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-Olfactory nerve layer
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1. Introduction
Alzheimer's disease (AD) was described by Alois Alzheimer in 1907 (Alzheimer, 1907). In 

the USA 4 million, in Hungary 100 thousand, and worldwide 15 million people suffer from 

AD. In the USA, it is the fourth leading cause of death after heart disease, cancer and stroke, 

claiming more than 100 thousand lives a year. If scientific research does not produce 

discoveries to prevent or cure AD, the number of individuals affected can be predicted to 

double by the year 2000 and quintuple by 2040 (Iqbal, 1991). To date, neither the aetiology 

nor the pathogenesis of AD is understood. AD is a progressive dementia. The clinical 

symptoms include a profound memory loss, a decline in ability to perform routine tasks, an 

impairment of judgement, disorientation, a personality change, difficulty in learning, and a loss 

of language skills. In the advanced stage of the disease, the victims cannot walk or talk and 

become totally incapable of caring for themselves (Alzheimer, 1907; Friedland, 1980). 4-8 

years after the diagnosis, the disease usually proves fatal. In the USA, AD costs $100 billion a 

year, and the US government spends $311 million annually on research. This disease occupies 

a prominent position in the programme “Decade of the Brain” declared by the US Congress 

(Maslow, 1994).

1.1. AD and the cholinergic system

The pathomechanism of AD is still not known. There are several hypotheses as 

concerns the aetiologic factors (Table 1), but none of them is sufficient. The diagnosis of AD 

is generally established clinically, with a variable degree of uncertainty, by excluding other 

causes of dementia. The diagnosis is generally confirmed by the pathological findings at 

autopsy, including atrophy of the brain, the presence of neurofibrillary tangles (NFTs), neuritic 

(senile) plaques (SPs) (Alzheimer, 1911), and amyloid deposits, and the loss of cholinergic 

elements (Davies and Maloney, 1976). Damage to the cholinergic system in AD is a complex 

process (Kása et al., 1997): the level (Richter et al., 1980) and rate of synthesis (Sims et al., 

1980) of acetylcholine (ACh), like the high-affinity choline uptake (HACU) (Rylett et al. 

1983), are decreased. Nevertheless, the number of cholinergic receptors (AChRs) such as the 

muscarinic and nicotinic AChRs, decrease or may decrease (Lang and Henke, 1983; Gulya et 

al., 1986; Aubert et al., 1992), while the activities of the cholinergic enzymes that either 

synthetize ACh, e.g. choline acetyltransferase (ChAT) (Davies and Maloney, 1976; Perry et
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al., 1977; Bowen and Davison, 1980) or hydrolyse ACh, e.g. acetylcholinesterase (AChE), are 

significantly reduced in the different parts of the AD brain (Perry et al., 1977; Neary et al., 

1986). The discovery that the elements of the cholinergic system were all significantly altered 

in AD led to the development of the "cholinergic hypothesis" (Bartus et al., 1985; Collerton, 

1986; Perry, 1986; Palmer and Gershon, 1990). This hypothesis has some shortcomings 

(Hardy et al., 1985; Mesulam, 1986; Gottffies, 1988; Palmer and Bowen, 1990; Palmer and 

Gershon, 1990; Nordberg, 1992) and it has subsequently become clear that AD is a complex 

disease; accordingly, other hypotheses have been put forward, among them the glutamatergic 

hypothesis (Greenamyre et al., 1988; Palmer and Gershon, 1990), the amyloid cascade 

hypothesis (Hardy and Higgins, 1992) and the AChE hypothesis (Shen, 1994) (Table 1). It is 

not the aim of this thesis to deal with all these hypotheses, but a large number of papers have 

been published during the past few years on the cholinergic system of the human brain; as 

concerns animal studies, the role of the cholinergic system in the development of AD is 

beyond doubt.

Table 1. Some of the possible aetiologic or risk factors which may cause AD

Aetiologic/risk factor References

Chronic exposure to aluminium

Cytoskeletal protein pathology

Signal transduction abnormalities

Damage to the cholinergic system

Overactivation of the calcium and/or inositol pathways

Glutamate toxicity

Constitutive cleavage of amyloid precursor protein (APP)

Inflammatory and immune processes

Mitochondrial DNA mutation

Amyloid cascade hypothesis

Apolipoprotein E4 genotype

Infection of spirochaetes

AChE hypothesis

Mutation of presenilin-1 gene

Crapper et al., 1973 

Wisniewski et al., 1984 

Sternberger et al., 1985 

Bartus etal., 1985 

Mattson et al., 1988 

Greenamyre et al., 1988 

Esch et al., 1990 

McGeer et al., 1991 

Parker, 1991 

Hardy and Higgins, 1992 

Strittmatter et al., 1993 

Miklóssy, 1993 

Shen, 1994 

Cruts et al., 1995
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1.2. The OB in AD

It is well known that in AD the olfactory function decreases much more than during 

normal aging (Rezek, 1987; Murphy et al., 1990; Duncan and Smith, 1995). Nevertheless, the 

brain regions connected with the olfactory system, such as the hippocampal formation (Ball, 

1977), the entorhinal area (Ball, 1978), the amygdaloid nuclei (Herzog and Kemper, 1980; 

Hyman et al., 1984), the anterior olfactory nuclei (AON) (Averback, 1983; Yates et al., 1983; 

Esiri and Wilcock, 1984; Simpson and Yates, 1984), the prepiriform cortex (Reyes et al., 

1987) and the basal forebrain (Whitehouse et al., 1982), are the most affected sites in AD. The 

early and severe damage to the olfactory system in AD, together with findings in animals of 

the mechanisms of active transport of viruses along the olfactory pathways (Bahn et al., 1986) 

and the absence of a blood-brain barrier between the nose and the brain (Tomlinson and Esiri, 

1983), suggested a hypothesis that the olfactory pathways may be the site of initial 

involvement in the disease (Pearson et al., 1985; Mann et al., 1988a; Mann et al., 1988b). It 

has also been proposed that AD may begin in the olfactory epithelium, with toxins entering the 

sensory neurons of the nose and spreading transneuronally to the olfactory-related areas of the 

brain (Roberts, 1986).

2. Objectives

I. Despite the fact that AD is one of the most studied topics in modern neurobiology, results 

from previous studies of neuropathological alterations in the OB in AD seemed 

contradictory. The main objective of our work was therefore to study the cholinergic 

system with regard to the neuropathological alterations in the human OB.

II. Our experiments were intended to clarify whether the extensive damage to the cholinergic 

system is connected or not with the classical neuropathological changes in AD. 

Additionally, set we out to describe the cholinergic structural organization of the human 

OB and to examine the special ultrastructural features of the cholinergic and 

cholinoceptive neurons in the main OB (MOB) of the rat.

III. In order to detect the cholinergic elements and AD-related neuropathology, we applied 

specific histochemical and enzyme histochemical methods as highly specific
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immunohistochemical methods for light and electron microscopy. The application of the 

immunohistochemistry was of special interest, because this method has not been used 

previously in studies of the human OB in AD.

3. Materials and Methods

3.1. Samples and criteria
3.1.1. Human samples

Seventeen OBs were taken from AD patients (mean age: 75.4 yr. ±3.6 SEM, range: 

48-98 yr.) at autopsy, selected from samples in accordance with clinical and neuropathological 

criteria (Khachaturian, 1985; Hyman and Trojanowski, 1997). Seventeen control OBs were 

also taken at autopsy from sex-matched cases of similar age (mean age: 76.1 yr. ±4.1 SEM, 

range: 20-90 yr.) in whom there had been no history of neurological or psychiatric disorders. 

The post-mortem delay ranged from 3 to 24 h.

3.1.2. Rat samples

Our preliminary studies (Kovács et al., 1996a; Kovács et al., 1996b) revealed that the 

laminar distribution of AChE-positive nerve fibres in the human OB differs from that in the rat 

OB. It therefore appeared relevant to compare the laminar distribution and structural 

organization of AChE staining in the two species. For this purpose, 10 adult male Sprague- 

Dawley rats weighing 280-300 g were investigated.

3.2. Tissue processing 

3.2.1. Human samples

Human OBs were fixed by immersion in 4% paraformaldehyde (Merck) in a 0.01 M 

phosphate buffer (pH 7.4) containing 0.9% NaCl (Salinated phosphate buffer; PBS). For 

cryoprotection, all OBs were immersed in a 30% sucrose (Reanal) solution overnight at 4 °C. 

After this, 24-pm thick frontal or horizontal consecutive sections were cut on a freezing 

microtome (Reichert-Jung).
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3.2.2. Rat samples
Under ether anesthesia, the rats were perfused transcardially with a 2% glutaraldehyde 

(Merck) and 4% formaldehyde (Merck) solution (freshly prepared from paraformaldehyde), 

buffered with 0.1 M sodium cacodylate (Sigma) (pH 7.4) and containing 2 mM calcium 

acetate (Merck) and 4% sucrose. The MOB was removed immediately and fixed for 12 h at 4 

°C in the same fixative. Tissue samples were then washed at least overnight in a solution 

consisting of 0.1 M sodium cacodylate, 0.2 M calcium acetate (Sigma) and isotonic sodium 

sulphate (Merck). Coronal slices were made either with a freezing microtome (20-40 pm) for 

light microscopic studies or with a Vibratome (100-120 pm) for ultrastructural studies, and 

kept chilled. Sections were processed with the free-floating technique for histochemistry and 

immunohistochemistry.

3.3. Nissl staining 

3.3.1. Cresyl violet staining

Free-floating sections were immersed for 2 min in a solution containing 200 ml of 0.2 

M acetic acid (Reanal), 133 ml of 0.2 mM sodium acetate (Merck) and 67 ml of 0.1% cresyl 

violet acetate (Sigma). The sections then were mounted, dehydrated in an ethyl alcohol series 

and cleared in xylene. The tissue was subsequently coverslipped by using DPX mountant 

medium (Fluka).

3.3.2. Safranin staining

To counterstain free-floating sections, they were immersed in a solution containing 200 

ml of 0.2 M acetic acid (Reanal), 133 ml of 0.2 mM sodium acetate (Merck) and 67 ml of 

0.1% Safranin О (Sigma) for 2 min. The sections were then mounted, dehydrated in an ethyl 

alcohol series and cleared in xylene. The tissues were coverslipped by using DPX mountant 
medium (Fluka).

3.4. AChE histochemistry

3.4.1. Light microscopic histochemistry

For light microscopy, a sensitive method (Tago et al., 1986) was used in a slightly 

modified form. After fixation, tissue samples were rinsed several times in 0.1 M sodium
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maleate buffer (Reanal) (pH 6.0). Sections were pretreated for 30 min at 25 °C in 

ethopropazine hydrochloride (Sigma) (2 x 10'4 M), rinsed in 0.1 M sodium maleate (pH 6.0), 

incubated for 60 min in a medium consisting of acetylthiocholine chloride (Sigma) (1.8 mM), 

sodium citrate (Sigma) (0.1 M), copper sulphate (Sigma) (0.03 M), potassium ferricyanide 

(Sigma) (5.0 pM) and sodium maleate (0.1 M; pH 6.0), and rinsed in TRIS HC1 buffer 

(Sigma) solution (pH 7.6). Finally, a solution consisting of 0.05% 3,3'-diaminobenzidine 

tetrahydrochloride (DAB) (Sigma) and 0.005% hydrogen peroxide was applied for 5 to 10 

min. This was followed by washing in TRIS HC1 buffer (5 mM, pH 7.6). Sections were 

mounted on glass slides, dehydrated in a series of alcohol, cleared in xylene, and coverslipped 

with DPX mountant for histology. Non-specific cholinesterase activity was selectively inhibited 

continuously with ethopropazine hydrochloride (Sigma) (2 x 10'4 M) introduced directly into 

the incubation medium.

3.4.2. Electron microscopic histochemistry

For electron microscopy, 100-120-|j.m thick Vibratome sections were treated 

according to literature procedures (Lewis and Shute, 1966; Lewis and Shute, 1968). The 

samples were preincubated for 30 min at 25 °C in ethopropazine hydrochloride (Sigma) (2 x 

10'4 M) and thereafter incubated in the following solution for 2 h: 13 mM acetylthiocholine 

chloride (Sigma), 18 mM copper sulphate (Sigma), 33 mM glycine (Sigma) and 2 x 10'4 M 

ethopropazine hydrochloride in 25 mM sodium succinate buffer (Sigma). The sections were 

next washed in 0.5 M sodium succinate buffer (pH 5.3) for 60 min, then treated in 2% sodium 

sulphide solution (pH 5.3) (Merck) for 30 min, washed in sodium succinate buffer (Sigma) 

(0.5 M, pH 5.3) and post-fixed at room temperature in a solution containing 1% potassium 

dichromate (Sigma) and 1% osmium tetroxide (Sigma) (pH 7.2).

The samples were dehydrated and embedded in Durcupan ACM (Fluka). Thin sections 

were stained with uranyl acetate (Sigma) and lead citrate (Sigma).

3.5. Silver impregnation techniques 

3.5.1. Galiyas method

To detect the neuropathological alterations in the various layers in the human control 

(non-AD) and AD OB samples, the Galiyas silver impregnation method (Galiyas, 1971a) for
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the demonstration of NFTs and SPs. The sections were pretreated in 5% periodic acid 

(Reanal) for 30 min. The incubation was performed in a solution containing 8% sodium 

hydroxide (Reanal), 10% potassium iodide (Reanal) and 0.03% silver nitrate (Reanal) for 30 

min. Finally, the sections were immersed in a physical developer solution (Galiyas, 1971b) and 

developed for 5-10 min.

3.5.2. Methenamine-silver staining

For the demonstration of amyloid beta-protein (Aß)-containing SPs, a methenamine- 

silver stain (Yamaguchi et al., 1990) was applied. The sections were immersed in a 

methenamine-silver solution until they become light-tan in colour. This took an incubation of 

about 2 h at 56 °C for 100 ml of working solution. The working solution consisted of 100 ml 

of 6% methenamine (Sigma) solution and 5 ml of 5% silver nitrate (Reanal), mixed well until 

complete clearness, followed by the addition of 6 ml of 5% borax (Reanal). After the 

incubation procedure, the sections were placed in 4% formalin (Merck) as reducing solution 

for 5 min, and then in 5% sodium thiosulphate (Reanal) solution for 5 min. Every step was 

followed by rinsing in distilled water for 2 min.

3.6. Immunohistochemistry 

3.6.1. ChAT immunohistochemistry

To perform ChAT immunohistochemistry, the free-floating sections were treated with 

1% Triton X-100 (Merck) for 10 min in PBS (0.01 M, pH 7.4), and then washed with 5% 

normal goat serum (Sigma) and 5% normal bovine serum (Gibco) in PBS. The sections were 

incubated for 48 h at room temperature in 1:1000 diluted rabbit anti-ChAT serum 

(Chemicon), and again washed with 5% normal goat serum in PBS and with 5% normal 

bovine serum (Gibco) in PBS. The sections were incubated for 90 min in Biotin-SP- 

conjugated goat anti-rabbit immunoglobulin (Jackson) diluted 1:1000, and thereafter for 90 

min in horseradish peroxidase (HRP)-conjugated streptavidin (Jackson) diluted 1:1000. All 

antibodies were diluted with PBS containing 5% normal goat serum (Sigma). The antibody 

was visualized by a 5-min incubation with DAB (Sigma) (50 mg/100 ml) as chromogen, nickel 

chloride (Reanal) (150 mg/100 ml) and 0.003% Н2Ог. The reaction was stopped by several 

changes of TRIS HC1 buffer (0.05 M, pH 7.6) solution.
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3.6.2. Tau-protein immunohistochemistry

The free-floating sections were treated with formic acid (99%) (Merck) for 5 min at 

room temperature to enhance the immunostaining of tau-protein. After rinsing for 10 min in 

PBS (0.01 M, pH 7.4), the sections were washed with 5% normal sheep serum (Sigma) and 

5% normal bovine serum (Gibco) in PBS. The sections were next incubated for 48 h at room 

temperature in 1:8000 diluted mouse anti tau-2 (Sigma), and washed with 5% normal sheep 

serum in PBS and with 5% normal bovine serum (Gibco) in PBS. The tissue was then 

incubated for 90 min in Biotin-SP-conjugated sheep anti-mouse immunoglobulin (Jackson) 

diluted 1:1000, and thereafter for 90 min in HRP-conjugated streptavidin (Jackson) diluted 

1:1000. All antibodies were diluted with PBS containing 5% normal sheep serum (Sigma). 

Each of the above steps was followed by rinsing in PBS. The antibody was visualized by a 5- 

min incubation with DAB (Sigma) (50 mg/100 ml) as chromogen, nickel chloride (Reanal) 

(150 mg/100 ml) and 0.003% H202.

3.6.3. Amyloid beta-protein immunohistochemistry

Before the immunostaining, the sections were immersed in formic acid (99%) (Merck) 

for 5 min at room temperature to enhance the immunostaining of Aß (Kitamoto et al., 1987). 

After rinsing for 10 min in PBS (0.01 M, pH 7.4), the sections were washed with 5% normal 

goat serum (Sigma) and 5% normal bovine serum (Gibco) in PBS. The sections were 

incubated for 48 h at room temperature in 1:16000 diluted rabbit Aß serum raised against a 

synthetic peptide consisting of residues 1-28 of Aß (Yamaguchi et al., 1988), washed with 5% 

normal goat serum and with 5% normal bovine serum (Gibco) in PBS. The tissue was then 

incubated for 90 min in Biotin-SP-conjugated goat anti-rabbit immunoglobulin (Jackson) 

diluted 1:1000, and thereafter for 90 min in HRP-conjugated streptavidin (Jackson) diluted 

1:1000. All antibodies were diluted with PBS containing 5% normal goat serum (Sigma). All 

of the above steps were followed by rinsing in PBS. The antibody was visualized by a 5-min 

incubation with DAB (Sigma) (50 mg/100 ml) as chromogen, nickel chloride (Reanal) (150 

mg/100 ml) and 0.003% H202.
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3.6.4. Silver-gold intensification method

When it was needed to amplify the end-product of immunohistochemistry, a modified 

(Galiyas and Stankovics, 1987) silver-gold intensification procedure was performed (Dobó et 

al., 1996). The sections were pretreated with 10% thioglycolic acid (Loba Feinchemie) for 30 

min to suppress the endogenous argyrophilia before the immunohistochemical procedure. 

After the end-product of the immunoreactions had been visualized with the chromogen DAB 

(Sigma) (50 mg/100 ml) and nickel chloride (Reanal) (150 mg/100 ml), the sections were 

placed in a physical developer solution (Galiyas, 1971b) for 4 min. The sections were then 

reduced in a 0.1% gold chloride (Reanal) solution for 10 min, and finally immersed in 3% 

sodium thiosulphate solution (Reanal) for 5 min.

4. Results
4.1. Comparison of the structural organization of the human and the rat OB

4.1.1. The normal human and rat OB structures

In consequence of the use of cresyl violet staining, the normal structural organization 

of the human and rat OBs is well known. The most marked difference between the two OBs is 

the absence of the external granule cell layer (EGCL) in the rat OB (Fig. 1 A), whereas it is a 

well-defined layer in the human OB (Fig. IB). The other layers, e g. the olfactory nerve layer 

(ONL), the glomerular layer (GL), the external plexiform layer (EPL), the mitral/tufted cell 

layer (MCL), the internal plexiform layer (IPL), the internal granule cell layer (IGCL) and the 

white matter (WM), exist in both species. Besides these layers, the AON can be found in the 

WM in the human OB.

4.1.2. AChE localization in the normal human and rat OBs

Examination of the laminar distribution of AChE in the rat (Fig. 2A) and the human 

(Fig. 2B) OB revealed no AChE-positive fibres in the ONL in either case. There were AChE- 

positive axons in the GL and the outer part of the EPL in the rat, but not in humans. The 

EGCL does not exist in the rat, but it is present in the human OB; however, it was negative for 

AChE staining. In both species, AChE-positive structures were present in the inner part of the 

EPL, the MCL (Figs. 2A-C), the IPL, the IGCL and the WM. Additionally, in the human OB, 

AChE-positive nerve fibres and neurons were present in the AON (Fig. 2D; Table 2).
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Fig. 1. Horizontal section of rat (A) and control human (B) OB stained with cresyl violet, revealing the various 
layers: the ONL, GL, EGCL, EPL, MCL, IPL and IGCL. Note the absence of the EGCL in the rat OB. 
Scale bars = 100 \im.
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Fig. 2. The distributions of AChE positivity in the different layers of the rat (A) and control human OB (B) are 
depicted. Note the strong AChE staining in the GL of the rat OB, and its absence in the human OB. At higher 
magnification, AChE-positive mitral cells (arrows) can be observed in the human OB (C). A large number of 
cholinergic axons are present in the AON (D) of human brain samples. Scale bars = 100 \lm.
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Table 2. Comparison of histochemical localization of AChE in the human and rat OB

OB layers Human OB AChERat OB AChE

ONL

GL f-H-

EGCL Absent

EPL + +
MCL + +
IPL

IGCL +++
WM + ++
О AN

+ : found, - : not found

4.2. Organization of the cholinergic and cholinoceptive structures in the rat MOB 

4.2.1. Light microscopy

The general localization of AChE in the rat MOB, as already described, has been 

largely confirmed. Here, we draw attention to enzyme-positive structures which have not been 

demonstrated in earlier studies.

In the GL, AChE-stained strands penetrated the periphery of the glomeruli and 

subdivided the glomerular neuropil into small compartments (Fig. ЗА). These compartments 

had central cores where no AChE-positive fibres could be detected, and shells in which most 

of the stained axons appeared in bundles (Fig. 3B).

In the EPL, faintly stained tufted cells and heavily stained short-axon neurons were 

observed; AChE activity was undetectable in the small periglomerular neurons or in the 

granule cells. However, large multipolar neurons scattered in the granule cell layer (GCL) 

were strongly stained for AChE.
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Fig. 3. Light microscopic arrangement of AChE-positive nerve fibres in a glomerulus (encircled 
by dashed line) of the MOB. Bundles of stained structures penetrate the glomerular neuropil, but are 
restricted to interconnected strands which subdivide the neuropil into small “empty ” compartments 
(stars). Note that enzyme-positive nerve fibres are also absent from the olfactory nerve layer (onl). 
Scale bar = 40 |lm. (B) AChE-positive structures form interconnected strands, but are absent from the 
cores of the chamber-like compartments (stars). AChE-positive strands apparently form shells around 
sphere-like enzyme-negative neuropil compartments. At the periphery of the glomerulus, an 
AChE-positive short-axon cell can be observed (arrowhead). Scale bar = 25 \im.
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4.2.2. Electron microscopy

Ultrastructurally, AChE reaction product was localized in intracellular and extracellular 

distribution patterns of various layers. Extracellularly, the reaction product appeared around 

the thin unmyelinated cholinergic axons, with some leakage into intercellular clefts between 

neighbouring structures, irrespective of whether these were sensory nerve fibres (Fig. 4A), 

dendrites (Fig. 4B), glial cells (Fig. 4C,D), cholinoceptive and/or other types of neuronal 

and/or non-neuronal perikarya. In stained neurons (mitral cells, tufted cells and short-axon 

neurons), enzyme positivity was detected in the rough-surface endoplasmic reticulum. Within 

the cholinergic axons, enzyme staining could be seen inside the tubular structures (Figs 4E,F), 

while in axon varicosities and terminals, a few synaptic vesicle-like structures bore the reaction 

product (Figs 4G,J). In vesicles near the axon membrane, the reaction product was in 

continuity with that present in the extracellular space (Fig. 4K).

4.2.3. Distribution of AChE-positive structures in periglomerular zones

Ultrastructural details of the periglomerular zone are depicted in Fig. 5A. Different 

neuron types (periglomerular cells, short-axon neurons and external tufted cells) were 

identified by comparing their positions and ultrastructural features with those described in 

unstained control samples. AChE positivity was present in perikarya of external tufted cells, 

while the reaction product was absent from most of the periglomerular cells and from what 

appeared to be a subset of short-axon cells. A small number of juxtaglomerular neurons 

displayed AChE activity in the nuclear envelope and within the endoplasmic reticulum (Fig. 

5B). Intercellular clefts along the surface membranes of juxtaglomerular cells were stained in 

restricted areas where one or several AChE-positive axons were in contact with them, 

regardless of whether the stained axon made a synapse on the soma or was 'simply' in contact 

with the neuronal perikaryon (Fig. 5C). A large amount of reaction end-product was present 

on the surface of stem dendrites of some of the relay cells entering the glomerulus. When a 

cholinergic (AChE-positive) axon was in contact with a short-axon cell (Figs 5A and 6), or 

made synaptic contact with a juxtaglomerular cell (Figs 5C,D), the presence of the reaction 

product was evident between the contacting surfaces (Fig. 5C). Although most of the 

periglomerular cells exerted no AChE activity in the perikarya, in rare cases an enzyme

positive axon terminated there (Fig. 5C), and in some instances on the dendrite surfaces as



14
well. Ultrastructurally, axon terminals with pleomorphic vesicles, in contact with 

periglomerular cells with or without a synaptic junction (Fig. 5D), did not exhibit AChE 

reaction product.



Fig. 4. Ultraslructural localization of AChE in glomeruli of the MOB. (A) The reaction product surrounding a 
small unmyelinated nerve fibre (white star) seemingly diffuses away into surrounding intercellular clefts, 
including those adjacent to a sensory nerve fibre (S). Scale bar = 0,7 pm. (B) AChE positivity is present on the 
surface of an unmyelinated axon (white star) which adheres to an unstained dendrite. (C) AChE reaction 
product completely surrounds the surface (white star) of an unmyelinated axon, from where it diffuses away 
towards different neuronal processes (large arrowheads) and along a glial cell process (small arrowheads). 
Scale bar = 0.7 pm. (D) AChE staining is present in intercellular clefts between unmyelinated nerve fibers and 
a fibrous astroglia process (G). Scale bar = 0,7 pm. (E) AChE positivity completely surrounds the surface of 
an unmyelinated axon (A) and is present in a tubular endoplasmic tubule (arrowhead). Scale bar = 0,7 pm. 
(F) Higher magnification of the area framed in Fig. 4 E. Note the strong AChE staining in the endoplasmic tubule 
(arrowhead). Scale bar = 1,4 pm.(G-I) In AChE-covered nerve terminals (G,I) and an axon varicosity (H), 
enzyme-stained vesicles are present (arrowheads). Scale bar = 1,0 pm. (J,K) Within AChE-labelled axon 
terminals, reaction product within vesicles (arrowheads) is in continuity with that present in the extracellular 
space. Scale bar = 1,0 pm (J); 0,5 pm (K).



16

*. -r ..yzz
• .. ет

I

Ш'Л
* r'*~*f%rU V. Ггг*Я* * $-Ъ ** ЛИ
lüú- ^ - v "'> ч.._.

^ Щ) а; Ч ; 1
D■'Я!

Fig. 5. (Д1 AChE distribution in the periglomerular area. AChE is present in the endoplasmic reticulum of an 
external tufted cell (ET), while it is absent from a short axon neuron (S) and from the periglomerular cells (PG). 
In the upper part of the picture, the processes of the olfactory nerves (ON) are visible, while the EPL begins in 
the lower part of the picture. Scale bar -3,2 pm. (В) Two juxtaglomerular cells; one has an AChE positive label 
in the nuclear membrane and the endoplasmic reticulum (black star), while reaction product was absent from 
the other one (open star). Scale bar = 1,0 |lm. (C) Along the surface membrane of an AChE-negative 
periglomerular cell, AChE is restricted to intercellular clefts surrounding an enzyme-positive axon and its 
synaptic contact (arrow). Scale bar = 1,0 \im. (D) AChE staining surrounds a cholinergic axon (arrow) and 
axon terminal (black star), from where it diffuses into intercellular spaces between an axon terminal with 
pleomorphic vesicles (open star) and a periglomerular cell (PG). Scale bar = 1,0 pm.
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4.2.4. The characteristic arrangement of AChE-positive structures within the glomeruli

Within a given glomerulus, the arrangements of AChE-positive and AChE-negative 

structures displayed two characteristics: the compartments, and the triadic array of neuronal 

processes at cholinergic synapses.

The compartments: as already demonstrated at the light microscopy level (see Figs 3 

A,B), the inner glomerular neuropil was subdivided into two types of compartments. One 

compartment type forms shells around the other. In the shell compartment, AChE-positive 

structures are present together with processes of glial cells and blood capillaries, while the 

chamber-like interior compartments are devoid of these structures. Such an arrangement of the 

two compartment types present within a glomerulus is depicted in Fig. 6.

In the core compartment, no AChE-positive structures occured; it was filled with the terminals 

of sensory ONs and contained terminal dendrites of relay cells and periglomerular cells (Fig. 

6). In the shell compartment, the neuropil included many AChE-positive structures partly 

involved in specific arrangements of the neuronal processes, called triads. The triads consisted 

of (i) a cholinergic axon profile identified by AChE reaction end-product completely 

surrounding its surface, (ii) a periglomerular cell dendrite, and (iii) a relay cell dendrite (Figs 6 

and 7A,B,D). In these triadic arrangements, relay cell dendrites often synaptically innervated a 

periglomerular cell dendrite, which was also innervated by an AChE-positive (cholinergic) 

axon terminal (Figs 6 and 7D). In some cases, the AChE-positive axon varicosity was 

surrounded by several dendritic profiles, one of which was identified as a periglomerular cell 

dendrite, which received synaptic input from a relay cell dendrite (Fig. 7A). In other sections, 

the periglomerular cell dendrite was innervated by two relay cell dendrites, but the AChE- 

positive axon profile was without a synaptic junction (Fig. 7B). Similar triadic arrangements 

were seen on the stem dendrites of the relay cells at their entrance into the glomerulus (Fig. 
7D).

At the periphery of the glomeruli, some of the periglomerular cells were in contact 

with AChE-positive axon varicosities (Fig. 7C) and the stems of relay cell dendrites were 

surrounded by many AChE-positive axons and/or axon varicosities (Fig. 7E).

<4r Xft-
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Fig. 6. Ultrastructural details of the Ovo types of neuropil compartments within a glomerulus. In those 
compartments (surrounded by black dashed lines) containing the olfactory sensory axons, no AChE staining 
can be detected, while in the neuropil compartment devoid of olfactory axons, enzyme-positive structures are 
seen. In the latter compartment, a triad is present where an enzyme-positive unmyelinated axon (1) is apposed 
to a periglomerular dendrite (2), which in turn is synaptically innervatred by a relay cell dendrite (3). At the 
bottom left corner, an enzyme-positive short-axon neuron is present. The surface of this neuron is stained only 
where unmyelinated AChE-positive axons are in close contact with it (arrow). Scale bar = 1,5 \Ш.



■a

■T-' p-J

* \ fi

Fig. 7. (Д1 The AChE-covered ctxon terminal (1) is surrounded by several dendritic profiles. One of these dendrites (2) 
is innervated by a relay cell dendrite (arrow). Note the absence o/AChE staining among olfactory nerves (ON). Scale 
bar = 1,0 pm. (B) In a triad, note the AChE-covered unmyelinated axon (1) in contact with a periglomendar cell 
dendrite (3). No staining is present in and around olfactory nerve fibres (ON). Scale bar = 1,0 pm. (C) AChE positivity 
is present in the nuclear membrane of a periglomendar cell. Note the presence of AChE staining around the surface 
membrane at a resh'icted part of the cell, where a stained axon terminal adhere (white asterisk). Scale bar = 1,0 Jim. 
(D) This characteristic triadic arrangement was located at the entrance of a glomerulus. An unmyelinated cholinergic 
axon (1) innervates a periglomerular cell dendrite (2), which also receives a synaptic input (large arrow) from a relay 
cell dendrite (3). Scale bar = 1,0 pm. (E) Intercellular clefts around primary dendrites of two relay cells (black stars) 
are filles with AChE reaction product, where AChE-positive unmyelinated axons adhere (arrows), while some of the 
stained intercellular clefts are separated from the dendritic surface by glial cell processes. Scale bar = 1,0 Jim.
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4.2.5. Distribution of AChE-positive structures within other layers

Triadic arrangements similar to those described in the GL were found in the EPL (Figs 

8A-C). In this case, the triad consisted of (i) an AChE-positive axon (with or without a 

synapse), (ii) a granule cell dendrite (or other intemeuron cell dendrite) and (iii) a relay cell 

dendrite. The demonstration of synaptic junctions between a cholinergic axon and a granule 

cell dendrite, and also between a relay cell dendrite and a granule cell dendrite, was very 

difficult in a given section (but see Fig. 7D for the glomerulus). However, by careful study of 

several sections, we were able to detect all the characteristic elements of the cholinergic triads 

(Figs 8A-C) in the EPL. AChE-positive axon varicosities were mostly apposed to dendrites of 

interneurons without forming synaptic junctions (but see Fig. 8C). Cholinergic axon 

varicosities were usually separated from the relay cell dendrites of the intemeurons (Fig. 8D), 

but they were sometimes in contact with the shaft of a secondary dendrite of a relay cell (Fig. 

8E). Among the secondary dendrites of the relay cells, an AChE-positive large dendrite profile 

was seen that possibly originated from an enzyme-positive short-axon cell (Fig. 8F). It was 

further noted that only a subset of the short-axon cells were AChE-positive (compare Figs 8G 

and 8H).

At an ultrastructural level, AChE-stained endoplasmic reticulum could be seen in 

several mitral cells and deep tufted cell perikarya (Fig. 9A). Although the AChE-positive fibres 

and axon varicosities were in close contact with mitral cell perikarya, asymmetric synaptic 

junctions have never been seen between them (Fig. 9B), although symmetric axo-somatic 

synapses and somatodendritic synapses were found on AChE-positive mitral cell perikarya 

(Fig. 9C). Light microscopically, intense AChE staining was present in the IPL. 

Submicroscopically, AChE staining was confined to intercellular clefts, completely 

surrounding unmyelinated nerve fibres and axon varicosities, and also to surface parts of 

dendrites at sites of apposition to the former (Fig. 9D). In the GCL, a subset of short-axon cell 

perikarya were also stained. The surface membranes of the short-axon cells and the granule 

cells were stained only where an AChE-positive axon and/or axon varicosity was in contact 

with them (Fig. 9E). In the deepest part of the GCL, a large number of non-cholinergic 

asymmetric synapses were present, while the number of AChE-stained axon varicosities and 

synapses was greatly diminished (but see Fig. 9F).
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Fig. 8. (A-C) Triad-like array in the EPL. Note the characteristic sequence of structures: AChE-positive axon varicosity 
or terminal (1) in adhesion (A,B) or in a synaptic junction (C) with a granule cell dendrite (2), which is innervated by a 
relay cell dendrite (3). Scale bar = 1,0 Цда. (D) An AChE-positive axon varicosity (1) is separated from the relay cell 
dendrite (black star) by a presumptive process of an interneuron. Note the weak AChE staining around the relay cell 
dendrite near the positively stained axon. Scale bar = 1,0 pm. (E) AChE staininng aroound a relay cell dendrite (black 
star) is restricted to sites of apposition with unmyelinated cholinergic axons (arrow). No reaction end-product can be 
detected where the relay cell dendrite innervates what appears to be a granule cell dendritic process. Scale bar = 1,0 pm. 
(F) An AChE-positive short-axon cell dendrite (white star) is located between two relay cell dendrites (black stars). One 
of these dendrites innervates a granule cell dendritic process (straight arrow), while the other one is in reciprocal synaptic 
contact (curved arrows) with the granule cell dendrites. Scale bar = 1,0 pm. (G) An AChE-negative short-axon neuronal 
perikaryon located in the EPL (black star) is in synaptic contact with a stained unmyelinated nerve fibre (arrow). Scale 
bar = 1,0 pm. (H) An AChE-positive short-axon neuronal perikaryon located in the EPL (black star) is innervated (see 
enlargement at the left upper corner) by what might be a granule cell gemmule (arrow). Scale bar = 1,0 pm. Note the 
presence of enzyme staining in the rough-surface endoplasmic reticulum in the perikaryon. Scale bar = 0,5 pm. 
Insert = 0,2 pm.
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Fig. 9. (A) AChE staining within the perikarya of a deep tufted cell (black star) and a mitral cell (open star). Scale 
bar = 1,0 pm. (B) An AChE-positive nerve fibre is in close contact with an AChE-negative relay cell perikaryon. 
Although several axon varicosities (arrows) can be detected on the surface of the relay cell, none of them innervates 
the mitral cell. Scale bar = 1,0 pm. (C) An AChE-positive relay cell perikaryon (empty star) possibly innervated by a 
granule cell dendrite (arrow)and by a large axon varicosity (black triangle), where symmetric axo-somatic synapses are 
present. Scale bar =1,0 pm. (D) Intense AChE staining (outlined by dashed lines) in the IPL is restricted to the 
surfaces of unmyelinated nerve fibres and axon varicosities. Scale bar = 1,0 pm. (E) No AChE Staining is visible 
within the granule cell perikaryon, but reaction product is present where axon varicosities occur either at a distance 
(white star) or at the surface (arrow) of the granule cell. Scale bar = 1,0 pm. (F) Note the presence of an AChE-positive 
unmyelinated axon terminal which innervates a granule cell dendrite (open arrow) in the deep part of the GCL. There 
are two AChE-negative axon terminals, which possibly innervate (black arrow) granule cell dendrites scale bar = 1,0 pm.
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4.3. The human OB in AD 

4.3.1. AChE alterations in the human OB in AD

In the OB of AD brain samples, AChE has disappeared from the different layers, or 

remains diffusely restricted to small areas, without any well-defined neuronal structures (Fig. 

10A). Staining was found in the diffuse SPs present in the IPL, the IGCL and the WM. The 

most severe damage was detected in the AON, from where most of the AChE-positive fibres 

had disappeared. In numerous NFTs and SPs, enzyme staining could be revealed (Fig. 10B; 

Table 3).

4.3.2. Neuropathological alterations in the human OB in AD

With the silver impregnation technique, very few SPs could be found in the AON in 

the control OBs (Fig. 11 A). In the AD brain samples, amyloid staining was present in the ONL 

and in diffuse SPs present in a large number of glomeruli and the EPL (Figs 11B-D). In other 

layers, we found very few if any diffuse SPs. However, primary and diffuse SPs were 

numerous in the AON (Fig. 11E,G). Both in the control and in the AD samples, NFTs were 

scarcely to be found in the MCL. In contrast, a great number were demonstrated within the 

AON in the AD samples (Fig. 11F,G). The neuropathologic alterations in the different layers 

are outlined in Table 4.
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Fig. 10. In the OB of AD victims, most of the enzyme positivity has disappeared from the various layers and 
only some AChE staining in a patchy form can be seen in the IGCL. (For better visualization of the enzyme 
staining, Nomarski optics were applied.) (B) A dramatic loss of cholinergic fibres is revealed in the AON of AD 
brain samples AChE-positive NFTs (arrowheads) and SPs (arrows) are present instead of stained cholinergic 
fibres. Scale bars = 100 |Xm.
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Fig. 11. Neuropathological changes in the human OBs in AD. (A) In the control OB Aft-positive structures 
cannot be observed either in the GL (arrowheads) or in the other layers. (B) In the AD samples, Aft staining 
is present in the ONL (white star) and within a large number of glomeruli (arrows), while it sincerely absent 
from some others (arrowheads). (C) At higher magnification, a characteristics diffuse Aft staining can be seen 
within the glomeruli. (D) Diffuse Aft staining was also found in the GL (arrowhead) and EPL. (white star). 
(E-G) In the advanced stage of AD, a number ofNFTs (arrows) and SPs (arrowheads) are present in the AON. 
Scale bars =100 \lm.
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Table 3. Summary of pathological changes in the histochemical localization of AChE in 

the human OB

Human OB AChE
OB layers Control Pathology

ONL

GL

EGCL

EPL +
MCL +
IPL Diffuse plaque 

Diffuse plaque 

Diffuse plaque 

NFT

+ diffuse plaque

IGCL +++
WM ++
OAN ++

+ : found, - : not found



27

Table 4.

Summary of neuropathological changes in the various layers of the control human (non- 

AD) and AD OBs

OB Human Human
layers control AD

SP SP NFTNFT

ONL *

GL +
EGCL +
EPL ++
MCL Rare
IPL

IGCL

WM +
AON +

+ : relative occurrence of neuropathologic alterations, 

- : neuropathologic alterations not found 

* : diffuse amyloid staining found
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To summarize our results, the main findings are as follows:

1. In the non-AD human OB, AChE histochemistry revealed the absence of cholinergic axons 

from the GL and the outer part of the EPL, in contrast with the rat.

2. In the rat MOB, histochemistry demonstrated the absence of AChE activity from the soma 

and dendrites of granule cells, while these cells receive cholinergic synaptic innervation.

3. AChE was present within a subset of mitral cells and tufted cells, while cholinergic synapses 

could not be detected on them.

4. AChE-positive and AChE-negative compartments were found to be present within the 

glomerular neuropil.

5. There was a triadic arrangement of cholinergic axons and non-cholinergic dendritic 

structures.

6. AChE is probably released from the cholinergic axon varicosities into the intercellular clefts 

surrounding them.

7. In the human AD brain, diffuse amyloid was detected in the ONL, EPL and GL, where 

cholinergic structures were not found.

5. Discussion

5.1. Cholinergic system of the human OB

Our results demonstrate for the first time the detailed laminar distribution and structural 

localization of AChE-positive neurons and cholinergic axons in the different layers of the 

human OB. When we refer to cholinergic structures, the suggestion of Mesulam and Geula 

(Mesulam and Geula, 1992) is accepted. They claimed that AChE-positive axons can be 

regarded as cholinergic in the human cerebral cortex, since there is a close (one-to-one) 

relationship between AChE and ChAT-positive (cholinergic) axons.

Our results provide morphological evidence that the cholinergic neuronal structures in 

the various OB layers are differently distributed in the normal human and the rat (Kovács et 

al., 1996a; Kovács et al., 1996b; Kovács et al., 1998). Our most important finding in the 

normal human OB is the absence of cholinergic axons from the GL and the outer part of the 

EPL. This is in contrast with the rat, where the most pronounced AChE and/or ChAT staining 

was observed in these layers (Kovács et al., 1996a; Kovács et al., 1996b; Kovács et al., 1998). 

In this context, the rat as an animal model may not be relevant for study of the
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neuropathologic (Esiri and Wilcock, 1984; Ohm and Braak, 1987) and neurochemical 

(Dunnett et al., 1987) alterations in human AD OB samples.

5.2. Special features of the cholinergic system in the rat MOB
Our AChE histochemical results on the MOB of rat are similar to those described in 

mice (Carson and Burd, 1980), in that a few neurons of various types contained AChE 

product in all layers of the MOB, with the exception of the granule cells. This result is in 

harmony with that of Le Jeune and Jourdan (Le Jeune and Jourdan, 1994), who similarly 

could not demonstrate enzyme activity in the granule cell perikarya.

On the basis of the histochemical demonstration of AChE activity, the concept was 

introduced (Shute and Lewis, 1967; Shute and Lewis, 1975) that cholinoceptive non- 

cholinergic neurons which receive cholinergic innervation may contain AChE on the 

membranes of dendritic spines and in small or moderate amounts in the cell body, but not 

along their axons or on axon terminals (Shute and Lewis, 1975). Detailed ultrastructural 

analysis did not reveal AChE positivity in granule cells and in most of the periglomerular cells 

on which cholinergic synapses were found (Kása et al., 1995). In contrast, a subset of external 

tufted cells lying near the glomerulus did exert AChE activity. Similarly, in the EPL, cells were 

observed that exerted 'cholinoceptive features' (AChE labelling) without receiving ChAT- 

positive synapses (Kása et al., 1995). It is interesting to note that in the cerebellum of rat some 

of the mossy fibres are cholinergic and innervate granule cell dendrites where no AChE 

activity can be demonstrated in the cholinoceptive neuronal perikarya (Kása et al., 1966; Kása 

and Silver, 1969; Kása, 1986). Since AChE is apparently absent from several different 

cholinoceptive neuron types and AChE is widespread in the central nervous system, the 

suggestion based on AChE histochemical work that AChE is a marker for cholinoceptive 

neurons may need reinterpretation. AChE is not present in cholinoceptive granule cells in the 

MOB or in cholinoceptive granule cells in the cerebellar cortex, although these neurons 

receive cholinergic innervation on their perikarya. Thus, it is apparently necessary to suggest 

an alternative interpretation of the neuronal expression of AChE and to find new criteria for 

the identification of cholinoceptive neurons.
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5.2.1. AChE-positive structures in the different layers

In the different layers of the MOB, cholinergic (AChE-positive) unmyelinated axon 

varicosities and/or terminals most likely make synapses with intemeurons, e.g. some of the 

periglomerular cells, or subpopulations of short-axon neurons and granule cells (Kása et al., 

1995). However, AChE activity is absent from granule cells (Le Jeune and Jourdan, 1993) and 

most if not all periglomerular neurons, but it is present in a subset of short-axon neurons, all of 

which receive cholinergic synapses cells (Kása et al., 1995). In contrast, no direct cholinergic 

synapses were found on the surface of mitral cells and tufted cells, while AChE staining was 

seen in the perikarya of relay cells. On the basis of light microscopic AChE histochemistry, it 

was suggested that the enzyme-positive short-axon neurons in the juxtaglomerular area and in 

the inframitral region are the most likely candidates for cholinoceptivity (Nickell and Shipley, 

1988). Previous ultrastructural immunocytochemical demonstration of ChAT (Kása et al., 

1995) and the ultrastructural localization of AChE extends their suggestion, i.e. (i) ChAT- 

positive axons terminate not only on a subset of short-axon neurons, but also on the granule 

cells, which do not exert AChE activity; (ii) AChE activity was not demonstrated on those 

neurons (AChE-positive neurons in juxtaglomerular and inframitral positions), although the 

enzyme activity was present inside their perikarya; however, (iii) AChE activity was always 

present where stained axons could be revealed, without exception, irrespective of which 

neuron type (or dendrite) was adjacent; (iv) AChE-positive neurons tended not to receive 

ChAT-positive synapses on their surfaces; and (v) AChE-positive neurons were unevenly 

distributed in the GL, EPL, IPL and GCL. As previously described, ultrastructural ChAT 

immunocytochemistry (Kása et al., 1995) and AChE histochemistry findings therefore extend 

the suggestion that the inframitral and juxtaglomerular AChE-positive neurons are the primary 

sites of cholinergic synaptic transmission in the MOB. Our data suggest that a subset of 

periglomerular cells and the granule cells receive most of the cholinergic synaptic innervation, 

and short-axon neurons are not a dominant or even a primary site of cholinergic innervation in 

the MOB of rat.

5.2.2. Functional implications

Although AChE plays an important role in the cholinergic neuronal transmission, non- 

cholinergic functions of the enzyme (Silver, 1974; Chubb et al., 1980; Greenfield, 1991;
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Appleyard, 1992; Hawkins and Greenfield, 1992a; Hawkins and Greenfield, 1992b; 

Appleyard, 1994) may exert non-cholinergic effects on membrane channels and thus influence 

certain types of membrane conductance, enhance excitatory amino acid transmission and 

hydrolyse peptides (Chubb et al., 1980). Secretion of the enzyme is related to locomotor 

activity, and modulates the release of dopamine in the nigrostriatal pathway (Hawkins and 

Greenfield, 1992b). Conversely, a significant decrease in the catalytic activity of the enzyme 

occurred in the presence of dopamine (Klegeris et al., 1995). Since AChE and dopamine are 

со-released from neurons undergoing degeneration in Parkinson's disease, the significance of 

this molecular interaction has been emphasized (Klegeris et al., 1995) in normal functioning 

and in pathological states. Evidence has been provided that the axonal release of ACh can 

occur (Vizi et al., 1983; Vizi and Lábas, 1991).

Recently, a novel idea was put forward (Inestrosa et al., 1996) concerning an 

association between AChE and AD. It was suggested that, as AChE is consistently colocalized 

with the amyloid deposits in AD, it may have a putative proteolytic activity against APP, 

contribute to the accelerating generation of amyloid proteins and/or physically affect the 

assembly of Aß into Alzheimer's fibrils (Campos et al., 1998; Opazo and Inestrosa, 1998).

The olfactory system is seriously affected in neurodegenerative disorders (Doty, 1991; 

Zucco and Negrin, 1994; Markopoulou et al., 1997; Mesholam et al., 1998), and in AD 

(Ferraira-Moyano and Barragan, 1989) especially large and efferently projecting mitral cells 

degenerate (Struble and Clark, 1992). It has even been suggested that AD may begin in the 

'nose' (Roberts, 1986) and lead to an impairment of the olfactory function, when elements of 

the cholinergic neuronal transmission are significantly reduced. The loss of AChE from the 

MOB has also been suggested to play a role in the initial stages of the disease (Doty, 1991). In 

the rat MOB, cholinergic synapses have not been found on the soma and dendrites of the relay 

cells (mitral and tufted cells), although AChE is present in the endoplasmic reticulum, 

suggesting that AChE is not related to cholinergic transmission in these neurons.
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5.3. Neuropathology of the human OB in AD 

5.3.1. Neuropathology of the cholinergic system

Investigation of the neuropathologic alterations in the cholinergic structures in the 

human OB revealed that, in an advanced stage of AD, the AChE positivity is weaker in the 

different layers, and is restricted to certain areas or disappears totally from the various layers. 

When and where the enzyme activity was present, the borders of AChE-stained areas were 

blurred or indistinct. The integrity of the cholinergic neuronal structures demonstrated that the 

density of AChE-positive axons was reduced, and the axons were beaded and dystrophic. 

Similarly as for the AON in the WM, AChE-positive diffuse SPs were detected. An estimate of 

the number of NFTs in the AON on the basis of the AChE histochemical technique indicated 

fewer positive neurons than with the silver impregnation staining. In the different layers, no 

NFTs were revealed, but in extremely rare cases NFTs were discovered in the MCL. In the 

OBs of non-AD patients, NFTs could not be detected with either AChE histochemistry or 

silver impregnation techniques.

5.3.2. NFTs and Aß deposits in the human OB

Our findings with silver impregnation methods (Kovács et al., 1996a; Kovács et al., 

1996b; Zombori et al., 1996; Kása et al., 1997; Kovács et al., 1998) were similar to those 

reported by other authors (Averback, 1983; Esiri and Wilcock, 1984; Ohm and Braak, 1987; 

Ferrayra-Moyano and Barragan, 1989; Struble and Clark, 1992; ter Laak et al., 1994) in that 

the most numerous primary and diffuse SPs were present in the AON, but they differed in that 

we could demonstrate Aß deposits in the ONL, the EPL and the GL (Kovács et al., 1996a; 

Kovács et al., 1996b; Zombori et al., 1996; Kovács et al., 1998). Further, the number of NFTs 

was highest in the AON, where there is a strong AChE activity in non-AD brain samples, 

which is severely reduced in AD. Additionally, we detected diffuse Aß staining in the ONL, 

GL and EPL, inside a large number of glomeruli where no cholinergic axons are present 

(Kovács et al., 1996a; Kovács et al., 1996b; Zombori et al., 1996; Kovács et al., 1998). In this 

respect, our findings support the suggestion (Masliah et al., 1989; Nakamura et al., 1992) that 

the presence of Aß is not a consequence of cholinergic hypoactivity. The diffuse Aß staining 

correlates rather with the localization of amyloid precursor-like protein (APPLP2) 

(Thinakaran et al., 1995), which is present in the ONL.

/■
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5.3.3. Cholinergic system and Aß localization in the human OB

As concerns the close relationship between the Aß deposits and AChE-positive fibres 

in the same cortical laminae of the AD brain samples, some authors (Beach and McGeer, 

1992; Nitta et al., 1994; Beach et al., 1997) have suggested that Aß deposits could degenerate 

cholinergic neurons and/or their axons. In contrast, others (Masliah et al., 1989; Nakamura et 

al., 1992) have demonstrated that the distribution of the cholinergic fibres and the deposition 

of amyloid SPs are independent.

These results suggest that the deposition of amyloid SPs in some brain areas may not 

cause the degeneration of cholinergic neuronal elements. As regards the laminar distribution of 

cholinergic structures and neuropathologic alterations in AD OBs, our results strongly suggest 

that it is not only the cholinergic hypoactivity which is responsible for the production of Aß; 

some other factor/s, e.g. free radicals (Jesberger and Richardson, 1991; Hartman, 1993) 

changes in calcium homeostasis (Petersen, 1985; Gibson and Peterson, 1987; Khachaturian, 

1989; Mattson et al., 1993) may play a role. This suggestion is supported by the fact that, in 

the olfactory glomeruli, where a large number of Aß deposits could be demonstrated, no 

cholinergic axons are present. Our histochemical and neuropathological findings lend further 

support to the suggestion (Masliah et al., 1989; Nakamura et al., 1992; Kovács et al., 1996a; 

Kovács et al., 1996b; Zombori et al., 1996; Kovács et al., 1998) that there is not a close 

correlation between the Aß deposition and the cholinergic hypoactivity in some areas of AD 

brain samples.
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6. Conclusions and perspectives

I. The fine structural organization of the cholinergic system in the human and rat OB were 

investigated according to the neuropathological alterations in the human OB in AD.

II. The cholinergic system in the normal human OB is different from that found in the rat, 

and results obtained from the rat as the experimental animal model of AD should 

therefore be handled with special care.

III. In the rat central nervous system, a group of cholinoceptive neurons without AChE 

activity, and other group with AChE positivity, but without cholinergic synaptic 

innervation were found, suggesting that this key enzyme of the cholinergic system has 

another non-cholinergic function than the hydrolysis of ACh.

IV. The possibility of AChE release was demonstrated, probably from the cholinergic axon 

varicosities into the surrounding intercellular clefts, suggesting the diffuse transmission of 

the enzyme in the central nervous system. This fact could be of special interest in human 

AD, because AChE may physically affect the assembly of Aß into amyloid fibrils.

V. In the human AD brain, diffuse amyloid was detected in several structural locations where 

cholinergic structures were not found, suggesting that the deposition of Aß may be 

without the cholinergic structures in AD.

VI. The human OB could be a useful object for study of either the cholinergic system or the 

neuropathological alterations in an attempt to clarify the aetiology of AD.
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