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In hippocampal slices, synchronous CA3 network activity induced persistent strengthening of active
positive-feedback synapses. This altered network operation by increasing probability of future
synchronous network activation. Long-term depression of synaptic strength induced by partial
blockade of NMDA receptors during synchronous network activity reversed changes in probability of
spontaneous network activation. These results suggest that specific network activity patterns
selectively alter strength of active synapses. Stable, reversible alterations in network activity can also
be effected by corresponding alterations in synaptic strength. These findings confirm the Hebb
memory model at the neural-network level and suggest new therapies for pathological patterns of

network activity in epilepsy.

It is generally accepted that memory formation depends on long-
term changes in the strength of the synaptic connections between
neurons, which in turn is based on the correlation between their
activities'-3. The importance of alterations of synaptic strength
in learning theory stems from the premise that such alterations
will be reflected in the subsequent operations of the neural net-
work*. Though straightforward, this premise remains unproven
because of the difficulties involved with analyzing the large num-
ber of output states of even simple neural networks>*.

Hippocampal CA3 pyramidal cells form an abundance of
recurrent collateral connections with other CA3 cells’ that under-
go NMDA receptor-dependent, bidirectional changes in synaptic
strength®°. It is not known, however, whether changes in the
strength of the synapse result in changes in the activity of the
neural network. The CA3 network can exist in a vast number of
states®!? defined by the level of activity of its member neurons.
When the balance between excitation and inhibition is shifted
toward excitation, however, the number of stable states of the
CA3 network is reduced to only two: fully active and fully qui-
escent!!. This, coupled with the fact that transitions between these
two states are determined by the properties of the positive feed-
back synapses!? greatly simplifies the relationship between the
strength of these synapses and CA3 network activity, making
experimental testing of this relationship feasible.

CA3 pyramidal cell activity during the fully active (bursting)
state observed in Vitro is very similar to physiological® and patho-
logical'4!> hippocampal sharp waves recorded in vivo as well as
to the rhythmic activity observed in developing spinal networks!.
During the burst, essentially all CA3 pyramidal cells fire a series
of action potentials during a 20-40 mV depolarizing membrane
potential shift, the onset and termination of which are highly
synchronized across the network'. This synchronous activation
is sustained by glutamate release at the positive feedback synaps-
es'l, and transition back to the quiescent state occurs when the
supply of releasable glutamate at those synapses is exhausted!2.
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The network transition from quiescence to the fully active state
occurs when both the rate of spontaneous glutamate release at
positive feedback synapses is sufficient to initiate action poten-
tial-dependent activity in a critical number of neurons'” and the
positive-feedback synapses of these neurons are sufficiently strong
to propagate the excitation throughout the network!»1618, Thus,
probability of transition to the active state is a function of both
glutamate release rate and the probability that glutamate will trig-
ger an action potential in the postsynaptic cell. A change in rest-
ing membrane potential® or synaptic strength?*?! should increase
the probability of network transitions from quiescence to bursting,
whereas long-term depression (LTD) of these synapses should
decrease the probability of a burst. Previous studies demonstrat-
ed that polysynaptic inputs to CA3 can be potentiated in an
NMDA receptor-dependent manner following bursting?>?3. Here,
we expand these findings by demonstrating several points: first,
that the synapses participating in network activity are potentiat-
ed; second, that this potentiation is specific to synapses partici-
pating in network activity; third, that this potentiation was due
to network activity and was not the result of the experimental
manipulations used to induce bursting; fourth, that potentiation
can be reversed under appropriate conditions of endogenous net-
work activity; and fifth, that reversal of potentiation is reflected
by a corresponding change in the pattern of network activity.

ResuLTs

Partially synchronized hippocampal network activity!? alters the
threshold for synaptic plasticity by external stimulation?t. We
tested whether the highly synchronized activation of CA3 pyra-
midal cells during burst activity' produces Hebbian potentia-
tion of the recurrent collateral synapses independently of
external stimulation2. Increasing [K*], from 2.5 to 8 mM
induced bursting? (Fig. 1a). This depolarized CA3 pyramids by
18 £ 1.4 mV (n = 26), which increased the probability of net-
work activation by both decreasing the difference between rest-
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ing membrane potential and action potential threshold, and
increasing the probability of transmitter release in the quiescent
state!2. Following 15-30 minutes of bursting in 8 mM [K*],, the
external [K*] was lowered to control concentration. EPSPs
recorded in response to stimulation of the CA3 pyramidal cell
layer fifteen minutes after bursting stopped were potentiated to
207 % 37% compared to EPSPs recorded in control [K*], prior to
induction of bursting by 8 mM [K*], (n = 5; Fig. 1b). CA3 field
potential responses to stimulation of the pyramidal cell layer
were not increased by elevating external [K*] in the presence of
either 0.5 pM tetrodotoxin (to block synaptic activity; n = 4),
or 1 mM kynurenic acid (to block postsynaptic glutamate recep-
tors; N = 6; data not shown), indicating that the increase in
synaptic strength was the result of synchronized network activ-
ity and not the manipulation of the extracellular [K*].

In hippocampal cultures® and acute slices®, potentiation of these
positive feedback synapses depends on NMDA receptors. To assess
the potential contribution of NMDA receptors to the individual
bursts and hence, the suitability of these bursts as potentiating

Fig. 2. The increase in synaptic strength following bursting is specific for
the active positive feedback synapses. Voltage clamp records depict exci-
tatory postsynaptic currents (EPSCs) in response to either CA3 pyramidal
cell layer (left) or granule cell layer (right) stimulation either when the net-
work was quiescent (control) or fifteen minutes after the termination of
high [K*],-induced, synchronous network activity (post-burst). Individual
synaptic currents are depicted, with the averaged trace immediately
below. In order to minimize contamination by polysynaptic circuits, synap-
tic responses were measured in 3 UM baclofen. An overlap of the aver-
aged synaptic currents before and after burst induction are shown in the
lowest panel. Following bursting, recurrent synapses are potentiated (left;
147 + 12.2% of control, n = 5 in baclofen; 134 + 6.9% without baclofen,
n = 4; holding potential, —60 mV), but input to CA3 from the mossy fibers
(MF) is unaffected (right: 97 + 4% of control, n = 2 in baclofen; 96 + 12.1%
without baclofen, n = 4; holding potential, =60 mV).
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Fig. 1. Synchronized network activity increases synaptic strength.
Increasing the extracellular [K*] to 8 mM induced network bursts. (a) The
inset trace depicts a continuous record of the membrane potential imme-
diately after switching to a solution with 8 mM [K*],. This results in a slow
depolarization and subsequent bursting. The intermittent hyperpolariza-
tions in the membrane potential are the result of current injections. A sin-
gle burst is expanded below. The burst frequency continues to increase
(shown here as a decrease in interburst interval) after the membrane
potential has stabilized. The zero time point indicates when extracellular
[K*] was increased to 8 mM. (b) Single stimuli applied to the CA3 pyrami-
dal cell layer immediately prior to onset of bursting elicit EPSPs (top) that
are potentiated (below) following burst induction (207 + 37% compared to
control, n = 5). Each trace is an average of 5-8 responses to single stimuli
applied to the pyramidal cell layer. (c) Network bursts activate NMDA
receptors. Membrane potential (top traces) and currents (lower traces;
holding potential, =55 mV) from two different cells demonstrate reversible
decreases in burst duration and amplitude during perfusion of 100 UM D,L-
APV (mean decrease in burst amplitude: 38 + 5.1%, n = 9; mean decrease
in current amplitude: 47.9 + 13.5%. Although bursting in 8 mM [K*], con-
tinued in the presence of 100 UM APV, synaptic potentiation was not
observed following return to control solution (n = 8).

stimuli, the competitive NMDA receptor antagonist D,L-2-amino-
5-phosphono-valeric acid (D,L.-APV) was applied to bursting,
acutely prepared hippocampal slices in 8 mM [K*],. Application
of 100 UM D,L-APV to the slices reduced burst duration by 38.0 =
5.1% (n =9) and the amplitude of intraburst currents by 47.9 +
13.5% (n = 5; Fig. 1c), confirming that NMDA receptors are acti-
vated during a burst®. Although bursting in 8 mM [K*], continued
in the presence of 100 UM APV, synaptic potentiation was not
observed following return to control solution (n = 8; data not
shown)?2. Thus, network bursts seemed ideal physiological stimuli
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Fig. 3. Increasing synaptic strength produces a
transition from quiescence to bursting. (a) Single
stimulus applied to the CA3 stratum pyramidale
prior to tetanic stimulation elicits a monosynaptic
EPSP (left). Immediately following tetanic stimula-
tion, but before the onset of bursting, a stimulus
of the same intensity yields an amplified synaptic
response (right). (b) A standard LTP induction
protocol (tetanic stimulation at 100 Hz for | s, 2
times; arrows), applied to the CA3 pyramidal cell
layer in the presence of 100 UM D,L-APV fails to b
initiate bursting. Following washout of drug, a sin-
gle tetanus (arrow) initiates bursting. A continu- +
ous trace of the extracellular record is depicted in
the top panel, with a single population burst
expanded below. (c) A summary of interburst
intervals following CA3 tetanic stimulation is sum-
marized (n = 9 slices). The network bursts at a
steady frequency (shown as interburst interval
(IBI) with respect to burst number) for the dura-
tion of the experiment (>2 h).

to potentiate positive feedback synapses' by
an NMDA receptor-dependent mechanism?.

We asked whether the potentiation
induced by network activity was synapse spe-
cific. Evoked synaptic responses to single
stimuli, administered to either the CA3 cell
layer (to activate recurrent synapses partici-
pating in the burst) or to the granule cell layer
(to activate mossy fiber input), were exam-
ined before and after burst induction. Recur-
rent collateral synapses that participated in

a
10 mV
__M_ 50 ms

the burst (see Methods), were potentiated to 0
134 + 6.9% of control following bursting

(n = 4). To ensure that these values reflect
changes in the strength of monosynaptic connections, these exper-
iments were repeated in the presence of 3 UM baclofen, which
hyperpolarizes CA3 neurons?” and decreases transmitter
release?®?. In baclofen, the strength of recurrent collateral synaps-
es was increased to 147 + 12.2% of control following bursting (n
= 5; Fig. 2). Potentiation of synaptic responses was specific to the
positive feedback synapses, as afferent mossy fiber responses
recorded in the same cells and under identical conditions were
not potentiated (96 + 12.1% compared to control; N = 4; and 97 +
4%, n = 2 in baclofen; Fig. 2). This is consistent with findings that
perforant path inputs to CA3 cells are not potentiated following
CA3 network activity?.

If network activity and the strength of individual synapses are
reciprocally linked, then alterations in the strength of individual
synapses following external stimulation using an LTP-induction
protocol (100 Hz recurrent collateral stimulation for 1 second)?
should be sufficient to alter network behavior. We assessed the
change in CA3 network activity by measuring the probability of
transitions from quiescence to bursting before and after LTP of the
recurrent collaterals. In control conditions, the CA3 network rarely
exhibited spontaneous bursting (n = 162 of 175 slices). LTP of the
positive feedback synapses was readily induced by tetanic stimu-
lation of the pyramidal cell layer (n = 133 of 142, Fig. 3a). This
potentiation of the strength of positive feedback synapses result-
ed in the first population burst'>'7 (Fig. 3b). Following the first
burst, CA3 activity was characterized by periodic transitions from
the quiescent to bursting states (Fig. 3b and ¢). LTP of the positive
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feedback synapses and the transition to periodic bursting were
blocked by D,L-APV (100 UM; n = 14; Fig. 3b). When the CA3 cell
layer was tetanized in slices that were already bursting (n = 3), we
did not observe a change in either the burst frequency or burst
length (data not shown). These findings suggest that both tetanic
stimulation of CA3 recurrent collaterals and synchronous network
activity potentiate the strength of recurrent collateral synapses by
a similar, NMDA receptor-dependent mechanism.

If network activity was sufficient to potentiate the positive feed-
back synapses, then a mechanism to decrease the strength should
also be present to prevent saturation of synaptic connections®3!.
After induction of bursting by tetanic stimulation of the pyramidal
cell layer, stimulating at the same location at 1 Hz for 15 minutes
(Fig. 4a) produced a stable decrease in the amplitude of subse-
quent evoked EPSPs (42.1 * 6.1% of control, n = 6; Fig. 4b). Synap-
tic currents evoked by stimulation of the pyramidal cell layer were
decreased by 73 + 8.7% of control values following LTD (n = 6).
This decrease in synaptic strength was also specific for positive
feedback synapses, as mossy fiber inputs were not decreased by
this protocol (104 * 5.1%; n = 4; Fig. 4c). The reduction in synap-
tic strength was also reflected by an alteration in the behavior of
the network. Following low-frequency stimulation, the probabili-
ty of network activation, as assessed by the frequency of burst activ-
ity, was reduced. The interval between bursts increased more than
twofold (268 + 3.9% of control, N = 4) and the variance increased
in proportion to the mean (348 * 176% of control, n = 4; Fig.
5a-e). Although low-frequency stimulation decreased the proba-
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Fig. 4. Synaptic potentiation resulting from synchronized net-

work activity can be reversed by low frequency stimulation of a s
CAZ3. (a) A standard LTD stimulation protocol (I Hz, |5 min)

was applied at the site where previous a LTP stimulation proto-

col had induced stable bursting. Single test stimuli (at 0.05 Hz)

were applied immediately before and immediately after LTD =
stimulation. (b) Control EPSP (upper trace) elicited by 0.05-Hz o

CAZ3 stimulation. Following |-Hz stimulation, the evoked EPSP 20
is depressed (42.1 + 6.1% of control, n = 6). (c) The left panel

depicts synaptic currents in a CA3 pyramidal cell voltage- 10 A

clamped at —55 mV that were evoked by stimulation of stratum
pyramidale. EPSCs after LTD (2) were depressed relative to
control EPSCs (I; post-LTD current amplitude: 73 * 8.7% of
control, n = 6). The right panel depicts EPSCs evoked by 0.05

Hz stimulation in the granule cell layer, before (1) and after (2)

| Hz stimulation of the CA3 pyramids (current amplitude: b
104.5 + 5.1% of control, n = 4).

bility of bursts (that is, transition from quiescence to
bursting was less likely), it did not alter the intensity of

the individual bursts as measured by the amplitude or
length of the individual bursts (Fig. 6). Burst length fol- ~ C
lowing LTD was 108 * 18% of control burst length. This

is consistent with the finding that burst length is regulat-

ed by use-dependent depression at the recurrent collat-

eral synapses'>32. Since the initial interburst interval in
these experiments was much longer than the time con-
stant for recovery from use-dependent depression!?, a :
further increase in this interval had no impact on the
length of the individual bursts.

In the presence of low concentrations of a competi-
tive NMDA receptor antagonist, LTP induction proto-
cols decrease the strength of CA3—CA1 synapses®®. This I
raises the intriguing possibility that, under conditions  2sms
that limit NMDA receptor activity, endogenous network
activity could be sufficient to decrease the strength of CA3—-CA3
synapses. After induction of bursting by tetanic stimulation, D,L-
APV at concentrations of 20-100 pM resulted in a gradual
decrease in the strength of positive feedback synapses (Fig. 7).
Under these conditions, the probability of network activation
decreased substantially: in 9 of 16 slices, the interval between
bursts increased (221 + 36% of control) and the variance
increased (368 % 54% of control). In the remaining 7 slices, bursts
stopped completely (Fig. 7a). Washout of APV for up to 2 hours
did not restore bursting. Repeating the tetanic stimulation after
APV washout restored bursting in three of four slices, but burst
frequency failed to return to pre-APV levels. The effect of APV-
induced network depression on synaptic strength was also eval-
uated. CA3 recurrent synapses were depressed to 64.7 £ 11.2%
of control (N = 4), but APV application failed to depress afferent
mossy fiber input in these same cells under identical conditions
(peak current: 116 + 9.1% of control, n = 4; Fig. 7b). Decreases in
synaptic strength that did not result in cessation of bursting did
not affect burst length; after washout of APV, burst length was
103 £ 6% of control (n = 4 extracellular recordings). If induc-
tion of LTD reduced burst probability by decreasing EPSP ampli-
tude, then reducing the difference between resting membrane
potential and action potential threshold should prevent this effect.
In nine slices in which bursting was induced by 8.5 mM [K*],,
burst probability was not decreased by APV application
(40-100 puM; data not shown). Under these conditions, in which
the membrane potential is sufficiently depolarized, even small-
er amplitude ‘depotentiated’ EPSPs can initiate bursts.
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DiscussioN
These results demonstrate that synchronous network activity is
sufficient to produce associative, reversible alterations in the
strength of the synaptic connections comprising the network. Our
results are consistent with previous findings that bursting in CA3,
induced by a variety of manipulations, results in a long-term
potentiation of polysynaptic responses*>?>. We extend these find-
ings in the present study by demonstrating that this potentiation is
synapse specific. It is limited to synapses that participated in net-
work activity as evidenced by the finding that synaptic input to
CA3 pyramidal cells from the granule cells was unaffected by syn-
chronous network activity. The lack of potentiation in the MF-
CA3 synapses not involved in bursting is also consistent with
previous reports demonstrating synapse specificity of changes in
synaptic strength?$3>. The inability to potentiate recurrent collat-
eral synapses when bursting was prevented with TTX or kynure-
nate indicates that the increase in synaptic strength following high
[K*], was specifically the result of synchronized network activity.
Changes in strength of recurrent synapses within the network
that are induced by tetanic stimulation of CA3 recurrent collaterals
also result in corresponding long-term alterations in the operation
of the network. A network that was previously ‘off” is thus ‘on’ or
periodically bursting. This potentiation of CA3 recurrent collater-
als was sufficient to elicit spontaneous population bursts that con-
tinued unabated for the duration of the experiment. Bursting could
also be initiated following tetanic stimulation in the absence of
GABA,, GABA; or calcium-activated potassium conductances'?,
suggesting that, under these conditions, disinhibition does not
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Fig. 5. Low frequency stimulation decreases the
probability of synchronous network activity. (a) A
continuous record of a CA3 pyramidal cell voltage
clamped at —56 mV demonstrates that a LTD stim-
ulation protocol that decreases synaptic strength
also slows the network burst frequency. (b) The
interburst interval immediately prior to (O) and
following (M) the first LTD stimulation protocol
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network activation has decreased. (c) A cumulative probability plot demonstrates a
clear increase in the population of interburst intervals following the first LTD protocol in this cell. (d) A further, more dramatic slowing of net-
work activity is observed following the second LTD stimulation. (e) A summary of four different cells is depicted in the lower panel. The IBI of

each cell before LTD has been normalized to |.

underlie the transition of the network to periodic bursting.

We were also able to demonstrate that LTD induction proto-
cols, including low frequency stimulation of the recurrent col-
laterals or a partial blockade of the NMDA receptors during
bursting could reverse the increase in synaptic strength resulting
from synchronous network activity. Furthermore, this decrease in
synaptic strength also decreased the burst probability, thereby
returning network operation to the prepotentiated mode (low
probability of bursts)!!, but did not affect the length of the indi-
vidual bursts. This is consistent with the idea that short-term
depression at positive feedback synapses is the main determinant

a

Fig. 6. Low-frequency stimulation of recurrent
collaterals decreases the probability of network
activation, but has no effect on burst intensity.
(a)Whole-cell recording from a CA3 pyramidal
cell depicts bursts recorded before and after low-
frequency stimulation of the pyramidal cell layer.
The traces before LTD protocol are randomly
sampled. The relative distance between each
burst in the vertical plane represents the average ‘
interval between bursts for a sample of ten spon- JM
taneous bursts. Randomly sampled bursts follow-

ing the LTD induction protocol are depicted
(arrows). Burst length and intensity are unaltered,

but the time between successive bursts (the aver-

age interburst interval for ten consecutive bursts)
increases. (b) Extracellular recording demon-

strates that population bursts are similarly

affected by low frequency stimulation. All the

bursts for this experiment are shown. The dis-

tance between bursts depicts the interburstinter- 905
val. Note that following the LTD induction
protocol, interburst interval slowly increases, but

burst amplitude and burst length are unaffected.

50 mV

150 ms
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of burst duration!?32. The rate at which this depression develops
is determined by presynaptic factors such as the probability of
glutamate release’**” or the number of releasable vesicles'2. Thus,
the minimal effect of LTD induction on burst length suggests
that LTD does not alter these presynaptic properties at recurrent
collateral synapses. In contrast to burst length, burst probability
is critically dependent on both the rate of glutamate release!”3’
and the postsynaptic effect of released glutamate due to the regen-
erative nature of the polysynaptic positive feedback cycle that
initiates the burst!!, and thus is profoundly affected by LTD.

It is unclear whether the long-lasting depression represents a

b
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input, activated by stimulating in the granule cell layer, did not decrease after APV
Time (min) washout (peak current, 116 £ 9.1% of control; n = 4; right panel).

reversal of the increase in synaptic strength and therefore a return
of the network to the ‘prepotentiated’ condition’, or whether the
synapses and the network are now in a third ‘depotentiated’
state’4. The observation that bursting, once re-established, is not
sufficient to fully repotentiate the depressed or depotentiated pos-
itive feedback synapses suggests that the history of synaptic plas-
ticity®*! may act in concert with network activity to determine the
conditions under which the strength of recurrent collateral synapse
will be altered. Potentiation of individual synapses and subsequent
alteration in the behavior of the network may be an important fac-
tor in the formation of functional subgroups (subsets of 5-10%
of CA3 pyramidal neurons discharge during hippocampal sharp
waves'?) within the CA3 network in vivo. Such a process may be
central to the production of some forms of memory*2.
Activity-dependent alterations in synaptic strength have been
proposed to contribute to the pathological patterns of network
activity that develop during epileptogenesis®*—*°. The effect of LTD
(Figs. 4-6) on network activity that responds poorly to anticon-
vulsants'> suggests that this effect might also be used to prevent
seizures. For instance, in focal onset epilepsy, interictal spikes rep-
resent the frequent, brief synchronous activation of a network that
is also capable of pathologically prolonged synchronization dur-
ing a seizure'®. Thus transient, partial NMDA receptor blockade
during a period of interictal spike activity could produce a long-
lasting decrease in the probability of synchronous activation of this
network, and therefore serve as a novel treatment for epilepsy.

METHODS

Slice preparation. Recordings from area CA3 of the adult rat hippocam-
pus were made from 400 pm-thick hemibrain slices at 35°C. The brain
was cut in the coronal plane. Extracellular solution was saturated with
95% 0,/5% CO, and contained 126 mM NaCl, 2.5 mM KCl, 26 mM
NaHCOj;, 2 mM CaCl,, 2 mM MgCl,, 1.25 mM NaH,PO, and 10 mM
glucose. Experiments were approved by the University of Colorado Health
Sciences Center Institutional animal care and use committee.

Recordings. Whole-cell recordings were performed using a filling solution
containing 123 mM potassium methylsulfonate, 2 mM MgCl,, 8 mM
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NaCl, 1 mM potassium ethylene glycol-bis (B-aminoethyl ether)
N,N,N",N’-tetraacteic acid (EGTA), 4 mM potassium adenosine 5'-
triphosphate and 0.3 mM sodium guanosine 5'-triphosphate. The whole-
cell solution was buftered with 16 mM KHCO; and saturated with 95%
0,/5% CO,. In voltage-clamp experiments, 2 mM QX314 (Astra Phar-
maceuticals) was added to the pipet solution to block voltage-dependent
sodium conductances and, where noted, Cs* replaced K* to improve the
space clamp. Extracellular recordings were performed using saline-filled
patch pipets. Recordings were accepted when the access resistance
remained <10 MQ for voltage clamp experiments, and <20 MQ in exper-
iments where no current was injected. Recordings using Axoclamp 2B
amplifiers were digitized at 2-10 kHz using routines written in Axoba-
sic (Axon Instruments, Foster City, CA).

Burst induction. Bursting in CA3 was induced either by increasing the
[K*], to 6-8.5 mM as noted in the text or with a single tetanic stimula-
tion*® of the CA3 pyramidal cell layer. The tetanic stimulus consisted of a
100 Hz, 1-second train of stimuli that were of sufficient amplitude to elic-
it a population spike when delivered at a lower frequency. If a single tetanus
did not induce bursting, it was repeated after a 10 minute interval*>. When
bursting was induced by tetanic stimulation, extracellular solutions were
modified as previously'%: 1.3 mM Ca?*, 0.9 mM Mg?* and 3.3 mM K*.

Synaptic responses. All synaptic responses were evoked in the presence of
100 UM picrotoxin to block contaminating GABA 4 mediated synaptic
responses. In the intracellular solution for the synaptic experiments
depicted in Figs. 2, 4, 5 and 7, Cs-methylsulfonate and QX-314 were used
to improve space clamp and to block fast voltage-gated Na* channels,
respectively. The absence of K* from the intracellular solution also pre-
cluded contributions in the synaptic response resulting from the activa-
tion of GABAg receptors. In vitro, all of the CA3 pyramidal cells discharge
during the burst!!, so that all intact recurrent collateral synapses should
be activated during a burst. We confirmed that the recurrent synapses
we evaluated for burst-induced LTP did participate in the network activ-
ity by stimulating the CA3 pyramidal layer at different latencies follow-
ing a spontaneous burst. The synaptic response exhibited recovery from
use-dependent depression as expected!? (data not shown).

Stimulation of afferents to CA3 pyramidal cells often results in poly-
synaptic responses?’. A number of precautions were taken in order to
maximize the likelihood of observing monosynaptic responses. First,
stimuli were applied at either 500 or 1000 ms after a spontaneous burst
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(for any given cell, responses were always evoked at the same latency fol-
lowing a burst for the duration of the experiment). At this interval, the
pool of readily releasable glutamate has not been sufficiently restocked
to initiate a polysynaptic response to stimulation!2. Second, as previ-
ously noted, experiments were repeated in the presence of 3 pM
baclofen, which limits the activation of polysynaptic circuits?” by decreas-
ing the probability of release at CA3 recurrent synapses?®. In order to
further minimize the number of cells activated in these experiments, a
monpolar stimulating electrode was substituted for the standard bipo-
lar electrode and placed as close as possible to the recording electrode.
Cells with polysynaptic responses, based on variations in the latency to
onset, slow rising phase or complex decay phases*® were rejected. The
synaptic currents evoked by CA3 stimulation that passed these tests had
20-90% rise-times of 2.6-3.8 ms (n = 5)*7+4%; latencies from stimulus to
onset of response in any given cell had a CV of < 0.1 and smooth decay
kinetics*®. Changes in synaptic strength were assessed by measuring the
peak amplitude of the evoked EPSP or EPSC waveform following exper-
imental manipulation and comparing it to the amplitude under control
conditions.

Reagents. Drugs were applied by bath. Reagents were from Sigma (St.
Louis, Missouri).
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