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Abstract. The hippocampal formation was studied in 5 brains of 
younger (29 to 52 years of age) and 6 brains of elderly (61 to 89 years 
of age) subjects without signs of dementia, as well as in 11 brains of 
patients with Alzheimer's disease (65 to 91 years of age). The 
8-ym-thick sections were stained either with cresyl violet, Weil method 
or with immunocytochemical methods for amyloid (4G8) and 
neurofibrillary tangles (Tau- 1). Cell bodies, senile plaques and tangles 
were counted in all brains. In brains of patients with Alzheimer's 
disease a significant neuronal loss (about 56 %) was observed in the 
second layer of the entorhinal cortex. The tangles/neurones ratio was 
very high (62.79.1%) in this layer. A great number of senile plaques 
were present in the whole hippocampal formation, especially in the 

2 molecular layer of the dentate gyrus (22.91.5 plaques/mm ) which is 
the termination zone of the perforant path. It seems therefore, that 
pathological alterations in Alzheimer's disease disrupt the main input 
to the hippocampal formation. In "physiological" ageing we did not 
observe changes in the density of neurones, although single tangles and 
plaques were found in all hippocampal areas. In elderly individuals 
3.81.3% of neurones of the second layer revealed neurofibrillary 
pathology; a few plaques were found in various areas of the 
hippocampal formation. These observations may suggest only a slight 
decrease in number of neurones in the hippocampal formation. 

Address for correspondence: However, these changes cause a slight impairment of memory and 
Janusz MoryS learning often found in elderly individuals without dementia. 
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INTRODUCTION 

In the human brain the entorhinal region spreads 
over both the ambient gyrus and the anterior portion 
of the parahippocampal gyms (Braak 1972,1980). 
The cardinal feature of this area is the presence of 
the second layer formed by large multipolar neur- 
ones whose dendritic arborization creates a star-like 
or stellate appearance in Golgi preparations (Braak 
1980, Van Hoesen et al. 1991). The axons arising 
from these neurones form an important neuronal 
system called the perforant path (Van Hoesen and 
Pandya 1975, Witter et al. 1989). Fibres of the per- 
forant path run through deeper layers of the entor- 
hinal cortex and form the angular bundle. After 
perforation of the subicular complex they terminate 
in outer two-thirds of the molecular layer of the den- 
tate gyrus. Some fibres cross the closed portion of 
the hippocampal fissure and enter the dentate gyrus 
directly from the subiculum while other fibres 
travel through the stratum lacunoso-moleculare of 
CAI-CA3 sectors of the cornu Ammonis. Most of 
the perforant path fibres reach dendrites of the gra- 
nule cells of the dentate gyrus, but some of them ter- 
minate on the apical dendrites of CAI, CA2 and 
CA3 sectors (Amaral 1987, Amaral et al. 1987, 
Amaral and Witter 1989, Witter et al. 1989, Amaral 
and Insausti 1990, Witter and Amaral 1991). Ac- 
cording to anatomical and physiological data, the 
most widely accepted and long-lived proposal of 
hippocampal function relates to its role in memory 
(Amaral 1987, Squire 1992, McDonald and White 
1993, Squire et al. 1993, Zola-Morgan and Squire 
1993). 

The entorhinal cortex receives numerous affer- 
ent connections from the allocortex as well as from 
isocortical association areas (Krettek and Price 
1977, Berger et al. 1981, Wyss 1981, Hyman et al. 
1990, White et al. 1990, Caballerobleda and Witter 
1993). The basolateral complex of the amygdala, 
ventral part of the claustrum and some thalamic nu- 
clei also send a strong input to the entorhinal cortex. 
Thus, the entorhinal cortex receives information 
from many sources and relays it via the perforant 
path to the hippocampus. As the perforant path is 

the main cortical input to the hippocampus, its dam- 
age may be a cause of memory and learning impair- 
ment observed in the Alzheimer's disease (Hyman 
et al. 1984, 1986, 1990). 

The main aim of this study was to evaluate pa- 
thological changes of neurones of the second layer 
of the entorhinal cortex as well as those in the ter- 
minal zone of the perforant path in "physiologi- 
cal" ageing in comparison with Alzheimer's 
disease. 

METHODS 

Five brains of individuals aged from 29 to 52 
years (38.6k3.4, meanf SEM), six brains of elderly 
individuals aged from 61 to 89 years (76f 3.9) both 
groups without signs of dementia, and 11 brains of 
Alzheimer's patients (AD) aged from 65 to 9 1 years 
(81.1k2.1) were studied. Within a few months be- 
fore death the AD patients were rated using the Glo- 
bal Deterioration Scale (GDS; (Reisberg et al. 1982, 
Reisberg, 1983). All patients from the latter group 
were rated as severely demented. For the control pa- 
tients, the clinical records written during hospital- 
ization by neurologists, psychiatrists or specialists 
in internal medicine, revealed no indication of cog- 
nitive impairments. 

Brains were fixed in 10% solution of buffered 
formalin for three months. None of the brains had 
macroscopically detectable infarcts or other gross 
pathological changes. The hippocampal head and 
adjacent entorhinal cortex were removed and cut 
into 8-m-thick paraffin sections. Sections were 
stained either with cresyl violet, Weil method or 
with immunocytochemical methods for amyloid 
(4G8) and for neurofibrillary tangles (Tau- 1) using 
the monoclonal antibody (mAb) and standard per- 
oxidase-antiperoxidase method (Kim et al. 1988, 
Bancher et al. 1989b, Wisniewski et al. 1989a). 
Clinical diagnosis of AD was confirmed by neuro- 
pathological examination, with criteria recom- 
mended by the NIH (Khachaturian 1985). The 
control brains on neuropathological examination 
did not meet conventional criteria for diagnosis of 
AD. 
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In our considerations we used the classification ,, 
of the neurofibrillary tangles proposed by Bancher T 
et al. (Bancher et al. 1989a, 1989b) and the classi- 
fication of senile plaques proposed by Wisniewski 
et al. (Wisniewski et al. 1989a). Morphometric 
studies were performed in each layer of the entor- 
hinal cortex and hippocampus. The number of neur- 
ones, plaques and tangles for all studied cases were 
taken from each section using an image analysis 
system consisting of a projection microscope (Pic- 
toval, Zeiss Jena), a digitising tablet and a PC-soft- 
ware system (Sigma-Scan, Jandel Scientific Corp.). Fig. 2. The number of neurofibrillary tangles per mm 2 

An image of the section was projected onto the digi- (meankSEM) in layer 11 of the entorhinal cortex. Large num- 

tising tablet at final magnification x560 for neur- ber of neurofibrillary tangles were found in AD. ND, non- 
demented subjects. **P<0.001. 

ones and tangles, and x165 for plaques. The outline 
of each neurone, tangle and plaque in the defined 
test area was traced using a cursor and the resulting 

Neuronal loss 

x, y co-ordinates converted into the number of ob- 
jects per square millimetre by a computer. The stat- " 
istic analysis was performed by means of 
Mann-Whitney U-test. E 20 . 

Z 

RESULTS 
10 

n 

In the brains of subjects without dementia we did 
not notice any striking differences between younger 
and older individuals in the cytoarchitecture of the 
entorhinal cortex. However, the morphometric ana- 
lysis showed in layer I1 a non-significant decrease 
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Fig. 3. Distribution of senile plaques in various layers of the 
dentate gyrus (A) and entorhinal cortex (B) in non-demented 

ND (29-szy) ND ( 6 1 . 8 9 ~ )  AD ( 6 s - 9 1 ~ )  older individuals (dashed bar) and in Alzheimer's patients 

(solid bar). Significant number of senile plaques in AD was 
2 Fig. 1 .  The number of neurones per mm (meanfSEM) in noticed in the molecular layer of the dentate gyms (terminal 

layer I1 of the entorhinal cortex. Marked neuronal loss in AD zone of the perforant path) and in layers 111-IV of the entorhi- 
patients. ND, non-demented subjects. **P<0.001. nal cortex. Values given as meanfSEM. *P<0.05; **P<0.001. 
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Fig. 4. Pathological changes in the entorhinal cortex in AD affected brains. A, neuronal islands (arrowheads) of layer I1 of the 
entorhinal cortex in control brains (A). Severe loss of neurones in this layer in AD (B). Arrowheads, almost neurone free islands. 
Cresyl violet; C, numerous senile plaques in layers 111-IV. Immunostaining for P-amyloid (4G8). Scale bar, 200 pm. 

in neuronal densit from 344.6k11.2 to 306.3f 13.9 P neurones per mm (1 1.25%). In brains of patients 
with Alzheimer's disease in comparison to age- 
matched control marked alterations in layer I1 of the 
entorhinal cortex were observed. There was a sig- 
nificant decrease in neuronal density from 
306.3k 13.9 to 126.3k18.7 neurones per mm 2 

(58.7%; Z=-3.32; P=0.001). The characteristic 
neuronal islands were severely reduced in size and 
contained numerous glial cells and only sporadic neur- 
ones (Fig. 4A,B). The loss of neurones in other layers 
was much less evident. Layers 111 and IV showed it 
statistically non significant either (about 11.5%). 
The lamina dissecans was more prominent. Layer V 
did not present alterations in cytoarchitectonic. 

Neurofibrillary pathology 

We did not observe neurofibrillary tangles in 
younger individuals without dementia, whereas in 
elder ones 3.5f 1.3% of neurones (10.1k3.9 tangles 

2 per mm ) in layer I1 revealed neurofibrillary tangles 
(Fig. 2); they were mostly in stage 0 or 1 of matur- 
ation. In AD brains in layer I1 62.7k 9.1 % (65k7.95 

2 tangles per mm ) of neurones revealed neurofibril- 
lary pathology. Most of tangles presented stage 2 or 
1 of maturation; tangles in stage 0 and ghost tangles 
(stage 3) were seen occasionally only. 

Neurofibrillary threads, which express the 
presence of paired helical filaments (PHF) in den- 
drites and axons of the pathologically changed 
neurones, were numerous. They were especially 
abundant in the molecular layer of the dentate gyms 
(Fig. 5C), CAI sectors and layers I-IV of the entor- 
hinal cortex . 

Senile plaques 

In younger individuals we did not observe amy- 
loid deposits in the hippocampal formation; in the 
group of elder non-demented subjects single senile 
plaques were noticed in various areas, especially in 
the molecular layer of the dentate gyms (1.7k 1.4 

2 plaques per mm ) and in layers I11 and IV of the en- 
2 torhinal cortex (2.4k1.3 plaques per mm ). In all 

brains of patients with Alzheimer's disease a large 
number of senile plaques were found. Most of them 
were classified as primitive plaques, which were 
characterised by tufts of amyloid "threads" and 
ranged between 10 to 30 pm in diameter. Both 
classical plaques (with typical "halos" which ex- 
press a neuritic response) and diffuse amyloid de- 
posits were noticed occasionally. The highest 
concentration of senile plaques was observed in 
layers I11 and IV of the entorhinal cortex 
(28.8f 3.91mm2; Figs. 3 and 4C) and in the molecu- 
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Fig. 5. Pathological changes in the dentate gyrus in AD affected brains. Numerous senile plaques (arrows) in the molecular 
layer (ml). gl, granular layer; Immunostaining for (A) 0-amyloid (4G8) and for (B, C) neurofibrillary pathology (Tau-1). Scale 
bar, 210 pm. 

2 lar layer of the dentate gyms (23.6f 3.21mm ; Figs. a decrease in glutamate level (neurotransmitter of 
3 and 5A,B). In the particular sectors of the cornu the perforant path) by over 80% (Hyman et al. 1988) 
Ammonis and in the subiculum the number of and a marked synaptic loss (Hamos et al. 1989) in 
plaques ran ed from 2.8&0.9/mm2 in CA2 to the main components of this path. F 9.8f2.lImm inCAl. In our observation the most severe neuronal loss 

and the presence of neurofibrillary tangles con- 
My elin cerned neurones of the second layer of the entorhi- 

nal cortex. In these brains the number of neurones 
In the preparations stained by Weil method we in the second layer was decreased by 59%, whereas 

did not notice any marked difference between neurofibrillary tangles were found in 63% of re- 
younger and older individuals without dementia; maining neurones. The white matter was severely 
the size of myelin fibre bundles of the parahippo- reduced in the parahippocampal gyms in the areas 
campal gyms and perforant path was similar in both containing the perforant path. The molecular layer 
groups. In the brains of patients with Alzheimer's of the dentate gyms - the main termination zone of 
disease a marked thinning of the white matter of the the perforant path - was strongly affected and re- 
parahippocampal gyms along the course of the per- vealed a very high concentration of senile plaques. 
forant path was found. We observed a severe loss of Most of them contained degenerating neuronal pro- 
myelin sheaths, axons and oligodendroglial cells, cesses (neurofibrillary threads) visible in Tau-1 im- 
especially in the molecular layer of the entorhinal munostaining. These changes may isolate the 
cortex, subicular complex and dentate gyms. hippocampus from cortical input and lead to a mem- 

ory dysfunction. 
DISCUSSION The single plaques and neurofibrillary tangles in 

the hippocampal formations in "physiological" 
Severe pathological changes in the entorhinal ageing have been observed by various authors 

cortex have been described by various authors (Dayan 1970, Ball 1976, Ulrich 1982,1985, Miller 
(Hyman et al. 1984, 1986, 1988, Van Hoesen et al. et al. 1984, Mann et al. 1990, Arnold et al. 1991, 
1986, Hyman and Van Hoesen 1989, Van Hoesen Fewster et al. 1991, Arriagadaet al. 1992, Trillo and 
and Hyman 1990, Van Hoesen et al. 1991, Cabalka Gonzalo 1992, Roberts et al. 1993). Ulrich (1982, 
et al. 1992). According to them these changes cause 1985) and Miller et al. (1984) found that more than 
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12% of cases above 55 years of age had a various 
number of tangles and plaques. According to some 
authors (Dayan 1970, Morirnatsu et al. 1975, Ball 
1976) these changes are positively correlated with age. 

In "physiological" ageing we did not notice 
either a severe neuronal loss or a high concentration 
of neurofibrillary tangles in the entorhinal cortex. 
The intensity of pathological alteration, including 
the neuronal loss, was much less expressed than in 
the AD patients. However, single senile plaques 
were found in various areas, especially in layer I11 
and IV of the entorhinal cortex and in the molecular 
layer of the dentate gyrus. Their localisation corre- 
spond with the course of the perforant path. Taking 
into account that most of plaques in deeper layer of 
the entorhinal cortex contained the neuritic compo- 
nent, we suppose that in these cases as in AD brains, 
the amyloid deposits disrupt some fibres of the per- 
forant path, which may be a cause of a slight impair- 
ment of memory and learning often observed in 
elderly individuals without dementia. 
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