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PROJECTIONS OF THE PULVINAR-LATERAL POSTERIOR
COMPLEX TO VISUAL CORTICAL AREAS IN THE CAT
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Abstract—The projections of the pulvinar-lateral posterior complex of the cat were studied using the
autoradiographic tracing method and related to 15 previously defined cortical areas. The results indicate
that each of three separate zones within the pulvinar-lateral posterior complex has a different pattern of
projection. The most lateral zone, the pulvinar, sends fibers to at least seven cortical areas, most of
which are known 1o have input from other visual areas within the brain: the splenial visual area, the
cingulate gyrus, and areas 5, 7, 19, 202 and 21a. A zone located just medial to the pulvinar, the lateral
division of the lateral posterior complex, projects to at least eight visual areas in the cortex: areas 17, 18,
19, 20a, 21a, 21b, the posteromedial lateral suprasylvian area and the ventral lateral suprasylvian area.
The most medial zone, the intermediate division of the lateral posterior complex, projects to at least four
cortical areas: 20a, the posterior suprasylvian area, the posterolateral lateral suprasylvian area and the
dorsal lateral suprasylvian area. Of the 15 cortical areas that receive fibers from the pulvinar-lateral
posterior complex, only three (areas 19, 20a and 21a) receive projections from more than one of these
thalamic zones, and only one of the cortical areas (20a) receives fibers from all three zones.

Thus, the data support the division of the pulvinar lateral posterior complex into three zones on the

basis of their unique and largely non-overlapping projections to the visual cortex.

ANY ATTEMPT to understand the organization of the
visual cortex and its related thalamic centers must
begin with some notion of how these regions are func-
tionally subdivided. In the past few years a great deal
has been learned about the functional subdivisions of
the cat’s visual cortex; however, our knowledge of
how the extrageniculate visual thalamus is organized
is less complete.

Classically, the thalamus has been divided into nu-
clei, or zones, on the basis of cytoarchitecture (RiocH,
1929; Numi & Kuwanara, 1973). While there are
clear cytoarchitectural differences among groups of
cells in the extrageniculate visual thalamus of the cat,
cytoarchitecture alone provides little information
about how the structural differences are related to
functional differences.

Another approach used in subdividing the visual
thalamus has been to determine the patterns of con-
nections. GRAYBIEL (1972a,b) first showed that three
regions of the pulvinar-lateral posterior (pulvinar-LP)
complex can be delineated on the basis of their inputs
from the visual cortex, the superior colliculus, or the
pretectum. More recently UppYKE (1977) has studied
the pattern of inputs to these thalamic zones from
areas 17, 18 and 19 of cat visual cortex and proposed
a new terminology based upon his findings. The most

Abbreviations: ALLS, AMLS, DLS, PLLS, PMLS, VLS,
anterolateral-, anteromedial-, dorsal lateral-, posterolater-
al-, posteromedial- lateral suprasylvian area; HRP, horse-
radish peroxidase; LP, lateral posterior; LPi, intermediate
division of lateral posterior nucleus; LPl, lateral part of
lateral posterior nucleus; LPm, medial division of lateral
posterior nucleus; PS, posterior suprasylvian area; SVA,
splenial visual area.

lateral region, the pulvinar, is equivalent to the pulvi-
nar described by RiocH {1929) and the region known
as the lateral pulvinar by N1 & Kuwasara (1973).
It is known to receive fibers from cortical area 19
{(KAwaMURA, SPRAGUE & N1t 1974; Uppykk, 1977)
as well as the pretectum (BERMAN, 1977; (GRAYBIEL.
1972a; BErRSON & GRAYBIEL, 1978). Recently. lateral
parts of this subdivision have been shown to receive
direct retinal (BERMAN & JONES, 1977; KAWAMURA.
FukusamMa & HATTORL, 1979) and cerebellar (Iton &
Mizuno, 1979) inputs. Located more medially is a
zone Updyke calls LPL or the lateral part of the
lateral posterior nucleus. LP! includes the posterior
nucleus of Riocu {1929) and the inferior pulvinar of
Nivt & KuwaHara {1973}, and receives input from
cortical areas 17, 18 and 19 {(KawaMuRra et al, 1974;
UpDYKE, 1977). Medial to LP! is the zone Updyke
refers to as LPi, or the interjacent part of the lateral
posterior nucleus. LPi includes the major portion of
the lateral posterior nucleus of RiocH (1929), much of
the medial pulvinar of Numi & Kuwanara (1973)
and is probably equivalent to the zone BERSON &
GRrAYBIEL {1978) call LPm. LPi receives input from
the superior colliculus {GRAYBIEL, 1972a; GRAHAM,
1977; BersoN & GRrayBiEL. 1978). The inputs to the
most medial of Updyke's zones, LPm, are still un-
known and are presumably not visual. After recording
from the pulvinar-lateral posterior complex, MasoN
(1978) agreed that its retinotopy supports the subdiv-
isions proposed by GRAYBIEL (1972a) and UPDYKE
(1977).

Recently, histological methods have provided
further evidence that the pulvinar-LP complex is or-
ganized into three zones. BERSON & GRaYBIEL (BER-
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SON & GRAYBIEL, 1978; also, GRAYBIEL & BERSON.
1980) showed that the medial zone which receives
input from the superior colliculus and the lateral zone
(pulvinar) which has pretectal input are defined by
high acetylcholinesterase activity, and that the zone in
between which receives input from striate cortex has
very low acetylcholinesterase activity, HuGHEs (1980}
used a hematoxyhin stain fo show that the same three
zones which he defines on the basis of anatomical
connections can be identified myeloarchitectonically.
Thus, there are reasons to consider pulvinar, LP! and
LPi as functionally distinct subdivisions of the thala-
mus, although there may be further subdivisions
within these regions. Given tentative acceptance of
these subdivisions of the thalamus, we asked how
these subdivisions relate to the several representations
of the visual field within the cortex.

Detailed retinotopic maps are now available for
area 17 (Tusa, PALMER & RoOsENQUIST, 1978), areas 18
and 19 (Tusa, Rosenguist & PaiMer, 1979), the
region within the lateral suprasylvian sulcus (PaLMER,
RosenquisT & Tusa, 1978} and the region which
Heaty & Jones {1971) call areas 20 and 21 (Tusa &
PALMER, 1980). Each of the thirteen separate represen-
tations of the visual field described in these papers is
presumed to correspond to a functional subdivision of
visual cortex.

In the light of these recent cortical mapping data,
we undertook a study of the cortical distribution of
the pulvinar-LP projections, and related the findings
to the recently established cortical subdivisions. The
results support the subdivision of the posterior thala-
mus into three zones, and indicate that each zone
projects to a number of cortical areas.

EXPERIMENTAL PROCEDURES

Projections from the pulvinar-lateral posterior complex
to cortical areas of the cat were studied using autoradio-
graphic procedures after injections of [*HJleucine. The
pulvinar-lateral posterior complex was injected bilaterally
in 13 cats and each hemisphere was treated as a separate
case. Ten of the 26 cases had injection sites suitably located
within the complex. In each of the injections 0.2-0.3 gl of
{*Hleucine (specific activity = 52.5-67.6 Ci/mMole) dis-
solved in isotonic saline to a concentration of 20 uCi/id
was injected over a 20 min period. Injections were made
under aseptic conditions in cats anesthetized with pento-
barbital sodium.

After survival times of 10-17 days, the cats were reanes-
thetized and perfused through the heart with 0.9%; saline
followed by 109, formal-saline. The brains were removed
from the skulls, photographed in the dorsolateral plane
and stored in formal-saline for a few days. They were then
dehydrated and embedded in paraffin, and 10 4 sections
were cut in the coronal plane. Every tenth section was
processed for autoradiography and later stained with thio-
nin, and an adjacent Nissl series of sections was also pre-
pared. Detailed drawings were made of brain sections, not-
ing the locations of concentrations of silver grains.

The locations of the injection sites within different sub-
divisions of the pulvinar-lateral posterior complex were de-

L. L. SYMONDS et ol

termined in the following manner: thionin-stained soctions
through the injection site were projected. and the cyto-
architecturally-distinet regions, such as the dorsal lateral
geniculate nucleus, the ventral lateral geniculate nucleus.
the medial interlaminar nucleus, the lateral dorsal nucleus,
the reticular nucleus of the thalamus, the futeral hubenula
and the medial habenula were drawn. These drawings were
then compared with two different series of coronal sections.
First, we used a complete series of Niss! and myelin-tained
material through the posterior thalamus (Woelcke stain:
50 um celloidin sections) in which it was somelimes posss
ible to see cyto- and myeloarchitectural differences that
defined the zones {sce Fig. 1). Specifically, the pulvinar has
mostly medium-sized. darkly-staining cells, and is heavily
pierced by fibers. LPl is more difficult to distinguish: the
cells in LP! are similar in size and staining characteristics
to those in the pulvinar, and there are fewer fibers running
the width of the zone. LPi is more heavily and evenly
stained by the Woelcke stain, but is devoid of the fiber
bundles which are characteristic of pulvinar and LPl. We
projected independently the Niss! and myelin-stained
slides, and drew boundaries between the three zones, and
often found a striking correspondence. However, even the
excellent histology of these Nissl and myelin series did not
always permit a clear delineation of the zones, and we
supplemented these series of coronal sections with a pub-
lished series of coronal drawings through the same region
(UPDYKE, 1977), which shows the locations of pulvinar. LP1
and LPiin relation to AP level and cytoarchitectural land-
marks. Aided by both of these series, we estimated the
boundaries of pulvinar, LP! and LPi in our Nissl-staingd
sections. Finally, we projected the adjacent autoradio-
graphic sections onto the drawings and shaded in the injec-
tion site throughout its full extent.

The locations of thalamic projections in cortex indicated
by clusters of silver grains were determined for each case
and were related to the cortical subdivisions described
below. Area 17 was identified architectonically in our
Nissl-stained material. Where the boundaries of area 17
were difficult to see, we used the physiological mapping
data of Tusa er al. (1978) to help us delimit the area. The
borders between most of the other visual areas in cat cor-
tex were difficult to see in our Nissl material, and for these
areas we relied heavily on the data from mapping experi-
ments done in our laboratory (TUsA et al.. 1979: PALMER et
al., 1978 Tusa & PaLMER. 1980; Tusa. PALMER & ROSEN-
QUIST, 1981). The brains which Tusa et af. (1981) used for
electrophysiological experiments and the brains we used
for anatomical experiments were cut in the same plane, and
section-by-section comparisons were possible. In practice,
this methed of assigning silver grains to a particular visual
area based upon mapping data posed few problems. since
the label nearly always respected the predicted borders of
the cortical areas (see Discussion). The locations of areas
17, 18 and 19 are shown in Fig, 2 and described in detail in
the published mapping studies (Tusa ef al, 1978, 1979).
The other 10 visual areas which were mapped in our labor-
atory (Tusa et al., 1981) and five additional cortical areas
are described below.

Lateral suprasylvian visual areas. Of the six lateral supra-
sylvian areas recently mapped in detail (PALMER er al.
1978}, five are discussed in the present paper as sites of
terminal label. Two of these are on either bank of the
middle suprasylvian sulcus: the posteromedial lateral
suprasylvian area {(PMLS), and the posterolateral lateral
suprasylvian area {PLLS) Just anterior to PMLS and
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