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Abstract. On the basis of retrograde horse~adish peroxidase transport 
from nuclei ot the amygdaloid body of the rat to the thalamus, it was 
found that several gmups of thalamic nuclei send fibers to the amygdala. 
These are: (i) nuclei of posterior region of thalamus and neighbowing 
area of the tegmentum - peripeduncular nucleus, suprageniculate-li- 
mitans nucleus, (ii) midline nuclei - paraventricular nucleus, parataenial 
nucleus, nucleus reuniens, (ii) intralaminar nuclei - central medial nu- 
cleus, parafascicular nucleus, (iv) medidorsal nucleus. There are two 
main systems of thalamoamygdaloid connections. One of them arising 
in the posterior region of the thalamus terminates in the lateral nucleus 
of the amygdala and the lateral part of its central nucleus. The other 
system begins in the intralaminar and midline nuclei and in the medio- 
dorsal nucleus of the thalamus. It reaches the remaining nuclei of the 
amygdala. Amygdalopetal connections of the interlaminar and middline 
nuclei of the thalamus, especially those arising in the paraventricular 
and parataenial nucleus, are mostly bilateral. 

INTRODUCTION 

There (are only few data about thalarnoamygdaloid connections. Those 
running in the opposite direction are much better known, although it 
was not until1 aurodiagraphic tracing of connections was employed that 



it was possible to determine that they are amygdalbthalamic and not 
corticothalamic fibers passing through the amygdaloid complex (3, 9, 10, 
11-13, 18). 

It is generally supposed that amygdalopetal connections of the tha- 
lamus originate mainly in the mediodorsal nucleus (10, 12). Only recently 
another system of thalamoamygdaloid connections has been shown which 
arises in neumns of the posterior thalamic region (6, 7, 15). Moreover, 
some investigations (13) have suggested that perhaps other thalamic 
nuclei are also connected with nuclei of the amygdala. 

Since the problem of the oonnections of the thalamus with amygda- 
loid nuclei is still controversial, we tnied to study them by means of 
retrograde axonal transport of horseradish peroxidase (HRP) following 
injection into the amygdaloid body. There is general agreement as to 
the cytoarchitectonic division of the thalamus of the rat (1, 8) and certain 
divergences concern only the posterior part. For this reason we briefly 
give the topography of the nuclei of this region (Figs. 1 and 2). 

In the posterior thalamic region of the rat we have distinguished the 
posterior nucleus, pulvinar, and the suprageniculate-lkitans nucleus. 
Peripeduncular nucleus may also be included in this region although 
there are some data suggesting that it is a part of the tegmentum. 

Posterior nucleus. In frontal sections through the posterior thalarnic 
region, this nuoleus is seen as a large complex of generally small cells, 
densely separated by bundles of fibres of the corticotectal tract. Large 
oval cells brightly stained with cresyl violet, loosely scattered are visible 
among small cells. In frontal sections through the posterior commissure, 
the posterior nucleus is triangular in  shape with the base resting on 
the zona i~ncerta and medial lemniscus. Laterally and anteriorly it borders 
with the pulvinar, posteri~rly with the pulvinar and the medial genicu- 
late complex, and medially with the pretectal area. 

Pulvinar. It \is composed mainly of rather large oval cells of medium 
intensity staining with cresyl violet. The anterior part of the pulvinar is 
seen in frontal sections passing through the posterior pole of the ha- 
benular complex. The anterior parts is a homogenous cellular mass and 
perhaps correspond to the anterior pulvinar of higher mammals (2). In 
the posterior part of the pulvinar in frontal sections through the po- 
ster~or commissure, one may distingu~sh two areas - the ventrolateral 
and dorsomedial. The venltrolateral area is divided into several cell 
groups by bundles of fibers of the corticotectal tnact passing through 
here. In the dorsomedial area there is often a thick bundle of fibers 
probably running mainly from the lateral geniculate complex to the 
pretectal area. 

Suprageniculate-limitans nucleus. These two nuclei form a joint com- 



plex of sparsely scattered large cells darkly stained with cresyl violet. 
In the rat as in other mammals there'is no clear-cut boundary between 
the two nuclei, which are limited medially by the pretectal area, late- 
rally by the medial geniculate complex, and dorsally by the posterior 
part of the pulvinar. Ventrally this nuclear oomplex passes into the 
peripeduncular nucleus without any clear-cut boundary. 

Peripeduncular nucleus.  Some authors consider this n u c l m  as a part 
of the mesencephalon (2), others as a nucleus belonging to the posterior 
thalamic region (4, 17). According to our observations its medial part, 
characterized by large cells of medium intensity staining with cresyl 
violet, is a posterior extension of the ventromedial area of the pulvinar. 
In the lateral part of the peripeduncular nucleus there is a small area 
occupied by smaller funsiform cells, stained darkly with cresyl violet. 
In its anterlor part the peripeduncular nucleus adheres medially to the 
posterior nucleus and dorsally to the medial geniculate complex. In 
its posterior part it borders dorsally with the supllageniculate-limitans 
nucleus, medially with mesencephalic reticular formation and ventrally 
with substantia nigra. 

The subdivision of the amygdaloid body into nuclei is shown in Fig. 2 
(upper row). A detailed description of it was presented in earlier publi- 
cations (14, 16). 

MATERIAL AND METHODS 

Our studies were carried out on the brains of 50 Wistar rats, of both 
sexes, weighing 200-250 g. Injections of 30°/o solution (Sigma VI) hor- 
seradish peroxidase were made in the ,nuclei of the amygdala through 
a glass micropipette connected to a Hamilton syringe (0.05-0.5 mollpl). 
The postoperative survival t h e  was 1-2 days. Next the brai'ns were 
perfused at room temperature in a 0.4O/o solution of formialdehyde and 
1.25010 glutaraldehyde in 0.1 M phosphate buffer of pH-7.2. After re- 
moval from the skull the brains were fixed in the same solution for 
24 h and then placed for another 24 h in a 7.2 phosphate buffer con- 
taining 5O/o sucrose. The brains were cut in a frontal plane after which 
sections 50 ym in thickness were incubated in a 0.05°/o solution of 3.3 - 
diarninobenzidine tetrachloride in 0.05 M in Tris HC1 buffer (ph 7.6), 
at room temperature for 30 min. Additional incubation (at roam temp. 
for 30 min) was carried out in the same solutlon plus HzO, (0.3 ml 3OIo 
H,01100 ml solution). Sections were stained wlth cresyl vlolet. 

We used two different stereotaxic approaches to the amygdaloid nu- 
clei: 

1. The micropipette was inserted from above passing through the 



cortex covering the upper surface of the cerebral hemisphere and through 
the striatum. In this type of procedure, there is very often a sloghltr 
leakage of HRP into the striatum in which diffusion of HRP is gene- 
rally large. 

2. The micropipette was i n s e ~ e d  through the pi~iform or periamyg- 
dabid cortex. In this case the ventrolateral surface of the brain was 
reached either from the infratemporal fossa or from the oribit. 

The micropipette was inserted into the amygdala at the level of the 
middle cerebral artery or below it, between its frontal and temporal 
branches. In some cases (injections of cortical and basal ventral nuclei) 
the micropipette was inserted from the ventral surface of the piriform 
lobe after lifting it slightly upwards. 

RESULTS 

Our investigations showed that the neurons of various thalamic nuclei 
are the source of aimygdalopetal fibers. We present here a few typical 
cases for each group of animals with injections encompassing either 
most of the amygdaloid body or its parbicular nuclei. 

After a large injection of HRP whi involved most of the arnyg- 
daloid nuclei @63; Figs. 2 and 3) lab led cells were seen: (i) in the r 
nuclei of the postenior thalamic region and neighboring area of the teg- 
mentum-pulvinar, peripeduncular nucleus the suprageniculate-limitans 
nucleus, the medial geniculate complex, (ii) in the nuclei of the midline- 
paraventricular, the parataenial and nucleus reuniens, (iii) in the intra- 
laminar nuclei - central medial and parafascicular, (iv) in the medio- 
dorsal nucleus. 

Figure 2 shows the localization of HRP labeled neurons in the tha- 
lamic nuclei. Many of them were seen in the dorsmedial area of the 
posterior part of the pulvinar, the peripeduncular nucleus, the paraven- 
tricular nudeus, the parataenial nucleus and in the anterior part of 
nucleus rezmiens. Quite a large number of labeled cells was found in the 
suprageniculate-limitans nuclei, the parafascicular nucleus, and the p t -  
e&r part of the nucleus reuniens. The smallest number of labeled cells 
was observed in the mediodorsal nucleus, the medial geniculate complex, 
and the posterior nucleus of the thalamus. In the paraventricular nucleus, 
the parataenial nucleus, and the nucleus reuniens, the heurons labeled 
by retrograde axonal transport occurred contralaterally also. In the re- 
maining nuclei the labeled neurons were found only ipsilaterally. Be- 
cause t h  micropipette filled with HRP passed through the cortex sur- 
rounding the amygdala or through the stniatum, we also traced the 
localization of thalamic neurons which send axon to these regions. 



Fig. 1. Low power microphotographs of the posterior thalamic region. 
Frontal sections A-D are set out in rostrocaudal order. Cresyl violet. 



Fig. 2. The distribution of HRP labeled cells in the thalarnic nuclei following injec- 
tion involving most of the amygdala R63. The injection site is marked in black. 
Slight diffusion of the enzyme is indicated by hatches. Dots represent labeled cells. 

Frontal sections. Description in the text. 



Fig. 3. Dark field microphotographs of labeled cells in the thalamic nuclei fol- 
lowing HRP injections into amygdala. A, paraventricular nucleus (left side) and 
parataenial nucleus (right side); B, paraventricular nucleus; C, central medial 
nucleus; D, central medial nucleus; E and F ,  peripeduncular nucleus: G and H, 

posterior part of the pulvinar. 



Fig. 4. Distribution of labeled cells i n  thalamic nuclei following injection involving 
piriform cortex (R98);  cortex adjacent to rhinal sulcus (R19), and anteroventral 

portion of the striaturn (R59). Denotations as  i n  Fig. 2. 



After an HRP injection to a large area of the piriform cortex (R98; 
Fig. 4) a much smaller number of labeled neurons was 'obsemed in 
thalamic nuclei than following injections to amygdala. They were loca- 
lized in the parataenial nucleus, the mediodorsal nucleus and the central 
medial nucleus. Cells with HRP granules appeared sporadically i a ~  the 
parafascicular nucleus and the posterior part of nucleus reuniens. 

After an HRP injection in the cortex in the vicinity of the rhinal 
sulcus (R19; Fig. 4) labeled cell somata appeared in large numbers in 
the posterior nucleus of the thalamus, sporadically in the pulvinar, peri- 
peduncular nucleus and in the suprageniculate-limitans nucleus. 

In rat R59 (Fig. 4) the injection involved a small ventral part of the 
striaturn and glolbus pallidus as well as, to a slight degree, the cortex 
around the rhinal sulcus. Labeled cells were found in the posterior nu- 
cleus of the thalamus, in the pulvinar, in the peripduncular nucleus and 
in the suprageniculate-limitans nucleus. 

Amygdalopetal connections of nuclei of the posterior thalamic region 
(R33, Fig. 5). The injection included the lateral nucleus and, to a large 

Fig. 5. Distribution of labeled cells in the nuclei of poster,ior thalamic region follow- 
ing injections into the lateral nucleus of the amygdala (R33 and R24) and lateral 

part of its central nucleus (R41). Denotations as in Fig. 2. 



deg~ee, the lateral part of the central nucleus of the amygdala. A slight 
leakage was' observed in the cortex around the rhinal sulcus. HRP 
labeled cells were seen in the various nuclei of the posterior region of 
the thalamus: in the dorsormedial area of the posterior part of the pulv- 
inar, the perirpeduncula~ nucleus, the suprageniculate-limitans nucleus, 
and sporadically in the posterior nucleus of the thalamus as well as in 
the posterior part of medial geniculate complex. 

R24 (Fig. 5) - The injection site was limited to the posterolateral 
p a ~ t  of the lateral nucleus of the amygdala. Cells containing HRP labeled 
granules were seen in the pulvinar, the peripecluncula~ and supragenicu- 
late-limitans nucleus. In the pulvinar, cells labeled by retrograde trans- 
port were located slightly more posteriorly than in the plrevious animal 
R33. This finding is probably the ~ w u l t  of a different localization of 
the injection in the area of the lateral nucleus of the amygdala. There 
were no HRP labeled cells in the posterior nucleus, only single ones 
appeared in the posteromedial part of medial geniculate nucleus. 

R41: (Fig. 5) - The HRP injection area was very small, almost 
entirely limited to the lateral part of rthe central nucleus of the amygdala. 
Cells with HRP granules were observed in the dorsomdial area of the 
posterior part of the pulvinar, the peripeduncdar nucleus and in the 
suprageniculate-limitans nucleus. It seems that in these last two nuclei, 
more labeled cells were visible than in rat R24, in which the HRP in- 
jection involved only the lateral nucleus of the amygdala. 

In both rats R41 and R24 there were single labeled cells in the poste- 
romedial part of the medial geniculate complex. In rats in which HRP 
injections involved all the nuclei of the ainygdala, with the exception 
of the lateral nucleus, and the lateral part of the central nucleus, no 
labeled cells were found in the posterior thalamic region (Fig. 6). 

On the basis of these cases and all of our experimental material, we 
found that mly in these samples when the HRP injection to the amyg- 
daloid body involved the lateral nucleus d the amygdala or lateral ,part 

Fig. 6. Injections into the amygdala without evident HRP retrograde axonal trans- 
port to neurons of the posterior thalamic region. 



of its central nucleus, were there labeled cells in the respective nuclei 
of the posterior thalarnic region. A localization of labeled neurons, similar 
to that folliowing HRP injections limited to the lateral nucleus and to 
the lateral part of' the central nucleus of the amygdala, was observed 
after injection involving the anteroventral segment of staiatuun and the 
gl&us pallidus (R59). Both the results presented here as well as those 
obtained in previous work (15) would appear to* show that the posterior 
nucleus of the thalamus is not the source of amygdalopetal projections. 

Amygdalopetal connections of midline thalamic nuclei (R95, Fig. 7). 
After only the basil dorsal nucleus was infiltrated by injections of HRP, 
labeled cells were found in large numbers in the paraventrioular nucleus, 
mainly jm its anterior part. Similarly, in the parataenial nucleus and the 
anterior segment of nucleus reuniens a significant number of cells con- 
taining HRP labeled granules were observed. 

R79 (Fig. 7) - The HRP injection was made in the posterior part 
of the basal ventral nucleus and the corbical nucleus. HRP labeled cells 
were numerous in the paraventrioular nucleus, the parataenial nucleus 
and in the anterior part of nucleus reuniens. 

R74 (Fig. 7) - The HRP injection was limited to the basal ventral 
nucleus. Cells containing granules were found in the paraventnicular 

Fig. 7. Distribution of labeled cells in the midline nuclei of the thalamus following 
injection into the basal dorsal nucleus (upper row - R95). In the lower row injec- 
tions in which similar localization of labeled &lls in the midline thalamic nuclei 

was found. Denotations as in Fig. 2. 



nucleus, the parataenial nucleus and the anterior part of nucleus reu- 
niens. The number of labeled cells was definitely smaller than found 
in rat R79. 

R45 (Fig. 7) - The HRP ilijection involved the anterim segunmt of 
the cortical nucleus and the basal ventral nudeus. The localization of 
labeled cells was the same as in R74 and R79. 

Fig. 8. Distributim of labefed celb in the thalamic midline nuclei following injection 
involving all parts of the central ,nucleus of the amygdala - R62 and medial nucleus 

of amygdala - R49. Legend as in Fig. 2. 

R62 F4ig. 8) - After HRP injection involving all of the pa* (lateral, 
intemediate and medial) of the central nucleus, labeled neurons were 
found in the parataenial nucleus and the posterior segment of the nu- 
cleus reuniens. No labeled neurons were found in the paraventricular 
nucleus excepd for .a few cells in its posterior part. 

R49 (Fig. 8) - The main injection was located in the ,medial nucleus 
of the amygdala, but it also encroached upan the basal dorsal nucleus 
and a small area of the central nucleus (pars medialis). Many labeled 
cells were found in the paraventricular nucleus and the parataenial nu- 
cleus, as well as in the nucleus reuniens of the thalamw. In the latter 
cells with HRP granules were found both in its anterior as welle as 
postenior segments. With reswot to the paraventricular nucleus, it should 
be noted that only in cases where the HRP injection to the amygdaloid 
body involved the medial nucleus, labeled neurons appeared in both 
anterior and posterior parts of this nucleus; in all other cases they were 
found only in the anterior part. In no case did we succeed in limiting 



HRP injection to only medial nucleus of the amygdala. But taking into 
consideration the intense labelling of HRP cells in rat R49, we may assume 
that midline thalamic nuclei project to the medial nucleus a h .  In rats 
(Fig. 9) in which injeation of HRP was limited to the area of thelateral 
nucleus and the latela1 part of the central nucleus, no labeled cells were 
found in the midline thalamic nuclei. 

Fig., 9. Injections into the amygdala without evident HRP retrograde transport to 
neurons of the thalamic midline nuclei. 

These data suggest that almost all nuclei of the amygdaloid body 
receive afferent fibers from midline thalamic nuclei. The central nucleus 
of the amygdala probably does not receive fibers from the anrterior part 
of the paravenkicular nucleus and not many from its postmior part. 
After injections limited to the area of the central nucleus, no neurons 
with HRP labeled granules were found in the paraventricular nucleus, 
exceplt for a few cells in its posterior part. Moreover, it would seem that 
neurons of the anterior part of nucleus reuniens project mainly to the 
basal dorsal, basal ventral and cortical nuclei, whereas the neurons of 
its posterior p& project mainly to the central and medial nuclei. Follow- 
ing large injections of HRP to most of the nuclei of the amygdaloid body, 
labeled granules were found in cells of the midline thalamic'nuclei bi- 
laterally, with very definite preponderance on the side of the injection. 
After injections limited to small areas of particular nuclei, labeled cells 
appeared contralaterally only rarely. For this reason we do not suppose 
the bilate~al presence of labeled neurons in the midline thalamic nuclei 
to be connected in a particular way with the HRP injection to any of 
the amygdaloid body nuclei. 

Amygdalopetal connections of intralaminar thalamic nuclei. R60 
(Fig. 10) - The HRP injection involved the entiEe central nucleus of 
the arnygdala. Labeled neurons appeared in large numbers in the central 
medial nucleus: relatively fewer labeled cells were found in the para- 
fascicular nucleus. 

R47 (Fig. 10) - The injection involved mainly the medial nucleus of 
the amygdala, with a slight leakage in the medial part of tbe central 
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nucleus and the basal ventral nucleus. Numerous HRP labeled cells 
appeared in the central medial nucleus and the parafascicular nucleus. 
The large number of labeled cells in these thalamic nuclei of R47, suggests 
that besides the central amygdala nucleus, the medial nucleus also re- 
ceives amygdalopetal fibers, from neurons of central medial nucleus and 
the parafascicular nucleus. 

Fig. 10. Distribution of labeled cells in the intralaminar nuclei of the thalamus 
following injections mainly involving the central nucleus - R60 and medial nucleus 

of the amygdala - R47. Legend as in Fig. 2. 

It the HRP injections involved any other nuclei of the amygdaloid 
body (Fig. ll), labeled cells were not found in the intralaminar nuclei 
or there were very few of them. A great number of HRP labeled cells 
were found in the intralaminar nuclei mentioned above, after injections 
of HRP to the piriform cortex. Neurons of the central medial nucleus 

Fig. 11. Injections into the amygdala without evident HRP retrograde transport 
to neurons of the intralaminar nuclei. 



and parafascicular nucleus of the thalamus seem to project mai,nly to 
the central and medial nuclei of the amygdala. Perhaps they send fibers 
to other arnygdaloid nuclai also, but pmbably in fewer numbers. MQ- 
reover, it is not inconceivable that the occurrence of a small number 
of labeled cells in the above mentioned intralaminar nuclei following 
HRP injections to nuclei of the amygdaloid body fbesides central nucleus' 

Fig. 12. Distribution of labeled neurons in the mediodorsal nucleus of the thalamus 
following injections involving the anterior part of the basal dorsal nucleus and 
additionally central - R56 or medial nucleus of the amygdala - R50. Denotations 

as in Fig. 2. 

Fig. 13. Various injections into the amygdala without evident HRP retrograde trans- 
'port to neurons of the mediodorsal nucleus of the thalamus. 



and medial nucleus) may be caused by diffusion of HRP to the piriform 
cortex. 

Amygdalopetal connections of mediodorsal nucleus of the thalamus. 
After injections of HRP to the amygdaloid body, labeled neurons appea- 
red in relatively small numbers in the medial part of the mediodorsal nu- 
cleus. The labeled neurons were found only when the injection involved 
the anteromedial area of basal donsal nucleus. Unfartunately we failed 
in our attempts to limit the HRP injection only to this area. Labeled 
neurons in thalamic mediodorsal nucleus definitely appeared in rat R-56 
(Fig. 12), in which the injection passed through the medioaaterior area 
of the basal dorsal nucleus and the central nucleus of the amygdala. 
But there were no labeled neurons in the thalamic mediodorsal nucleus 
when the HRP injection i~nvolved even larger areas of the basal dorsal 
nucleus or central nucleus (Fig. 13). Exceptionally numerow neurons 
were observed in the thalarnic mediodorsal nucleus in rat R50 (Fig. 12), 
In which the HRP injection lnvolved the anterlor pole of the basal dorsal 
nucleus and the entia-e medial nucleus. For this reason we may assume 
that the mediodorsal nucleus also projects to the medial nucleus of the 
amygdala. 

CONCLUSIONS AND DISCUSSION 

F r m  our results obtained by retrograde transport of HRP from nuclei 
or' the amygdaloid body to the thalamus we may assume that: 

1. In the thalamus of the rat there are several groups of nuclei 
sending fiberg to the amygdaloid body. These are nuclei of: (i) the po- 
sterior thalamic region-puluinar, the suprageniculate-limitans nucleus, as 
well as the pelripeduncular nucleus, (ii) the midline thalamic nucleiipa- 
raventricular nucleus, the parataenial nucleus, and nucleus reuniens, (iii) 
the intralaminar nuclei - central medial nucleus and the parafascicular 
nucleus, (iv) the mediodorsal nucleus. With but a few exceptions, the 
thalamic nuclei which project to the amygdaloid body are the nucld 
formerly cansiidered as non-specific. 

2. The amygdalopetal fibers of each group of thalamic nuclei may 
terminate in definite nuclei of the amygdaloid body or over its entire 
extent. The most dlffuse appear to be the amygdalopetal projections of 
the midline nuclei. The fibers of the latter probably terminate in all the 
nuclei of the amygdaloid body with the exception of the lateral nucleus 
and the lateral part of the central nucleus. The amygdalopetal flbers which 
arise in the posterior thalamic arid the intralaminar nuclei seem to end 
in a more limited area of the amygdalaid body, the former in the lateral 



nucleus and lateral part of central nucleus, the latter mailnly in the 
medial nucleus and in the interrnediate and medial parts of the central 
nucleus. The amygdalopetal fibers of the thalamic mediodorsal nucleus 
also appear to have a limited field of pmjectrion. 

Projections from the mediodorsal nucleus. In our material we found, 
following injection of the amygd.ala fewer HRP labeled ceLs in the me- 
diodorsal nucleus than in the adjacent part of the paraventricular and 
parataenial nuclei. Due to the fact that there is no clear-cut boundary 
between the postenim part of the parataenial nucleus and the anterior 
pole of the mediodorsal nucleus, there are sometimes difficulties in de- 
ciding to which of the nuclei the labeled cdlls belong. It seems that the 
neurons of the mediodorsal nucleus project to the anteromedial area 
of the basal dorsal and medial rlucleus of the amygdala. But we cannot 
exclude the possibility that the nnediodorsal nucleus of the thalamus also 
projects to other nuclei of the amygdala. The cells of this nucleus pro- 
ject to the piriform cortex also. Krettek and Price (10) using autmadio- 
graphy showed that the thalmic medicdorsal nucleus in the rat sends 
quite a large amygdalopetal projection. Previously Nauta (13) using the 
silver degeneration method in monkeys showed that amygdalopetal con- 
nections arise in the neurons of the mediodorsal nucleus of the thalamus, 
but he mentioned that lesions also partly involved the paraventricular 
nucleus. Most data ilndicate the existence of a reciprocal projections bet- 
ween the amygdala and the thalamic mediodorsal nucleus (9, 13, 18). 
All authors (9, 12, 13) studying the efferent connections of the amygdala 
by silver degeneration techniques mentrioned that terminal degenerations 
in the mediodorsal nucleus of the thalmus following lesions in the 
amygdala might have been the iresult of injury to fibers which originate 
in the piriform cortex. Lately Krettek and Price (10, 11) and Siiegel 
et al. (18) showed these amygdalofugal connections by means of antero- 
grade and retrograde amnal transport. 

Projections from the posterior thalamic region. There are some data 
indi~ati~ng that neurons of the posterior thalamic region are another 
source of amygdalopetal connections (5-7, 15). By means of autoradio- 
graphy and silver degeneration methods it was shown that the pul- 
vinar and peripeduncular nucleus send amygdalopetal projections to the 
lateral nucleus and the lateral part of the central inucleus. The present 
results allcnved us to ascertain that in the rat the neurons sending axons 
to the amygdaloid body are located in the dorsomedial area of the po- 
sterior part of pulvinar, in the peripeduncular nucleus and in the supra- 
geniculate-limitans nucleus. Nuclei of the posterior thalamic region 
also send fibers to the ventral part of the striatum adhering to the 
arnygdala. This was to be expected on the basis of previous experiments 



(15), carried out by silver degeneration methods, which showed that 
nuclei of the p s t e ~ i o r  thalamic region send a large projection teminat- 
ing in the lateral nucleus and the lateral part of the central nucleus of 
amygdala, and, in addition, in the antemventral part of the striatum 
and in the neocortex above the rhinal sulcus. 

It would seem that labeled neurons found sporadically in the thalamic 
posterior nucleus of some rats appeared not as result of HRP injection 
to the amygdaloid body, but were caused by the diffusion of this enzyme 
to the cortex around the rhinal sulcus, just as, after an HRP injections 
to the cortex of this region a large rimer of labeled neurons were 
observed also in the thalamic posterior nucleus. 

. 
Projections from the midline and intralaminur nuclei. In the literature 

there are no data concerning any thalamoaanygdaloid or amygdalothala- 
mic connections - besides those arising from the mediodorsal nucleus 
-and nuclei of the posterior region. Only Nauta (13), admittedly, sugge- 
sted that there are mygdalopetal connectiom f m  the mildline and 
intralaminar nuclei of the monkey. 

As our experiments show, the midline nuclei of the thalamus give 
off amygdalopetal projections, the fibers of which probably end in the 
majority of amygdaloid nuclei. Some of the fibers terminate in the piri- 
form and enthorhinal cortex (la). The projection of intralaminar nuclei 
to the amygdala is rather diffuse, similar to their cortical projection. 
There is a certain topographic correlation between the localization of tha- 
lamic midlilne neurons sending amygdalapetal fiibers and the localization 
of their terminals in the nuclei of the amygdaloid body. It seems that 
the neurons of mFdline nuclei situated more anteriorly project mainly 
to the basal nuclei and to the cortical nucleus of the amygdala. Those 
localized more posteniorly send their mns mostly to the medial nucleus 
and central nucleus. 

The next source of thalamic amygdalopetal connections are probably 
inbralaminar nuclei: central medial and parafascicular. These nuclei seem 
to project mainly to the central and medial nucleus of the amygdala. 
Judging by the number of labeled cells, although this may not be con- 
clusive, the central medial nucleus of the thalamus probably sends filbers 
mainly to the central nucleus of the amygdala, while the parafasdcular 
nucleus (does so to the medial. We cannot entirely exclude the possibility 
that intralaminar nuclei, to a certain extent, also project to other nuclei 
of the amygdaloid body. The labeled neumns found there sporadically 
after injections to other nuclei of the amygdala might have been the 
result of some diffusion of the HRP to the piriform cortex, which re- 
ceives rather numerous afferents from intralaminar nuclei. 

Thalamic midline and intralaanina~ nuclei emanate thalarnostriatal 



and non-specific thalamocortical connections (8). It seems that the amy- 
gdala is an addttional third region of projection of these nuclei. 

Taking into consideration the thalamoamygdaloid connections as 
a whole and comparing them with the thalamocortical, we may presume 
that there are two systems of these connections. One system reaches the 
frontal cortex and all nuclei of the amygdala with the exception of the 
lateral nuclew and the lateral part of the central nucleus. The frontal 
cortex of the rat and the majority of amygdaloid nuclei (basal dorsal, 
basal ventral, cortical, medial and central) receive afferent fibers arising 
in the same midline and intralaminar nuclei, as well as in the medibdor- 
sal nucleus of thalamus. The only midline nucleus which deviates from 
this scheme is the paraventricular nucleus, which does not send fibers 
to the frontal cortex, but gives an evident projection to the arnygdala. 

Another system terminates in the temporal cortex (2), the lateral 
nucleus and lateral part of central nucleus of amygdala. Fibers of this 
system arise in the nuclei of the posterior thalamic region - pulvinar, 
peripeduncular and suprageniculate-limitans nuclei (6, 7, 15). 

On analyzing our data, we may distinguish two groups of nuclei in the 
amygdala. One comprises most of the amygdaloid nuclei excluding the 
lateral nucleus and the lateral palrt of the central nucleus. In general 
they receive similar afferent connections from thalamic nuclei, as the 
frontal co~tex  and also the entorhinal cortex and the piriform cortex. 
The second group consists of the lateral nucleus and the lateral part of 
the central nucleus, both related to nuclei of the posterior thalamic re- 
gion. These nuclei also seem to differ from other 'amygdaloid nuclei in 
regard to their function; it is not excluded that they play a role in con- 
veying sensory information to the limbic system. 
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LIST OF ABBREVIATIONS 

AD 
AM 
AV 
BD 
BV 
C 
CL 
CM 
Co 
CS 
GLD 
GLV 
GM 
Hb 
L 
La 
Li 
M 
MD 
Nst 
P f 
P1 
Pld 
PlV 
Po 
PP 
Prt  
P t  
Pv 
R 
S 
SG 
V A 
VL 
VPL 
VPM 

nucleus anterior dorsalis thalami 
nucleus anterior medialis thalami 
nucleus anterior ventralis thalami 
nucleus basalis dorsalis corporis amygdaloidei 
nucleus basalis ventralis corporis amygdaloidei 
nucleus centralis corporis amygdaloidei 
nucleus centralis lateralis thalami 
nucleus centralis medialis thalami 
nucleus corticalis corporis amygdaloidei 
colliculus superior , 
corpus geniculatum laterale pars dorsalis 
corpus geniculatum laterale pars ventralis 
corpus geniculatum mediale 
nuclei habenulae 
nucleus lateralis corporis amygdaloidei 
nucleus lateralis thalami 
nucleus limitans 
nucleus medialis corporis amygdaloidei 
nucleus medialis dorsalis thalami 
nucleus striae terminalis 
nucleus parafascicularis thalami 
pulvinar 
pulvinar - area dorsomedialis 
pulvinar - area ventrolateralis 
nucleus posterior thalami 
nucleus peripeduncularis thalami 
area pretectalis 
nucleus parataenialis thalami 
nucleus paraventricularis thalami 
nucleus reuniens thalami 
striatum 
nucleus suprageniculatus thalami 
nucleus ventralis anterior thalami 
nucleus ventralis lateralis thalami 
nucleus ventralis posterior lateralis thalami 
nucleus ventralis posterior medialis thalami 


