
SPINAL AFFERENT TERMINATIONS IN THE CENTRAL LATERAL 
NUCLEUS OF THE MONKEY THAL;AMUS: A QUALITATIVE AND 
QUANTATIVE ANALYSIS. D.D.Ralsto and H n I Department of 
Anatomy, WM Keck F o u n d a t r O ~ c e s S  University of 
Callfomla, San Francisco, Ca. 94143-0452. 

The central lateral nucleus (CL) 1n the monkey is known to recelve spmothalam~c 
tract (STC) afferents mvolved ln pmcessmg affectlve aspects of noclcephve 
~nformauon and may possibly be mvolved In the ascending modulahon of pain. as 
suggested m the rat (Condes-Lara et al, 1989). In th~s  study ~n the monkey, we 
sought to elucidate the synapllc cmulby that underlies the projections of high 
threshold STT afferents m t h ~ s  specles (Applebaum el al, '79) and compare the 
electron mlcroscoplc results to those found in the cat (Ihnsky et al, '91). Three 
monkeys, cared for accoAng to establrshed protocols, were used m thls study of 
STT afferents uhhzlng antemgrade mspor t  from cervlcal cord of 5% wheatgerm 
agglutlnm horsetad~sh perox~dase (WGA-HRP) Thalam~c llssue was reacted for 
HRP w~th tetramethyl benz~dme (TMB) and the tlssue processed for electron 
microscopy (EM) Post-embeddmg unmunocytochemlstry for GABA was camed 
out on thln secuons Results macate that S l T  projecuons to CL form clusters of 
synaptrc termrnals ln regions of CL The majonty of terminals were of the RL 
type, contamlng pnmarlly rounded synaphc veslcles and formlng asymmemcal 
axodendntlc synapUc contacts wrth CL pmjecuon neurons Although there are both 
axonal and dendrrhc profiles that are GABAergrc wrthm CL, there are relahvely few 
lnterachons w~th these GABAergrc profiles, such as glomernlar relatronshlps or 
trlad~c feed forward lnh~bltory synaptlc arrangements Unlabeled glomerular 
arrangements are present wlhn  the nucleus and presumably represent afferents from 
other sources Ths 1s m contrast to the cat in whlch STT afferents form pnmanly 
glomemlar relat~onshlps wlth GABAerglc neurons Thus, the synaptlc cucultry of 
STT afferents carrymg prnclpally noxlous mformatton to the pnmate CL n sunllar 
to what we have previously described m monkey VPLc and PoISG, In that there a 
llttle modlficahon of the lncomlng slgnal before belng transmltled to the cerebral 
cortex Supported by NS 21445 from N I H . 

THERE ARE FEW DENDRO-DENDIUTIC SYNAPTIC CONTACTS IN 
PRlMATE*THALAMlC RETICULAR NUCLEUS (TRN). AX. 
-. Dept. of Anatomy and the W.M. Keck 
Center forlntegrative Neuroscience, U.C.S.F., San Francisco, CA 94143. 
Ihe synchronization of the EEG in certain sleep states is controlled by the 

TRN. As has been shown in cat (Deschhes et  al. Brain Res. 334: 165, 
1985), synchronization of TRN output to the thalamus could result from 
dcndro-dendritic contacts within the TRN. We wanted to determine whether 
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CROSS-CORRELATION ANALYSIS OF THALAMOCORTICA~ 
INTERACTIONS IN THE CAT SOMATOSENSORY SYSTEM. 
M.J. Johnson* and K.D. Alloway. Dept. of Neuroscience & 
Anatomy, M.S. Hershey Medical Center, Penn state 
University, Hershey, PA. 

T h e  ventrobasal (VB) thalamus projects to 
somatotopically-matched columns in primary somatosensory 
(SI) cortex while sending collaterals to  adjacent columns. 
Simultaneous extracellular recordings from single neurons 
with matched receptive fields W s )  in  V B  and SI  were 
made during computer-controlled a i j e t  stimulation of hairy 
skin a t  20, 10, 5, and 0 psi. Cross-correlation analysis was 
used to measure connection strength as a function of 
overlap, stimulus intensity, and stimulus position. T o  date, 
analyses have been performed o n  data  acquired from 152 
neuron pairs. Sign~ficant  excitatory interacttons were 
observed in  56 of  these pairs which shared extensive RE 
overlap, while 7 pairs demonstrated significant inhibitory 
interactions when RF overlap was minimal. P r e l i m ~ n a r ~  
findings indicate a timing shift in the interaction between 
V B  and S I  neurons with respect t o  t ime zero coincident 
with changes in stimulus position in  two  overlapping RFs. 
Supported b y  NIH grant NS29363. 

THE TERMINAL FIELD OF SINGLE THALAMIC RETICULAR CELLS IN 
THERATTHALAMW3.D -. N L 
ResearchCenler forNeumbiology, LavalUniv. Sch. of Med. Qu6becCity. Canada 
G1J 1 U .  

Golgi studies have demonstrabd that cells of the lhalamic reticular p) 
nuclcus sent thcir axons into h e  dorsal thalamus and the drawingsof Schcibcl and 
Scheibel [Brain Res. 1: 43 ('66)l have emphasized the fact hat &le axonscould 
ramifv widelvthrourhseveraldorsal Ihalamicnuclei. Subscquentstudics, however, 

or  not primate TRN possessed the same high level of dendrodendritic 
contacts observed in cat. 

All experiments were performed o n  Mucacu jascicularis monkeys 
according to the regulations of the, N.I.H, U.S.D.A., and the Committee for 
Animal Research. at U.C.S.F. Tlssue was prepared for electron microscopy 
using immunocytochemical techniques adapted for our laboratory. 

Examination of tissue from anterior and oosterlor TRN showed few If any 
welldefined dendrodendritic contacts. %ere were asymmehic contacts 
(roughly 5%) in which both pre- and post-synaptic elements contained 
veslcles, but we saw only one postsynaptic element becoming presynaptlc 
elsewhere. Few contacts of this type showed GAEA immunoreactlvity 
presynaplically, an indication that these were probably axo-dendritlc 
contacts. A more common synaptic type (12%) involved a GABAergic 
presynaptic profile (F-lype) contacting l q g e  dendrites and cell bodies. I h e  
origin of the F profiles forming symmetric contacts is unknown. They 
could be recurrent axon collaterals from within TRN, or may arise in  
nucleus basalis. 

W e  conclude that the primate TRN differs significantly from Ulat of cat 
because there are few if any dendrodendritic contacts. Therefore, i t  i s  
possible that synchronization within TRN may result from another mecha- 
nism. This work suppolted by NS 23347 and NS 21445. 
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A MODEL OF 7-14 HZ SPINDLING IN THE THALAMUS AND THALA- 
MIC RETICULAR NUCLEUS INTERACTION BETWEEN INTRINSIC AND 
NETWORK PROPERTIES A Destexbe*, W W Lyttonf, T J Sejnowskl, 
D A McCormlckq, D Contreras$ and M Stetlade8 The Salk lnstltute, Com- 
putat~onal Neuroblology Laboratory, PO Box 85800, San D~ego, CA 92186, USA, 
f Dept Neurology, Unlvers~ty of Wlsconsm, Madlson, WI 53706-1532, USA, 
( Sect~on of Neuroblology, Yale Unlversrty, New Haven CT-06510, USA, § Lab 
of Neurophyslology, Laval Unlvers~ty, Quebec, CANADA G1K 7P4 

We have developed models of thalamocort~cal (TC) and reticular thalamlc 
(RE) neurons that lncluded voltage-dependent currents wlth Hodgkn-Huxley 
type lrlnetiw based on voltage-clamp and current-clamp measurements 

Slngle TC nenrone generated slow (0 5 4 H z )  rhythm~c firlng through an 
lnteractlon of the low-threshold CaZt current and a hyperpolaraat~on-activated 
catron current Ih We studled how the vanous patterns of slow osclllatton can 
be controlled by current mnjectlon, synaptlc Input and degree of actrvatron of 
Ih Slow oscillations could wax and wane ~f the voltage dependence of Ih wan 
sensltlve to ~ntracellular Cn2 t  Slngle RE neurons generated 8-10 H z  rhythmic 
burst firmg through an mteractlon of IT and a C - a c t v a t e d  K c e n t  These 
osclllatlons were generated following injection of a current step and were followed 
by tonlc tad actlvlty We also lnvestrgated s~mllar oscillatory modes m networks 
of RE cells interconnected via mhlbltory synapses 

We rnvest~gated networks m whlch EPSPs were Included onto RE cells from 
TC cells and IPSPs from RE onto TC cells We found waxing and wanmg 8- 
10 H z  osclllat~ons separated by den t  periods of 8-30 s The propertles of these 
osclllatrons are characterlst~c of the sp~ndlea observed m u~vo and 10 ferret slices 
m vliro 

Thls mathematical model wnfirma prevlous an v1vo and :n vtim data em- 
phaslsmg the role of both lntnnslc and network propert~es m the generat~on of 
synchronleed wcdlat~ons m the thalamus. 
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~ s i n ~ r e u o g ~ a d e  and antemgrade Uansport techniques have suggested a more 
resmcted pattern of inrrathalamlc arbanzauon as each sector of the TR nucleus 
appeared related to a particular regxon of the dorsal thalamus. In the present study 
the axonal arbor and synaptic terminals of single TR neurons were mapped m the 
ratthalamus usingsmall~ontophoret~c injectionsof biocytin. Afterasmvivalpenod 
of 2-5 hours, rats were perfuscd with a solution of paraformaldehyde (4%). 
Horizontal sections of the thalamus were cut at 80 wn andpmcessed by the avrdln- 
biotin histochemical lechnique. Fmm the mapping of the axonal artiorization of 
more than 50TR cells located in different sectors of t h e m  nucleus. the foUowing 
conclusionscaobedrawn: (1) A singleTRceUprojects to asinglethalamic nucleus 
and often. as is the case in the ventrobasal complex or in the medial geniculale 
nucleur. to a restricted nortion of these nuclei where it terminates in natches or 
bid;  ~ imi la r i a l ch~  &iof &ninalsconfined within the nuclear limii were also 
observedin inrralaminarandmidlinenuclei. (2)As a~le.cellsmoieclinl! to lateral 
thalamw nuclel were located m the lateral 2t3 of the TR nucleis whrle &US of the 
Inner uer projected to the postenor nucleus (Po). Cells proJecUng to ~nmlamlnar 
and mldhne regoons were located m the msvsll pole of the 7 ' '  complex (3) All 
m l n a l  fields were characterued by the presence of dense clusters of grape-hke 
boutonsand varicosities. From theseobservations it isconcludcd that the~nhib~tory 
projwtionofTRcclls totherestofthcthala. mur isnotdiffusc, but spatially resuictcd 
and lincly organiml. Supported by the MRC of Canada. 

SYNAPTIC ORGANIZATION OF AFFERENTS FROM THALAMIC 
RETICULAR NUCLEUS IN VENTROPOSTERIOR NUCLEUS OF THE 
CAT. X.-B. Department of Anatomy and 
Neurobiology, University of California, Irvine, CA 92717 

Much attention has recently been paid to the role of the thalamic reticular 
nudeus (RTN) in controlling state dependent changes in the activity of the 
dorsal thalamus. Although the GABAergic nature of the RTN projection to 
the dorsal thalamus is well established, the exact pattern of termination a not 
known. 

In the present study, we wmbmed PHA-L anterograde tracing wth 
postembedding immunogold labelling for GABA to determine the proportion 
of RTN terminals ending on relay neurons and on GABAergic interneurons 
in the ventroposterior lateral nucleus (WL) of the cat. Following PHA-L 
injection in the somatosensory sector of RTN, labeled fibers and terminals 
were densely concentrated in the W L  nucleus. A total of 70 labeled terminals 
have been examined at the EM level. Of these, 56 formed synaptic contacts 
on dendritic shafts of different sizes and 8 contacted somata of relay cells; 6 
made wntacts on presynapticdendrites belonging to GABAergic interneurons. 
AU synaptic wntacts were of the symmetrical type and were GABA 
immunopositive in immunogold labeled thin sections. Thi., preliminary result 
suggests that relay cells are the major targets of the inhibitory inputs from 
GABAergic neurons in RTN. The precise localization of PHA-L labeled 
terminals and a quantative analysis of postsynaptic targets are being 
investigated. 

Supported by NIH grant NSZ2317. 




