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Dendritic alterations of the pyramidal cell of reil’s
insula in alzheimer’s disease
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Alzheimer’s disease is an insidiously progressive severe presenile and senile dementia,
involving a number of cellular and biochemical mechanisms. It is characterized by cognitive
decline affecting memory primarily, associated frequently with behavioral and mood
disorders, which increasingly appear as the disease advances. Despite the strong clinical
rationale and many laboratory hints, the insula may be an important target of Alzheimer’s
disease, neuropathologic alterations of Reil’s insula have not been described extensively In
the present study, we attempt to describe the morphometric and morphological changes of
the neurons of insula in Alzheimer’s disease in comparison to normal ageing, senile plaque
deposition and neurofibrillary degeneration using the silver impregnation technique. Each
one of the selected cells was traced using the Neuromantic application and the tracing was
quantitatively analyzed with Image J program based on Sholl analysis method of concentric
circles. Statistical analysis was based on the Student’s test on the basis of 360 cells in SPSS
v.17.0 and significance was taken as p.
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Introduction
Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder of the brain, which appears in presenile and senile, affecting
millions of people as the most common cause of memory decline
around the world. AD is mainly characterized by the loss of or
impairment of memory and other cognitive abilities in association
with changes in mood and personality, autonomic disorders and
disorientation as the disease progresses over time.1
According to recent research AD affects approximately 6-8% of
people over the age of 65 years and increases in 30% in people older
than 85 years.2,3 Neuropathologically, Alzheimer’s disease is mainly
characterized by loss of neurons.4 marked synaptic alterations.5,6
morphological mitochondrial abnormalities.5-10 tau pathology.11 in
the form of neurofibrillary tangles (NFT), inflammatory activation
and mostly by deposition of Αβ polymers in the neuropil space as
neuritic plaques.12-14 in the entorhinal cortex, hippocampus and many
subcortical structures, which are involved in cognitive function.7,9
Accumulation of amyloid-β protein, which is the cleavage product
of the amyloid precursor protein (APP).15 is considered to be as
the pathologic hallmark for the neuropathological diagnosis of the
disease. In addition, mitochondria, microtubules and Golgi apparatus
are mostly pathologically involved in Alzheimer’s disease.8
Macroscopically, brains of AD individuals present cortical and
subcortical atrophy, being obvious, primarily in the temporal lobes
and secondary in the frontal pole and fronto-orbital area.10 Light
microscopy reveals deposition of neuritic plaques and neurofibrillary
tangles in the cortex of brain hemispheres, synaptic alterations in
entorhinal cortex and hippocampus as well as in other brain areas such
as acoustic and visual cortices, frontal cortex and cerebellum as the
disease advances.10,16,17
It is found that Alzheimer’s disease is associated to reduced levels of
acetylcholine, noradrenaline, serotonin, and corticotrophin-releasing
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factors, as well as to glutamate and N-acetyl aspartate decrease.18 The
degeneration of cholinergic neurons in the basal-forebrain-cholinergic
system that projects to the neocortex, hippocampus and other brain
areas may play a substantial role in cognitive decline.18,19
The insular cortex plays important role in a variety of regulatory
mechanisms ranging from visceral control and sensation to covert
judgments regarding inner well-being.20-22 Focal pathology of the
insular cortex caused by tumours, stroke, or gliosis often induces
gastrointestinal, vasomotor, cardiovascular, and other visceral
disturbances.23-26 The leading causes of death in Alzheimer disease
include myocardial infarction, cardiac failure, and respiratory
infections.27,28 All of these failures of visceral organs may be triggered
or exacerbated by autonomic dysfunction.29-31 and insular pathology
might play a crucial role.
Human insula is one of the paralimbic structures which is encased
within the brain underneath the Sylvian fissure and is covered by
the temporal, frontoparietal and fronto-orbital opercula. The insula
is only visible after removing the operculae and has the shape of an
inverted pyramid. Additionally insular cortex covers the claustrum
and the basal ganglia.32
involved in Alzheimer disease. Neuroimaging studies have
revealed atrophy of the insula.33-35 whereas other studies have shown
changes in insular blood flow.36 biogenic amine concentrations .34
muscarinic receptor densities.37 metabolic activity.38 monoamine
oxidase-B activity .34,39 and decreased RNA and protein content.40
Despite the strong clinical and many laboratory rationale hints that
the insula may be a target of AD, neuropathological alterations of the
insula in AD have not been described extensively.
In the present study, we tried to delineate the morphological and
morphometric changes of pyramidal neurons of insula in AD in
comparison to normal ageing, using silver impregnation technique.
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Materials and methods
Subjects
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Neuronal tracing started from cell soma and moved onto the basilar
and apical dendrites.

All the cases were examined for their medical history and the
appropriate information concerning their health condition was
collected. The definite diagnosis of AD was based on National Institute
of Neurological and Communicative Disorders and Stroke and the
Alzheimer’s disease and Related Disorders Association (NINCDSADRDA) criteria.41

Dendritic arbors were quantitatively evaluated in a centrifugal
manner for apical and basal dendrites according to Uylings et al.44
Dendrites rising from the cell body are considered first-order segments,
until the first symmetrical bifurcation. Dendritic branches arising
from first-order segments are considered second-order segments, in
turn, up to their symmetrical bifurcation into third-order segments,
and so on. When asymmetric branching is met during the neuronal
tracing, the offspring dendritic branch, recognized by a quantitatively
thinner diameter, is classified as a next-order branch, whereas the
parent dendrite would retain its order level past the branching point.

Tissue selection and processing

Dendritic measures and Sholl analysis

Tissue samples were obtained at autopsy from 8 neurologically
normal individuals, and 7 from patients who suffered from Alzheimer’s
disease, all of them aged 52-75 years.

All brains were immersed in 10% neutral buffered formaldehyde
at least for 40 days prior to staining. A tissue block from the anterior
part of insula (agranular portion), was excised. Insula is revealed after
removing the frontoorbital, frontoparietal, and temporal opercula
(Figure 1). Tissue block were coded and used for Golgi silver
impregnation techniques. Processed tissue was serially sectioned at
120μm with a vibrotome such that the preparation was vertical to the
cortical surface and perpendicular to the long axis of the short gyri.

Golgi method
According to protocol of silver impregnation technique,
specimens were submerged in a solution of potassium dichromate (7g
of potassium dichromate and 20ml of formaldehyde solution 37% in
300ml of distilled water) at room temperature in a photoprotective
environment, where they remained for seven days. Then they
immersed in a 1% silver nitrate solution, where they remained for
seven days in a photoprotective environment at room temperature.
After the period of fixation, specimens were embedded in lowmelting point paraffin and cut in thick sections at a range of 100120μm. After gradual dehydration in alcohol solutions, specimens
were mounted in Permount, between two cover slips and studied in
Zeiss Axiolab Photomicroscope.

Cell selection criteria
Quantitative alterations for the examined neurons met the criteria
set forth by Jacobs et al.42 that request uniform staining of neuronal
dendrites, isolation from other impregnated cells and silver deposits
(artifacts), good contrast between cells and background and relatively
uniform tissue thickness.

Neuronal tracing and dendritic quantification
For each one of the 15 brains, 10 neurons from each area were
selected. Every neuron was video recorded for 10-second at a
magnification of 400x while the microscope table was moving at
the standard velocity of 20μm/sec. Afterwards, the videos were
analyzed in digital image sequences of 200 serial pictures, which were
ultimately imported in Neuromantic application for 3D quantification
of neuronal cells.
Each one of the selected cells was traced using the Neuromantic
application. Neuromantic application is a freeware application
programmed in Borland C++ Builder and it is a handy tool for
neuronal 3D reconstruction. Its accuracy is comparable with the
commercial application Neurolucida. Intuitive editing functionality
combined with semi-automatic tracing and good visualization
efficiencies, offers an alternative solution to commercial packages.43

The parameters measured were (a) soma size, (b) total dendritic
length, (c) cell contraction, (d) dendritic field asymmetry, (e) total
number of dendritic segments and bifurcations, as well as (f) the
length and number of dendritic segments per order. Image J program
based on Sholl’s method for concentric circles used for quantitatively
analysis.45 Concentric circles were drawn, starting from the center
of the cell body, at intervals of 15μm, and counting the dendritic
intersections within each circle.16 Staging of AD neurons made
according to Braak and Braak classification.46 (Table 1).
Table 1 Demographic features and Braak & Braak staging of the brains used
in the present study
Brain
AD1
AD2
AD3
AD4
AD5
AD6
AD7
NC1
NC2
NC3
NC4
NC5
NC6
NC7
NC8

Age
67
65
72
69
75
63
66
52
54
57
69
55
75
69
72

Gender
Male
Female
Female
Male
Male
Female
Male
Female
Female
Male
Male
Male
Female
Male
Female

Braak & Braak stage
V/VI
V/VI
V/VI
V/VI
V/VI
V/VI
V/VI
0
0
0
0
0
0
0
0

Statistical analysis
Statistical analysis was based on the Student’s test on the basis of
360 cells in SPSS v.17.0. Significance was taken as p<0.05. To ensure
that autolysis time did not affect dendritic measurements, two-tailed
Pearson product correlations were performed between all dependent
measures and autolysis time.

Results
Pyramidal dendrites from insula demonstrated severe reduction
of total dendritic length, mainly correlated to loss of distal dendritic
branches (Diagram 1A, 1B, 1D, Diagram 2D, Figures 1-5). Sholl’s
concentric circles analysis revealed limitation of the dendritic field,
while the number of intersections was significantly lower in distances
greater than 169μm from cell soma for AD brains (Diagram 1C).
Dendrite maximum for normal controls takes place at 160μm and with
a critical value of 24, while in AD brains dendrite maximum were also
at 160μm but the critical value was at 19,6.
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Figure 6A, 6B Senile plaques in Reil’s insula (Bielschowsky stain). Scale bar=
0,1μm.
Figure 1 Reil insula visible while removing fronto-orbital, fronto-parietal, and
temporal opercula cover.

Figures 2 Pyramidal dendrites of the insula from AD individual, Golgi stain
method, and its 3D reconstruction showing reduction of dendritic length,
mainly correlated to loss of distal and dendritic branches (Neuromantic
application). Scale bar=0,1μm.

Besides dendritic loss, pyramidal cells from AD brains showed
substantial changes regarding neuronal orientation and cytoskeletal
integrity, while local and remote bifurcation tilts was significantly
lower in AD brains (Diagram 2A). In addition, neuronal contraction
was significantly different (Diagram 2B). Dendritic arbors of the
pyramidal cells from NC were more symmetric than in AD brains
(Diagram 2C).

Figure 3 & 4 Pyramidal neurons of the insula from normal control brain, Golgi
Silver staining method, and its 3D reconstruction (Neuromantic application).
Scale bar=0,1μm.

Figure 7 Astrocytic proliferation using Silver impregnation technique. Scale
bar=0,1μm.

Insula from AD brains demonstrated numerous senile plaques
(Figures 6A, 6B), while Silver impregnation also revealed marked
astrocytic proliferation (Figure 7).

Diagram 1 (A) Reduction of total dendritic length in pyramidal cells in AD
comparing to normal controls (NC) which is correlated to loss in terminal
branches in AD (B). Sholl analysis of the dendritic field (C) showing lower
intersections in distances greater than 169μm from cell soma in AD brains.
(D) reduction in branches per order between AD individuals and normal
controls (NC). Statistical analysis based on 360 cells. Significance was taken
as p<0,05.

Discussion

Figure 5 Pyramidal neuron of the insula from normal control brain, Golgi
Silver staining method, and its 3D reconstruction (Neuromantic application).
Scale bar=0,1μm.

In AD brains pyramidal neurons showed a significant loss
of terminal branches. Dendritic branches are the most plastic
components of the dendritic field.17 playing a crucial role in signal
processing and cognition.47 The findings of the present study could be
related to the neuroplasticity impairment that has been described in
the insular cortex of patients suffered from schizophrenia.48,49 The loss
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of dendrites of pyramidal cells and interneurons leads to a substantial
decrease of the synaptic contacts and a significant impairment of the
pyramidal-interneuronal connectivity. Severe changes of dendritic
orientation and dendritic bifurcation tilt were also observed. These
changes are potentially related to the disruption of the cytoskeleton
and its associated signal transduction proteins described by English et
al.50,51 The aforementioned changes of dendritic polarity and dendritic
field integrity could also be associated to abnormal expression of two
microtubule-associated proteins (MAP2 and MAP5) in the described
by numerous studies in Alzheimer’s disease.17,18,52

4

A study Bonthius et al.67 demonstrated that insula cortex is a
protrusive target of Alzheimer’s disease and in many cases insula
is heavily burdened with NFT’s and NP’s. These results show that
behavioural function subserved by the insula is impaired in AD and
insular dysfunction is part of Alzheimer’s symptomatology.
Olfaction is essentially impaired in many cases of AD.68-72 and
sometimes dysosmia may be one of the primary phenomena of the
disease. Thus some researchers suggest that olfactory tests may be
applied in patients in order to discriminate AD from other brain
disorders.55 Impairment of smell discrimination and identification
reflects dysfunction at the cortical level and is considered that insula
may be involved in olfactory dysregulation in AD.72

Conclusion
The morphological and morphometric estimation of pyramidal
neurons from Reil’s insula in Alzheimer’s disease brains revealed a
severe reduction of total dendritic length, mainly correlated to loss
of distal dendritic branches, as well changes regarding neuronal
orientation and cytoskeletal integrity. These changes lead to the
essential decrease of the synaptic contacts and impairment of the
pyramidal-interneuronal connectivity, as well as with other cortical
and subcortical areas and may be related to impairment of regulatory
mechanisms of insular cortex, ranging from visceral control and
sensation to covert judgments regarding inner well-being.
Diagram 2 (A) Changes in cytoskeletal orientation and integrity of pyramidal
cells with reduction of local bifurcation tilt and remote bifurcation tilt between
the two groups. Contraction of neuron in NC individuals comparing with AD
individuals (B), differences on dendritic arbors of pyramidal cells in NC and
AD individuals (C) and average number of branches in pyramidal cells (D).
Statistical analysis of 360 pyramidal cells. Significance was taken as p<0,05.

It is known that insula plays an important role in the sense of
taste.53 which is impaired in Alzheimer’s disease.54,55 because insula
as part of the primary cortical gustatory area contains neurons that
may respond to gustatory stimuli.56,57 For this reason pathology of the
insula may play an important role in recognizing and experiencing
disgust.58,59 Although disgust in AD hasn’t studied extensively,
however care givers of patients who suffer from Alzheimer’s disease
witness that these patients often develop peculiar eating behaviours.60
The inability to recognize and experience food emotion may be an
additional sensorial deficit of Alzheimer disease, which might be
attributed to insula.61
In addition to impaired olfaction and gustation, which are involved
in AD, other functions subserved by insula are also impaired. Insula
unifies visceral sensory and motor functions and plays a major role
in regulating autonomic responses.22,62,63 As AD is an irreversible
progressive disease, patients with AD have a high mortality rate than
age-matched controls.64 a fact which might be attributed to autonomic
dysregulation and homeostatic disequilibrium.65
In Alzheimer’s disease insular pathology along with deficits in
other brain structures and nuclei affects individuals in well-being,
deregulate autonomic functions and interfere in social interactions
and communication with other people.19,20
Multiple studies have suggested that the insula is pathologically
involved in Alzheimer disease. Neuroimaging studies have revealed
atrophy of the insula.32,34,66 whereas other studies have shown changes
in insular blood flow.35 biogenic amine concentrations.33 muscarinic
receptor densities.36 metabolic activity.37 monoamine oxidase-B
activity.33,38 and decreased RNA and protein content.39

Today, Golgi techniques remain virtually unique for demonstrating
neurons and dendritic morphology in a biplanar or stereoscopic
way, viewed by conventional light microscopy, equipped with a
computerized image- analysis system. Golgi techniques contributed
in broadening our views on neuronal development, maturation,
plasticity, senescence and degenerating processes.73

Acknowledgments
None.

Conflicts of interest
None.

References
1. Alzheimer’s Association Alzheimer’s disease facts and figures.
Alzheimer’s and Dementia. 2010;6(2):158-194.
2. Byrne GJ Treatment of cognitive impairment in Alzheimer’s disease.
Aust J Hosp Pharm. 1998;28:261-266.
3. Small GW, Rabins PV, Barry PP et al. Diagnosis and treatment of
Alzheimer disease and related disorders. Consensus statement of
the American Association for Geriatric Psychiatry, the Alzheimer’s
Association, and the American Geriatrics Society. JAMA.
1997;278(16):257-266.
4. Wisniewski HM, Wegiel J, Kotula L Review. David Oppenheimer
Memorial Lecture 1995: Some neuropathological aspects of Alzheimer’s
disease and its relevance to other disciplines. Neuropathol Appl
Neurobiol . 1997;2(1):3-11.
5. Baloyannis SJ Mitochondrial alterations in Alzheimer’s disease.
Neurobiology of Aging. 2004;25:405-406.
6. Baloyannis SJ, Manolidis SL, Manolidis LS Synaptic alterations in the
vestibulocerebellar system in Alzheimer’s disease—a Golgi and electron
microscope study. Acta Otolaryngol. 2000;120(2):247-250.
7. Baloyannis SJ, Costa V, Michmizos D Mitochondrial alterations in
Alzheimer’s disease. Am J Alzheimers Dis Other Demen. 2004;19(2):8993.

Citation: Petrides FE, Mavroudis IA, Dados D, et al. Dendritic alterations of the pyramidal cell of reil’s insula in alzheimer’s disease. J Neurol Stroke.
2016;4(5):1‒6. DOI: 10.15406/jnsk.2016.04.00154

Dendritic alterations of the pyramidal cell of reil’s insula in alzheimer’s disease
8. Baloyannis  S The  Golgi  apparatus  of  Purkinje  cells  inAlzheimer’s
disease. In: BohlJ (Ed.), Neuropathology Back to the Roots. Shaker
Vertag, Aachen, Germany, pp. 2002;1-10.
9. Baloyannis S, Costa V, Arnaoutoglou A, Arnaoutoglou H Synaptic
alterations in the molecular layer of the cerebellum in Alzheimer’s
disease. Neuropathology and Applied Neurobiology. 1996;22:78-79.
10. Baloyannis SJ Neuropathology of Dementia. Thessaliniki. 1993
11. Iqbal K, Liu F, Gong CX, Grundke-Iqbal I Tau in Alzheimer disease and
related tauopathies. Curr Alzheimer Res. 2010;7(8):656-664.
12. Mattson MP Pathways towards and away from Alzheimer’s disease.
Nature. 2004;430(7000):631-639.
13. Dickson DM The pathogenesis of senile plaques. J Neuropathol Exp
Neurol. 1997;56(4):321-339.
14. Gandy S The role of cerebral amyloid beta accumulation in common
forms of Alzheimer disease. J Clin Invest. 2005;115(5):1121-1129.
15. Cras P, Kawai M, Siedlak S, Mulvihill P et al. Neuronal and microglial
involvement in β-amyloid protein deposition in Alzheimer’s disease. Am
J Pathol. 1990;137(2):241-246.
16. Mavroudis IA, Fotiou DF, Adipepe LF, et al. Morphological changes
of the human purkinje cells and deposition of neuritic plaques and
neurofibrillary tangles on the cerebellar cortex of Alzheimer’s disease.
Am J Alzheimers Dis Other Demen. 2010;25(7):585-591.
17. Mavroudis IA, Fotiou DF, Manani MG, et al. Dendritic and spinal
pathology in Alzheimer’s disease: A Golgi study in pathology. Int J
Neurosci. 2011;121(7):347-354.
18. Fayed N, Modrego PJ, Rojas-Salinas G, et al. Brain glutamate levels are
decreased in Alzheimer’s disease: a magnetic resonance spectroscopy
study. Am J Alzheimer’s Dis Other Demen. 2011;26(6):450-456.
19. Francis PT, Palmer MA, Snape M, et al.The cholinergic hypothesis
of Alzheimer’s disease: a review of progress. J Neurol Neurosurg
Psychiatry. 1999;66(2):137-147.
20. Allen GV, Saper CB, Hurley KM, et al. Organization of visceral and
limbic connections in the insular cortex of the rat. J Comp Neurol.
1991;311(1):1-16.
21. Craig AD How do you feel? Interoception: The sense of the physiological
condition of the body. Nat Rev Neurosci. 2002;3(8):655-666.
22. Oppenheimer SM, Gelb A, Girvin JPet al. Cardiovascular effects of
human insular cortex stimulation. Neurology. 1992;42(9):1727-1732.

Copyright:
©2016 Petrides et al.

5

30. Natelson BH, Chang Q Sudden death: A neurocardiologic phenomenon.
Neurol Clin. 1993;11(2):293-308.
31. Talman WT, Kelkar P Neural control of the heart: Central and peripheral.
Neurol Clin. 1993;11(2):239-256.
32. Türe U, Yaşargil DC, Al-Mefty O et al.Topographic anatomy of the
insular region. J Neurosurg. 1999;90(4):720-733.
33. Foundas AL, Leonard CM, Mahoney SM et al. Atrophy of the
hippocampus, parietal cortex, and insula in Alzheimer’s disease:
A volumetric magnetic resonance imaging study. Neuropsychiatry
Neuropsychol Behav Neurol. 1997;10(2):81-89.
34. Jossan SS, Gillberg PG, Karlsson I, et al. Visualization of brain
monoamine oxidase B (MAO-B) in dementia of Alzheimer’s type by
means of large cryosection autoradiography: a pilot study. J Neural
Transm. 1990;32:61-65.
35. Rombouts SA, Barkhof F, Witter MP, Scheltens P Unbiased wholebrain
analysis of gray matter loss in Alzheimer’s disease. Neurosci Lett.
2000;285(3):231-233.
36. Scarmeas N, Habeck CG, Zarahn E, et al. Covariance PET patterns
in early Alzheimer’s disease and subjects with cognitive impairment
but no dementia: Utility in group discrimination and correlations with
functional performance. Neuroimag. 2004;23(1):35-44.
37. Arai H, Kosaka K, Iizuka R Changes of biogenic amines and their
metabolites in postmortem brains from patients with Alzheimer-type
dementia. J Neurochem. 1984;43(2):388-393.
38. Ibach B, Poljansky S, Marienhagen J, et al. Contrasting metabolic
impairment in frontotemporal degeneration and early onset alzheimer’s
disease. Neuroimage. 2004;23:739-743.
39. Jossan SS, Gillberg PG, Gottfries CGet al. Monoamine oxidase B
in brains from patients with Alzheimer’s disease: A biochemical and
autoradiographical study. Neuroscience. 1991;45(1):1-12.
40. Colurso GJ, Kan RK, Anthony A Microdensitometric measures of
cytoplasmic RNA and total protein in pyramidal neurons of the insular
cortex and midfrontal gyrus in patients with Alzheimer’s disease. Cell
Biochem Function. 1995;13(4):287-292.
41. McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis of
dementia due to Alzheimer’s disease: Recommendations from the
National Institute on Aging-Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement.
2011;7(3):263-269.

23. Fiol ME, Leppik IE, Mireles R, et al. Ictus emeticus and the insular
cortex. Epilepsy Res. 1988;2(2):127-131.

42. Jacobs B, Driscoll L, Schall M Life-span dendritic and spine changes
in areas 10 and 18 of human cortex: a quantitative Golgi study. J Comp
Neurol. 1997;386(4):661-680.

24. Krolak-Salmon P, Henaff M-A, Isnard J et al. An attention modulated
response to disgust in human ventral anterior insula. Ann Neurol.
2003;53(4):446-453.

43. Myatt DR, Hadlington T, Ascoli GA, Nasuto SJ Neuromantic - from
semi-manual to semi-automatic reconstruction of neuron morphology.
Front Neuroinform. 2012;6:4.

25. Okamura N, Maruyama M, Ebihara T, et al. Aspiration pneumonia and
insular hypoperfusion in patients with cerebrovascular disease. JAGS.
2004;52(4):645-646.

44. Uylings HBM, Van Eden CG, Parnavelas JGet al. The prenatal and
postnatal development of rat cerebral cortex. In: Kolb E, Tees RC (Eds.),
The cerebral cortex of the rat. MIT Press, Cambridge, UK, p. 1990;3576.

26. Zentner J, Meyer B, Stangl A, et al. Intrinsic tumors of the insula:
A prospective surgical study of thirty patients. J Neurosurg.
1996;85(2):263-271.

45. Sholl DA Dendritic organization of the neurons of the visual and motor
cortices of the cat. J Anat. 1953;87(4):387-406.

27. Burns A, Jacoby R, Luthert P, et al. Cause of death in Alzheimer’s
disease. Age Aging. 1990;19:341-344.

46. Braak H, Braak E Neuropathological stageing of Alzheimer-related
changes. Acta Neuropathol. 1991;82(4):239-259.

28. Michel JP, Bruchez M, Constantinidis J et al. Polymorbidite´
cardiovascularire en function de l_e´tat psycho-organique.L’Ence´phale.
1991;17:61-66.

47. Cochran JN, Hall AM, Roberson ED The dendritic hypothesis for
Alzheimer’s disease pathophysiology. Brain Res Bull. 2014;103:18-28.

29. Chapleau MW, Abboud FM Neurocardiovascular regulation: From
molecules to man. Ann NY Acad Sci 2001;940: xiii-xxii.

48. Ellison-Wright I, Glahn D, Laird A, et al. The anatomy of first-episode
and chronic schizophrenia: An anatomical likelihood estimation metaanalysis. Am J Psychiatry. 2008;165(8):1015-1023.

Citation: Petrides FE, Mavroudis IA, Dados D, et al. Dendritic alterations of the pyramidal cell of reil’s insula in alzheimer’s disease. J Neurol Stroke.
2016;4(5):1‒6. DOI: 10.15406/jnsk.2016.04.00154

Dendritic alterations of the pyramidal cell of reil’s insula in alzheimer’s disease

Copyright:
©2016 Petrides et al.

6

49. Makris N, Goldstein JM, Kennedy D et al. Decreased volume of left and
total anterior insular lobule in schizophrenia. Schizophr Res. 2006;83(23):155-171.

63. Augustine JR Circuitry and functional aspects of the insular lobe in
primates including humans. Brain Res Brain Res Rev. 1996;22(3):229244.

50. English JA, Dicker P, Föcking Met al. 2-D DIGE analysis implicates
cytoskeletal abnormalities in psychiatric disease. Proteomics.
2009;9(12):3368-3382.

64. Borson S, Lampe T, Raskind MA et al. Autonomic nervous system
dysfunction in Alzheimer’s disease: Implications for pathophysiology
and treatment. In: Morely JE, Coe RM, Strong RJ, Grossberg GT (Eds.),
Memory Function in Aging and Age-Related Disorders. Springer Verlag,
New York, USA, pp. 1992;175-189.

51. Koleske AJ Molecular mechanisms of dendrite stability. Nat Rev
Neurosci. 2013;14(8):536-550.
52. Arnold SE, Lee VM-Y, Gur RE, Trojanowski JQ Abnormal expression
of two microtubule-associated proteins (MAP2 and MAP5) in specific
subfields of the hippocampal formation in schizophrenia. Proc Natl
Acad Sci U S A 1991;88(23):10850-10854.
53. Ogawa H Gustatory cortex of primates: Anatomy and physiology.
Neurosci Res. 1994;20(1):1-13.

65. Katzman R The malignancy of dementia. Predictors of mortality in
clinically diagnosed dementia in a population survey of Shanghai,
China. Arch Neurol. 1994;51(12):1220-1225.
66. Karas GB, Scheltens P, Rombouts SARBet al. Global and local gray
matter loss in mild cognitive impairment and Alzheimer’s disease.
Neuroimage. 2004;23(2):708-716.

54. Broggio E, Pluchon C, Ingrand Pet al. Taste impairment in Alzheimer’s
disease. Rev Neurol (Paris). 2001;157(4):409-413.

67. Bonthius DJ, Solodkin A, Van Hoesen GW Pathology of the Insular
Cortex in Alzheimer Disease Depends on Cortical Architecture. J
Neuropathol Exp Neurol. 2005;64(10):910-922.

55. Schiffman SS, Graham BG, Sattely-Miller EAet al. Taste, smell and
neuropsychological performance of individuals at familial risk for
Alzheimer’s disease. Neurobiol Aging. 2002;23(3):397-404.

68. Christen-Zaech S, Kraftsik R, Pillevuit O et al. Early olfactory
involvement in Alzheimer’s disease. Can J Neurol Sci. 2003;30(1):2025.

56. Suzuki Y, Yamamoto S, Umegaki H et al. Smell identification test as an
indicator for cognitive impairment in Alzheimer’s disease. Int J Geriatr
Psychiatry. 2002;19(8):727-733.

69. Mesholam RI, Moberg PJ, Mahr RNet al. Olfaction in neurodegenerative
disease: A meta-analysis of olfactory functioning in Alzheimer’s and
Parkinson’s diseases. Arch Neurol. 1998;55(1):84-90.

57. Smith-Swintosky VL, Plata-Salaman CR, Scott TR .Gustatory
neural coding in the monkey cortex: stimulus quality. J Neurophys.
1991;66(4):1156-1165.

70. Piggott MA, Owens J, O’Brien J et al. Muscarinic receptors in basal
ganglia in dementia with Lewy bodies, Parkinson’s disease and
Alzheimer’s disease. J Chem Neuroanat. 2003;25(3):161-173.

58. Calder AJ, Keane J, Manes F, et al. Impaired recognition and experience
of disgust following brain injury. Nat Neurosci. 2000;3(11):1077-1078.

71. Förster S, Vaitl A, Teipel SJ et al. Functional representation of
olfactory impairment in early Alzheimer’s disease. J Alzheimers Dis.
2010;22(2):581-591.

59. Calder AJ Disgust discussed. Ann Neurol. 2003;53(4):427-428.
60. Morris CH, Hope RA, Fairburn CG Eating habits in dementia. A
descriptive study. BJP. 1989;154:801-806.
61. O’Doherty J, Rolls ET, Francis S et al. Representation of pleasant and
aversive taste in the human brain J Neurophysiol. 2000;85(3):13151321.
62. Augustine JR The insular lobe in primates including humans. Neurol
Res. 1985;7(1):2-10.

72. Kovaks T, Cairns NJ, Lantos PL Olfactory centers in Alzheimer’s
disease: Olfactory bulb is involved in early Braak’s stages. Neuroreport.
2010;12(2):285-288.
73. Baloyannis SJ Recent progress of the Golgi technique and electron
microscopy to examine dendritic pathology in Alzheimer’s disease.
Future Neurol. 2013;8(3):239-242.

Citation: Petrides FE, Mavroudis IA, Dados D, et al. Dendritic alterations of the pyramidal cell of reil’s insula in alzheimer’s disease. J Neurol Stroke.
2016;4(5):1‒6. DOI: 10.15406/jnsk.2016.04.00154

