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ABSTRACT

The postnatal dev~loPment of short-term potentiation (STP) and
.~

long-term potentiation (LIP) were examined in the neocortex and dentate
,

gyrus of the rat. It was. found that STP and LTP develop during narrowly
,

defined time periods in both systems. This functional synaptic

development

development

formation).

did not appear to~correspond well with known structural
I I~

in either system (e.g. synaptogenesis or dendritic sp~ne

Stimula~n of callosal fibers produced a biphasic, positive­
,

negative, transcallosal response (TCR).recorded near the surface of the-

--anterior neocortex in all ages tested. The tCR showed a decrease in

threshold, latency and halfwidth, and an increase in pea~ amplitude with

age. STP and LTP of the TCR could not be reliablr detected until after

PN16 and PN18, respectively. The magnitude of STP and LTP was initbttly,

small out approached adult levels rapidly after their initial

appearance.

Stimulation of perforant path fibers produced a positive

!!: excitatory post-synaptic potential (EPSP) with a s~per-imposed negative

population spike recorded in the dentate hilus. The EPSP showed a

decrease in threshold, latency and halfwid~, and an increase in peak

amplitude with age. STP and LTP (of the EPSP and/or population spike)

could not be reliably detected until the second postnatal week, with

STP appearing pr10r to LTP. Again, STP and LTP approached adult levels

rapidly after their initial appearance. These resurts could not be
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explained oy differential effects of anesthesia on ~ature anicals, nor

by higher STP!LTP thresholds in limnature anicals.

The maturation of evoked response morphology (e.g. threshold

and latency) did not correspond closely with STP!LTP development in

either the hippocampal or neoco~t~cal system. Also, the correspondence

betw~en STP!LTP'development and st~ctural developments such as

synaptogenesis, spine formation, or myelinogenesis (a~ reported in the

literature) was not particularly strong in either-system.

These results,suggest that the postnatal development of STP and

LIP, and thus the mecha~i~ of potentiation effects. in mature animals,

may not depen~o

dendritic spin~~

<
mUCh, on the maturation of specific structures (e.g~

as on the maturation of neurochemical processes (e.g.

receptor or protease development). Possible PAP-mechanisms were

discussed.
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CHAPTER I. INTRODUCTION

It is commonly believed that functional changes at the synapse

underlie memory formation (e.g., Kandel & Spencer, 1968; Hebb, 1949).

Many specific hypotheses have been proposed that account for learning

and memory phenomena by increases or decreases in synaptic efficacy

(Fillenz, 1972; Gardner-Medwin, 1969; Gilbert, 1975; Goddard, 1980;

Griffith, 1966; Hebb, 1949; Rosenzweig, Mol1gaard, Diamond & Bennett,

•1972; Schuz, ,1978; Willshaw, Buneman & Longuet-Higgins, 1969). Any

model of the synaptic changes unde~lying learning and memory processes

must account for rapidly occurring, yet long-lasting, changes in

synaptic function following physiologically plausible events.

One model that satisfies these criteria is post-activation

potentiation (PAP). PAP is an increase in synaptic efficacy fo~lowing

brief periods of repeated, patterned synaptic activation. PAP has been

reported to occur at synapses ,n th~ peripheral nervous system (PNS)

(Hughes, 1958; Magleby & Zengel, 1976a; Magleby & Zengel, 1976b;

Zucker, 1974) as well as the central nervous system (eNS) (Bishop, Burke

~ & Hayhow, 1959; Eccles & McIntyre, 1953; Lomo, 1971; Bliss & Lomo, 1973,

Douglas & Goddarsl, 1975; Alger & Te.y1er, 1976;' Andersen, Sundberg, Sveen

& Wigstrom, 1977; Gerren &'Weinberger, L983; Komatsu,Toyama, Maeda &

Sakaguchi, 1981; Lee, 1982; McNaughton, Douglas & Goddard, 1978;

Misgeld, Sarvey & llee, 1979; Racine & Milgram, 1983; Racine, Milgram &

Haf~r, 1983; Teyler, Alger, Bergman & Livingston, 1977; Wilson &

1
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Racine, 1981; Wilson & Racine, 1983). At some central synapses, PAP can

be induced by brief periods of high frequency stimulation (8 pulses at

400 Hz) and can last for days or weeks ,(Bliss & Gardner-Medwin, 1973;

Barnes, 1979; Dougl~s &,Goddard, 1975; Racine, et al., 1983). Although
...

PAP has been well described in seveLal forebrain pathways, the mechanism

through which synaptic activation leads to an increase in synaptic

efficacy in the eNS, is not yet known (Bliss, 1979; Swanson, Teyler &

Thompson, 1982).

The present thesis describes the postnatai development of PAP

1n the CNS of the rat. A correlation of PAP development with specific

neural structural or neurochemical developments may p'rovide some insight

into the mechanisms of PAP in the~mature anima~. During the ontogeny of

any given neural system, however, many events ~ccur simultaneously.

Singling out one correlate of PAP development 1n a single system, may be

suggestive at best, and-misleading at worst. One way to strengthen
""-

this developmental approach would be to examine two neural systems that

develop at different times or rates. 'Thus, if a certain developmental
,

correlate of PAP in one system is indeed important to PAP ontogeny, that

correlation should exist in both systems examined. This was the

approach used here.

~~ The two systems chosen for this study were the perforant path

~put to the dentate gyrus and the intrinsic callosal pathway i~ the

neocortex. These systems were c~osen for several reasons. Most

research done on PAP in ~he mature eNS, in vivo, has been done in the

dentate gyrus (Bliss &, Lomo:1'973; Bliss & Gardner-Medwin, 1973; Douglas

& Goddard, 1975; McNaughton, et ,a1. ,,~978; Douglas, 1977; Barnes, 1979;
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--­Robinson & Racine, 1982; Bliss, Goddard & Riives, 1983~ Wilson, 1981;

Wilson, Levy &_Steward, 1981). The dentate gyrus ~s a part of the

hippocampal formation, which has been strongly link~d to memory

processes (Douglas, 1967; O'Keefe & Conway, 1980; O'Keefe & Nadel, 1978;

.Olton, Becker-& Handelmann, 1980; Scoville & Milner, 1957). In

addition, the hippocampus has a unique cytoarchitecture (to be discussed

below) that-;:lends itself well to electrophysiological analysis. The

neocortex, while not as electrophysiologically "simple" as the

hippocampal formation, has long been considered imp?rtant in memory

(e,g., Pavlov, 1927; Sechenov, 1863), and has been shown to be capable
.

of several,forms of_structural and functional plasticity (Lippold, 19709

Hubel & Wiesel, 1962; Hubel & Wiesel,.1970; Rothblat & Schwartz, 1979;

Valverde, 1967; Yinon & Auerbach, 1973; Clare, Landau & Bishop, 1961).

Although a detailed study of neocortical PAP has no~ yet been done,

there is evidence that neocortical synapses can demonstrate PAP (Clare,

et al., 1961, Komatsu, et al., 1981; Lee, 1982; Racine, Tuff & Zaide,

undergo majorBoth the neocortex and

,
\

hippocampus in~,~t
postnat~l maturational changes in anatomy (Aghajanian & Bloom, 1967;

1975).

Altman & Das, 1965; Cotman, Taylor & Lynch, 1973; Crain, Cotman, Taylor

& Lynch, 1973; Duffy & Teyler, 1978; Johnson & Armstrong-James, 1970;

Loy, Lynch & Cotman, 1977; Schlessinger, Cowan & Gottlieb, 1975;

Schwartzkroin, Kunkel & Mathers, 1982; Seggie & Berry, 1972; Wise,

Fleshman & Jones, 1979; Wise &'Jones, 1978) neurochemistry, (Baudry,

Ars?, Oliver Il Lynch, 1981; 'Coyle & Enna, 1976; Coyle & Yamamura, 1976;

Matthews, Nadler, Lynch & Cotman, 1974;· Sanderson & Murphy, 1982;










































































































































































































































































