Electrophysiological Studies on Excitatory Amino
Acid Receptors in the Guinea Pig Hippocampus
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acid; DH, D-homocysteic acid ; DLH, DL-homocysteic acid ; EPSP, excitatory postsynaptic
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potential ; GDEE, DL-glutamic acid diethylester ; Glu, L-glutamic acid; KA, a-kainic acid;
LH, L-homocysteic acid; NMDA, N-methyl-D-aspartic acid; PDA, (+)-cis-2,3-piperidine

dicarboxylic acid ; Quis, quisqualic acid.
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Fig.1. Schematic cross section of the observation vessel. Various components are not all
drawn in the same scale. C; 3-way tap. E; drain. N ; insulated nicrome wire. 0;
observation chamber. P; warming chamber. R; thermostat. RE; recording elec-
trode. SE; stimulating electrode. SP; stainless steel pipe. T tissue. TH ; thermis-
ter. W; water. Arrows indicate the direction of flow of the perfusing solution.
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Fig. 2. Depolarizing potentials recorded intracellularly from a CA3 neuron in response to
current pulses for Glu (a) and DLH (b). An amino acid pipette was inserted into the tissue
from point 1 to point 10 in steps-of 10 #m except that distance between points 7 and 8 was

20pm ; amino acids were ejected at each step.

Intensities of currents for the ejection of

Glu and DLH were 100 nA and 80 nA, respectively. The periods of electrophoretic
administration are indicated by solid lines beneath the records.
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Fig.3. Depolarizations induced by short pulses of Glu. A : Responses to Glu pulses at
indicated intensities. In this illustration and in Figs. 6, 7, 8 and 9, intensities of ejection
currents are given in nanoamperes. The periods of Glu 2dministration are indicated in an
upper trace in each record. B: Glu responses recorded from other two neurons. Record
1 shows a depolarization accompanying the offset of the retaining current (solid line).
Records 2b and 2c show a Glu response at high and low amplifications, respectively.
Arrow indicates the onset of the rising phase of the Glu response. Triangle indicates the
generation of an action potential which is truncated in this illustration.
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Fig. 4. Depolarizations induced by Glu (record 1), DH (record 2) and LH (record 3). Amino
acids were ejected with currents of 24 nA for Glu, 50 nA for DH tind 90 nA for LH during

periods indicated-by solid lines.
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Fig.5. Amplitudes of DLH responses during steady hyperpolarization and depolarization.
They are plotted against the intensities of currents passed through the neuronal
membrane. Specimen records are shown in traces 1, 2 and 3. The intensity of currents

for DLH ejection was 60 nA.
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Fig.6. Reversal of amino acid responses in Cs*-injected neurons. A: Reversal of
responses to DLH (60 nA). Traces 2 and 3 were recorded while the neuron was
depolarized steadily with currents of 1 and 2 nA, respectively. B: Reversal of responses
to Glu (80 nA) in another neuron. Traces 1 and 6 were recorded during steady
hyperpolarization produced by inward currents of 1 nA. Traces 3, 4 and 5 were recorded
during depolarizations produced by outward currents of 0.4, 0.7 and 1 nA, respectively.

2 extra

T T T

Glu W
100 80
+
) 10mV

—20sec

Glu 100 DH 80

Fig.7. Changes of membrane resistance accompanying amino acid responses. Throughout
traces 1 and 2, current pulses of 1 nA in intensity and 50 msec in duration were passed
through the microelectrode at 0.5 Hz. Glu and DH were ejected with currents of 100 nA
and 80 nA, respectively, as indicated by solid lines. Trace 1 was recorded intracellularly ;
trace 2 was recorded after the tip of the microelectrode was withdrawn outward to the
extracellular space.
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Fig.8. Suppressing action of DGG and APV on amino acid-induced unitary discharges.
Panel 1 shows a rate-meter record from a neuron excited regularly by Glu (2 nA) which
was ejected for 5 sec at an interval of 10 sec (short lines). APB (50 nA) and DGG (20 nA)
were administered successively as indicated with long lines. Panel 2 shows a rate-meter
record from another neuron excited by DLH (2 nA, short lines) which was administered
in a similar manner. APB (40 nA) and APV (30 nA) were administered successively as
indicated by solid lines.

1 2 3
A\ Control PDA 30 Recovery +
a{\__ml N ~ R A S A N l_ 10mV
Glu DLH - - - -

o\ e N~ N [ smv
—— 200msec

Fig.9. Suppressing action of PDA and APV on amino acid-induced depolarizations. In
panel a, record 1 shows control responses to a Glu pulse (28 nA) and a DLH pulse (180 nA).
Trace 2 was recorded 7 sec after the onset of PDA ejection (30 nA). Trace 3 was recorded
3 sec after the offset of the PDA current. In panel b, record 1 shows control responses to
Glu pulse (80 nA) and DLH pulse (195 nA). Trace 2 was recorded 7 sec after the onset of
APV ejection (50 nA). Trace 3, 7 sec after the offset of the current.
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Fig.10. Effects of GDEE on EPSPs and Glu-induced depolarizations. A : upper and lower
traces show intracellular potentials of a neuron amplified with a high-gain AC and a low-
gain DC amplifier, respectively. Record 1, control. Record 2, 15 sec after the onset of
GDEE ejection with a pressure of 0.2 kg/cm?®. Record 3, 30 sec after the offset of GDEE
ejection. Dots mark the time of mossy fiber stimulation. Solid lines indicate periods of
Glu ejection (80 nA). B: recorded from the same cell with the AC amplifier, In each
trace, mossy fiber stimulation (dots) was-followed by an outward current pulse of 3.5 nA
(solid line) superimposed on an inward current pulse of 1 nA (broken line). Arrows
indicate the generation of action potentials which were truncated. Record 1, control.
Record 2, 15 sec after the onset of GDEE ejection (0.2 kg/cm?). Record 3, 30 sec after the
offset of GDEE ejection. Ca?* (400 nA) was continuously administered iontophoretically

through A to B.
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Abstract

Actions of excitatory amino acids on the CA3 neurons were studied in thin transverse sections
of the guinea pig hippocampus maintained in an artificial solution. Application of small amounts
of excitatory amino acids to dendritic regions induced a large depolarization in the CA3 neurons.
The time-course of depolarization induced by L-glutamic acid (Glu) or L-aspartic acid (Asp) was
much faster than that induced by D, L-homocysteic acid (DLH), D-homocysteic acid (DH), or
quisqualic acid. The extension of Glu-sensitive spots and Asp-sensitive spots was nearly a half of
that sensitive to other amino acids. The L-isomer of glutamic acid was about 10-fold more
potent than the D-isomer. In impaled neurons whose membrane potential was varied with
passing currents, the amplitude of responses to Glu, DH and DLH increased by hyperpolariza-
tion, and decreased by depolarization. In the neurons injected with Cs+, responses to amino acids
reversed in polarity at membrane potentials kept between -13 mV and -19 mV. The membrane
resistance of the CA3 neurons decreased during Glu-, DH- and DLH-responses, and increased
during current-induced depolarization of low amplitudes. Gamma-D-glutamylglycine (DGG),
(%)-cis-2, 3-piperidine dicarboxylic acid (PDA) and DL-2-amino-5-phosphonovaleric acid sup-
pressed Glu- and DLH-induced excitation. DL-glutamic acid diethylester, DGG and PDA sup-
pressed the Glu-induced excitation and excitatory postsynaptic potentials elicited by electrical
stimulation of the mossy fibers. In conclusion, the high-affinity uptake for Glu and Asp is an
important factor determining properties of amino acid-induced excitation; the excitatory action
of Glu resembles that of endogenous excitatory transmitters in the hippocampus. Receptors for
excitatory amino acids in the hippocampus may differ in their specificity from those in the spinal
cord, and Glu may be a transmitter released from the mossy fibers.



