus, the difference in sensitivity of SOA and WOA cells to GLU and 
ASP presumably reflects a difference in the distribution of amino acid receptors 
on the two groups of cells. This may be expected if the fi-fx afferent fibers 
to the LSC utilize an amino acid as neurotransmitter. 
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As indicated by the mean expelling currents and the mean GLU:ASP 
current ratio, GLU is a markedly stronger agent than ASP in SOA septal 
cells. Experiments by Gent and collaborators ( 14) showed that the number 
of micropipets expelling a greater amount of GLU than ASP at a given 
current was nearly equal to the number of electrodes that expelled more ASP 
than GLU. Because the SOA cells tested by us were collected with a rather 
high number (N = 13) of micropipet assemblies, it seems unlikely that a 
consistently higher release of GLU than of ASP could account entirely for 
the observed stronger excitatory action of GLU. 

In summary, these results show that the amino acid receptors on LSC cells 
and on SOA cells in particular, are more readily activated by GLU 
than by ASP. 

The majority of the LSC cells were excited by QUIS and NMDA; GDEE 
suppressed the QUIS- but not the NMDA-induced responses, whereas 2- 
APV reversibly abolished the responses to NMDA but not to QUIS [see also 
(6,21)]. The selective blockade of the QUIS and NMDA responses with the 
appropriate antagonists indicates that in the LSC, QUIS, and NMDA act on 
different types of amino acid receptors. Neurons of the LSC carry both the 
QUIS and NMDA types of receptors. For a small number of neurons tested, 
QUIS-expelling currents were significantly lower in SOA cells than in WOA 
cells. This suggests that the distribution of QUIS receptors on LSC cells seems 
to be at least related to the intensity of the excitatory input. 

The GDEE and 2-APV, ejected with currents that abolished responses to 
QUIS and NMDA, respectively, frequently failed to depress GLU- and ASP- 
evoked excitations completely. This may be explained at least partly by the 
fact that iontophoretically administered GLU and ASP behave as mixed 
agonists for the QUIS, NMDA, and KA types of receptors [see review (5)]. 
Thus, blockade of the QUIS receptor with GDEE will presumably decrease 
the number of QUIS receptors involved in the excitations elicited by GLU 
and ASP. However, due to the mixed agonism of these amino acids, GLU 
and ASP may still induce excitation by acting on NMDA receptors. The 
mixed agonistic action of GLU and ASP on QUIS and NMDA receptors 
makes it difficult to establish from iontophoretic experiments such as ours 
which of the two amino acids is the natural ligand for the QUIS receptor 
and which is that for the NMDA receptor. Solving this problem is essential 
if the neurotransmitter acting at a given pathway is to be identified by means 
of antagonists. In our experiments on LSC cells, 2-APV frequently antagonized 
ASP-induced responses better than GLU-evoked excitations, whereas GDEE 
more often blocked the responses to GLU more effectively than those to 
ASP. This observation, which is in agreement with other studies (6, 22) 
supports the idea (5) that GLU is presumably the endogenous ligand for the 
QUIS receptor, and ASP may be the natural agonist for the NMDA receptor. 
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The GDEE, expelled with currents that suppressed the responses to ex- 
ogenously applied QUIS, reversibly diminished or suppressed the excitations 
elicited in SOA cells by fi-fx stimuli. On the other hand, 2-APV consistently 
failed to reduce the number of action potentials induced in SOA neurons 
by stimulation of the fi-fx, even when the antagonist was expelled with high 
currents for a long period of time. It is known from the literature (8, 15, 22) 
that GDEE does not block the KA receptors. Our results therefore indicate 
that the QUIS receptor and not the NMDA or KA receptors mediate trans- 
mission between fi-fx fibers and SOA septal cells. Because GLU-induced 
excitations in the LSC seem to be mainly mediated through QUIS receptors, 
it may be inferred from the latter observations that GLU and not ASP acts 
as a neurotransmitter in this projection. 

Our study shows that LSC neurons, in particular those neurons receiving 
strongly orthodromic input along fi-fx fibers, are more readily activated by 
GLU than by ASP. Furthermore, it appears that QUIS receptors are involved 
in monosynaptic excitations elicited in LX neurons by fi-fx stimuli and 
that GLU-induced excitations in the LSC are presumably mediated by these 
QUIS receptors. 

These results support biochemical data (18, 32) and provide additional 
electrophysiologic evidence ( 16) that neurotransmission between fi-fx fibers 
and LSC neurons is mediated by an excitatory amino acid. Moreover, they 
suggest that GLU rather than ASP acts as transmitter in this projection. This 
is in agreement with histochemical, electrophysiologic, and pharmacologic 
evidence indicating that GLU is the transmitter in the commissural and 
associational fibers of the CA3 pyramidal cells in the hippocampus (27-29). 
Because multiple fluorescent labeling showed that the majority of the hip- 
pocampal fibers projecting to the LSC originate in the very same population 
of CA3 cells (3 1 ), the same transmitter may be expected to be active in these 
projections. Yet, evidence based on intracellular experiments and showing 
that GLU or a related amino acid can act as neurotransmitter on LSC cells 
innervated by fi-fx fibers remains to be provided. 
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