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Neuronal Typology of the Thalamic Area Triangularis of Gallotis galloti 
(Reptilia, Sauria) 
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ABSTRACT In a Golgi study of the area triangularis (AT), a rostral nucleus of the 
ventral thalamus of Gallotiagalloti, we have identified four major neuronal types on 
the basis of their morphological characteristics: medium-sized fusiforms with two 
processes, medium-sized fusiforms with three or four processes, small bipolars, and 
small and medium-sized multipolars. These neurons are characterized by a simple 
morphology and radial arrangement. Cell size varies from small to medium, and all 
axons project laterally. These characteristics distinguish AT neurons from those of 
neighboring nuclei. In addition, we found some evidence of differential topographic 
distribution of each neuronal type within the nucleus. Medium-sized fusiform neu- 
rons with two processes are located in the most ventral part, where they constitute the 
ventral nuclear limit. Small multipolar neurons prevail in the dorsal and ventrome- 
dial parts, and in the rest of the nucleus medium-sized neurons, including both 
fusiform with three or four processes and multipolar types, are normally found. 
Finally, we discuss a putative homology of the reptilian AT with a part of the 
mammalian zona incerta. 

The area triangularis (AT) is a nucleus located 
in the anterior part of the reptilian ventral thala- 
mus (Fig. 1). It was first described by Huber and 
Crosby in 1926 in Alligator mississipiensis. Sev- 
eral subsequent authors have described it under 
other names, e.g., nucleus dorsolateralis anterior 
thalami (Shanklin, '30, in Chamaeleo uulgaris), 
nucleus suprapeduncularis (Frederikse, '31, in 
Lacerta uiuipara), or the anterior part of the 
nucleus ventralis thalami (Kuhlenbeck, '31). 
Nevertheless, the nomenclature of Huber and 
Crosby ('26) has been most widely accepted (Pa- 
pez, '35; Ariens Kappers et al., '36; Knapp and 
Kang, '68a,b; Campos-Ortega, '71; Butler and 
Northcutt, '73; Repirant, '73; Senn and North- 
cutt, '73; Cruce, '74; Trujillo and Lbpez, '77). A 
detailed review of the literature reveals that some 
confusion exists on the delimitation of the nu- 
cleus. For instance, Knapp and Kang ('68a,b) 
considered the caudal part of AT as belonging to 
the lateral geniculate body, and Repirant ('73) 
considered a dorsal part of AT as belonging to 
the nucleus ovalis. 

The confusion increased when connection 
studies were carried out on this region. In type I 
and type I1 lizards, neither visual fierents (But- 
ler and Northcutt, '71, in Iguana and Anolis; 
Northcutt and Butler, '74, in Gekko; Butler and 
Northcutt, '78, in Iguana and Gekko; Repirant 

et al., '78, in Scincus, Acanthodactylus, Taren- 
tola, Uromastix and Zonosaurus), nor brain- 
stem afferents (Hoogland, '82, in Varanus) nor 
spinal cord afTerents (Ebbesson, '67; Lohman 
and van Woerden-Verkley, '78, in Tupinambis; 
Hoogland, '81, in Varanus) have been found to 
the AT. In addition, visual afFerents to this nu- 
cleus have not been encountered in snakes 
(Repirant, '73). In contrast, visual af€erents to 
AT were reported in the turtles Chelydra and 
Podocnemis (Knapp and Kang, '68a,b) and Emys 
and Testudo (Belekhova, '79) but not in the 
turtles Pseudemys and Chrysemys (Hall et al., 
'77; Bass and Northcutt, '81; Kunzle and Schny- 
der, '83). Pseudemys does have spinal af€erents 
to the AT via the optic tectum (Kiinzle and 
Wocdson, '82; Kiinzle and Schnyder, '83). Among 
snakes, Thamnophis has afFerents from the op- 
tic tectum (Dacey and Ulinski, '86) and from the 
trigeminal nuclei (Molenaar and Fizaan-Oost- 
veen, '80). Lizards lack efferent connections from 
AT to the cortex (Bruce and Butler, '&la, in 
Gekko and Iguana) as do turtles (Hall et al., '77, 
in Pseudemys and Chrysemys). Lizards do have 
AT projections to the thalamic nucleus dorso- 
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Fig. 1. a: Drawing and transvene section of halves of the 
diencephalon at the AT level, showing the close proximity of 
this nucleus to other nuclei ofthe ventral thalamus. b Enlarge- 
ment of A T  region in a, showing cellular columns (arrow 
heads). c: Detail of a cell column. d: Semithin section showing 
cell columns. at, area triangularis; cp, cellular plate of the 

nucleus geniculatus lateralis pars ventralis; e, entopeduncu- 
laris; lfb, lateral forebrain bundle; In, lateral neuropile of the 
nucleus geniculatus lateralis pars ventralis; 0, ovalis; ot, optic 
tract; vl, ventrolateralis pars dorsalis. a, x50; b, x250; c, 
x 1,200, d, x470. 
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medialis and to the habendar region (Hoogland, 
'82, in Varanus). 

The differences in AT connectivity of various 
reptiles are perhaps due to species-specific pecu- 
liarities. However, the imprecise cytoarchitec- 
tonic delimitation of the nucleus obscures the 
boundaries between AT and neighboring nuclei, 
ovalis (0), ventromedialis (VM), and entopedun- 
cularis (E). Moreover, we cannot distinguish 
these neighboring nuclei on the basis of connec- 
tions, because one class of afferents may reach 
several of these nuclei (Kunzle and Schnyder, 
'83). Accordingly, studies that provide a more 
accurate knowledge of the characteristics of each 
nucleus, including its neuronal typology, are 
needed. This is the aim of the present report. We 
have studied the AT in the lacertid lizard Gallo- 
tia gatloti, which is endemic to Tenerife Island 
(Canary Islands) and which shows type I charac- 
teristics (Butler, '80). 

MATERIALS AND METHODS 

Forty-three adult brain specimens of Gallotia 
galloti (Reptilia, Lacertidae) were processed ac- 
cording to several variants of the Golgi technique: 
Kopsch, rapid Golgi, Rio-Hortega (Regidor, '78), 
and Colonnier ('64). The animals were anaesthe- 
tized with ethyl-ether and perfused transcar- 
dially, usually with 5 % glutaraldehyde in 0.1 M 
phosphate buffer. When the chloralhydrate vari- 
ant (Rio-Hortega) was used, we perfused the 
animals with Lillie's buffered formalin or 10% 
formol. Whole brains were dissected out and 
processed following one of the previously men- 
tioned Golgi methods. Impregnated brains were 
embedded in 5 % agar and sectioned (6GlOO ym 
thick) with a tissue slicer in the transverse or 
sagittal planes. The sections frequently were sta- 
bilized by Lavilla's technique (Ram6n y Cajal 
and Castro, '42) to avoid the loss of impregnation 
and to obtain a slight counterstaining, helpful 
for cytoarchitectonic delimitation. In other cases, 
sections were counterstained with cresyl-violet 
and then dehydrated and mounted in Canada 
balsam or Araldite. We studied the preparations 
with a Leitz microscope (Dial-) and used a 
camera lucida attachment for the drawings. 

RESULTS 

Most of the neurons composing the area trian- 
gularis have a simple fusiform or bipolar shape 
with small to medium somata (Fig. 6). Four 
major neuronal types can be distinguished on 
the basis of somatic shape and polarity, pattern 
of dendritic arborization, orientation and loca- 
tion within the nucleus: l) medium-sized fusi- 
forms with two processes; 2) medium-sized fusi- 

forms with three or four processes; 3) small 
bipolars; and 4) small and medium-sized multi- 

In Nissl material, the neurons of the AT char- 
acteristically form columns, especially in the cen- 
ter of the nucleus (Fig. l t d ) .  The Golgi method 
also indicates some evidence of this organization 
in the form of the association of two intertwined, 
impregnated neurons (Fig. 9). 

polars. 

Medium-sized fusiform neurons with two 
processes 

Neurons of this type (Figs. 2,3,4.1,8) are the 
only ones located at the most ventral limit of the 
nucleus, aligned with the convex surface of the 
lateral forebrain bundle, and limited by the en- 
topeduncular nucleus. They represent about 14 % 
of the neurons in the nucleus and show a soma 
with a spindle shape. The somatic size ranges 
between 19 and 20 ym (long axis). Two opposite 
processes sprout from the soma; they tend to be 
disposed in parallel to the dorsal surface of the 
lateral forebrain bundle. The two dendritic 
trunks are slender and sometimes branch even 
farther from the soma than twice the length of 
the long somatic axis. The secondary dendrites 
follow the same direction as the primary trunks. 
We never have observed tertiary dendrites. This 
neuronal type does not show spines on the soma, 
but a few spines may be found on dendrites. 
Thus, fusiform neurons are extremely simple, a 
fact that may be useful in order to resolve prob- 
lems of delimitation with the nearby grisea. 

Small bipolar neurons 
These neurons (Figs. 2,3.2) lie throughout the 

nucleus, except in the most ventral limit. They 
represent about 20% of the neurons in the nu- 
cleus and show an ellipsoidal, usually smooth or 
almost smooth soma, ranging from 12 to 14 pm 
(long axis). Two dendritic processes grow from 
the cell body in opposite directions. Their dispo- 
sition is generally radial. The lateral dendrite is 
the main cell process, being slightly thicker. Both 
primary dendritic processes usually branch closer 
than one and a half lengths relative to the long 
somatic axis. Sometimes lateral tertiary den- 
drites are formed. Spines are observed across the 
dendritic surface, being more numerous over the 
lateral dendrites. Some are thin pedicles that 
finish with a terminal bouton. Others are thick, 
short appendages. The axon usually grows either 
from the soma or from the lateral dendrite and 
courses radially in lateral direction. 



Figures 2 6  



REPTILIAN THALAMIC 

Medium-sized fusiform neurons with three or 
four processes 

These neurons (Figs. 2,4.3,7), the most numer- 
ous type (36 % ) in the AT, are located through- 
out the nucleus, except in the most ventral limit. 
However, only a few are found dorsally and 
ventromedially (5  % ). They have an ellipsoidal 
soma, ranging from 19 to 20 pm (long axis), the 
surface of which is rough and displays some 
spinous appendages. Some of these cells are the 
largest neurons found in the nucleus. Three or 
four dendritic processes grow from opposite poles 
of the soma, two generally directed laterally and 
one or two directed medially. The overall orien- 
tation of this neuronal type is radial. Lateral 
dendrites usually are thicker than the others. 
Their ramification is proximal, usually closer 
than one length of the long somatic axis, and it is 
more intense in lateral dendrites than in medial 
ones. Lateral dendrites show a rough aspect with 
spines, whereas the surface of medial dendrites 
is smoother. The spines can be either thin or 
thick, short appendages that can have a terminal 
bouton or can be thin pedicles of various lengths, 
sometimes crooked or showing a terminal bou- 
ton. The axon grows either from the soma, or 
near to it from a dendrite, and it courses later- 
ally. 
Small and medium-sized multipolar neurons 
These neurons (Figs. 2, 3.4, 4.4, 5.4, 10) are 

located throughout the nucleus except in its most 
ventral limit. Together they represent about 30% 
of the neurons. Most (80%) of the small ones are 
found within dorsal and ventromedial parts, 
whereas most (90%) of the medium-sized neu- 
rons are found within remaining parts of the 
nucleus. The surface of their soma is generally 
very rough and spinous and shows a nearly spher- 
ical shape, with sizes ranging between 9 and 12 

Fig. 2. Diagram of section through the diencephalon and 
camera lucida drawing showing neurons in boxed area. AT 
neurons (in numbered region) are mainly bipolar, radially 
disposed, and simple, and are localized above E neurons, 
which are more dispersed and more complex and which 
ramify between the fibers of the lateral forebrain bundle (a). 
Some AT neuronal types are identified 1, medium-sized 
fusiforms with two processes; 2, small bipolam; 3, medium- 
sized fusiforms with three or four processes; 4, small and 
medium-sized multipolars. Scale bar = 35 Wm. 

Figs. 3-5. Some AT neuronal types: 1, medium-sized 
fusiforms with two processes; 2, small bipolars; 3, medium- 
sized fusiforms with three or four processes; 4, small  and 
medium-sized multipolars. Arrowheads, spines; ax, axon. Fig. 
3, x 390; Fig. 4, x 400; Fig. 5, x 1,OOO.) 
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pm for small neurons, and between 14 and 19 km 
for medium ones. The several emerging den- 
dritic processes are arranged in different direc- 
tions. Usually they ramify at a distance between 
one-half and twice the length of the long somatic 
axis. The dendritic surface shows some rough 
zones and several types of spines. Some have 
thin, long pedicles with a terminal bouton; oth- 
ers are thick, short protuberances that generally 
end with an enlargement. Also, short append- 
ages of intermediate thickness are found. The 
axon can sprout laterally from a process near the 
soma. Sometimes we could see the associated 
impregnation of two multipolar neurons, one 
small and the other medium-sized (Fig. 9). 

DISCUSSION 

In this work we have established the charader- 
istic neuronal cell types of the area triangularis 
of Gallotia galloti. Most neurons of this nucleus 
are radially orientated bipolars or fusiforms, 
showing a very simple dendritic tree with scanty 
ramifications and a small number of spines and 
with neuronal size varying within the small to 
medium range. All of these peculiarities differen- 
tiate AT neurons from those of the other adja- 
cent nuclei, with which delimitation problems 
had become apparent. Thus, for instance, AT 
neurons may be distinguished from those of nu- 
cleus ovalis (0), immediately dorsal to AT, 
mainly by their different orientation, because 
the 0 neurons often show a circumferential dis- 
position. Furthermore, GLpV neurons, lying lat- 
eral to AT, are generally larger and more com- 
plex than those of AT, and some GLpV cells are 
orientated tangentially (Franzoni and Fasolo, 
'82; Martin, '%), and can therefore be rejected as 
A T  components. The ventrolateral aspect of the 
caudal part of AT adjoins the nucleus ventrolat- 
eralis pars dorsalis (VLpD). The neuronal typol- 
ogy of the latter is rather different from that of 
the AT, due to a generally oblique disposition of 
its cells and/or to their far larger size, distinct 
morphology, and greater complexity (unpub- 
lished observations). Ventral to the AT lies the 
nucleus entopeduncularis (E), interstitial within 
the lateral forebrain bundle. Neuronal typology 
unmistakably separates A T  and E. Neurons of E 
are organized as a more compact cell group (Fig. 
2), show a larger cell size than most AT neurons, 
and have a more complex dendritic morphology. 
Indeed, E nucleus shows many multipolar neu- 
rons with numerous branched processes that 
grow out from the soma (Brauth and Kitt, '80, in 
Caiman; personal unpublished observations). 
Thus, the present study attempts to resolve the 
delimitation problems of the AT and is to be 
followed by studies of development of this nu- 
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cleus (see accompanying paper on neuronal dif- 
ferentiation). 

The distribution of neuronal types within A T  
shows regional differences. Medium-sized fusi- 
form neurons with two processes and a simple 
aspect are located at the most ventral border of 
the nucleus, dorsally surrounding the lateral fore- 
brain bundle and separating the rest of the AT 
from the E nucleus. The other neuronal types 
are distributed throughout the nucleus, even 
though small-sized multipolars prevail dorsally 
and ventromedially, whereas medium-sized mul- 
tipolars and fusiforms with three or four pro- 
cesses predominate in the rest of the AT. Knapp 
and Kang ('68a,b) described an area triangularis, 
which is constituted of small, poorly differenti- 
ated cells in a rostral thalamic zone of turtles. 
Fusiform radially disposed cells have been re- 
ported to appear caudal and dorsal to those 
small cells. At these levels, both fusiform and 
small cells were grouped together as a part of the 
GLpV nucleus. However, some of these are 
placed clearly medial to the position of GLpV. 
We therefore think that they belong to the AT: 
thus, turtles also show a trend to a characteristic 
topographic distribution for distinct AT neu- 
ronal types. Moreover, Knapp and Kang ('68a,b) 
found a group of rounded cells that lie dorsal to 
the fusiform ones; they identify these as nucleus 
GLpD. Comparing their images with those of 
Gallotia galloti, we think that most ventral and 
rostral cells identified as GLpD may belong to 
the AT. Thus, dorsal and ventral parts of the 
turtle AT would be constituted by small, rounded 
cells, and the remaining nuclear zones would be 
composed of fusiform radially disposed cells. In 
any case, the AT of the lizard Gallotia galloti 
shows a marked segregation of distinct neuronal 
types to particular nuclear zones. This unequal 
arrangement may be related to differential con- 
nections. 

Fig. 6. Neurons in the AT showing the mainly radial 
disposition and the bipolar or fusiform shape. x820. 

Fig. 7. Enlarged view of a fusiform neuron with four 
processes. Note the thicker and rougher aspect of the lateral 
dendrites (LD) compared with the medial pair. Arrowheads, 
spines, x 1,600. 

Fig. 8. Enlarged view of a fusiform neuron with two 
processes, showing an almost smooth surface. Arrowhead, 
spine x 1,600. 

Fig. 9. Two intertwined neurons (a,b). x 1,500. 

Fig. 10. Enlarged view of multipolar neurons, showing 
dendrites with spines (amowheads) x 1,600. 

Frequently, reptilian encephalic structures are 
evaluated to establish their putative homology 
with mammalian structures. The reptilian AT 
has been considered to be homologous to the 
mammalian zona incerta (Ariens Kappers et al., 
'36). Evaluation of this possibility must consider 
various kinds of criteria; one is neuronal typol- 
ogy. In a Golgi study of the cat subthalamic 
nucleus (STN), Iwahori ('78) showed some draw- 
ings of neuronal types in a nucleus dorsally lo- 
cated to STN, the zona incerta (ZI). In these 
images ZI neurons are mainly radially disposed 
bipolars, and their aspect, even if more complex 
than that of our AT neurons, is simpler than that 
of STN neurons. Exactly the same occurs for the 
neurons of AT of lizards with respect to those of 
the underlying nucleus entopeduncularis (E). 
Moreover, in mammals the STN and the ZI lie in 
the cerebral peduncle, and in reptiles the E and 
the AT are located above the lateral forebrain 
bundle, even though the E is partially enclosed 
within this fiber bundle. On the other hand, the 
reptilian E nucleus, named entopeduncularis 
anterior by some authors, has been considered 
homologous to the mammalian STN (Carpenter 
and Strominger, '66; Brauth and Kitt, '80). Ac- 
cording to connection studies, some of the main 
paths through which basal ganglia control motor 
functions involve the STN (Carpenter and 
Strominger, '66; Kita and Kitai, '87; Beckstead 
and Cruz, '86) and the ZI (Ricardo, '81; Kita and 
Kitai, '87), which in their turn project to certain 
thalamic areas connected with the motor cortex 
and the neocortex (Herkenhan, '79, '80; Reiner 
et al., '80; Wiesendanger and Wiesendanger, 
'85a,b). 

Both in birds and in reptiles, telencephalic 
areas considered equivalent to mammalian basal 
ganglia (the ventral striatum) project to the tha- 
lamic nuclei putatively homologous to STN of 
mammals, named the ama lenticularis anterior 
nucleus in birds (Brauth and Kitt, '80) and the 
nucleus entopeduncularis anterior in reptiles 
(Reiner et al., '80; Brauth and Kitt, '80; Gonzhlez 
and Russchen, '88). Reptiles seem to lack connec- 
tions of the AT with areas regarded as equiva- 
lents to mammalian basal ganglia, but efferents 
from AT to the thalamic nucleus dorsomedialis 
have been described (Hoogland, '82). The nu- 
cleus dorsomedialis projects to the anterior dor- 
sal ventricular ridge, a zone regarded as homolo- 
gous to parts of the mammalian neocortex from 
a homologic point of view (Ulinski, '83; Bruce 
and Butler, '84a,b) and related to other cortical 
areas (Bruce and Butler, '84a,b). Thus, even 
though AT connections are practically unex- 
plored, this thalamic nucleus perhaps has a role 
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as a modulator in some telencephalic feedback 
mechanisms, equivalent to what has been sup- 
posed for the zona incerta of mammals (Ricardo, 
'81). Moreover, both A T  and ZI have projections 
to the hypothalamus, which are direct in mam- 
mals (Nauta and Haymaker, '69; Ricardo, '81) 
and indirect in lizards, here passing through the 
thalamic nucleus dorsomedialis and the habenu- 
lar nuclei (Belekhova and Nemova, '87). On the 
other hand, both the mammalian zona incerta 
(Peschanski, '84) and a ventral thalamic zone in 
snakes, which seems to be the A T  (Molenaar and 
Fizaan-Oostveen, '80), receive trigeminal af€er- 
ents. 

Greater confidence in assessing the equiva- 
lence of two putative homologous zones requires 
consistency with embryologic data. This ap- 
proach should offer clarification, as both the 
reptilian AT (Trujillo, '82) and the mammalian 
ZI (Keyser, '72) originate from the area rostralis 
thalami (Bergquist, '54). 
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