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SYNOPSIS 

We studied the neuronal populations that project their axons to the cingulate cortex in albino 

rats using the retrograde fluorescent dye of 4% Fluoro-Gold injected into the anterior, middle and 

posterior portions of the cingulate cortex. The result showed that the following ipsilateral structures 

are sending fibers to these three portions: the prefrontal cortex, frontoparietal motor cortex, indusium 

griseum, dorsal endopiriform nucleus, lateral part of medial mammillary nucleus, nuclei of diagonal 

band of Broca, anterior pretectum, anterior part of caudate-putamen, hippocampal formation, 

anteroventral, anteromedial, lateroposterior, ventroposterior and dorsomedial thalamic nuclei. The 

anterior portion of the cingulate cortex receives inputs from the following ipsi- and contralateral 

structures: the accessory olfactory bulbs, anterior olfactory nuclei, middle and posterior portions of 

the cingulate cortex. The middle cingulate cortex receives fibers only from the ipsilateral dorsal part 

of the lateral septal nucleus in addition from the ipsi- and contralateral anterior and posterior 

portions of the cingulate cortex. While the posterior portion of the cingulate cortex receives separate 

inputs from the following ipsilateral structures: anterodorsal thalamic nucleus, temporal cortex, 

entorhinal cortex, areas 17 and 18, as well as from the ipsi- and contralateral anterior and middle 

portions of the cingulate cortex. The present study shows that the cingulate cortex receives various 

kinds of inputs from the other parts of the brain which are involved in emotion, memory, vision and 

motion, and also suggests that there are differences in afferent projections among the anterior, 

middle and posterior portions of the cingulate cortex. 
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INTRODUCTION 

The Papez's report (24) first linked the cingulate cortex with the theory of emotionality. A 

series of studies in a variety of species documented the connections of the cingulate cortex with the 

neocortex (1, 23, 32), nucleus of the diagonal band (6, 19, 31), thalamus (1, 3, 5, 9, 10, 13, 18, 21, 

28, 29), basolateral nucleus of the amygdala (1, 23, 27, 35), claustrum (4), lateral septum (16), 

entorhinal cortex (1), subicular complex of the hippocampal formation (1, 20, 30, 32, 33), brain 

stem including the medial raphe, dorsal raphe, locus cerulus, substantia nigra, and anterior ventral 

tegmentum (3, 6, 8, 15, 26), caudate-putamen (1) and ipsi- and contralateral cingulate cortices (I, 2, 

33, 35, 36). 

Despite this wealth of information, there are still significant gaps in our knowledge of input 

to the cingulate cortex particularly in the topographical i~put to the different parts of the cingulate 

cortex. This study addresses this particular question utilizing a well-known retrograde fluorescent 

tarcer, Fluoro-Gold (FG), injected into the anterior/middle/ or posterior part of the cingulate cortex 

in the albino rat. 

MATERIAlS AND MEfflODS 

Eighteen adult albino rats (Wistar, Japan Clea) of either sex that weighed 300-400 g were 

used. While the animal was under deep anesthesia (10% chloral hydrate, 0.3 mg/kg; i.p.), the head 

was stereotaxically fixed (Narishige, SR-6). An incision was made in the midline of the scalp to 

expose the area of the bregma and the sagittal sutures. Small holes were then drilled through the 

frontal or parietal bone with a dental hand drill at sites corresponding to the anterior, middle or 

posterior part of the right cingulate cortex. The site of the hole was plotted according to coordinates 

from Paxinos and Watson's rat Brain Atlas (25) in order to approach the anterior, middle and 

posterior parts of the cingulate cortex. 

The rats were divided into three groups. The first group received the dye, Fluoro-Gold (FG) 

in the anterior part, second group in the middle part and the third group in the posterior part of the 

right cingulate cortex iontophoretically via a fine glass capillary (tip diameter about 50µm). The 

iontophoretic parameters used were 4-5 min of 4-5µA of pulse positive current delivered via a 

handmade transkinetics high-voltage precision current source. Postoperatively all of the animals 

were left in a dark room. After survival periods ranging from 48 to 72 h, the rats were put under 

deep anesthesia (10% chloral hydrate, 0.3 mg/ kg; i.p.), then perfused with 10% formol-saline after a 

vascular rinse with normal saline. The brain was then isolated and excised which was finally 

immersed in 10% formol-saline for several hours and sectioned serially on a cryostat in the coronal 

plane at a thickness of 40 µm. Every third section was mounted on a glass slide. The exact site of 

injection, as well as the afferent projection to the different parts of the cingulate cortex from the 

other cortical region within each structure, was confirmed by fluorescence microscopy (Olympus 

AX 80) using filter system UV. 
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RESULTS 

I) Localization of injected tracer 

Experiments were considered successful only if the injection adequately labeled the target 

area in the cingulate cortex without any obvious involvement of the other adjoining areas or the 

contralateral cortex. Figure IA shows the injection site and the extent of labeling; where the tracers 

labeled the intended targets fully and exclusively. 

2) Injection to the anterior portion of the cingulate cortex 

lpsi- and contralateral accessory olfactory bulbs, anterior olfactory nuclei, middle and posterior 

portions of the cingulate cortex had been labeled after injection into the anterior portion of the 

cingulate cortex. The ipsilateral prefrontal cortex, frontoparietal motor cortex, indusium griseum 

(Fig. IB), dorsal endopiriform nucleus, lateral part of medial mammillary nucleus, anteroventral, 

anteromedial and lateroposterior thalamic nuclei (Fig. IF), vertical and horizontal limbs of diagonal 

band nucleus (Fig. IG), anterior pretectal area, anterior portion of caudate-putamen, hippocampal 

formation, ventroposterior and dorsomedial thalamic nuclei were also labeled after the injection into 

the anterior portion. 

3) Injection to the middle portion of the cingulate cortex 

The ipsilateral prefrontal cortex, frontoparietal motor cortex, indusium griseum (Fig. 1B), 

dorsal endopiriform nucleus, lateral part of medial mammillary nucleus, anterodorsal (Fig. ID), 

anteroventral, anteromedial, dorsomedial (Fig. l E) and lateroposterior thalamic nuclei (Fig. IF), 

dorsal lateral septa! nucleus (Fig. l C), vertical and horizontal limbs of diagonal band nucleus (Fig. 

IG), anterior pretectal area, anterior portion of caudate-putamen, hippocampal formation, 

ventroposterior and dorsomedial thalamic nuclei as well as from the ipsi- and contralateral anterior 

and posterior portions' .of the cingulate cortex had been labeled after the injection into the middle 

portion of the cingulate cortex. 

4) Injection to the posterior portion of the cingulate cortex 

The ipsilateral prefrontal cortex, frontoparietal motor cortex, indusium griseum (Fig. IB), 

dorsal endopiriform nucleus, lateral part of medial mammillary nucleus, anterodorsal (Fig. ID), 

anteroventral, anteromedial and lateroposterior thalamic nuclei (Fig. IF), ventral and horizontal 

limbs of diagonal band nucleus (Fig. IG), anterior pretectal area, anterior portion of caudate­

putamen, hippocampal formation, ventroposterior and dorsomedial thalamic nuclei, temporal cortex, 

entorhinal cortex, areas 17 and 18, as well as from the ipsi- and contralateral anterior and middle 

portions of the cingulate cortex had been labeled after the injection into the posterior portion of the 

cingulate cortex. 

Representative example in Fig. 2 diagrammatically summarizes the different areas of the 
brain which projects to the cingulate cortex. 

DISCUSSION 

We studied the afferent projections to the cingulate cortex in the albino rat with a retrograde 

tracing method. We found that several ipsilateral subcortical structures send their axons almost 
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Figure I. Photomicrographs of injection site and 
subcortical area with their connection to the different 
part of cingulate cortex. A: FG injected in the right 
posterior cingulate cortex. 8 : labeled cells in the right 
induseum griseum. C: labeled cells in the right dorsal 
lateral septa! nucleus. D: labeled cells in the right 
anterodorsal thalamic nucleus. E: labeled cells in the 
right medial thalamic nucleus. F: labeled cells in the 

right lateral posterior thalamic nucleus.G: labeled cells 
in the right vertical (arrow) and horizontal limbs of 

diagonal band nucleus. M: medial, L: lateral , Bar scale A= 0.1 mm, B - G Bar scale= 0.25 mm. 
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Figure 2. Diagrammatical summarization of different areas of the brain which project to the cingulate 

cortex. ACg: anterior cingulate cortex, AD: anterodorsal thalamic nucleus, AM: anteromedial 

thalamic nucleus, AOB: accessory olfactory bulb, AOD: Anterior olfactory nucleus, dorsal part, 

AOL: Anterior olfactory nucleus, lateral part, AOV: Anterior olfactory nucleus, ventral part, AV: 

anteroventral thalamic nucleus, Cpu: caudate-putamen, DM: dorsomedial hypothalamic nucleus, En: 

endopiriform nucleus, Ent: entorhinal cortex, FrPaM: frontoparietal motor cortex, IG: indoseum 

griseum, LP: lateral posterior thalamic nucleus, LSD: lateral septal nucleus, dorsal part, MCg: medial 

cingulate cortex, MD: mediodorsal thalamic nucleus, ML: lateral part of medial mammillary nucleus, 

PCg: posterior cingulate cortex, PFr: prefrontal cortex, Str: striate cortex, Te: temporal cortex, VP: 

ventroposterior thalamic nucleus. 

equally to the cingulate cortex, while there are also distinct differences in the afferent projections 

among the anterior, middle and posterior portions of the cingulate cortex. It has been accepted that 

the main functions of the cingulate cortex are involved in emotion (24) and memory based behavior 

(12, 17). The findings of the present study suggests that these functions of the cingulate cortex are 

widely affected by various kinds of inputs from the several parts of the brain, and also that each 

portion of the cingulate cortex have different functions through the different neuronal connections 

with the specific structures in the brain. 

The present study showed that several brain structures such as pref rontal cortex, frontoparietal 

motor cortex, indusium griseum, dorsal endopiriform nucleus, lateral part of the medial mammillary 

nucleus, vertical and horizontal limbs of diagonal band nucleus, anterior pretectal area, anterior 

caudate-putamen, hippocampal formation as well as the anteroventral, anteromedial, lateroposterior, 

ventroposterior and dorsomedial thalamic nuclei ipsilaterally connect almost equally with the anterior, 

middle and posterior portions of the cingulate cortex. Close relationships between the cingulate 

cortex and these structures were also reported by Finch et al. (II) and Domesick (9). Of these 

structures, it is said that prefrontal cortex, anterior and dorsomedial thalamic nuclei, hippocampal 

formation and lateral part of the medial mammillary nucleus are involved in memory and emotion, 

and lateroposterior thalamic nucleus in vision. These findings supplement the ideas that the function 

of the cingulate cortex relates with emotion, memory and vision through these brain structures. 

In the present study, we found also that there were differences in the afferent projections 

among the anterior and posterior portions of the cingulate cortex. The anterior portion of the 

cingulate cortex receive axons from the ipsi- and contralateral accessory olfactory bulbs, anterior 

olfactory nuclei, and midlle and posterior portions of the cingulate cortex in addition to the structures 

projecting to the other portions of the cingulate cortex. Physiological studies suggest that the 

accessory olfactory bulbs, anterior olfactory nuclei, hippocampal formation and dorsomedial thalamic 

nucleus are involved in memory-based behavior, control of spatial orientations (12, 17) and the 

caudate-putamen is involved in the control of skeletal muscle activity (7). These findings of the 

present study suggest that the anterior portion of cingulate cortex might be closely related with those 

structures in yielding its function. In contrast, the afferent projection to the posterior portion of the 

cingulate cortex was quite different from that to the anterior portion. This differences was also 

pointed out by several authors in the rat, cat, and monkey (1, 10, 11, 18, 21, 28, 30, 35). 1n our 
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materials, the anterodorsal thalamic nucleus, temporal cortex, entorhinal cortex, areas 17 and 18 

exhibited distinct connections mostly with the posterior cingulate cortex. Interactions between the 

temporal cortex and posterior portion of the cingulate cortex were also reported by Finch et al. ( 11) 

and Vogt and Pandya (34). The relationship between the visual system and limbic system was also 

suggested by ltaya et al. (14). Although the anterodorsal thalamic nucleus projects from the middle 

to the posterior cingulate cortex, the projection was stronger to the posterior portion. This projection 

has been reported by many authors (3, 11, 22). These findings taken together suggest that the 

posterior portion of the cingulate cortex has relationship with memory and vision. The middle 

portion of the cingulate cortex receives the afferent from the dorsal part of the lateral septal nucleus 

as well as from the anterodorsal thalamic nucleus. This portion is thought to be related with the 

emotion and memory. 

The projections from the ipsi- and contralateral anterior and middle portions to the posterior 

portion of the cingulate cortex were also noted in the present study. These findings suggest that 

though each portion of the cingulate cortex functions differently, the function of each portion of the 

cortex might be regulated by each other by the neuronal connections within the cingulate cortex. 

As discussed in the present study, the cingulate cortex receives inputs from a number of 

structures of the brain, and there are regional differences in functions within the cingulate cortex. 

There may be much more afferent projections to this region, in addition to those described in the 

present study. To elucidate the functions of the cingulate cortex completely, further experiments 

should be perfonned on the other projections to the cingulate cortex, the cell type which projects 

into the cortex, physiological properties of inputs and so on. 
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