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Summary. Age-dependent changes in the entorhinal 
cortex (EC) and subicular complex (SC) were studied 
in 30 brains of patients who died between 14 and 86 
years of age, without CNS impairment, as determined 
by macro- and microscopic examination. The brains 
were fixed in 10% formalin and embedded in paraffin. 
Three series of corona1 EC and SC sections (7 pm) 
were stained by Nissl, PAS or hematoxylin-eosin. 
Using neuronal count and Kariometry, age-dependent 
modifications were studied in layers 11, 111 and V of 
the lateral area of the EC; in the pyramidal layer of 
the subiculum (S), and in layer 11 of the presubiculum 
(PS). Al1 EC layers studied presented a slight 
(11-20%) although significant reduction up to 35 
years, but from 35 to 75 years the decrease was not 
significant. After 75 years the neuronal loss increased 
slightly. The nuclear area decreased up to the age of 
40-45 years, (10-18%) and augmented from this age up 
to 75 years (10-14%). During the last period of life, 
the nuclear area did not change. From 30-60 years, 
pyramidal layer in the S showed a significant neuronal 
loss (30%), thereafter, neuronal reduction was less. At  
early years, the nuclear area decreased insignificantly 
(15%), and from 35 years up to the most advanced age 
studied, it increased significantly (13%). 

In the PS, layer 11 manifested a cell loss throughout 
the lifespan (32.9%) and the changes in the nuclear 
area did not reach statistical significance due to the 
dispersions of its values. These results lead to the 
conclusion that the neuronal loss in EC is notably less 
than in S and PS and, in general, than in other 
centres. The sequence of neuronal loss is also different 
in the EC and in the S. While in EC the maximal loss 
occurs up to 35 years of age, in S the most pronounced 
loss begins precisely after this age. 
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lntroduction 

The temporal lobe, with the entorhinal cortex 
(EC), the subicular complex (SC) and the 
hippocampus, is a very important structure involved in 
the mnemonic function. The EC acts as an interface 
between multimodal association areas and the 
temporal circuit (Hjorth-Simonsen, 1971; Beckstead, 
1978; Goldman-Rakic et al., 1984). In fact, the EC, in 
addition to the efferent fibres to different cortical 
areas (Kosel et al., 1982; Sorensen, 1985; Swanson 
and Kohler, 1986), also projects to the gyrus dentatus 
(GD) (Andersen et al., 1966; Steward, 1976; Ruth et 
al., 1982; Witter et al., 1989) which in turn (following 
the temporal circuit) projects to CA3, Cal ,  S, PS, 
(Sorensen and Shipley, 1979; Tamamaki et al., 1987) 
and the PS, closing the circuit, to the EC (Shipley, 
1975; Kohler, 1984). The alteration of any one of 
these links is followed by an impairment of such 
circuitry and, consequently, of the mnemonic process 
(Hyman et al., 1984, 1986; Milner, 1970; Zola-Morgan 
et al., 1986). 

It is well known that with the ageing of the CNS, 
memory is one of the most severely affected functions. 
To investigate the time-course of the ageing changes in 
the EC and the SC is an interesting point to study, but 
in the available bibliography the knowledge of the 
CNS changes in senescence is fragmentary since often 
only the extreme ages are compared. On the other 
hand, there is no parallel investigation of neuronal loss 
and the vicarious capacity of the remaining neurons. 

Materials and methods 

In this study 30 brains were selected based on the 
following criteria: absence of neurological or 
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psychiatric impairments, absence on macro- and 
microscopic examination of non age-dependent brain 
alterations, the age of the patients (a similar number 
for each decade of life), and finally, the postmortem 
delay inferior to 16 hours (average 6 hours). In al1 the 
cases, the left hemisphere was analyzed. The brains 
were fixed in 10% buffered formalin; the blocks 
containing the EC and SC were processed for paraffin 
embedding; and the corona1 sections were serially 
made at a thickness of 7 pm. Three series 
were obtained and stained with Nissl, PAS, or 
Haematoxylin-eosin methods. The variables chosen to 
study the ageing process of the E C  and the SC were 
neuronal number and karyometry. This study was 
limited to layers 11, 111, and V of the lateral area of 
the E C  (Figs. 1, 2). In the S, the pyramidal layer and 
in the PS, layer 11. Al1 the neurons with a prominent 
nucleolus, included in the width of the layers, were 
counted by means of a manual method. Employing a 
semiautomatic method, the area of the neuronal nuclei 
was measured. The significance of the values 

obtained in neuronal counting and karyometry was 
assessed by the Fisher test and one-way analysis of 
variance. Linear and polynomial regression functions 
were used to evaluate correlation between parameters 
and age. 

Results 

Entorhinal Cortex 

The 3 layers (11, 111 and V) studied in the EC 
showed a similar trend with regard to neuronal loss as 
well as to karyometry (Figs, 3, 5 ,  7). During the first 
period, up to 35 years of age, the most intense 
neuronal loss took place. Thereafter, until 75 years, 
the loss decreased, and in the last period it increased 
again. The global neuronal loss was 20.2% for layer 11 
(p < 0.01), 11% for layer 111 (p < 0.01) and 14% for 
layer V (p < 0.01). The evolution of the nuclear areas 
showed a triphasic course: the first phase, until 40 
years, was characterized by a significant atrophy 

Fig. 1. Partial view of the rnedial surface of 
a hurnan brain. Abbreviations: Ca, 
cornrnissura anterior; CC, corpus callosurn; 
CM, corpus rnarnmillare; Fi, foramen 
intewentriculare; Ht, hipothalarnus; T. 
thalarnus; 1, entorhinal cortex; 2, sulcus 
rhinalis; 3, sulcus collateralis; 4, fissura 
hippocarnpi; 5, gyrus arnbiens; 6, gyrus 
semilunaris; 7, perirhinal cortex. 
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Fig. 2. Coronal section of the temporal Ic 
Abbreviations: ECL, entorhinal cortex; 
fimbria hippocampi; H, hippocampus, 
ventriculus lateralis. 
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Fig. 3. Number of neurons in layer II of the EC according to age. Fig. 5. Number of neurons in layer III of the EC 
The regression curve corresponds to the polynomial equation at 
the top of the figure. 

y = 256 555 - 4 01% + 066x2 . 0003537x3 
230. 5 

110. 

1 OO. 

N 90.  ' 60. 

220. 

5 0 1  . . . . . . . . . . . . . . . .  
2 0  3 0  4 0  5 0  6 0  7 0  6 0  9 0  1 0 0  

Yeors 

. .  

170. 
m .  

1601  . . . . . . . . . . . . . . . . 8  
1 0  2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  

Yeors 

Fig. 4. Evolution of the nuclear area of layer II of the EC. The Fig. 6. Nuclear areas of the EC, layer III. 
patients have been distributed in 4 groups (> 30, 30-50, 50-70 and 
70-90 years of age). 
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Fig. 7. Number of neurons in EC, layer V 
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Fig. 8. Nuclear areas of the EC, layer V 
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Fig. 9. Number of neurons in S pyramidal layer 

Fig. 10. Nuclear areas of the S pyramidal layer. 
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Fig. 11. Number of neurons in PS, layer II. 
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ranging between 10.4% and 18% (p < 0.05) according 
to the layer (Figs. 4, 6, 8); the second phase, to 75 
years of age, showed an increase of the nuclear size, 
ranging between 10% and 14% (p < 0.05); and, 
finally, in the third phase, the nuclear size experienced 
a non-significant reduction in layers 11 and 111. In layer 
V, however, the nuclear hypertrophy continued 
(12.3%, p < 0.05). 

Subiculum 

The neuronal number in the subiculum followed 
an evolution similar to that described for the EC. 
However, the neuronal reduction began later 
(about the age of 30) and lasted for a longer period 
ti11 the age of 60. The global neuronal loss was of 
32.1% (p < 0.001), (Fig. 9). The nuclear 
area decreased up to the age of 35 (5%) and, after 
that, increased (13%, p < 0.05) until the end of 
life (Fig. 10). 

Presubiculum 

The percentage of the neuronal loss in layer 11 of 
the PS was 32.9% (p < 0.001). Relatively uniform 
during the lifespan, the neuronal loss could be fitted to 
a regression line (Fig. 11). The nuclear size, on the 
other hand, was variable, therefore, differences 
between decades were not significant. 

Discussion 

Counting al1 the neurons, the only method to 
overcome the biassing effect of individual tissue 
shrinkage (Haug, 1980, 1986; Sass, 1982), is made 
difficult by the large extent of the human E C  and SC. 
Therefore, we have restricted our study to the lateral 
area of the E C  (Tuñón, 1989; Amara1 et al. 1987) and 
the territory of the SC. The lateral area is one of the 
territories of the EC with denser afferents from the 
neocortex (Kosel et al., 1982; Goldman et al., 1984; 
Sorensen, 1985; Swanson and Kohler, 1986; Amara1 et 
al., 1987; Insausti et al., 1987). On the other hand, 
its layers 11, 111, and V were chosen for neuronal 
counting and karyometry because they form the origin 
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of projections to the GD,  CA3 and to different cortical 
areas (Andersen et al., 1966; Hjorth-Simonsen, 1972; 
Steward, 1976; Ruth et al., 1982; Witter et al., 
1989). By counting al1 the neurons with a prominent 
nucleolus, included in the width of the studied layers 
(and keeping in mind that the sections were of 7 pm) 
we believe that the counting error was reduced to a 
minimum. As far as karyometry is concerned, since 
the dispersion of values was relatively small, 
measuring 100 nuclei per layer and case, we have 
assured the reliability of these results. Among the 
results described above, the parallel course of the 
neuronal loss in layers 11, 111 and V of the EC, and the 
fact that they were rather small (11% for layer 111, 
15% for layer V, and 20% for layer 11) are worth 
noting. This slight reduction of neuronal number 
contrasts with that observed in S and PS (32%) or in 
hippocampus, (26%) (Baztán and Gonzalo-Sanz, 
1988), corpus mammillare (mean 33%) (Navarro, 
1988). In the rat, the neuronal loss in the EC was 
considerably higher than in humans (38%) (Trillo, 
1989). Despite the consistent neuronal loss in S and 
PS, the increase of the nuclear size in these territories 
was small (11.1%), notably inferior to that observed in 
hippocampus (mean 35%, p < 0.0001) (Baztán and 
Gonzalo-Sanz, 1988), corpus mammillare (mean 25%, 
p < 0.01) (Panadero and Gonzalo, 1988) and 
amygdala (mean 35%, p < 0.001) (Navarro, 1988). 
These results favor the hypothesis that, in the 
mnemonic circuit, the S is the link most severely 
damaged in ageing. Another feature to be emphasized 
is the different chronology of the neuronal loss in the 
three territories studied: while in the E C  the maximal 
loss occurs during the first 35 years, in the S the 
process is the opposite (until the age of 40 years the 
neuronal reduction is minimal and between 40 and 60 
years, it reaches its peak). This trend of the S agrees 
with that of the mnemonic function which begins to be 
impaired at the same time of life. The triphasic 
evolution of the nuclear area, in correspondence with 
the evolution of neuronal loss, could be related to the 
phenomenon of neuronal redundance and plasticity. 
The second phase, that of nuclear hypertrophy, 
pointed out that the redundance was becoming 
exhausted. The third phase, characterized by a 
stabilization of the nuclear size or a slight decrease, 
indicates reduction or loss of the neuronal plasticity 
that, in the previous phase, tended to compensate the 
neuronal loss. It is more difficult to explain the 
significance of the first phase wherein there is a 
simultaneous neuronal loss and decrease of the 
karyometric index. Perhaps, neuronal redundance as 
well as the increasing number of skills that become 
automtized could explain this apparently paradoxical 
behaviour. 
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