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The effects of brief allloxic episodes on rat CA3 hippocampal neurons were studied with intracellular
and extracellular techniques in the in vitro slice preparation. After repeated (3-7 times), brief (2-6 min
duration each) applications of artificial cerebrospinal fluid (ACSF) saturated with 95% N2 and 5% CO2,
electrical stimulation of various inputs to CA3 neurons, evoked an excitatory postsynaptic potential
(EPSP) followed by an all-or-none burst. This response which persisted for several hours after the last
anoxic episode, is reminiscent of the bursts induced by various convulsive agents. Post anoxic bursts are
generated by a polysynaptic network which converge on the apical distal segment of CA3 neurons. It is
concluded that a repetitive impairement of metabolism produces long lasting changes in the synaptic properties of CA3 neurons.

Interruption o f the brain's oxygen supply leads to a rapid loss o f consciousness.
Despite extensive investigations, there is no adequate explanation for this exquisite
sensitivity o f the brain to anoxia [10]. A long-lasting anoxic episode produces in hipp o c a m p a l slices an irreversible loss o f synaptic activity [1, 9]. Brief anoxic episodes
(a few minutes) produce a reversible blockade o f synaptic activity which is associated
with a m e m b r a n e hyperpolarization and fall in input resistance [9, 1 I, 13]. We report
here that repeated brief anoxic episodes, also produce a long-lasting change in the
synaptic response o f CA3 neurones characterized by the presence o f evoked synchronized discharges. These post-anoxic bursts (PAB) which persist for several hours,
have several features in c o m m o n with the synchronized discharges generated by convulsive agents in this region.
A d u l t male Wistar rats (120-200 g) were killed by cervical dislocation. One hippoc a m p u s was quickly r e m o v e d and transverse slices (500 pm) were cut using a Mcllwain tissue chopper. Slices were incubated at r o o m temperature in artificial cerebrospinal fluid ( A C S F ) for at least 60 min and, when required, one slice was transferred
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to a submerged recording chamber. The slices were superfused at 34°C (2 ml/min)
with ACSF of the following composition (in mM): NaC1 126, KC1 3.5, NaH2PO4
1.2, MgC12 1.3, CaCI2 2. Glucose 10, NaHCO3 25, pH 7.3. They were gassed and
saturated with 95% 02 and 5% CO2. Anoxia was induced by superfusing the slices
with ACSF gassed and saturated with 95% N2 nd 5% CO2. Field potentials were
recorded with glass microelectrodes filled with 2 M NaCI (resistance 5-10 MO).
Intracellular recordings were made with glass microelectrodes filled with either 4 M
potassium acetate or 3 M KCI (DC resistance 40-100 MI2). Bridge balance was
checked repeatedly during the course of the impalement. Electrical stimulation was
performed with twisted bipolar NiCr-insulated wires (50/~m, o.d.), using pulses of
10-50 ps duration. Signals were displayed on a digital oscilloscope and recorded on
a computer-driven pen recorder.
Post-anoxic bursts." extracellular observations. Superfusion of the slice with a
medium saturated with 95% N2, 5% CO2 rapidly reduced and blocked the extracellular field excitatory postsynaptic potential (EPSP) evoked in the stratum radiatum
(SR) by stimulation of the mossy fibers as well as the somatkc population spikes
(n=21). Recovery was complete within 6-10 min. Repeated anoxic episodes produced an additional striking change. Thus as shown in Fig. 1, the third anoxic episode produced a 75% decrease in amplitude of the field EPSP with full recovery 3-6
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Fig. 1. After 3 anoxic episodes electrical stimulation of the hilus evoked a synchronized discharge. Extracellular recording in stratum radiatum of CA3. A: single displays at points indicated in the graph. B: diagram showing the amplitude of the field EPSP and the afferent volley before, during and after the hypoxic
episode. Note in A that before anoxia the stimulation evoked a negative field EPSP preceded by an afferent
volley, the former was rapidly blocked by N2. Eight min after N2, the stimulation evoked a burst. In this
and following figures, the electrical stimulation of the mossy fibers is indicated by dark triangles.
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min after reintroducing 02; this was followed 2 min later by the appearance o f evoked
bursts. In SR, this consisted o f a large negative field E P S P (200-300 ms) and (5-10)
positive-going population spikes. P A B s were observed in 15 (out o f 17) slices, following 3-7 anoxic episodes (2-6 min duration each). They could be evoked for long periods o f time (over 3 h).
Post-anoxic bursts: intracellular observations. With intracellular recording the P A B
consisted o f 5-15 fast action potentials riding on top o f a long d u r a t i o n (80-600 ms)
giant E P S P (25-55 mV) which was s y n c h r o n o u s with the extracellular field E P S P
(Fig. 2A). The P A B was observed in every n e u r o n tested (n = 6). Once the P A B had
developed they were evoked by every afferent stimulation. The P A B was readily
blocked by an additional anoxic episode, this blockade was associated with a small
m e m b r a n e hyperpolarization during which the stimulation o f afferent inputs evoked
an action potential riding on a large E P S P (Fig. 2).
Laminar field analysis of post-anoxic bursts. The observation that the P A B was
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Fig. 2. Intracellular and extracellular recordings to illustrate the effects of anoxic episode on the bursts.
Sixth anoxic episode; upper traces intracellular recording, lower traces extracellular recording in stratum
radiatium. Note that the burst is composed of 10-20 spikes riding on top of a giant long lasting EPSP.
B: continuous chart record. The electrical stimulation of the hilus at a frequency of 0.05 Hz evoked a
PAB. Note that during the anoxic episode the burst was first blocked (after less than 1 min), the stimulation only evoked a single spike; a larger EPSP was evoked during the hyperpolarization at the end of the
anoxic episode.
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Fig. 3. Properties of extracellular burst. A: laminar profile analysis. An extracellular recording electrode
was moved along the dendrites. Note that the PAB was negative at the apical dendrites where they are
generated and reversed in the boundary with the mossy fiber region. B: all-or-none feature of the PAB,
a stimulus of 7 V produced (left) only an EPSP, a small increase in intensity (9 V) evoked an EPSP followed by a PAB. C: variable latency of the polysynaptic PAB in comparison with the fixed latency of
the monosynaptic EPSP.

more susceptible to anoxic episodes than the monosynaptic EPSP (Fig. 2) suggests
that it is generated by a polysynaptic network. Other observations confirm this conclusion including the variable latency of the PAB contrasting with the fixed latency
of the EPSPs (Fig. 3C) and the all-or-none character of the PAB (Fig. 3B). The PAB
was also selectively blocked by elevated concentrations of divalent cations (6 mM
Mg 2+, 4 mM Ca 2+) known to preferentially block polysynaptic responses (not
shown, e.g. ref. 6). These observations suggest the PAB are likely generated by a circuit intrinsic to the CA2-CA3 region. To better define its anatomical features, a laminar profile analysis of the field potentials was performed in 3 slices by moving an
extracellular electrode along the apical dendrites and pyramidal layer. We found that
negative field potentials corresponding to the site of generation of the PAB, were
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exclusively recorded in the distal two thirds of stratum radiatum; in contrast, positive
fields were recorded in the mossy fiber region and pyramidal layer (Fig. 3).
Since other studies suggest the involvement o f N M D A receptor in epileptiform activity [2, 15, 18], we have also tested the effects of o-2-amino-phosphono valerate (2030 pM, n = 5 slices) on the PAB and found only a small reduction of the duration
of the negative field (not shown).
The present study shows that repeated anoxic episodes produce a long-lasting alteration in synaptic properties of CA3 neurons characterized by the presence of a
synchronized discharge evoked by afferent stimuli. Spontaneous network driven
bursts similar to the PAB are readily produced in CA3 by a variety of convulsive
agents or procedures [2, 4, 8, 12, 16, 17]. Some of these procedures cause in addition
to the spontaneous bursts, present during and shortly after the application, a longlasting change in synaptic response characterized by the presence of evoked synchronized bursts which persist for several hours after reintroducing normal ACSF [2, 4,
8]. Like the PAB the evoked bursts are generated by a polysynaptic network. They
have a similar laminar field profile, latency variability, all-or-none character and
synchronicity between intracellular and extracellular events [2, 4, 8]. It is therefore
likely that the synchronized discharges in CA3 are generated by recurrent excitatory
collaterals which interconnect pyramidal neurons [14]. The mechanisms underlying
the long lasting changes produced by repeated anoxic episodes or by convulsive
agents are presently elusive. Both kainate [5] and anoxia [9] produce a brief-fully
reversible reduction of GABAergic inhibition. Such a reduction may participate in
the long-lasting change perhaps by means of the activation of N-methyl-o-aspartate
(NMDA) receptors in keeping with the mechanisms suggested for long-term potentiation and epileptogenesis [7, 15, 18]. The partial reduction of the PAB by N M D A
antagonists (see also ref. 3) is consistent with this hypothesis. Whatever the exact
mechanism, the present observations are important in suggesting that in contrast to
isolated anoxic episodes repeated impairment of oxygen supply produces a long lasting increase in excitability and synchronized epileptiform discharge.
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