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The frontal cortex, which performs integrative functions, plays an important role in the 
mechanisms of pain perception and, in particular, in the formation of the~ emotional (affec- 
rive) component of nociceptive sensation [2]. This view is supported by the results of re- 
search on primates, which demonstrated the presence of direct connections of the orbitofron- 
tal cortex with thalamic structures involved in the conduction of nociceptive excitation [14]. 
From the morphological and functional points of view the orbitofrontal cortex of the cat is 
the precursor of the anterior zones of the frontal cortex in primates and man and consists of 
the gyrus proreus and the anterior part of the orbital gyrus, the first of which is classified 
as the prefrontal cortex [i0]. Allowing for the presence of direct projections of the pre- 
frontal cortexes to the antinociceptive structures of the midbrain [6], it is important to in- 
vestigate efferent projections from cortical regions and deep brain formations to local areas 
of the prefrontal cortex, for research into this problem has been very limited [9, ii]. 

The aim of this investigation was to study both cortical and subcortical projections to 
local areas of the prefrontal cortex in cats. 

EXPERIMENTAL METHOD 

Experiments were carried out on eight adult cats weighing 3-3.5 kg. Under pentobarbital 
anesthesia (40 mg/kg) a unilateral microinjection of 0.18 ~i of a 50% aqueous solution of 
horseradish peroxidase (Sigma, USA) was given by means of a microsyringe and micromanipulator 
in the course of 30 min at one or two points of the dorsal part of the lateral surface of the 
proreal gyrus (Fig. I). After 48-72 h the brain of the anesthetized animal was perfused with 
a mixture of 0.4% paraformaldehyde and 1.25% glutaraldehyde, made up in 0.1M phosphate buf- 
fer (pH 7.4). Subsequent treatment of the brain was in accordance-with Mesulam's retrograde 
axonai transport method. 

HRP 

Fig. i. Diagram of distribution of labeled 
neurons (dots) on frontal brain sections 
of cat after injection of microdoses of 
horseradish peroxidase into dorsal regions 
of prefrontal cortex (arrows). Am--n.~ami~- 
daloideus basilaris, AM-- n.anterior med- 
ialis, AV -- n. anterior ventralis, CI -- 
capsula interna, CM -- n. centrum medianum, 
CRU -- s. cruciatus, GL -- corpus geniculat- 
um laterale, GM -- corpus geniculatum medi- 
ate, HRP -- horseradish peroxidase, MD-- n. 
medialis dorsalis, PRS -- s. presylvius, 
SCC -- s. corporis callosi, TO -- tractus 
opticus, VA -- n. ventralis anterior, VP -- 
n. posterior. 
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Fig. 2. Retrograde labeling of neurons in cingulate cortex (a), in amyg- 
daloid nucleus (b), and in mediodorsal thalamic nucleus (c, d; MBI-15 mi- 
croscope; magnification 40 • 7 • 1.6). 

EXPERIMENTAL RESULTS 

In experiments with unilateral injection of microdoses of horseradish peroxidase into 
the dorsal regions of the lateral proreal gyrus labeled neurons were discovered in the cin- 
gulate cortex and caudal part of the prefrontal cortex of the telencephalon, in the amygdal- 
old complex, and in thalamic structures of the brain (Fig. i, Fig. 2). 

The retrogradely labeled cells in the cingulate and caudal prefrontal cortex were pyra- 
midal neurons. These neurons were distributed ipsilaterally relative to the side of injec- 
tion and were located in layer III, the cells in which are the main source of association 
fibers. 

Labeled cells in the cingulate cortex were~found in the agranular area 24. According to 
data in the literature [15], this cortical formation is the anterior limbic region, which re- 
ceives afferents from the anterior medial thalamic nucleus. Even though there were so few 
labeled neurons it can be concluded that direct projections of the cingulate cortex to the 
prefrontal cortex exist, especially in the dorsal part of the lateral surface of the proreal 
gyrus. 

No labeled neurons were observedafter these local injections in the somatosensory cor- 
tex. A very few labeled neurons were found in the aymgdaloid complex, in the anterior part 
of the basolateral nucleus. These labeled neurons were strained more palely than in the cin- 
gulate cortex. Many labeled neurons were found in the thalamus in the mediodorsal nucleus. 
Labeled neurons were arranged in groups in the middle and lateral parts of the nucleus, they 
sometimes outlined its lateral border, and they were fusiform or polygonal in shape. Labeled 
~euronswere never~found in the specific ventrobasal complex of the thalamus, but they were ob- 
served in the parafascicular complex. In addition, labeled neurons were found in the anter- 
ior thalamic nuclei, both ventral and medial, and also in the ventral anterior nucleus. 

The investigations thus show that the cingulate cortex sends direct projections into the 
prefrontal cortex of the cat brain, in agreement with data in the literature [ii, 13]. It 
must be emphasized that projections from the cingulate cortex, according to data in the lit- 
erature also [ii], were purely ispilateral. In this context there is interesting information 
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to show that projections from the lateral prefrontal cortex of rats are unilateral, whereas 
those from the medial prefrontal cortex are bilateral [8]. 

Cingulo-frontal connections are evidently reciprocal in character, for local projections 
of the prefrontal cortex to the cingulate cortex have been demonstrated by methods of detec- 
tion of degenerate fibers, but unlike afferent connections, they are bilateral [4]. 

The present investigation failed to disclose any direct projections from the insular 
cortex to the prefrontal region, although there is some evidence of their existence [Ii]. 
However, the authors cited emphasize that not all points of the proreal gyrus receive such 
projections. Moreover, data showing that neighboring points of the proreal gyrus can re- 
ceive nonidentical afferent projections from the brain stem may serve as an indirect explana- 
tion [12]. 

The present investigation showed that the amygdaloid complex sends direct projections 
into the dorsal part of the prefrontal cortex, in agreement with the results of expe=iments 
using autoradiographic methods [9]. 

Since the cingulate cortex and the amygdaloid nucleus are components of the limbic sys- 
tem and are involved with integration of nociceptive stimulation [5, 7], it can be concluded 
from these results that cingulo-frontal and amygdaloid-frontal connections can be regarded 
as the afferent pathway for nociceptive impulses to the frontal cortex, participating in the 
formation of emotional responses. This conclusion is in good agreement with clinical ob- 
servations showing that lobotomy depresses the emotional-affective component of nociceptive 
sensation in patients without changing the perceptual-discriminative response [3]. Moreover, 
direct projections of the mediodorsal thalamic nucleus and also of the anterior thalamic nu- 
clei to the prefrontal cortex which~ as Adrianov [I] has shown, are responsible for integra- 
tion of vegetoemotional responses with complex forms of "frontal" activity, also have a sig- 
nificant influence on the mechanisms of formation of the emotional-affective component of 
pain perception. 
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