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Alzheimer disease (AD) is the most common form
of adult onset dementia and is characterized by the
accumulation of extracellular neuritic plaques
(NPs) and intraneuronal neurofibrillary tangles
(NFTs), both considered as pathological hallmarks
of AD in the disease-specific brain regions [1–3]. In
addition, neuronal loss [2, 4], synaptic loss [5],
reactive astrocytosis [3, 5–7], activated microglia
[3] and oligodendroglial degeneration [8] are usual-
ly found in AD brains. Although AD is considered

to be a neurodegenerative disorder, its pathogenesis
and etiology remain elusive. Until today most  mor-
phological studies have focused on brain areas
affected by NPs and NFTs, while very few reports
are available about the other so-called “non-classi-
cally” affected areas.

Pathological changes of NFTs and NPs follow a
unique staging pattern described in detail by Braak
[9]. Much less NP and NFT pathology has been
found in brainstem regions as compared to classi-
cally affected brain regions [10] and the NFT pres-
ence in raphe nuclei correlates to cortical stages in
AD [11]. The vulnerability of neuronal cells is not
considered to depend on neurotransmitter type but
rather to be due to the fact that neurons with long
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Abstract
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and sparsely myelinated axons are more susceptible
to AD pathology than neurons with shorter and
well-myelinated axons [12]. Some brainstem
regions, such as the inferior olivary complex show
no neurofibrillary pathology. Despite this fact the
inferior olivary complex shows a significant neu-
ronal loss up to 34% [13]. 

The cause of neuronal loss in the PO is not
known. Neuronal function depends upon the bal-
ance and interaction of other supportive cells, such
as astrocytes and oligodendrocytes, in the vicinity
of the neurons [3, 14–19]. As far as we know, there
are no reports focusing on the destiny of neuroglial
cells in the PO in AD or aging. Using stereological
method, Pakkenberg et al. could not estimate any
changes in total number of neuroglial cells in the
aging human cortex or in AD [20, 21]. 

The aim of this study was to use a novel design-based
stereological method called the optical fractionator to
estimate the total number of astrocytes and oligodendro-
cytes in the PO in AD and in normally aging brains. 

Material and methods

The study was based on 10 normal control and 11 AD
post-mortem human brains obtained from the Huddinge
Brain Bank, Stockholm, in accordance with Swedish law
and the permission of the Karolinska University Hospital
Ethical Committee. The control group included the
brains of subjects who did not die of neurological or psy-
chiatric diseases and who had no history of long-term ill-
ness (mean age was 54 years, range 17–79 years).
Furthermore, the control group was divided into two sub-
groups: young controls (CY) 17–57 years, mean age 41
years and older controls (CO) 69-79 years, mean age 73
years. Of note, the CO group did not have any neu-
ropathological features of AD, such as  neurofibrillary
changes in trans-/entorhinal region or amyloid plaques in
the cortex. The AD group included brains from patients
with clinically and pathologically confirmed AD (mean
age 85 years, range 67–92 years). Additionally, the AD
group was divided into age-matched and older AD.
Clinical diagnosis was based on combined DSM-III-R
[22] and NINCDS-ADRDA criteria [23]. The definite
neuropathological diagnosis of AD was determined by
using CERAD and NIA-Reagan Institute Criteria
[24–26]. Brains from AD patients with clinical signs of
Parkinson-like symptomatology and the brains with

other major neuropathological co-findings, e.g. multi-
infarction or presence of Lewy bodies, were excluded
from the analysis. All the brains were fixed within
24–48h of death. We are aware that total AD group is
older than CO group but clinical duration of Alzheimer´s
disease did not differ between two AD subgroups:
matched AD and old AD (7,6 years in both subgroups).
Thus these groups were analysed as only one AD group.
The complete demographic data are shown in Table 1. 

The absence of NFTs or NPs in the PO was excluded
by routine diagnostic procedure at the Huddinge Brain
Bank [24]. All the brains were used in our previous stere-
ological study, which estimated the total number of neu-
rons in the PO [13]. In addition, we analyzed 2 cases
with known AD related gene mutation each (Swedish
670/671 and PS-1) by routine neuropathological methods.

Sectioning and histology 

After fixation in 4% buffered formaldehyde (pH 7,4), the
inferior olivary complex was embedded in paraffin, there-
after cut exhaustively in a randomly chosen saggital plane
on the microtome into a series of 30 μm thick sections. The
sections were stained with Nissl staining solution [0,5%
cresyl-violet in distilled water (ratio 1:4)] The mounted sec-
tions were placed in the staining solution until adequate
intensity of staining was achieved. After that, they were
rinsed in distilled water twice for 5 minutes, thereafter
through a graded series of alcohol solutions: 50% ethanol,
70% ethanol with a few (2–4) drops of 25% acetic acid,
70% ethanol, and 95% ethanol, for 10 minutes each. Finally,
the sections were placed in 2 parts ether to 1 part absolute
alcohol for 5 minutes, rinsed in xylene for 5 minutes, and
mounted with a cover glass using Permount mounting
medium. The presence of amyloid plaques and amyloid
angiopathy was detected with polyclonal antibody for Aβx-
42 and Aβx-40 (each 1:1000, kindly provided by J.
Näslund, [27]). For detecting abnormal tau formation we
used monoclonal antibody for AT8 (1:200, Innugenetics,
Belgium) and Gallyas silver iodide stain [33]. After incuba-
tion of the different primary antibodies, the sections were
treated with a biotinylated secondary antibody (1:300,
DAKO). and visualized with the avidin-biotin-peroxidase
complex kit (Vector, Burlinggame, Calif.) with 3,3’-
diaminobenzidine-4HCl/H2O2 (DAB, Sigma, St.Louis,
Mo.) as a substrate. Thereafter the sections were counter-
stained with hematoxylin-eosin stain for background.
Negative control slides for all antibodies were treated in an
identical manner, except for incubation without a primary
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antibody. As a positive control staining, the sections of cere-
bral cortex affected by AD pathology were used.

Morphological criteria for astroglia and
oligodendroglia.

The neuroglial cells could be easily differentiated from
neurons in the PO since the latter have a nucleus with a
single large nucleolus, no heterochromatin, and a round
nucleus with visible cytoplasm [28, 29]. Oligodendrocytes
are determined by smaller round or oval dark nuclei with
dense chromatin, and they are usually in close proximity
to neurons. The astrocytes were defined as cells with big-
ger, paler and less densely packed heterochromatin, with-
out a clear nucleolus and showing a patchy pattern of
granules in a rim below the nuclear membrane. On Nissl
staining, the size and shape of the neuroglial cells make
them clearly distinguishable from the neuronal population.
Microglia showed small elongated or comma-shaped
nuclei with dense peripheral chromatin, which makes
them easy to distinguish from other neuroglial cells and
from neuronal cells (for more details see [29]). 

Quantification 

To estimate the total number of astrocytes and oligoden-
drocytes in the PO, we applied a stereological approach -
random systematic sampling and the unbiased optical
fractionator method [30], using a similar experimental
design as that reported previously [13]. By using an opti-
cal dissector probe, it is possible to sample isolated parti-
cles, in this case astrocytes and oligodendrocytes, with a
uniform probability in the three-dimensional space,
regardless of the size, shape or orientation of the tissue.
Briefly, the area of interest was delineated in low magni-
fication (x2.5) using the cursor. Due to the clear anatom-
ical borders, it is not difficult to distinguish the human PO
from its surrounding regions. A meander sampling func-
tion of the GRID v2.0 program (Olympus, Denmark) was
used for stepping through the delineated area with a cho-
sen counting frame. Then, a 100-x oil-immersion objec-
tive with a numerical aperture of 1.40 was moved into
place and the appropriate counting frame superimposed
on the screen. The desired horizontal and vertical step
lengths, assisted by a highly precise servo-controlled
motorized microscopy stage, were dimensioned for the
appropriate distance [=600 μm (x step) x 600 μm (y step)]
in between the counting frames (280 μm2). The cells in

the space were counted by an optical dissector probe (z-
axis) with a height of 15 micrometers of the total thick-
ness of the section (26–29 μm). The thickness of every
section was measured at three randomly chosen places to
get the mean value of section thickness. According to the
rules of stereology we counted between 150–200 cells per
whole structure [31]. This procedure ensured the selec-
tion of a systematic random sample of sections, in which
all parts of the PO had equal probabilities of being pre-
sented [30, 32]. Finally, the total number of oligodendro-
cytes and astrocytes per region was estimated according
to the following equation:

Ntotal = ∑Q – x 1/tsf x 1/asf x 1/ssf

∑Q- = the number of cells in a known fraction of
the volume of the structure, i.e., the known fraction of
the total number of glial cells

tsf = thickness sampling fraction , h/T (height of
dissector/section thickness)

asf = area (frame)/area (Δx x Δy step) is an area
sampling fraction, i.e., the area of the counting frame rel-
ative to the area associated with each step of the stepping
motors.

ssf  =  section sampling fraction, (1/20) section sam-
pled by a known fraction, yielding finally 5 sections per
brain to be analysed. 

Statistics 

Statistical analyses of the results were performed using
StatView 5.0.1 software. To analyze the differences
between CY, CO, matched AD and old AD we used non-
parametric Kruskal-Wallis test. To compare the number of
oligodendroglial and astrocytic cells separately between
the groups: CY vs CO; CY vs. total AD; CO vs. total AD
the unpaired Mann-Whitney test was applied. For all tests
the 0,05 level of significance was chosen. The two AD
groups are taken together since there was no significant
difference in age-matched and old AD in total glial num-
ber and duration of the disease. Precision of estimates was
evaluated by calculating the coefficient of error
(CE=SEM/mean) A satisfactory level is around 10% or
less. The Spearman correlation coefficient (r) was used to
estimate the relation between the following: a) age vs.
oligodendrocytes, b) age vs. astrocytes, c) neuron vs.
oligodendrocytes, d) neuron vs. astrocytes. The relation
and accuracy are presented as the r, and p values. A p<0,05
was chosen as the criterion for the level of significance. 
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Normal aging Case no. CERAD Cause of death Age
(years)

disease 
duration (y)

control younger(CY) 1
2
3
4
5
6

control
control
control
control
control
control

Aneusysma aorta
CO poisoning

suicid
Traffic accident

insuff cardio-pulm
alcoholism

17
38
39
42
55
57

mean N
SD

SEM
CE (%)

41
13

control older (CO) 7
8
9
10

control
control
control
control

Heart infarct
traffic accident

accident
traffic accident

71
79
69
73

mean N
SD

SEM
CE (%)

73
4,3

total goup mean
SD

SEM
CE (%)

AD

54
19

matched AD 11
12
13
14
15

def.AD
posAD
defAD
def.AD
def.AD

insuff cardio-pulm
bronchopneumonia
insuff cardio-pulm
bronchopneumonia
insuff cardio-pulm

67
79
82
83
83

7
6
9
8
8

mean N
SD

SEM
CE (%)

78
6,7

old AD 16
17
18
19
20
21

def.AD
def.AD
def.AD
proAD

pro/defAD
proAD

insuff cardio-pulm
urinary infection

bronchopneumonia
card insuff

bronchopneumonia
card insuff

86
90
90
90
90
92

8
7
9
8
7
7

mean N
SD

SEM
CE (%)

89
1,9

7,6
0,8

Total AD mean N
SD

SEM
CE (%)

84,7
7,2

Braak 
stage Sex Astrocytes x 106

M
M
M
M
M
M

12,4
12,8
7,2
9,1
10,5
10,7
10,5
2,1
0,8
8

F
M
M
M

8,8
9,8
9,1
9,2
9,2
0,4
0,21

2
10,0
1,7
0,5
5

5\6
5
6
6
6

M
M
F
F
F

8,8
5,7
5,9

125,8

7,6
2,7
1,23
16

4/5
6

4/5
4

4/5
4/5

F
F
F
M
M
F

5,9
13,24,4

13
6,8
10

8,8
3,7
1,53
17
8,3
3,2
0,98
12

Def AD, pro AD, (definite, probable AD, respectively) indicate the diagnostic level of Alzheimer's disease according to
Mirra et al. 1993. N = total number of neurons, SD = standard deviation, mean CE = mean coefficient of error of all indi-
vidual estimates (CE = SEM/mean). Ratio O/N = ratio oligodendrocytes/neuron, ratio A/N = ratio astrocytes/neuron. The

Table 1  The complete demographic data



Results

Oligodendroglia

Oligodendrocytes are characterized by a dark
round-shaped nucleus and a barely visible cyto-
plasm. The distinction between neurons and glial
cells can be seen on low magnification (Fig 1a, b).
In control brains the oligodendroglial cells are scat-
tered in the neuropil and they satellite around neu-
ronal soma (Fig.1c). The most striking difference
between the control and AD brains was the location
of oligodendrocytes with respect to neurons. This
phenomenon is not generally seen in AD (Fig 1d).
We calculated the ratio of oligodendrocytes to neu-
rons, and the result did not differ between control
and AD group (see Table 2).

There was no difference in the total number
(mean ± SD) of oligodendrocytes between the
younger (5,4x106 ± 2,3) as compared to the older
(4,2x106 ± 0,6) controls. The mean total number of
oligodendrocytes in AD is 2,7x106 ± 1,0 which
shows significant decline of oligodendroglial cells
by 46% in AD.(Fig. 2).

When all cases (AD and controls) are plotted,
the total number of oligodendroglial cells is posi-
tively correlated to the number of neurons (r=0,68;
p=0,02). (Fig. 3). 

Astrocytes

Nissl staining showed no difference in the morpho-
logical features of the astroglial cells (Fig. 1c, d).
Histologically, a visual observation might suggest a
larger number of astrocytes in AD cases, but the
stereological estimation indicated no significant
difference in the total number of astrocytes in con-
trol (both groups included) vs. AD group, 10 x106 ±
1,7 vs. 8,0x106 ± 3,2 (mean ± SD), respectively.
The mean estimate of the number of astrocytes in
AD is lower than in controls, but this decrease does
not reach significance (Fig. 2). There is no correla-
tion between total number of astrocytes and total
number of neurons (r=0,25; p=0,27) (Fig. 3).
Furthermore we estimated the ratio between astro-
cytes and neurons in all investigated groups. While
the ratio was not changed for the control groups, the
AD group displayed a significant increase of 48%
(from 14,5 to 21,5 Table 2). 
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Ologo x 106 Neuron x 106 * ratio O/N ratio A/N

5,1
9,2
3,2
5,5
3,8
4,5

0,77
0,97
0,64
0,69
0,83
0,69

6,6
9,5
5,0
8,0
4,6
6,5

16,1
13,2
11,3
13,2
12,7
15,5

5,2
2,3
0,9
17

0,76
0,12
0,049

6

6,7
1,8
0,8
11

13,6
1,8
0,7
5

4,8
4,1
4,5
3,5

0,61
0,41
0,82
0,69

7,9
10,0
5,5
5,1

14,4
23,9
11,1
13,3

4,2
0,56
0,28

7

0,6
0,17
0,086

14

7,1
2,3
1,1
15

15,7
5,6
2,8
18

4,9
1,8
0,6
12

0,7
0,2
0,05

7

6,8
1,9
0,6
9

14,5
3,6
1,2
8

5
2,6
1,8
2,2
1,5

0,53
0,61
0,41
0,39
0,47

9,4
4,3
4,4
5,6
3,2

16,6
9,3
14,4
30,8
12,3

2,6
1,4
0,62
24

0,48
0,09
0,04

8

5,4
2,4
1,1
20

16,7
8,3
3,7
22

2,7
3
2

2,9
3,3
1,6

0,32
0,4
0,4
0,41
0,27
0,3

8,4
7,5
5,0
7,1
12,2
5,3

18,4
33,0
11,0
31,7
25,2
33,3

2,6
0,7
0,27
10

0,35
0,06
0,03

8

7,6
2,6
1,1
14

25,4
9,1
3,7
15

2,7
1

0,30
11

0,4
0,99
0,03

7

6,6
2,6
1,10
17

21,5
9,5
2,90
13

neuronal number is from our previous study (Lasn et al.,
2001) where the same brains were used. Braak staging
range from I-VI



Neuroglial cells during aging

The total number of oligodendrocytes (r= -0,42;
p=0,21) and astrocytes (r= -0,34; p=0,31) in the PO
remained unchanged during normal aging in 10
control cases.

Gallyas staining

Using silver impregnation method by Gallyas [33]
we unexpectedly found the globose-like tangle for-
mation (Fig. 5) and scattered neurofibrillary treads
in the neuropil in only one AD case (case No 17).
That particular case was heavily affected by AD
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Fig. 1 Photomicrograph represents low (a, b) and high magnification (c, d) of olivary inferior nucleus in the control (a,
c) and AD (b, d) human brain. Using Nissl staining, neurons (*), oligodendroglial cells (arrow) and astrocytes (double
arrow) can be differentiated. At low magnification a clear difference in staining by Nissl is visible due to the neuronal loss
and paler neurons in AD (b). At higher magnification note the presence of oligodendroglial cells in the vicinity of the neu-
rons in the control brain (c). This phenomenon is absent in AD brain. Astrocytes can be distinguished since a characteris-
tic pale nucleolus and chromatin pushed towards nuclear edges can be noted. Bar a, b = 250 μm, Bar c, d =20 μm.

Table 2  Ratio of oligodendrocytes/neuron and astro-
cytes/neuron

Neurons
in AD

Neurons
in CY

Neurons
in CO

Oligodendrocytes 6,6 6,7 7,1

Astrocytes 21,5* 13,6 15,7

CY= young controls, CO = old controls
* The ratio between astrocytes and neurons in AD was
increased for 48%. Control values were analysed as a mean of
two  groups (CY; CO). Control oligodendrocytes = 6,8 ± 1,9
and control astrocytes 14,5 ± 3,6



(Braak stage VI) with clinical symptomatology of
Alzheimer’s disease without any other neurological
symptoms. To test the hypothesis that globose tan-
gles may appear in very affected AD cases the same
staining was performed even on one Swedish muta-
tion (Swedish 670/671) and one case of presenilin 1

(PS-1) mutation. None of our AD cases as well as
mutation cases displayed any globose tangles but
only argyrophilic granules scattered over the area of
lipofuscin (Fig. 6b). This phenomenon was not
found in any control case (Fig. 6a) but was strong-
ly present in PS-1 case (Fig. 6c). 
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Fig. 2 The
total number
of oligoden-
droglial and
a s t r o g l i a l
cells in young
(CY), old
(CO) controls
and in AD
(mean ±SD). 
** p<0.01,
* p<0.05

Fig. 3 The sig-
nificant correla-
tion was found
only between
oligodendroglial
and neuronal cells.
All control and
AD cases are pre-
sented together. 



Tau staining with AT-8

The AT-8 staining was negative in control and all
AD cases with exception of case nr. 17, where tan-
gle staining was seen in some neurons and neuropil
treads (not shown). In addition, no AT-8 positivity
was obtained in any olivary neuron neither in
Swedish 670/671 nor PS-1 mutation brains.

Amyloid staining

By immunostaining with Aβ40 and Aβ42 antibodies
we could detect the presence of diffuse-like plaques
in all AD cases, positive only for Aβ42. No sign of

amyloid angiopathy was noticed. The amyloid accu-
mulation in grey matter was of different in size and
intensity. The amount of plaque-like structures var-
ied from 1 to maximally 5 per section. The plaques
were scattered only in grey matter (Fig. 7) while in
both mutation cases a more abundant presence of dif-
fuse plaques was found in the grey and hilar white
matter as well as in vessels (not shown).

Discussion

This study is presumably the first one to estimate
the total number of neuroglial cells in the human
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Fig. 4 There is no correlation neither in
total number of oligodendrocytes nor astro-
cytes during aging in control group. 

Fig. 5 Gallyas silver impregnation (a) shows a globose tangle in the olivary neuron in the AD case No17. A representa-
tive case of AD (b): AT-8 immunopositivity could not be found in the olivary region PO but in the neurons of reticular
formation nearby. Bar a = 10 μm, Bar b =250 μm.



PO by using the modern unbiased stereology tech-
nique [30]. We found 46% decrease of oligoden-
droglial cells in AD. No decline was observed in the
astroglial cell population, which remained stable in
AD. Moreover, the oligodendroglial loss parallels a
neuronal loss up to 34% in the PO (as previously
reported in [13]). Since the neuron-glial interac-
tions play an important role in information process-
ing in the CNS, it is likely that an imbalance in one

of these cell groups perturbs this morphofunctional
neuron-glial network [34]. As previously reported,
the proximity of the oligodendroglial cells to neu-
rons plays an important role in the exchange of
trophic factors and different forms of communica-
tion between these cell groups [35–37]. It is partic-
ularly interesting that oligodendrocyte - neuronal
interaction is considered as a stabilizer for the neu-
rons [14, 16, 38]. It is likely that a close oligoden-
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Fig. 6 Control case (a), representative AD (b) and AD with presenilin 1 mutation case (c). AT-8 positive granules were
not found in control but in AD cases. Note that the argyrophilic granules are localized in the lipofuscin compartment espe-
cially plentiful in PS1. Bar a, b, c = 10 μm. 

Fig. 7 Aβ-42 immunopositivity
in the olivary nucleus in a repre-
sentative AD case. The most of
amyloid accumulations were small
in size and few in number (arrow).
Occasionally big diffuse-like
plaques could be seen (open
arrow). The open arrow is directed
towards the biggest plaque found
in our AD group. Bar = 100 μm 



drocyte - neuronal cohabitation and the sharing of a
common destiny is unique feature across the
regions of the control and AD brains [20, 21].

Since the cohabitation of oligodendroglia and
neurons is important for their existence, Heiko
Braak has suggested that the loss of oligoden-
droglial cells could be a primary cause of AD [12]
and presumably loss of oligodendroglial trophic
support might lead to increased neuronal vulnera-
bility. Whether the functional competence of oligo-
dendrocytes could prohibit the development of AD
remains obscure. Despite the presence of amyloid
accumulation in our AD cases neither neurons nor
oligodendrocytes stained positively with apoptotic
marker Cytodeath 30 (data not shown) in PO. It is
interesting that apoptotic events are not considered
to be a main pathological event in different regions
of AD brains [2] and dissimilarities between in vitro
and in vivo studies are found [39].

The ratio of oligodendroglial cells to neurons in
the PO is about 7:1 and remains stable among
young and old controls, as well as in AD. In the
cerebral cortex this ratio is about 1:1 [21]. Thus,
more oligodendroglial cells around the olivary neu-
rons might represent “better” protection against
susceptibility to different hazardous events in CNS,
which may be a feature of phylogenetically and
ontogenetically older regions, such as the PO as
compared to younger regions, such as the neocor-
tex. Even in AD, the ratio between oligodendro-
cytes and neurons in the cerebral cortex remains
unchanged (0.98) [21]. This may suggest that a
lower neuron-glia ratio in the cortex correlates with
a greater plasticity and “vulnerability” as suggested
by Braak [12, 40], but also might suggest that the
fates of neurons and oligodendroglia are interde-
pendent. Some recent data have shown that oligo-
dendrocytes are more vulnerable to Aβ toxicity and
oxidative stress in AD [39]

In the present study we show that the absence of
neurofibrillary tangles and threads but presence of
amyloid plaques are common features in the PO in
all AD cases with or without mutation history.
Similar data has been reported previously [10, 41].
The presence of globose tangles in one single case
of AD is a very unusual finding and needs to be fur-
ther analyzed. Using conventional Gallyas staining
method [39] we could vizualise the positive accu-
mulation of argyrophilic granules, particularly in
the PS1 mutation brain. The nature of these gran-

ules is still unknown but using the Gallyas-Braak
modified method [42] the relation to lysosome-like
structure is suggested [43]. Furthermore, the pres-
ence of a low amount of amyloid accumulation in
PO is a common finding, with an exacerbation in
the mutation cases [41]. These findings concerning
tau and amyloid pathology in PO are intriguing
since the lysosomal system has been suggested to
be involved in pathogenic mechanism of both tau
and amyloid pathways [44–48]. It could happen that
diverse morphological phenotypes, with regional
and cellular differences, are exposed to the same
underlying pathogenic mechanism.

The number of astrocytes in the PO does not
change during aging, but seems to display a non-
significant tendency to decrease in AD. We have
noted large inter-individual differences among the
AD cases but we could not relate them to specific
tau or amyloid pathology. There are no reported
studies of the PO using the same quantitative exper-
imental design for neurodegenerative disorders.
There are few qualitative observations where a sim-
ilar astrocytic “passivity” has been noted in the PO
of Multiple System Atrophy brains [2, 49]. The sig-
nificant increase in astrocyte-neuron ratio in AD is
likely due to neuronal loss but not to the increase of
total number of astrocytes i.e. “relative astrocyto-
sis”.

To our knowledge this is the first study to esti-
mate the total number of neuroglial cells in the
human PO by using unbiased stereological meth-
ods. This method is superior to the two-dimension-
al (2D) approach commonly used in everyday prac-
tice, since it is not affected by tissue preparations
and shrinkage when the whole structure needs to be
analysed. It has been reported repeatedly that
changes in cell density assessed by 2D measure-
ments, expressing the number of profiles/per area,
do not necessarily reflect changes in total cell num-
bers [4, 50]. Using stereological methods the data
obtained can easily be compared to other similarly
designed studies performed in different laborato-
ries, currently using 2D methods. The sum of oligo-
dendrocytes and astrocytes is on the order of 5–10
million per PO while the neuronal number is
approximately eight hundred thousand [13]. 

In conclusion, using a powerful morphometric
approach we could be able for the first time to esti-
mate the total number of neuroglial cells in the
human PO. These results and those of our previous
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study [12] could be used as a morphological
groundwork towards the understanding the patho-
logical and pathophysiological processes in AD.
The difference in pathological phenotype between
PO and “classically” affected brain areas in AD
might help to understand the underlying region- and
cell-specific pathogenic mechanisms.
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