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Research Note 

Vestibulo-Thalamic Projection to the Anterior Suprasylvian Cortex of the Cat* 

T. Mergner ,  L. Deecke ,  and H.-J .  W a g n e r  

Abteilung Neurologie und Abteilung Klinische Morphologie, Universitiit Ulm, 
Steinh6velstr. 9, D-7900 Ulm, Federal Republic of Germany 

Summary .  Suggestive evidence as to the site of  a 
major  thalamic relay of  the vestibular  pro jec t ion  to 
the anterior  suprasylvian (ASS) cortex in the cat has 

�9 been obta ined  using the re t rograde  axonal  t ranspor t  
of  horseradish peroxidase.  The  thalamo-cort ical  
neurons are located in several patches surrounding 
the poster ior  margins of  the ventro-basal  complex  
(VB). This area also was found  to receive vestibulo- 
thalamic project ions.  It comprises  different nuclear  
groups known  to carry somatic ,  accoustic,  visual or  
combined  informat ion,  which possibly have certain 
functions related to kinaesthesia  and body  orienta-  
tion in common .  
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The existence of  a vest ibular  field in the anter ior  
suprasylvian (ASS) cortex of  cat has been  established 
in several e lectrophysiological  studies (cf. Mergner  
1979). Some uncer ta inty ,  however ,  still exists con- 
cerning the ascending vestibular  pa thway  and its 
thalamic relay. Despi te  some earlier negative results, 
direct vest ibulo-thalamic projec t ions  have been  
demons t ra ted  anatomical ly  (for references,  cf. Merg-  
ne t  1979; also Ko tchabhakd i  et al. 1980). F r o m  these 
studies it appears  that  several thalamic nuclei receive 
afferent project ions  f rom the vestibular  nuclei. 
A m o n g  these are the vent robasa l  complex  (VB) 
together  with its pos ter ior  border  region towards  the 
lateral poster ior  nucleus (LP),  and the magnocel lu lar  
por t ion of  the medial  geniculate body  (mcMG).  In  
two recent  studies, ei ther  one  or  the o ther  thalamic 
region has been  claimed to represent  the main source 
of  afferent  fibers to the ASS vestibular  field (Blum et 
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al. 1979; Liedgren  et al. 1976). In  order  to resolve 
this apparent  discrepancy,  we reinvest igated this 
thalamo-cort ical  pro jec t ion  anatomically.  The  ASS 
vestibular field was identified not  on grounds  of  
evoked field potentials  as in the fo rmer  studies, but  
by single neu ron  responses to natural  vestibular 
stimulation. Fur the rmore ,  an a t tempt  was made  to 
demonst ra te  anatomical ly vest ibulo- thalamic projec-  
tions to the site of  origin of  the thalamo-cort ical  
neurons.  

Methods 

In two recent studies (Becker et al. 1979; Mergner et al. 1981), we 
investigated neuronal responses to horizontal rotation in the ASS 
cortex. In six cats from these electrophysiological experiments and 
in eight additional ones, horseradish peroxidase (HRP; Sigma VI) 
was injected at the site of cortical vestibular neurons. Forty-eight 
hours later the animals were perfused for fixation of the brain 
under deep anaesthesia. After serial sectioning of the thalamus 
and enzymatic reaction of the HRP, the thalamic site of neurons 
labeled by retrograde transport of HRP was identified and plotted 
on schematic drawings of the thalamus following closely the 
anatomical description of Jasper and Ajmone-Marsan (1954). 
Based upon the results from the first animals, the last ten animals 
after the cortical injection received a further HRP injection on the 
contralateral side, aiming stereotaxically at the symmetric thalamic 
sites previously identified as projecting to the ASS vestibular field. 
In frontal sections of both thalami, the site determined by cortical 
HRP injection was compared with the thalamic injection site on 
the opposite side (compare Fig. 2A). The sites were found to be 
symmetric in five cases. The brainstems of these animals were cut 
serially and processed, in order to search for retrogradely labeled 
neurons in the vestibular nuclei. 

HRP was injected by pressure (30-50% solution in physiologi- 
cal saline, 0.05-0.2 ~tl) or by a combined mechanical and iontopho- 
retical method (cf. Mergner et al. 1977). It should be noted that 
the cortical injections were performed through the intact dura, 
since previous injections with the dura opened apparently had led 
to a significant reduction in the number of thalamo-cortical 
neurons. The fixation procedure and further processing for 
enzymatic HRP reaction followed the earlier methods of Graham 
and Karnovsky using 3.3'-diaminobenzidene as chromogen. 
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Fig. 1A, B. Thalamic projections to the vestibular field in the ASS 
cortex. Aa Location of the vestibular cortical field between tip of 
ansate sulcus (ANS) and anterior suprasylvian sulcus (ASSS). Ab 
Retouched photograph of sagittal section through this area as 
indicated in a. Black area represents HRP injection site (magnifi- 
cation marker: 1 ram). B Schematic drawings of frontal sections 
through left thalamus showing locations of neurons retrogradely 
labeled with HRP; superimposed results from three animals. For 
abbreviations cf. page 458 

Results 

Cortical Injection Site 

In the electrophysiological experiments described 
elsewhere (Becker et al. 1979; Mergner et al. 1981), 
it was found that vestibular responsive neurons were 
relatively concentrated in a region between the tip of 
the ansate sulcus and the anterior suprasylvian sulcus 
(Fig. 1Aa). HRP injections into the ASS vestibular 

field were considered successful if essentially 
restricted to the grey matter at this site (Fig. lAb). 
This was the case in the 14 animals reported here. 

Thalamic Locations of Retrogradely Labeled Neurons 

The labeled neurons were grouped in several patches 
surrounding the posterior margins of the VB. The 
largest and most consistent patches (present in 11 out 
of the 14 cases) were found in the border region 
between LP, VL, VB, and CL at rostral levels (Figs. 
1B and 2A). Some of these patches reached well into 
the ventral LP as well as into the posterior VL and 
VB. Small distinct groups of labeled neurons in CL 
were arranged in clusters located mainly in middle 
portions of the nucleus and dispersing in a medio- 
ventral direction. At more latero-caudal levels, the 
patches were located in the VB-LP border region 
(eight cases). Caudal to the VB, patches with less 
dense packages of labeled neurons were still found. 
They mostly were located in the SG-LP border 
region and in the mcMG (five cases). This wide- 
spread, but nevertheless characteristic distribution of 
the relevant thalamic neurons, was even more promi- 
nent when superimposing the results obtained with 
several animals in which the exact locations of the 
patches showed some variation. An example of three 
superimposed cases is given in Fig. lB. 

Vestibulo-thalamic Projection 

In five cases, the site of HRP injection in the 
thalamus on one side corresponded well to the area 
of patches of labeled thalamo-cortical neurons on the 
other side. In three animals, both the injection site 
and the patches with thalamo-cortical neurons were 
located in the LP-VB border region at a rostral level 
(cf. example in Fig. 2A). In these animals, some 
retrogradely labeled neurons were found in all four 
main vestibular nuclei on both sides. However, there 
was a clear preponderance in caudal parts of the 
contralateral descending and medial vestibular 
nucleus (Fig. 2B). Also, mainly on the contralateral 
side, labeled neurons were observed in some of the 
small nuclear regions related to the vestibular nuclear 
complex; i.e., in the groups y and especially z, also in 
the interstitial nucleus of the VIIIth nerve, the N. 
praepositus hypoglossi and the N. intercalatus. Out- 
side the vestibular nuclear complex, a considerable 
number of labeled neurons were observed in the 
principal trigeminal nucleus on both sides extending 
dorsally into the superior vestibular nucleus, as well 
as in the nucleus of the spinal trigeminal tract and the 
cuneate nucleus on the contralateral side. 
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Fig. 2A, B. Vestibulo-thalamic projection. A Retouched photo of 
frontal section through rostral thalami. HRP injection site in left 
thalamus matches location of thalamo-cortical neurons (marked by 
dots) at posterior margin of right VB. B Drawings of frontal 
sections through brainstem with indicated locations (dots) of 
neurons retrogradely labeled by HRP injection in A 

In the two other cases, the thalamic injection site 
was located more laterocaudally and comprised, 
apart from the LP-VB border region, also the SG and 
the mcMG. Retrogradely labeled neurons were 
observed in the vestibular nuclei essentially with 
similar locations as above. However, in addition, 
several of the neurons were found in the reticular 
formation in close conjunction with the trapezoid 
body. Three additional animals, which only had 
received the cortical injection, were used as controls; 
no labelling of vestibular nuclear neurons was 
observed in any of these cases. 

Discussion 

Considering the vestibulo-thalamic projection first, 
our results are compatible with those of Kotch- 
abhakdi et al. (1980, for other relevant literature cf. 
these authors). According to their findings, an 
ascending projection mainly stemming from caudal 
parts of the contralateral medial and descending 
vestibular nuclei and group z reaches the VB and 
some of its surrounding nuclei (VL, the VB-LP 
border region resp. their Pore, mcMG; cf. also 
Mergner 1979). The possible distinct vestibular pro- 
jection to the CL will not be considered further here. 

Certain parts of this thalamic area appear to relay 
vestibular information to the ASS cortex. Liedgren et 
al. (1976) injected HRP in the ASS cortex at sites 
where vestibular nerve stimulation evoked short 
latency field potentials. They found labeled neurons 
mainly in the mcMG, but also some in the LP and in 
the SG-mcMG border region. In a similar study, 
B-lure et al. (1979) observed such labeled neurons 
mainly in the dorso-lateral VPL and a few in the 
VPM, LP, VL, and CM. In addition, scattered 
neurons were found in regions bordering posteriorly 
the VB including caudally the mcMG. These regions 
are called the posterior nuclear group (PO; cf. 
below). The former authors considered the caudal 
parts of the PO (i.e. the mcMG), the latter the rostral 
parts of the PO and the VB as the essential thalamic 
relay. According to our study, the neurons projecting 
to the ASS cortex are found both in rostral and, to a 
lesser extent, in caudal parts of the PO, and in the 
adjacent posterior margins of the VB. The rostral 
and caudal parts of the PO both were shown to 
receive projections from the vestibular nuclei; the 
vestibulo-thalamic neurons being mainly located in 
the caudal parts of the contralateral MVN and DVN. 

It might be interesting to speculate why the 
thalamic relay neurons projecting to the ASS vestibu- 
lar field are so dispersed, and what this extended 
area, which appears to include or overlap several 
thalamic nuclei, might have in common. According 
to Diamond and Hall (1969), VB proper phylogeneti- 
cally represents an only recently demarcated relay for 
the medial lemniscal system, which emerges from 
and later is still embedded in older and rather 
heterogeneous projection systems. In cat, the VB 
posteriorly and caudally is surrounded by the ventral 
LP, the SG, and the mcMG. The latter regions or 
part of them, have been designated the posterior 
nuclear group, since anatomically as well as elec- 
trophysiologically they appear to represent an entity 
of their own (for literature, cf. Heath and Jones 
1971). They not only receive somatic, but also 
acoustic or combined information, while adjacent 
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par ts  of  the  med ia l  LP  might  be  l inked  to the  (visual)  
t ec to - tha lamo-cor t i ca l  sys tem (cf. G r a y b i e l  1972). 
Grayb ie l  (1972) puts  these  tha l amic  regions  into a 
b r o a d e r  concep tua l  f rame.  She cons iders  t h e m  to 
r ep resen t  " lemnisca l  ad junc t  channe l s"  p ro j ec t ing  to 
"p rox ima l  assoc ia t ion  cor t ices"  and  basa l  ganglia .  
These  channels  t ake  an i n t e r m e d i a t e  pos i t ion  as to  
the  " lemnisca l  l ine sys tems"  to " sensory  cor t ices" ,  on 
one hand ,  and  pu lv ina r -nuc leus  la te ra l i s  i n t e rmed ius  
p ro jec t ions  to "d is ta l  assoc ia t ion  cor t ices"  on the  
o ther .  She specula tes  abou t  the i r  func t iona l  role  as 
poss ibly  be ing  invo lved  in a "gene ra l  bod i ly  f r ame  of  
r e fe rence" ,  c losely r e l a t ed  to e f fec tor  (moto r )  
mechan i sms  cont ro l l ing  the  o r i en t a t i on  of  the  b o d y  
axis or  the  d i rec t ing  of  the  ex t e rocep t ive  systems 
(e.g.  gaze,  hear ing) .  I t  appea r s  conce ivab le  tha t  this 
system compr i ses  a ves t ibu la r ,  or  m o r e  genera l ly ,  a 
k inaes the t ic  e l ement .  

Abbreviations. ANS, ansate sulcus; ASSS, anterior suprasylvian 
sulcus; CM, N. centrum medianum; CL, N. centralis lateralis; 
C.r., Corpus restiformis; D, N. vestibularis descendens; i.c., N. 
intercalatus; L, N. vestibularis lateralis; LD, N. lateralis dorsalis; 
LG, N. geniculatus lateralis; LP, N. lateralis posterior; M, N. 
vestibularis medialis; MG, N. geniculatus medialis; mcMG, pars 
magnocellularis of MG; MD, N. medialis dorsalis; N.c., N. 
cuneatus; N. in. VIII, N. interstitialis of the VIIIth cranial nerve; 
N. pr. V, principal sensory trigeminal nucleus; N. tr. sp. V, 
nucleus of the spinal trigeminal tract; p.h., N. praepositus 
hypoglossi; Pu, pulvinar; S, N. vestibularis superior; SG, N. 
suprageniculatus; VL, N. ventralis lateralis; VPL, N. ventralis 
posterolateralis; VPM, N. ventralis posteromedialis; VI, X, XII, 
motor cranial nerve nuclei; y, z, small cell groups of Brodal and 
Pompeiano 
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