HAM-TMC LIBRARY INTERLIBRARY LENDING
ARTICLE/PHOTOCOPY

ILLiad TN: 23: ,94 VAT

ILL Number: 909

HllllllllllllllllllllIllliIlllllllll‘lﬂllllllllll

Shipping Address:
Library, Interlibrary Loan
University of Texas at Dallas
P.O. Box 830643
Richardson, TX 75083-0643

Borrower: ITD System: OCLC
Maxcost: $25.00IFM
Lending String: *TMC, TMB,IHS,FDA,OKH
Patron: Atzorl, Marco <TN;1715275
Journal Title: Neuroreport.
Volume: 7 Issue:
Month/Year: 1996Pages: 1660-4
Article Author:
Article Title: ; Postsynaptic induction of mossy fibre long term
depreassion in developing rat hippocampus.
NOTICE:
THIS MATERIAL MAY BE PROTECTED BY
UNITED STATES COPYRIGHT LAW
(TITLE 17, U.S.C.)

(S) Batch: (S) Invoice #:
Solomon-1D:

Billing Category: INREGION

EFTS: No

Document Charges: $9.00

Additional Charges:

Total Due:

Tuesday, May 15, 2012

Call #/Location:
Beasons-for-Non-Supply

___ BDY (At Bindery)
__ CST (Cost exceeds stated maxcost)
__INC (Mot as Cited)

_ LAC (Lacking volume/issue}

. LOS (Lost)

____ NYR (Not Yet Received)

___ NOS (Not on Shelf)

__ NOT (Title Not Owned)

. OTH (Other) Specify:

DELIVERY: Ariel

Fax: (972)883-2912
Ariel: 129.110.14.30
Phone:

This document has been supplied to you
from:

OCLC: TMC
DOCLINE: TXUTEX

44-HOU via TExpress
HAM-TMC Library
1133 JOHN FREEMAN BLVD
HOUSTON, TX 77030

Hours: Monday - Friday, 8am - 5pm
Phone: 713-799-7105
Fax: 713-790-7056
ARIEL: 192.68.30.164
Email;
TMCARIEL@EXCH.LIBRARY.TMC.EDU

Thank You for Using Our Services?!

THIS IS NOT AN INVOICE!
PLEASE WAIT TO BE BILLED.




neuroglgeport

Synaptic Transmission

THEe whole cell configuration of the patch clamp tech-
nique was used to study the mechanisms of induction of
fong term depression (LTD) occurring at the mossy
fibre~CA3 synapse between postnatal (P) day 6 and P13,
In control conditions, when two pulses were delivered
to the mossy fibres with an interval of 50 ms a potenti-
ation of the EPSC evoked by the second pulse associated
with a reduction in the number of failures was observed.
Tetanization of the mossy fibres induced LTD of the
responses to the first and second stimulus without
affecting the paired pulse facilitation. Loading the post-
synaptic cell with BAPTA prevented the induction of
LTD but did not modify the paired pulse facilitation,
suggesting that LTD induction occurs at the post-
synaptic site.

Key Words: LTD; Development; Hippocampus; CA3
region; BAPTA; Excitatory postsynaptic currents; Failures;
Pateh clamp
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Introduction

Activity-dependent processes such as those occur-
ring during long term potentiation (LTP) or long
term depression (LTD) play a crucial role during
development, strengthening synaptic connections and
contributing to the final tuning of the neuronal
cireuitry. In the hippocampus, the expression of LTP
or LTD changes markedly during development:
LTD, which consists of a long lasting use-dependent
decrease in synaptic cfficacy, is more prominent in
carly postnatal life and precedes the developmental
onset of LTP.A In the CAT hippocampal region, both
anon-NMDA and a NMDA-dependent type of LTD
have been described 2 The former is usually present
during the first postnatal week and is induced by
repentive stumulation (5 Hz for 3 min) of the Schaffer
collaterals whereas the latter oceurs during the second
postnatal week and is produced by a low frequency
stimulation of the afferent pathway maintained for a
prolonged period of time (1 Hz for 5-10 min). In the
CA3arca of the hippocampus, during a critical period
of postnatal development, between postnatal (P) day
6 and P4, we have recently found that a high
frequency stimulation (HES) train to the mossy fibres
(100 Hz for 1s) induces LTD of the ficld EPSPs
which is NMDA-independent. After the second post-
natal week, the same high frequency stimulation train
induces L'TP, as in adult neurones.’ [n this study we
have used the patch clamp rechnique (whole cell
configuration) to examine whether induction of this
novel form of LTD involves pre- or postsynaptic
mechanisms.
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Material and Methods

Hippocampal slices (250-300 pm) were prepared
from P6-P13 Wistar rats and superfused with
ACSF containing (in mM): NaCl 126, KC| 335,
NaH,POH,O 1.2, MgCl.6H,O0 1.3, CaCl, 2,
NaHCO;, 25, glucose 11, cquilibrated with 95% O,
and 5% CO, (pH 7.3) ar 21-23°C. Whole cell record-
ings’ were obtained from CA3 pyramidal neurones.
Patch  electrodes  (3-5 MQ)) contained (in mM
KMcSO, 124, KCI 3, K,ATP 1.5, MgClL.6H,O 3,
HEPES 10; the pH was adjusted 1o 7.3 with KOH.
[n four experiments, to buffer [Ca?*) near its normal
restng  concentration,  1,2-bis(o-aminophenoxy)-
ethane-N N, N'N'-tetraacetic acid (BAPTA; 20 mM)
was included in the pipette solution. In this case
CaCl, 1 mM was also present. Membrane currents
were recorded with a standard patch clamp amplifier
(EPC-7, List Medical, Darmstadt, Germany) after
optimizing capacitance and series resistance compen-
sation. Typical values for series resistance compen-
sation ranged between 10 and 15 M they were
checked for subility throughout the experiment.
Afferent fibres were stimulated at 0.06 Hz with a
patch pipette (3-6 MQ), filled with ACSF, positioned
on the mossy fibre tract, close (~100 pmj o the
recording pipette. To minimize the contribution of
GABA-mediated synaptic currents, neurones were
held at =70mV, which s the calculated reversal
potential value for Cl. Paired pulses (50 ms intervsl,
40-70 us duravion) were usually applied. The stimu-
lation intensity was adjusted above threshold for ehic-
iing EPSCs with a failure rate of 10-30% and was
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kept constant throughout the expermment. The
qumber of failures was obrained by counting the
qumber of responses that fell into the 0 pA bin in
the amplitude distribution histogram with a s.d. iden-
gcal to that of the background noise (1.9 £ 0.3 pA).
To elicit LTD, one or two brief (1 s) high frequency
(100 Hz) stimulation trains were applied (1 min apar‘é}
i current clamp conditions. To avoid contamination
with NMDA -dependent forms of synaptic plasticity®
the NMDA recepror antagonist {+)-3-{carboxypiper-
arin-4-y1)-propyl-1-phosphonic acid (CPP, 20 pM;
gift of Dr P.L. Herrling, Sandoz, Basel) was bath-
applied for 10 min before and during the high fre-
quency stimulation train. Acquisiion and data
amalysis were performed with a pClamp 6.0.2 (Axon
fnstruments, Foster City, CA, USA) sofrware, using
: Digidata 1200 AD/DA board. Signals were sampled
at 5 kHz, filtered at 2 kHz and stored on a video tape
recorder. EPSCs were analysed off-line, using a 12
ms window at the peak of the event, refative to the
baseline taken immediately before the stimulus arti-
fact. The decay time constant of synaptic currents
was calculated by least square fitting of experimental
records with a single exponenual funcuon. Suble
recordings lasting > 1 h were obtained from 13 cells
in 13 slices from nine rats. Data arc expressed as mean
£ 5.0.m.

Results

Excitatory postsynaptic currents (EPSGs) were
recorded at ~70 mV from CA3 pyramidal ncurones
in slices from P6-P13 rats, following stimulaton of
the mossy fibre tract. Under these conditions 1t was
difficult to chicit only a single fibre EPSC However,
with low stimulus ntensity it was possible to act-
vate only a small number of synapses. EPSCs fluc-
wated in amplitude from trial to trial (range 15-120
pA) and were associated with a 10-30% failure rate.
EPSCs had a 20-80% rise time of 1.7 03 ms, a
latency of 1.8 and 2.2 ms and a decay phase that could
be fitted by a single exponential with an average time
constant of 20.1 + 4.5 ms. These values are similar to
those of the composite EPSC evoked in CA3 pyra-
midal cells by extracellular stmulation of the mossy
fibre tract in which a major fast AMPA/kainate- and
a minor slow NMDA-receptor-mediated component
can be detected.” In the absence of a conditioning
protocol, no run down of synaptic currents was
observed for at least 60 min (Fig. 1A). In 10 of 13
experiments, two pulses, 50 ms apart, were delivered
to the mossy fibres in order to study paired-pulse
facilitation, which s a widely accepted index of
presynaptic function.® As shown in Figure 1B, a clear
facilitation of the average response to second stim-
ulus was obtained (156 + 13%). One or two HFS
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FiG. 1 (A In the absence of conditioning protacel, the amplifude
of EPSCs svoked by stimulation of the modsy fibros every 20¢
for & period of 70 min) was unchanged. EPSCs recorded ot <70 mY
fram a CA3 pyramidal neurone af P7. Each point g tho avarage
of 20 responses. Bars repregent e.d. Amplitudes are gxpregead as
percentage of values averaged over the firet 10 min. {B). Time
course of the amplitude changes of EPSCe récorded at -70 mV from
a CA3 pyramidal neurone (PB), evoked by & pair of stimull delivered
st 50 ms intervalg (0.08 Hz) 1o the mossay fibres, belore and after
totanization of the sfferent pathway (arrow). Firgt EPSC open circle;
second EPSC: closad circle, Amplitudas sre expregsed ag percentage
of values averaged over 15 min before the HFS. Egch point is the
average of 15 responees. Barg ropresent g.d. Inget shows the sverage
of 10 respanses taken st the time indicated by the lettars sbove the
graph.

trains to the mossy fibres (in the presence of the selee-
tive NMDA antagonist CPP, 20 uM) induced in 6 of
10 neurones a depression in the amplitude of the
responses to both the first and second stimulus that
persisted for the whole recording period, lasting > 30
min post-tetanus (Fig. 1B). On average, the depres-
sion of the first EPSC 30 min after tetanization was

Vol 7 Mo 10 8 July 1996 1661
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FIG., 2. Amplitude distribution histograms of EPSCs evoked by
palred-pulso stimulstion before (A and sfter (8) tetanization of the
mossy filires in o PB ardmal. I ooch graph, the number of events
was 100, taken in 27 min epochs, Bin width was 3.2 pA. Black
columng roprosent the numbor of failures, In the ingets above the
gropha, eamplos of 10 consecutive regponsaes before and aro
totanization are suparimposed.

25 % 5.6% (n = 6). However, the paired-pulse facili-
tation ratio was not affected by the train (1.80 before
the tetanus; 1.75 40 min after the teranus). LTD was
produced only when the HFS train was delivered in
current clamp conditions, thus allowing the post-
synaptic neurone to depolarize. When CA3 pyra-
midal neurones were voltage-clamped at 70 mV
during the tetanus, LTD did not oceur. In two cells
only a short-term depression (lasting < 20 min) of
EPSC amplitude was observed. Figure 2A shows the
amplitude distribution histogram of 100 consecutive
responses (taken at the frequency of 0.06 Hz in 27
min epochs, before and after retanization of the
afferent pathway) to the first or second stimulus. The
black columns represent the number of failures. It is
clear from the graphs that, in control conditions when
a stimulation intensity just above threshold was used.

1662 Vol 7 No 10 8 July 1998

a fluctuation in amplitude of both the first and the
second EPSC was present. The graphs also show 2
drastic reduction in the number of failures in response
to the second stimulus, and an increased number ag)f
larger amplitude events, as expected for a presynaptic
phenomenon such as the paired-pulse facilitation.
After the rtetanus, the amplitude distribution
histogram of the first response was characterized by
a significant (p < 0.05, Student’s s-test) increase in the
number of failures (161 + 39%) and a marked reduc-
tion of larger amplitude events while the amplitude
distribution histogram of the second response was
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FIG. 3. Amplitude distribution hustograms of EPSCs {recorded with
a patch pipette containing 20 mM of BAPTA) evoked by paired-pulse
stimulation before (&) and after (B} tetanization of the maossy fibres
in a P11 in each graph, the number of evernts was 100 taken in 37
min epochs. Bin width was 4 pA. Black columns represent the
number of faflures. In the insets shove the graphs, samples of 1
consecutive responses before and after telanization are super.
imposed. With intracellutar BAPTA, LTD was blocked but paired.
pulse facilitation was still present.
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characterized by an increase of larger amplitude
events with no significant {p>0.5) changes in the
relative number of failures (7% in control conditions
and 26% after the HFS train; Fig. 2B). Similar effects
were seen in four cells. To determine whether LTD
nduction requires a rise in postsynaptic calcium
concentration, cells were loaded with the calcium
chelator BAPTA (20 mM). In these conditions
etamzation of the mossy fibres failed to induce LTD
{Fig. 3). The distribution amplitude of EPSCs evoked
by the first or second pulse was unchanged afrer
etanization. In three patches, the mean peak EPSC
evoked by the first pulse was 169 £ 5.2 pA or 164
+48 pA before or after tetanization, respectively (the
average includes also the failures). Moreover, no
significant (p > 0.5) change in the number of failures
to the first stimulus was detected after HFS (20.6%
or 21.7% before or after tetanization, respectively).
As in control conditions, BAPTA caused a potenu-
ation of the amplitude of the EPSC clicited by the
second pulse, associated with a reduction in the
number of failures.

Discussion

The present data clearly show that induction of
LTD at the mossy fibre-CA3 synapse during a crit-
ical period of postnatal development involves a post-
synaptic mechanism, and that a rise in intracellular
caleium is essential for this phenomenon. In previous
experiments  with extracellular field potentials we
have emphasized the role of calcium i the genesis
of LTD.> However in that study it was not possible
w specify whether calcium changes occurred at the
pre- or postsynaptic level. Our experiments with
BAPTA confirm a role for postsynaptic calcrum in
LTD induction. A rise in intracellular calcium can be
achieved through activation of ligand- or voltage-
gated calcium channels or through release from intra-
cellular stores following acuvation of metabotropic
receptors. Among ligand-gated channels, the NMDA
receptor is of special interest due to its high perme-
ability to calcium.” We can exclude the partxupamon
of NMDA receptors in LTD induction, since the
afferent pathway was tetanized in the presence of the
selective NMDA recepror antagonist CPP. A rise in
mtraccllular caleium was achieved during membrane
depolarization, as suggested by the fact that LTD was
blocked when the postsynaptic cell was voltage
clamped at =70 mV. A rise in intracellular calcium
following mGluR activation may also contribute to
the induction of LTD as demonstrated for LTD
occurring at the CA3-CAT synapse during the first
postnatal week.* In a previous unpublished study,
using extraccllular ficld potentials, retanization of the
mossy fibres in the presence of the selective mGluR

antagonist MCPG (1 mM for 20 min, »n = 12) was sull
able to induce LTD, thus ruling out the possibility
that activation of mGluRs wnmhmm to LTD induc-
tion. Further evidence in favour of a postsynaptic
mechanism for LTD induction is provided by the
observations that a similar paired-pulse facilitation
ratio was present before and after LTD, and also, that
after the HFS train the coefficient of variation signif-
icantly (p < 0.05) iner cased from 0.36 £ 0.03 o 0.59
+ 0.14, # =3 (but see vef. 10 for reservations about
this method) Arguing against a postsynaptic mech-
anism is the mw\pcm‘ imdm;ﬁ that LTD was asso-
clated with an increase in the relative proportion of
failures when a minimal stimulation was used to acti-
vate a small number of synapses. According to the
classical probabilistic theory of transmutter release,
this effect has been atrributed to a presynaptic mech-
anism'" (when an action potential { fails to invade the
pmwmpuc terminal). However, this effect can be
also interpreted as a failure ﬂf pmuympm reception,
As recently au;,;,caud or LTP or LTD, a decrease
or increase in the numhw of {mlurcs; may reflect
activation or inactivation of previous silent or active
synapses, w;lh up- or down-regulation of AMPA
receptors.'*'* A quantal analysis of spontancous and
evoked lﬂiPS(Zs, precluded in the present experiments
by the low number of events, will help to further
clucidate this problem. Finally we cannot excluded
the possibility that induction of LTD s pre-
dominantly a postsynaptic phenomenon but that its
expression occurs mainly at the presynapuc site.

I

Conclusions

This study clearly demonstrates that induction of
LTD at the mossy fibre-=CA3 synapse during a erit
ical period of postnatal development is a postsy naptic
phenomenon that involves changes in intracellular
calcium in the postsynaptic cell. Tetanizaton of the
mossy fibre tract would depolarize the postsynaptic
membranc and cause a rise in intracellular caleium
through activation of voltage-dependent calcium
channels. Functional changes in synaptic connections,
mainly at the mossy ﬁ‘n level,' may regulate
calcium fluxes and consequently the level of protein
phosphorylation, leading to the development uf LTD
or LTP, respectively.
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General Summary

The whole cefl configuration of the patch clamgp techngus
was used to study the mechanisms of induction of long 2rm
depression (LTD} at the mossy fibre-CA3 synapse betaeen
postnatal days 6 and 13. Low intensity stimulation of the
mossy fibre tract elicited EPSCs that fluctuated in smplitude
from trial to trial and were associated with & 10-30% fadture
rate. When two stimuli were applied 50 ms apart a faclita-
tion of the response o the second one, associated wih a
reduction in the number of failures, was observed. One or
two HFS traing produced a LTD of the response to the frst
and second stimulus without sffecting the pairéd pulse facil-
itation ratio. In celis ioaded with BAPTA, the same HFS tain
faited to induce LTD but did not modify the paired pulse
facilitation ratio. These data suggest that LTD inducion
occurs at the postsynaptic site.




