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QUANTITATIVE NON-RADIOACTIVE IN SlTU HYBRIDIZATION STUDY OF 
GROWTH-ASSOCIATED PROTEINS IN THE CEREBRAL CORTEX OF THE 
ADULT AND INFANT MACAQUE MONKEY, U I i m , " ,  T&&!?. & 
YnmaFhlia', and M,Ha).alrhl'. 'Neuroscience Sect. inf(~mlatlon 
Scrence Dlv;, Electmtechnical Lab., Tsukuhn. iharakl 305-8568. Japan. 'Dept. Anat. 
N~hon Unlv. Sch. of M C ~ . ,  ltabashi, .rokyo 173-0032, Japan, 'Dept. Cellular and 
Molecular Biol., Primate Rcs. Inst., Kyoto Ucnv , Inuyama, A~chi 484-0081, Japan 

Growth-associated proteins arc n finnlly of molecules whosc ehpresslons ate 
relatcd to axonal gro\vth or synaptic plastlcgty Wc pcrhrmed non-radioact~vc rn 

srtu hybridization histocllen~istry in the v a l l r w i  aleas of ninnkcy cerebrd caitcx. and 
investig;~ted the locali7ation of neuiuns cxptcsi~ng two growth-nssoc~ated pt,lteins. 
GAP-43 and SCGIO. Both GAP-43 and SCGIO mRNA were observed t n  Roth 
pyranlidal ;]nd non-pyri~mrdal ncumns The plominent hyblidilntion hignnl, for 
GAp.43 mRNA werc ohserved 111 all layers uf thc adult assoclatian oreah the 

prefrolltal area (PD), lhc temporal asaoclatlon area (TE) and thc parletal ;hockallon 
area (PG). ~n contrast, in the prlrnary (OC) and the secondary (OB) wsu:~l arcus and 
thc primary som;rtoscnsory arca (PBL the s~goals for GAP-41 mRNA were weak ~n 
[he layers I.111, and cells whh promlilent signals were restrictcd In the iayci-s IV-VI 
The ~ignals  for SCG10 mRNA wcrc restrictcd In the layers IV-VI of all areas 
c x ~ , i n e d .  In the inVan1 cortex (postnatal days 8 and 30). the signals for both 
mRNAs were ~ntensc through supcrhcial to dccp layera of all areas. T h c c  rcsults 
suggcst that layer-specific expresiiorls of thcsc molecules arc es t~~bl~shed durlng 
postnatal development. The expression pattern of GAP-43 mRNA, but sot SCGIO 
mRNA, lnlay be related to the funcl~onal d~llercnce between primary and asoclatloo 
areas af;tdult cortex. (This work was supported by thc praats of AIST, MITI. Japan 
;~nd the Coopera11011 Rescarch Program of Pl~niate Rcscarch Inst., Kyoto Un~v. Wc 
thank Dr. R L. New and Dr. N Mor~ for t h r  generow xili of GAP-43 and SCGIO 
cDNA clone, respectively.) 

MODEL FOR WAVE PROPAGATION IN THE THALAMIC RETIC- 
ULAR NUCLEUS IN V N O .  hl. Bazhenovl*, I. Timofeev2, M. SteriadeZ 
and T.J. Sejnowski'. 'The Salk Institute, P O  Box 85800, San Diego, CA 92186 
and 'Lab. of Neurophysiology, School of Medicine, L a d  University, Quebec, 
Cauada G1K 7P4. 

Recent intracellular recordings from rcticular thalamir (RE) neurons at, rest- 
ing and hypcrpolarized membranc potentials i n  v i m  suggest that the reversed 
inhibitory postsynaptic potentials (IPSPs) between RE cells can directly trigger a 
low-threshold (LT) spike. The oscillatory mecl~anisrns underlying IPSP-triggered 
LT spikes crowned by spike-bursts within the RE nucleus were investigated in 

(a) In a one-dimensional mtwork model the external stimulation resulted in waves 
of excitation propagating with constant velocity 25-150 cells/sec controlled by the 
GABAA conductance and radius of synaptic interconnections in the net~vork. The 
mecltanism of propagation depended 011 the level of membrane poterkial in RE 
cells. For membrane potentials below C I  reversed potential, hursts of spikes in 
presynaptic RE cells led to the reversal of GABAA IPSP followed by a LT Caz+ 
spike and a burst of Na+ spikes in neighboring RE cells. The te~nporal irtacti- 
vation of the LT CaZ+ currcnt in an  RE cell after a burst discharge prevenird 
oscillatioi~s from persisting in the cell. (b) In a large-scale two-dimensional model 
of the rcticular nucleus, the network displayed transient or self-sustained oscilla- 
tions controlled by the tnaxiinum conductance of the LT Ca2+ current. Computer 
simulation of a model including RE and tbalaruocortical (TC) cells have revealed 
that the wave patterns in the RE network trigger oscillations involving both RE 
and T C  cells. This model predicts that the isolated reticular nucleus may initiate 
sequences of spindle oscillations in thaiamocortical networks in vzvo. Supported 
by t,he IIorvard Hughes Medical Institute, Sloan Foundation, hlRC of Canada, 
Human Frontier Science Program and Savoy Foundation. 
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MECHANISMS O F  INTRACOKTICAL AUGMENTING RESPONSES. N. 
Diirmiiller*. I. Timofeev. F .  Grenier and M.  Steriade. Lab. Neurophysiol., Sch. 
Med., Laval Univ., Quebec, Canada G I K  7P4. 

Augmenting responses are progressively growing field potentials and 
cellular discharges during the first few sti~nuli applied at a frequency around 10 
H z  to thalatnocortical networks. Our recent data indicated the leading role of 
the thalatnus in cortical augmenting responses accompanied by short-tern1 
plasticity processes. Nonetheless, augmenting responses can  partially he  
generated in intracortical networks. Here, w e  have investigated cortically- 
evoked augmenting responses by means of intracellular recordings from intact 
cortex or isolated cortical slabs in cats under kelamine-xylazine or barbiturate 
anesthesia. Khythmic stimuli at 10 H z  resulted it1 a slight increase of the 
secondary, slow depolarizalion and associated spikes. Similar patterns were 
observed in the intact cortex and in the acute neocortical slabs. The increased 
depolarization was more obvious in neurons recorded within 1 mm from the 
stirnulatinp. electrode. comuared to neurons recorded at [nore distant sites (2-4 
mm).  LO; intensity s t i n h i  at 1 0  H z  induced long-lasting EPSPs &th 
decremental amplitude. T h e  increase in stitnulation strength resulted in  an 
increase of EPSPs amplitude, but also in a significant shortening in the duration 
of EPSPs due  to activation of inhibitory interneurons. Further increase in the 
stlmulus tntensrty led to growing of depolarmng components ot reqponse 
Repeated p u l s e - t t m s  at 10 Hz produced the aupuresston of ~ n h ~ b t t ~ o n  and a 

CONTRIBUTION OF NEURONS AND GLIA TO THE GENESIS OF SLOW AND 
PAROXYSTIC FIELD POTENTIALS. F .  Amzica* and M. Steriade. Lab. 
Neurophysiol., Sch. Med., Laval University, Quebec, Canada GIK 7P4. 

Double intracellular recordings from closely located (<0.5 nun) neuron-gln couples 
in cat cortical areas 5 and 7 show synchronous activities among these cells during slow 
(<1 HL) sleep oscillations. Such acttvities are time-locked and show tlme lags of less 
than 5 ms. Under ketamine-xylazine anesthesia, the neuronal membranc potential fluc- 
tuates between a depolarized and a hyperpolarlzed level. The onset of the depolanration 
1s associated in the neighboring glia with a transient negativity, followed by a ramp-like 
depolarization reaching its peak towards the end of the neuronal depolarizing plateau 
(see figure). Short cortical stimuli may also elicit sharp glial negative transients. Their 
amplitudes depend on the amplitude of the EPSPs driven in neighboring neurons. It is 
i~kely that the transient hyperpolarization of glial cells at the onset of a cycle of the slow 
oscillation reflects extraglia! field potentials. The subsequent glial slow depolarization 1s 

due to the uptake of extracellular K+ ie- 
leased by neurons during the depolanration. 
Dur~ng the second phase of the slow oscrlla- 
tion cycle neurons hyperpolarize, while gllal 
cells start a slowly repolarizing ramp, to 
reach, at the end of the cycle, the same 
membrane potential as at the beginning of 
the cycle. If the pace of the slow oscillation 
accelerates, each new cycle of the slow 
oscillation in a ghal cell starts at a more 

depolarized potential and, by allowing accumulation of K+ in the extracellular space, 
creates the cond~tions for the developing of a spike-wave seizure. Simultaneoosly 
recorded field potentials show high resemblance w t h  intragl~al potentials (auerage 
correlation coefficient of 0.88) with increasing values (up to 0.98) as the slow sleep 
oscillation evolves toward paroxystic patterns. 

Supported by MRC. HFSP and FRSQ. 
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COMPUTATIONAL MODELS OF INTRACORTICAL AUGMENT- 
ING RESPONSES. A.R. H o u w e l i ~ ~ l * ,  M. Bazhenov', I. Timofecvz. 
M. Steriadez and T.J.  Sojnowskii. 'Thr Salk Institute, P O  Box 85800, Sat1 
Diego, CA 92186 and 'Lab. of Neurophysiology, School o i  Medicine, Laval Uni- 
versity, QuBbec, Canada GlI< 7P4. 

Augmenting responses in cortical pyramidal cells can be elicited hy 10 Hz 
repetitive stimulation i n  rrzvo and zn &TO. One of the underlying mechanisms 
is intrinsic t o  the thalan~ns because such augn~enting responses may be elicited 
in dccorticaLcd animals. Stinntiation of the white matter or corpus callosim in 
thalamicallg lesioned animals also results in augmenting responses, however, with 
different features. t\ realistic network modd of cortical regular spiking or bursting 
pyramidal (PY) cells and fast spiking intcrneurons (IN) was developed t o  explore 
possible intracortical mechanisms. Two-compartment models of PY and IN cells 
included voltage-dependent currents described by Hodgki11-Huxley type kinetics. 
Synaptic currents were drscribed by kinetic models of AMPA and GABAn re- 
ceptors together with a simple model of short-term depression for both typrs of 
synapses. We found that the simplest net,work model dctnonstrating augment- 
ing responses during repetitive stimulation is a set of coupled PY and IN cells. 
Repetitive stimulation of ehalamocortical synaptic inputs produced postsynaptic 
potentials in the PY cell that grew in size carrying an increasing number of artion 
potentials from disinhibition through short-tenn depression of inhibitory (IN-PY) 
synapses a t  frequencies greater than 3-5 Hz. In a one-rlirnensional chain of PY-IX 
pairs additional strong, fast recovering depression of lateral excit,atory synapscs 
between P Y  cells and thalanlocortical afferents led to a reduction of augmenting 
responses a t  frequencies greater than 15-20 Hz. Thus, short-term depression of 
intracaitical and thalamocortical synapses during repetitive stimulation may rx- 
plain the main features of intracortiral augmenting responses. Supported by the 
Howard Hughes Mrrlical Institute. Sloan Foundation, MRC of Canada, Human 
Frontier Srience Progranl and Savoy 17ounrlation. 

ELECTROPHYSIOLOGICAL ACTIVITY OF ACUTE NEOCORTICAL SLABS IN 
VIVO. I. Timofecvk. F. Grenw, and M. Steriade. Lab. Neurophys~ol , Sch. Med.. 
Laval UIIIV., Qucbcc, Canada GIK 7P4. 

The slow sleep oscillation (<I Hr) originates ~n neocortex as 11 survlves cxteosive 
thalamic lesio~ls (Steriadc at al., 1993) and disappears in the thalamus after 
decortication (T~mofeev and Steriadc, 1996). The hyperpolariring phase of the slow 
cortical oscillation is largely due to disfitcilitatlon while the depolar~zing phase is 
dom~nated by excitatory and inhibitory synaptic activity. To answer the qucs tm of 
possible n~cchanisms underlymg the depolarizing phase of the slow oscillation, we 
recorded intracellular activities and field potent~als in acute slabs from cortical areas 5 
& 7 of cats anacstheti~ed wlth ketannne-xylazine. Two to three hours after completing 
a small (6x10 mm) slab, depolarizing bursts were recorded at the EEG and cellular 
levels, with a mean frequency of 4 burstslmin. The bursts lasted Ibr 0.5-3 sec and 
consisted of a w ~ d e  range of oscillations Multi-site recordings revealed that the bursts 
or~g~natcd in the middle (healthier) part of the slab and propegatcd towards the slab's 
extremities with a speed of -0.1 mlsec. Intmcellular recordings showed the prcscncc of 
m~niature excitatory synaptic potentials bctween the depolarizing bursts and especlaiiy 
at the onset or thcsc excitations. The minis were suppressed for at leaat one second 
after burst activity. The summated niin~ potentials may be respons~blc for the onset of 
bursts. Crosscorrelation analyses revcaled a high level of synchroi~y, with 0-10-2 ms 
time-lags, for fast (>20 Hz) oscillations among the ccnter and the boundarm of the 
slab. Low htensity extracellular electricnl stimulation or intracellular stimulation of 
one cell elicited EPSPs kn the simultaneously recorded postsynaptic cell lasting for 30- 
80 ms. lncreaslng the intensity of st~mulation resulted in act~vation of ~nhib~tory 
intcrneurons and reduction in the durauon of EPSPs to 5-10 ms. Thc shnpe of these 
EPSPs truncated by IPSPs was s~milar to that of fast oscillations occurrmg dur~ng the 
bursts. Injection of CABAA hlocker blcuculline suppressed last oscillations wlth~n 
prolonged bursts while leaving intact the repetition of depolarizing events. We 
conclude that the depolarizing phasc of slow oscillation may be triggered as a result of 
summated mini-EPSPs and that fast oscillatfons are strongly controlled by inhibitton. 

Supported by NSERC, MRC and Savoy Poundallon. 


