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CHAPTER 1 

Mitochondrial and Golgi Apparatus’ Alterations in Alzheimer’s 
Disease: A Study of the Cerebellar Cortex Based on Silver 
Impregnation Technique and Electron Microscopy 

Stavros J. Baloyannis* 

Research Institute for Alzheimer’s disease, Iraklion Langada 

Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder of the brain, 
inducing progressive severe presenile and senile cognitive decline, resulting in 
vegetative stage eventually. From the etiological point of view the main causative 
factor, remains unknown, in spite of the steady augmentation of the research efforts. 
Golgi staining revealed the substantial alterations of the dendritic branches and the 
tremendous loss of spines even in the initial stages of the disease. Electron microscopy 
reveals morphological changes of the mitochondria in neurons and astrocytes associated 
with fragmentation of cisternae of Golgi complex and pathological alteration of the 
dendritic spines, even in areas of the brain which demonstrate minimal tau pathology 
and few amyloid β deposits. We attempted to describe the ultrastructural alterations of 
the cerebellar cortex in early cases of AD, focusing our study mostly on mitochondria, 
Golgi apparatus, dendritic branches, dendritic spines and synapses in the cerebellar 
hemispheres and the vermis. Mitochondria demonstrated an impressive polymorphism 
in the soma, the axonal and dendritic profiles of Purkinje cells, the climbing fibers, the 
mossy fibers and the synapses. Electron microscopy revealed also dilatation of the 
cisternae of the smooth endoplasmic reticulum and marked fragmentation of cisternae 
of Golgi complex in large number of Purkinje cells, granule and stellate cells in the 
vermis and the cerebellar hemispheres. The fragmentation of the Golgi complex and the 
poverty in vesicles in cis- and trans-Golgi network in the soma of Purkinje cells in 
Alzheimer’s brains coincide with the synaptic loss, the shortage of the dendritic 
arborization and the pathological alterations of the spines, the dendritic spines of the 
Purkinje cells were also reduced in number. Numerous spines included large 
multivesicular bodies, altered spine apparatus, and unusual mitochondria. Giant 
elongated spines were seen in a substantial number of Purkinje cells of the vermis and 
the cerebellar hemispheres. In many presynaptic terminals of parallel and mossy fibres, 
electron microscopy revealed a dramatic loss of the synaptic vesicles associated with 
marked polymorphism. On the basis of the mitochondrial and Golgi complex pathology, 
new therapeutic strategies protecting those organelles might be proposed for the 
treatment of early cases of AD. 
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INTRODUCTION 

Alzheimer’s disease (AD) is the most tragic expression of presenile and senile 
dementia, based on a complex etiopathogenetic background involving numerous 
cellular interactions and neurochemical mechanisms, which is clinically 
characterized by profound memory loss, learning inability, language disturbances, 
visuo-spatial disorientation, mood and behavioral changes [1], and autonomic 
disorders. All these diseases increase as the disease advances, resulting in a 
vegetative state eventually [2]. 

The disease affects millions of elderly people, as the most frequent cause of AD is 
dementia, which provokse serious clinical, ethical, social and economic problems 
worldwide. 

Neuropathologically, AD in both sporadic and familial forms is characterized by 
loss of neurons, in vulnerable areas of the brain, synaptic changes, mitochondrial 
abnormalities, cytoskeletal alterations, neuritic dystrophy, neuropil threads, 
capillary changes, blood brain barrier disruption, inflammatory responses. In 
addition, Hirano bodies and granulovacuolar degeneration are not very common 
phenomena, which sometimes seem to plot the morphological profile of the 
disease. However, the most characteristic morphological findings of precise and 
definite diagnostic value are (a) the tau pathology in the form of neurofibrillary 
tangles and (b) the deposits in the neuropil space of amyloid β, as neuritic plaques 
[3], which compose the principal diagnostic criteria of AD. In addition, the 
pathological presentation of Alzheimer’s disease (AD) also involves tremendous 
synaptic loss which plays an important role in the gradual decline of the mental 
capacities, resulting in dementia. 

Approaching the etiology of the disease, the main causative factor remains 
unknown, although the research on the field has been greatly intensified in the last 
thirty years. It might be obvious that the complex genetic predisposition in cases 
of familial AD[4], may support the heterogeneity of the disease, emphasizing the 
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concept that the clinical manifestations and the course of the disease are the 
eventual consequences of various protein interactions, functional and 
morphological changes, associated with underline genetic factors [5,6]. In 
addition, environmental factors and the aging process may also plot the etiological 
profile of the disease. The risk of Alzheimer’s disease, when a maternal relative 
suffers from the disease, advocates, on the other hand in favor of the implication 
of the mitochondrial DNA (mtDNA) [7], which is a maternally derived factor. 

The implication of amyloid-β, AβPP and τau protein may be crucial in the 
pathogenesis of the disease, without enlightening sufficiently the innermost 
pathological procedures. However, according to “amyloid cascade” hypothesis, 
amyloid-β (Aβ),which is a cleavage product of the β-amyloid protein precursor 
(AβPP) [8, 9] is the most possible causative factor in both familial and sporadic 
types of Alzheimer’s Disease (AD) [10, 11], in view that elevated intra- or 
extracellular levels of Aβ oligomers protofibrils are believed to be of considerable 
pathogenic significance, since they are characterized by excessive neuronal and 
synaptic toxicity [12, 13,14]. It is hypothesized that a chronic disequilibrium and 
instability between the production and clearance of amyloid-β (Aβ) and its 
molecular misfolding may lead to synaptic alterations and glial activation step by 
step [15]. 

Morphological alterations of the neuronal organelles, concerning mainly 
microtubules, mitochondria, and Golgi apparatus, have been described by 
histochemical techniques as well as electron microscopy. Mitochondrial alterations 
were particularly prominent in neurons, which showed loss of dendritic spines and 
decrease of the surface of dendritic arbor. Many morphological alterations of AD, 
associated mostly with oxidative damage [15] could be attributed to mitochondria 
alterations, since the decrease of energy production in mitochondria may affect 
amyloid β-protein precursor metabolism, and increase the formation of amyloid-β 
[16]. Mitochondrial alterations, such as disruptions of mitochondrial function and 
mitochondrial dynamics, inducing considerable dysfunction of mitochondrial 
electron transport proteins, may be related to metabolic and energy deficiency in 
neurons in Alzheimer’s disease and other disorders, which have been reported by 
many authors in several neurodegenerative diseases[17,18,19, 20,21,22] aging [23], 
and vascular lesions [24]. 
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Τhe fact that mitochondrial abnormalities occur in neurons lacking neurofibrillary 
tangles pleads in favor of the hypothesis that mitochondrial degeneration is one of 
the earliest signs of Alzheimer pathology, appearing before neurofibrillary tangles 
are evident [25]. Mitochondrial abnormalities might be considered as cause and 
effect of the oxidative stress and calcium deregulation [26, 27, 28] in AD and 
other age-related neurodegenerative disorders [29]. 

Morphological alterations of Golgi apparatus have been described in neurons, 
even in early cases of Alzheimer’s disease, at a stage that the neurofibrillary 
tangles and the neuritic plaques are still rare, seen mostly in the hippocampus and 
in a limited number of neurons of the temporal, parietal and frontal cortices. Golgi 
apparatus changes may contribute substantially in the pathogenesis of AD [30, 
31], since they are essential in protein trafficking, as most of the synthesized 
proteins are processed through the Golgi complex [32]. 

In the present study in order to figure out whether mitochondrial and Golgi 
abnormalities are very early cytopathological phenomena, occurring 
independently of the tau and amyloid-β pathology we attempted to describe the 
morphological changes of the mitochondria and the Golgi complex in early cases 
of Alzheimer’s disease, in the cerebellar cortex, where amyloid-β deposits are 
minimal and neurofibrillary tangles are rarely observed. 

MATERIAL AND METHODS 

Patients 

This morphological study is based on examination of twenty brains obtained at 
autopsy 2 to 6 hours after death at room temperature of 4o C. All the brains were 
obtained from patients with a definite history of dementia, aged 55-78 years, who 
fulfilled the psychological, psychiatric and neurological criteria of AD. The 
patients have had 16 years of education, and had fluency in their native language. 
Two of the patients were bilingual with equal fluency in both of the languages. 
The usual diagnostic procedures were applied, such as analysis of the medical 
history, physical examination, heart investigation, neurological examination, 
psychiatric assessment and neuropsychological testing. The cognition of the 
patients was evaluated by mini mental state examination (MMSE), dementia 
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rating scale (DRS) [33,32] and ADAS-COX test[35, 36]. All patients had an EEG, 
a carotid duplex Doppler, a computerized tomography (CT),a magnetic resonance 
imaging (MRI) of the brain and a single-photon emission computed tomography 
(SPECT), which were evocative for Alzheimer’s disease. The death of the patients 
was due to heart arrest. 

Ten additional brains macroscopically intact of apparently healthy individuals of 
the same age was used as normal controls with the patients, who died 
accidentally. 

Electron Microscopy 

Multiple samples from the vermis of the cerebellum and the cerebellar 
hemispheres, were selected bilaterally and immersed directly in Sotelo's fixative, 
composed of 1% paraformaldehyde, 2.5% glutaraldehyde in cacodylate buffer 
0.1M, adjusted at pH 7.35.Then the specimens were further post fixed in 1% 
osmium tetroxide for 30 min. at a temperature of 18o C and dehydrated in graded 
alcohol solutions and propylene oxide. Then they were embedded in araldite and 
cut in ultrathin sections in a Reichert ultratome. The sections were contrasted by 
uranyl acetate and lead citrate and studied in a Zeiss 9aS electron microscope. 

Morphometric studies were performed with an image analyzer. The mean surface 
area of the neurons,the mean nuclear area, the area of the Golgi apparatus, the 
number of the cisternae and the number of the vesicles were calculated. We 
counted and studied a hundred Purkinje cells of each brain and estimated the total 
percentage of neurons with fragmented Golgi apparatus and mitochondria 
alterations on a total number of 5,000 mitochondria, and 1,000 Golgi complexes 
on pictures in an electronical magnification of 56.000X. Circularity ratio (CR) 
was introduced to represent the shape of more than 20,000 mitochondria. 

The statistical analysis of the data was evaluated by Student t tests. 

Light Microscopy: in Golgi Staining 

After the selection of the specimens for electron microscopy, the cerebellum was 
prepared for rapid Golgi silver techniques through a four-week fixation in 
formalin and then immersion of a number of selected specimens in a solution 
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composed of 7g potassium dichromate in 300 mL water for 10 days. 
Subsequently, the specimens were post immersed in a solution of 1% silver nitrate 
for 10 days. After a dehydration in alcohol solutions, the specimens were 
embedded in paraffin and cut at 100 μ and 25 μ, sections alternatively. Sections of 
25 μ were post stained with methylene blue, according to Golgi-Nissl method. 
The sections were mounted between two cover slips and were examined in a 
Axiolab Photomicroscope (Carl Zeiss Group, Oberkohen, Germany). 

The dendritic arbors of Purkinje cells, the morphology of the dendritic branches, 
the dendritic spines on sections stained with silver nitrate according to Golgi and 
Golgi-Nissl methods were studied [37]. 

RESULTS 

Golgi Staining 

The silver staining or reazione nera (black reaction) as it was called by Golgi [38] 
is a very useful, simple but delicate staining method for neurons, which clearly 
visualizes the three-dimensional morphology of the soma of neurons, the dendritic 
arbors, the dendritic spines, the axons, the axonic collaterals and the glial 
cells[39]in the structures of the central nervous system. Golgi technique has been 
applied extensively in the study of the morphological organization of the central 
nervous system by Santiago Ramón y Cajal [40] who worked particularly on the 
cerebellar cortex [41], defending successfully the “neuron doctrine” [42] and 
shared a Nobel Prize with Camillo Golgi in 1906. this technique after 140 years 
from its first application in neurohistology and neuropathology remains virtually 
unique for the demonstration of neurons and dendritic morphology in a biplanar 
or stereoscopic way [43], despite the delicate nature of the method and the 
unpredictability of the results. Thus, Golgi technique continues to remain 
instrumental for the morphological study and the morphometric assessment of 
neuronal circuits at the early stages of the neuronal degeneration and the 
histological profile of debilitating diseases of the central nervous system [43] as 
well as for accessing the staging of Alzheimer alterations [44]. 

Golgi staining revealed specimens neuronal loss and marked alterations of the 
dendritic branches of Purkinje cells in the vermis (Fig. 1) and the cerebellar 
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hemispheres (Fig. 2). Considerable decrease of the number of dendritic branches 
and marked loss of dendritic spines were noticed practically in large number of 
Purkinje cells of the cerebellar cortex (Fig. 3), in comparison with the controls 
specimens. Pathology of dendritic spines, displayed distorted spines, giant spines 
and abnormal spine protrusions were noticed in large number of Purkinje cells in 
the vermis and the hemispheres. 

 

Figure 1: Purkinje cell of the vermis in case of Alzheimer’s disease. The tremendous loss of 
dendritic branches is obvious. Golgi silver impregnation technique (Mag.3,600X). 

The decrease in the number of spines was the obvious phenomenon seen all over 
the cerebellar cortex. 

 

Figure 2: Purkinje cell of the superior surface of the cerebellar hemispheres in case of 
Alzheimer’s disease. The loss of the majority of the apical dendritic branches is obvious. Golgi 
silver impregnation technique (Mag.3,600X) 
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Figure 3: Abnormal mitochondria in the soma of a Purkinje cell of the vermis in case of 
Alzheimer’s disease. The impressive polymorphism of the mitochondria and the abnormal 
arrangement of the cristae are obvious. (Electron micrograph Mag. 384, 000 X). 

Electron Microscopy 

Electron microscopy is instrumental for the study of the morphology of the 
organelles, the synapses, the dendritic spines, the axons, the myelin sheath, the 
neuron-glial relationships, the pericytes and the blood brain barrier in normal and 
in pathological conditions of the brain. 

Electron microscopy revealed in this study the morphological changes of the 
mitochondria and the Golgi apparatus as well as the morphological changes of the 
dendritic branches and the pathology of the dendritic spines. 

Mitochondria 

The ultrastructural study of the cerebellar cortex, revealed a significant 
polymorphism of the mitochondria in the soma, the axonal and dendritic profiles 
of Purlinje cells, the climbing fibers, the mossy fibers and the synapses (Fig. 
3).The mitochondria demonstrated a wide variation of size and shape in 
comparison with those of the normal control brains. Numerous were small, round 
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or elongated (Fig. 4). A substantial number of mitochondria showed disruption of 
the cristae, though others included osmiophilic material or showed an unusual 
polymorphism in the pattern of the cristae, which rarely demonstrated a 
concentric arrangement or they were arranged according to the long axis of the 
organelle.In addition pathological changes of mitochondria were noticed in the 
dendritic spines in the majority of Purkinje cells in the vermis and the cerebellar 
hemispheres, associated with marked accumulation of multivesicular bodies and 
decrease of the size of spines. 

 

Figure 4: Very long abnormal mitochondria and fragmentation of the cisternae of Golgi apparatus 
are seen in the primary branch of the apical dendrite of a Purkinje cell of the superior surface of 
the cerebellar hemispheres in s case of Alzheimer’s disease(Electron micrograph Mag. 28, 000 X). 

Mitochondria showing morphological changes were also found in the cell body 
(Fig. 5), the perivascular astrocytes and the astrocytic sheaths around the Purkinje 
cell dendrites in Alzheimer’s brains, whereas in normal controls the mitochondria 
looked normal. 
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Figure 5: Abnormal mitochondria, dilatation of the smooth endoplasmic reticulum and 
fragmentation of the cisternae of Golgi apparatus of an astrocyte of the granule cell layer of the 
vermis of a case of Alzheimer’s disease (Electron micrograph. Mag.20, 000X). 

In a morphometric estimation the mitochondria in normal controls appeared to 
have an average diameter of 250 to 650 nm and a mean axial ratio of 1.9±0.2. The 
round or global mitochondria in normal controls appeared to have a mean 
mitochondrial radius of 350 nm. In Alzheimer’s disease, ellipsoid mitochondria of 
Purkinje cells appeared to have an average diameter of 250 to 510nm and a mean 
axial ratio of 1.7± 0.2. Round mitochondria were characterized by a mean radius 
of 280nm. 

Golgi Apparatus 

The ultrastructural study of the Purkinje cells of the vermis and the cerebellar 
hemispheres revealed dilatation of cisternae of the smooth endoplasmic reticulum 
and marked fragmentation of the cisternae of the Golgi complex in a large number 
of Purkinje cells (Fig. 6). The same phenomenon was also seen in granule cells in 
the vermis as well as in the cerebellar hemispheres. 
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Figure 6: Fragmentation of Golgi apparatus is observed in the soma of Purkinje cell of the inferior 
surface of the cerebellar hemispheres in case of Alzheimer’s disease. Mitochondrial alterations are 
also seen (Electron micrograph Mag.68, 000X). 

The stacks of the cisternae of the Golgi complex were shorter in correlation with 
normal controls. The number of vesicles associated with the Golgi complex, were 
found to decrease in most of the Purkinje and granule cells. Many endocytotic 
polymorphic vesicles, were also observed in the perikaryon of Purkinje cells, 
granule cells, stellate cells (Fig. 7), astrocytes, as well as the endothelial cells of 
the capillaries of the cerebellar cortex. 

 

Figure 7: Fragmentation of Golgi apparatus is observed in the soma of a stellate cell of the 
molecular layer of the inferior surface of the cerebellar hemispheres in case of Alzheimer’s 
disease. Mitochondrial alterations are also observed. The stellate cell is surrounded by large 
number of parallel fibers (Electron micrograph Mag.25, 000X). 
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Dendritic Spines 

The dendritic spines of the Purkinje cells were also reduced in number. Numerous 
smooth surfaces of Purkinje cell tertiary dendritic profiles were seen in the 
molecular layer of the cerebellar cortex. Rarely, unattached Purkinje cell dendritic 
spines were observed in the molecular layer. The unattached spines were 
embedded in the soma of astrocytes and had undergone postsynaptic 
differentiation of the plasma membrane. 

Many Purkinje cell spines included sizable multivesicular bodies, abnormal 
mitochondria dense bodies and abnormal spine apparatus. Giant elongated spines 
were frequently seen in a substantial number of Purkinje cells in the vermis and 
the hemispheres (Fig. 8). 

 

Figure 8: Dendritic profiles of a Purkinje cell, dendritic spines, pre synaptic terminals of parallel 
and climbing fibers are seen in the molecular layer of the cortex of the inferior surface of the left 
hemisphere in case of Alzheimer’s disease. Abnormal mitochondria, dense bodies, dilated 
cisternae of the smooth endoplasmic reticulum and unattached spines are seen (Electron 
micrograph Mag.128, 000X). 
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In many presynaptic terminals of parallel and mossy fibres in the cerebellum in 
AD, electron microscopy revealed a marked polymorphism of the few synaptic 
vesicles (Fig. 9). 

 

Figure 9: Synapsis between parallel fiber and Purkinje cell dendritic spine is observed in the 
molecular layer of the nodule of the vermis in case of Alzheimer’s disease. The postsynaptic 
component (the dendritic spine) shows a marked density of the postsynaptic membrane and a 
small abnormal mitochondrion. The presynaptic component, a parallel fiber’s terminal, 
demonstrates large number of dilated cisternae and polymorphic vesicles (Electron micrograph 
Mag.680,000X). 

Astrocytic Proliferation 

Astrocytic proliferation was obvious in the ganglionic layer of the cerebellar 
cortex (Fig. 10). Thick astrocytic sheaths surrounding the main dendritic branches 
of the Purkinje cells were extended to the molecular layer, between the parallel 
fibers and the terminal Purkinje cell dendritic branches. Perivascular astrocytic 
processes were observed including numerous sizeable pinocytotic vesicles. 
Endocytotic vesicles, which demonstrated a marked polymorphism were also 
noticed in the perikaryon of the endothelial cells. 
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Figure 10: Astrocyte in the granule cell layer, among granule cells in the left flocculus of the 
cerebellum in case of Alzheimer’s disease. Abnormal mitochondria, endocytotic vesicles, 
dilatation of the smooth endoplasmic reticulum and fragmentation of the cisternae of Golgi 
apparatus are observed (Electron micrograph. Mag.20, 000X). 

DISCUSSION 

Mitochondria are the non-nuclear constituents of the cell having their own DNA 
(mtDNA) and the property of synthesizing RNA and proteins. They are essential 
to energy equilibrium, since they provide most of the energy by oxidative 
phosphorylation of glucose, and by involving in other metabolic pathways. The 
shape and the size of the mitochondria are highly variable [45]. Their morphology 
is sometimes controlled by the cytoskeleton, the neurofilaments and the 
microtubules [46]. Normally, approximately one-third of the mitochondria are in 
motion along with microtubules and actin filaments [47], transported to regions 
where energy requirement is particularly high. The number of the mitochondria is 
adjusted, according to the requirement of energy by the cell. 
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Mitochondria and mtDNA [48] are very sensitive to oxidative damage and 
inversely mitochondrial alterations may induce or increase the existing oxidative 
stress, suggesting that there is an intimate and early association between oxidative 
stress and mitochondrial abnormalities. The combined effect of high calcium ions 
with oxidative stress may also damage mitochondrial function [49] and has been 
implicated as a cause for apoptosis in many systems [50, 51]. 

Some observations [52,53] indicated that increased oxidative damage, decrease in 
energy production and change of cytochrome c oxidase (CytOX) activity are 
among the primary events in Alzheimer’s disease, emphasizingthat the 
dysfunction of the mitochondria and the oxidation of ion channels [54] may play 
roles in the pathogenesis of most of the devastating diseases of the brain 
[18,19,55,56]. Reduced cytochrome oxidase activity has also been reported in 
platelets [57] as well as in post mortem brain tissue, obtained from patients of 
Alzheimer’s disease [58]. 

It is important to underline that mitochondrial cytochrome c oxidase may be 
inhibited by a dimeric conformer of Aβ42, a mechanism which is copper 
dependent [59,60,61]. Oxidative stress, is reasonably associated with amyloid β 
(Αβ) accumulation in the neocortex, [62, 63], a fact which plays a crucial role in 
the pathogenesis of Alzheimer’s disease, inducing alterations to the cytoplasm of 
sensitive cells [64] by increasing mitochondrial reactive oxygen species (ROS) 
production [65,66]. This would cause further mitochondrial dysfunction [67], 
since the lack of histones in mitochondrial DNA makes them very sensitive to 
oxidative stress[68,69]. 

Mitochondrial changes are also clearly associated with the over expression of the 
amyloid precursor protein (APP) [70], amyloid-β or expression of the APP751 
form in cultured cells [71]. It is well documented that generation of amyloid-β 
may occur in the cisternae of the endoplasmic reticulum (ER), in the Golgi 
complex, the lysosomes as well as on the cell surface [72, 73], missing word here 
author assistance required been accumulated in the endosomes, the lysosomes, the 
multivesicular bodies [74] and the mitochondria [75]. In Alzheimer’s disease 
intraneuronal amyloid precursor protein and amyloid-β are mostly localized to 
mitochondria [75]. Mitochondrial uptake of amyloid-β is mediated by the 
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translocase, which is found on the outer mitochondrial membrane (TOM) [76]. 
The binding site for amyloid beta is identified in the matrix of the mitochondria, 
as alcohol dehydrogenase (ABAD), which participates in the metabolism of 
aldehydes and its deficiency may be involved in the generation of oxidative 
radicals and in mitochondrial toxicity [77]. Amyloid-β may also induce 
mitochondrial dysfunctions by interaction with cyclophilin D, which is a subunit 
of the mitochondrial permeability transition pore [78]. AβPP cleaved by 
mitochondrial γ-secretase [79] is usually found in a transmembrane-arrested 
orientation in the mitochondria, in contact with the mitochondrial translocation 
complexes [80]. Accumulation of transmembrane-arrested AβPP may impede 
protein translocation and seriously disrupt mitochondrial function. In addition, 
alterations in the lipid composition of cellular membranes may influence 
proteolytic processing of AβPP and increase the release of Alzheimer’s amyloid 
beta-peptide from membranes [81]. 

In addition, mitochondrial interactions and interconnections with neurofilaments 
and microtubules have been described at the level of electron microscopy as well 
as in fluorescence microscopy, dynamic light scattering, atomic force microscopy 
and sedimentation assays [82] which clarify that mitochondria may play a role in 
plotting the spectrum of morphological alterations in Alzheimer’s disease 
[19,83,84]. 

The defective mitochondria in Alzheimer's neurons may not supply adequate 
levels of Adenosine Triphosphate (ATP), which is very important at the synaptic 
level for normal neural communication. The low levels of cellular ATP at nerve 
terminals may lead to the loss of synapses and synaptic function [83,85], causing 
cognitive decline ultimately. 

Morphometric studies of the mitochondria in non-nerve cells in Alzheimer’s 
disease revealed a significant reduction in mitochondria density in endothelial 
cells [86] as well as in fibroblasts and other cells obtained from patients with AD 
[87]. Mitochondria from fibroblasts grown in tissue culture from skin samples 
taken during autopsy of patients of Alzheimer’s disease, took significantly less 
calcium than did fibroblast mitochondria from age matched normal controls, 
suggesting that Alzheimer's fibroblast mitochondria have impaired calcium 
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transport processes and showed increased sensitivity to oxygenic free radicals 
[88]. 

It is important to mention that the mitochondrial genome plays a role in risk for 
Alzheimer’s disease [89,90] and maternal family history is associated with 
Alzheimer’s disease biomarkers [91]. Many proteins are also important in 
mitochondrial morphological integrity and in binding to the cytoskeletal 
components [92]. Porin is a protein in the outer-membrane of the mitochondria 
that forms voltage dependent anionic channels between the mitochondrial inter 
membrane space and the cytosol. Porin may play crucial role in binding to 
cytoskeleton [93], because porin rich domains mostly contain binding sites for 
MAP2. In addition, recent evidence suggest that amyloid β increases the contact 
points between endoplasmic reticulum and mitochondria, a phenomenon that 
occurs in cellular stress [94], which usually increases ER–mitochondrial 
coupling[95]. 

In all of the cases it was noticed that morphological alterations of mitochondria 
are frequently associated with fragmentation of Golgi apparatus [31] in the 
Purkinje cells, granule, stellate cells and the climbing and mossy fibres of the 
cerebellar cortex [96]. 

Morphological alterations of the Golgi apparatus in neurons have been described 
in early cases of Alzheimer’s disease, mostly in the hippocampus, the temporal 
isocortex as well as parietal and frontal cortex. The major processing activity of 
the Golgi apparatus is glycosyliation of proteins, which is based on a large 
number of sequential steps, each requiring its own enzymes [97]. In addition, 
substantial functions of the Golgi apparatus receive molecules from the 
endoplasmic reticulum, process the molecules within their structure, and control 
sort and traffick proteins to their final destination, some of them are destined for 
secretion, and others for the extracellular matrix [98,99,100]. In a parallel way, 
proteins and lipids, which might serve as signaling components, are also 
associated with the regulation of Golgi organization and function [101]. 

Protein sorting and trafficking is a continuous process in neurons in health and 
disease. Any abnormal modification or deviation of protein trafficking may play 
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an important role in inducing a stream of phenomena which may lead to serious 
disorders[102,103]. AβPP during its trafficking to the cell surface and in the 
endocytic pathway, generates amyloid-β through sequential cleavages by β-
secretase, [104] and γ-secretase, an intramembranous protease containing 
presenilin and three other membrane proteins, nicastrin, Aph-1 and Pen-2 
[105].The fragmentation of the Golgi complex, which occurs even in the early 
stages of Alzheimer’s disease, pleads in favor of the hypothesis that impairment 
of trafficking in Golgi cisternae and the endosomes may be a decisive factor in 
amyloidogenesis. Moreover, the trans-Golgi network (TGN) is the principal 
sorting system of the secretory pathway and the main site of intersection with the 
endolysosomal system [106]. Alterations of the endosomal retrograde sorting 
pathway may promote the production of Aβ. The alterations of Golgi apparatus 
may also play substantial role in protein glycosylation, since the trans-Golgi 
network is associated with the catalysis of soluble glycoproteins [107]. 

In the last twenty years, fragmentation of Golgi apparatus was described in 
neurodegenerative disorders, such as in sporadic and in familial amyotrophic lateral 
sclerosis (ALS) [108, 109, 110], in human olivary hyperplasia [111]. In the 
amyotrophic lateral sclerosis, Golgi apparatus examined through 
immunohistochemical methods with an antibody against MG-160 protein 
demonstrated a substantial decrease in the number of its elements and fragmentation 
of its cisternae in the anterior horn cells, as well as in Betz cells of the motor cortex 
[112,113]. In transgenic mice, expressing a mutant human SOD1 (G93A), and 
fragmentation of the Golgi complex were also observed which were associated with 
vacuolization of mitochondria and of the smooth endoplasmic reticulum [114]. 

The fragmentation of Golgi complex and the decrease of the vesicles in cis- and 
trans-Golgi network in Purkinje cells of the cerebellum in early cases of 
Alzheimer’s disease both coincide with the synaptic loss and the shortage of the 
dendritic branches and the pathological alterations of the spines. [96,115]. 

Understanding the role of mitochondrial factor in the etiopathogenetic cascade of 
Alzheimer’s disease [116,117,118] may introduce new strategies inducing 
protection to mitochondria [119, 120], which might be beneficial in the treatment 
of early cases of Alzheimer’s disease. 



Mitochondrial and Golgi Apparatus’ Alterations in Alzheimer’s FCDR - Alzheimer Disorders, Vol. 2   21 

ACKNOWLEDGMENT 

Declared none 

CONFLICT OF INTEREST 

The author confirms that this chapter content has no conflict of interest. 

REFERENCES 

[1] Vida S, Des Rosiers P, Carrier L, Gauthier S. Prevalence of depression in Alzheimer 
disease and validity of research diagnostic criteria. J Geriatr Psychiatry Neurol 1994; 7: 
238-44. 

[2] Blessed G, Tomlinson BE, Roth M. The association between quantitative measures of 
dementia and of senile change in the cerebral gray matter of elderly subjects. Br J 
Psychiatry 1968; 114:797-811. 

[3] Cras P, Kawai M, Lowery D, Gonzalez-DeWhitt P, Greenberg B, Perry G. “Senile plaque 
neurites in Alzheimer disease accumulate amyloid precursor protein,” Proc Natl Acad Sci 
U S A, 1991; 88: 7552–6. 

[4] Price D, Sisodia S. Mutant genes in familial Alzheimer's disease and transgenic models, 
Ann. Rev. Neurosci. 1998; 21: 479–505. 

[5] Tanzi R, A genetic dichotomy for the inheritance of Alzheimer’s disease and common age-
related disorders, J Clin Invest 1999; 104: 1175-9. 

[6] Tanzi R, Betran L. Twenty years of the Alzheimer’s disease amyloid hypothesis: a genetic 
perspective. Cell 2005; 120: 545-55. 

[7] Hirai K, Aliev G, Nunomura A et al. J Neurosci 2001; 21: 3017-23. 
[8] Kang J, Lemaire HG, Unterbeck A,et al. The precursor of Alzheimer's disease amyloid A4 

protein resembles a cell surface receptor. Nature 1987; 325: 733-6. 
[9] Mokhtar SH,. Bakhuraysah M M, Cram DS, Petratos S. The Beta-Amyloid Protein of 

Alzheimer’s Disease: Communication Breakdown by Modifying the Neuronal 
CytoskeletonInt J Alzh Dis 2013, Hindawi Publ Corp. http://dx.doi.org/ 
10.1155/2013/910502. 

[10]  Hardy J, Selkoe DJ. The amyloid hypothesis of Alzheimer's disease: progress and 
problems on the road to therapeutics. Science 2002; 297: 353. 

[11] Selkoe DJ. Cell biology of protein misfolding: The examples of Alzheimer’s and 
Parkinson’s diseases. Nature Cell Biology 2004; 6:154-161. 

[12] Shankar GM, Li S, Mehta TH, Garcia-Munoz A, et al. Amyloid-beta protein dimers 
isolated directly from Alzheimer's brains impair synaptic plasticity and memory. Nat Med 
2008; 14: 837-42. 

[13] Butterfield D, Drake J, Pocernich C, Castegna A "Evidence of oxidative damage in 
Alzheimer's disease brain: central role for amyloid beta-peptide." Trends Mol Med 2000; 7: 
548-54. 

[14] Demuro A, Parker I. Cytotoxicity of intracellular abeta42 amyloid oligomers involves Ca2+ 
release from the endoplasmic reticulum by stimulated production of inositol trisphosphate. 
J Neurosci 2013; 33: 3824-33. 



22   FCDR - Alzheimer Disorders, Vol. 2 Stavros J. Baloyannis 

[15] Perry G, Nunomura A, Hirai K, Takeda A, Aliev G. Smith M. Oxidative damage in 
Alzheimer’s disease: The metabolic dimention. Intern J Developm Neurosci 2000; 18: 417–
21. 

[16] Gabuzda D, Busciglio J, Chen L, et al. Inhibition of energy metabolism alters the 
processing of amyloid precursor protein and induces a potentially amyloidogenic 
derivative. J Biol Chem. 1994; 269: 13623-8. 

[17] Baloyannis S. Oxidative stress and mitochondria alterations in Alzheimer’s disease, 
Neurobiol. Aging, 2000;21: 264 (Abstract). 

[18] Baloyannis S, Costa V, Michmizos D. Mitochondrial alterations in Alzheimer’s Disease, 
Am J Alzh Dis. 2004;19: 89-93. 

[19] Baloyannis SJ. Mitochondrial alterations in Alzheimer's disease. J Alzheimers Dis 2006; 
9:119-26. 

[20] Beal M, Hyman B, Koroshetz W. Do defects in mitochondrial energy metabolism underlie 
the pathology of neurodegenerative diseases? TINS 1993; 16: 125-31. 

[21] Mentzies F, Cookson M, Taylor R, et al. Mitochondrial dysfunction in a cell culture model 
of familial amyotrophic lateral sclerosis, Brain 2002;125: 1522-33. 

[22] Mizuno Y, Ikebe S, Hattori N, et al. Role of mitochondria in the etiology and pathogenesis 
of Parkinson’s disease, Biochim Biophys Acta 1995; 1271: 265-74. 

[23] Shigenaga M, Hagen T, Ames B. Oxidative damage and mitochondrial decay in aging, Proc 
Natl Acad Sci USA 1994;91: 10771-8. 

[24] Aliev G, Smith M, Seyidov D, et al. The role of oxidative stress in the pathophysiology of 
cerebrovascular lesions in Alzheimer’s disease. Brain Pathol 2002; 12: 21–35. 

[25] Hirokawa N. Cross-linker system between neurofilaments, microtubules, and membraneous 
organelles in frog axons revealed by the queek freeze, deep etching method. J Cell Biol 
1982; 94: 355-82. 

[26] Sims NR, Anderson MF. Mitochondrial contributions to tissue damage in stroke. 
Neurochem Int 2002; 40: 511-26. 

[27] Adam-Vizi V, Starkov AA. Calcium and mitochondrial reactive oxygen species generation: 
how to read the facts. J Alzh Dis 2010; 20 Suppl 2: S413-26. 

[28] Berridge MJ. Calcium hypothesis of Alzheimer's disease. Pflugers Arch 2010; 459: 441-9. 
[29] .Quintanilla RA, Jin YN, von Bernhardi R, Johnson GW Mitochondrial permeability 

transition pore induces mitochondria injury in Huntington disease Molecular 
Neurodegeneration 2013, 8:45 doi:10.1186/1750-1326-8-45. 

[30] Stieber A, Mourelatos Z, Gonatas N K. In Alzheimer's Disease the GolgiApparatus of a 
Population of Neurons without neurofibrillary Tangles Is Fragmented and Atrophic. Am J 
Pathology 1996; 148: 415-26. 

[31] Baloyannis S. The Golgi apparatus of Purkinje cells in Alzheimer's disease. In:Bohl J, Ed. 
Neuropathology Back to the Roots. Aachen, Shaker Vertag, 2002; pp. 1–10. 

[32] Hammerschlag R, Stone GC, Bolen FA, et al. Evidence that all newly synthesized proteins 
destined for fast axonal transport pass through the Golgi apparatus. J Cell Biol 1982; 93: 
568-75. 

[33] Mattis S., Dementia Rating Scale Professional Manual, Psychological Assessment Re 
sources, Odessa, Fla, USA, 1988. 

[34] Dean PM,. Cerhan JH. Correction for a Potentially Biased Item on the Mattis Dementia 
Rating ScaleAm J Alzheim Dis oth Dem. 2013 doi: 10.1177/1533317513504610. 



Mitochondrial and Golgi Apparatus’ Alterations in Alzheimer’s FCDR - Alzheimer Disorders, Vol. 2   23 

[35] Rosen WG, Mohs, RC, Davis KL. A new rating scale for Alzheimer’s disease. Am J 
Psychiatry 1984; 141: 1356–64. 

[36] Harrison JC, Minassian SL, Jenkins L, et al.A neuropsychological test battery for use in 
Alzheimer disease clinical trials. Arch Neurol 2007; 64: 1323–9. 

[37] Glaser EM, Van der Loos H.Analysis of thick brain sections by obverse-reverse computer 
microscopy: application of a new, high clarity Golgi-Nissl stain.J Neurosci Methods. 1981; 
4:117-25. 

[38] Golgi C. On the structure of nerve cells 1896. J. Microsc. 1969;155: 3–7. 
[39] Pannese E. The Golgi stain: invention, diffusion and impact on neurosciences. J Hist 

Neurosci. 1999; 8:132- 40. 
[40] Sotelo C. Viewing the brain through the master hand of Ramón y Cajal. Nat Rev Neurosci. 

2003;4:71-7. 
[41] Sotelo C. Camillo Golgi and Santiago Ramon y Cajal: the anatomical organization of the 

cortex of the cerebellum. Can the neuron doctrine still support our actual knowledge on the 
cerebellar structural arrangement? Brain Res Rev. 2011;66:16-34. 

[42] Ramon y Cajal S. Neuron Theory or ReticularTheory? Objective Evidence of the 
Anatomical Unity of the Nerve Cells. Consejo Superior de Investigaciones Cientificas, 
Madrid, Spain 1954. 

[43] Baloyannis SJ.Recent progress of the Golgi technique and electron microscopy to examine 
dendritic pathology in Alzheimer’s diseaseFuture Neurol. 2013; 8: 239–42. 

[44] Braak H, Braak E. Neuropathological stageing of Alzheimer-related changes. Acta 
Neuropathol. 1991; 82: 239–59. 

[45] Bereiter-Hahn J, Vöth M. Dynamic of mitochondria in living cells: shape changes, 
dislocations, fusion, and fission of mitochondria. Microsc Res Techn 1994; 27: 198-219. 

[46] Krendel M, Sgourdas G, Bonder E. Disassembly of actin filaments leads to increased rate 
and frequency of mitochondria movements along microtubules, Cell Motil. Cytoskeleton 
1998; 40: 368-78. 

[47] Leterrier J, Rusakov D, Nelson B, Linden M. Interactions between brain mitochondria and 
cytoskeleton: evidence for specialized outer membrane domains involved in the association 
of cytoskeleton-associated proteins to mitochondria in situ and in vitro, Microsc Res Techn 
1994; 27: 233-61. 

[48] Margineantu D, Cox W, Sundell L, et al. Cell cycle dependent morphology changes and 
associated mtDNA redistribution in mitochondria of human cell lines, Mitochondrion 2002; 
1: 425-35. 

[49] Khodorov B, Pinelis V, Vergun O, et al., Mitochondrial deenergization underlies neuronal 
calcium overload following a prolonged glutamate challenge, FEBS Lett. 1996; 397: 230-
34. 

[50] Duchen M. Contributions of mitochondria to animal physiology: from homeostatic sensor 
to calcium signaling and cell death, J Physiol (Lond) 1999; 516: 1-17. 

[51] Berridge MJ. Dysregulation of neural calcium signaling in Alzheimer disease, bipolar 
disorder and schizophrenia. Prion 2013; 7: 2-13. 

[52] Nunomura A, Perry G, Aliev G, et al. Oxidative damage is the earliest event in Alzheimer’s 
disease, J |Neuropath Exper Neurol 2001; 60: 759-67. 

[53] Davis R, Miller S, Herrnstadt C, et al. Mutations in mitochondrial cytochrome c oxidase 
genes segregate with late onset Alzheimer disease, Proc Natl Acad Sci USA. 1997;94: 
4526-31. 



24   FCDR - Alzheimer Disorders, Vol. 2 Stavros J. Baloyannis 

[54] Lynch T, Cherny R, Bush A. Oxidative processes in Alzheimer’s disease: the role of Ab-
metal interactions, Exper Gerontol 2000; 35: 445-51. 

[55] De La Monte S, Luong T, Neely R,et al. Mitochondrial DNA damage as a mechanism of 
cell loss in Alzheimer's disease, Lab Invest 2000; 80: 1323–35. 

[57] Cardoso S, Proenca M, Santos S, Santana I, Oliveira C, Cytochrome c oxidase is decreased 
in Alzheimer’s disease platelets, Neurobiol Aging 2004; 25: 105-10. 

[58] Mutisya E, Bowling A, Beal M. Cortical cytochrome oxidase activity is reduced in 
Alzheimer’s disease, J Neurochem 1994; 63: 2179-84. 

[59] Crouch P, Blake R, Duce J, et al. Copper-dependent inhibition of human cytochrome c 
oxidase by dimeric conformer of amyloid-1-42, J Neurosci 2005; 25: 672-9. 

[60] Deibel MA, Ehmann WD, Markesbery WR. Copper, iron, and zinc imbalances in severely 
degenerated brain regions in Alzheimer's disease: possible relation to oxidative stress. J 
Neurol Sci 1996; 143: 137-42. 

[61] Greenough MA, Camakaris J, Bush AI. "Metal dyshomeostasis and oxidative stress in 
Alzheimer's disease." Neurochem Int 2013; 62: 540-55. 

[62] Morais Cardoso S, Swerdlow R, Oliveira C. Induction of cytochrome c-mediated apoptosis 
by amyloid beta 25-35 requires functional mitochondria, Brain Res 2002; 931: 117-25. 

[63] Moreira P, Santos M, Moreno A, Rego A, Oliveira C. Effect of amyloid beta-peptide on 
permeability transition pore: a comparative study. J Neurosci Res 2002; 69: 257-67. 

[64] Pereira C, Santos M, Oliveira C. Involvement of oxidative stress on the impairment of 
energy metabolism induced by A beta peptides on PC12 cells: protection by antioxidants. 
Neurobiol Dis 1999; 6: 209-19. 

[65] Sheehan J, Swerdlow R, Miller S. et al. Calcium homeostasis and reactive oxygen species 
production in cells transformed by mitochondria from individuals with sporadic 
Alzheimer's disease. J Neurosci 1997 ; 17 : 4612-22. 

[66] Martin LJ, Adams NA, Pan Y, Price A, Wong M. The mitochondrial permeability 
transition pore regulates nitric oxide-mediated apoptosis of neurons induced by target 
deprivation. J Neurosci 2011; 31: 359-70. 

[67] Arias C, Montiel T, Quiroz-Baez R, Massieu L. beta-Amyloid neurotoxicity is exacerbated 
during glycolysis inhibition and mitochondrial impairment in the rat hippocampus in vivo 
and in isolated nerve terminals: implications for Alzheimer's disease, Exp Neurol 2002; 
176: 163-74. 

[68] Mecocci P, MacGarvey U, Beal MF. Oxidative damage to mitochondrial DNA is increased 
in Alzheimer's disease. Ann Neurol 1994; 36: 747-51. 

[69] Wang J, Xiong S, Xie C, et al. Increased oxidative damage in nuclear and mitochondrial 
DNA in Alzheimer's disease, J Neurochem. 2005; 93: 953-62. 

[70] Askanas V, McFerrin J, Baque S,et al. Transfer of beta-amyloid precursor protein gene 
using adenovirus vector causes mitochondrial abnormalities in cultured normal human 
muscle, Proc Natl Acad Sci USA 1996; 93: 1314-9. 

[71] Grant S, Shankar S, Chalmers-Redman R, et al. Mitochondrial abnormalities in 
neuroectodermal cells stably expressing human amyloid precursor protein (hAPP751), 
NeuroReport 1999; 10: 41-6. 

[72] Cook D, Forman M, Sung J, Leight S, Iwatsubo T, Lee V, Doms R. Aβ(1–42) is generated 
in the endoplasmic reticulum/intermediate compartment of NT2N cells. Nat. Med. 1997; 3: 
1021–23. 



Mitochondrial and Golgi Apparatus’ Alterations in Alzheimer’s FCDR - Alzheimer Disorders, Vol. 2   25 

[73] Greenfield J, Tsai J, Gouras G, et al. Endoplasmic reticulum and trans-Golgi network 
generate distinct populations of Alzheimer β-amyloid peptides. Proc Natl Acad Sci U S A 
1999; 96: 742–47. 

[74] Takahashi R, Milner T, Li F, et al. Intraneuronal Alzheimer A42 accumulates in 
multivesicular bodies and is associated with synaptic pathology. Am J Pathol 2002; 161: 
1869–79. 

[75] Manczak M, Anekonda T S, Henson E, et al. Mitochondria are a direct site of A beta 
accumulation in Alzheimer’s disease neurons: implications for free radical generation and 
oxidative damage in disease progression Hum. Mol. Genet. 2006; 15: 1437–49. 

[76] Hansson Petersen C A, Alikhani N, Behbahani H, et al. (2008) The amyloid beta peptide is 
imported into mitochondria via the TOM import machinery and localized to mitochondrial 
cristae. Proc Natl Acad Sci U S A. 105; 13145–50. 

[77] Lustbader J, Cirilli M, Lin C, et al. ABAD directly links Abeta to mitochondrial toxicity in 
Alzheimer’s disease, Science 2004; 304: 448-53. 

[78] Du H, Guo L, Fang F, et.al. Cyclophilin D deficiency attenuates mitochondrialand neuronal 
perturbation and ameliorates learning and memory in Alzheimer’s disease. Nat Med 2008; 
14: 1097–105. 

[79] Pavlov PF, Wiehager B, Sakai J, et al.Mitochondrial -secretase participates in the 
metabolism of mitochondria-associated amyloid precursor proteinFASEB J. 2011;25:78–
88. 

[80] Crompton M. Mitochondrial intermembrane junctional complexes and their role in cell 
death. J. Physiol. (Lond) 2000 ; 529 : 11-21. 

[81] Lemkul JA, Bevan DR. Lipid composition influences the release of Alzheimer’s amyloid 
beta-peptide from membranes. Protein Sci 2011; 20: 1530–45. 

[82] Mecocci P, Cherubini A, Beal M, et al. Altered mitochondrial membrane fluidity in AD 
brain, Neurosci Lett 1996; 207:129–32. 

[83] Baloyannis S, Manolidis S, Manolidis L. The acoustic cortex in Alzheimer’s disease, Acta 
Otolaryngol (Stockh) Suppl. 1992; 494: 1-13. 

[84] Pierrot N, Santos SF, Feyt C, Morel M, Brion JP, Octave JN. Calcium-mediated transient 
phosphorylation of tau and amyloid precursor protein followed by intraneuronal amyloid-
beta accumulation. J Biol Chem 2006; 281: 39907-14. 

[85] Baloyannis S, Manolidis S, Manolidis L, The acoustic cortex in frontal dementia, Acta 
Otolaryngol. 2001; 121: 289-92. 

[86] Stewart P, Hayakawa K, Akers M, Vinters H. A morphometric study of the blood-brain barrier 
in Alzheimer's disease. Lab Invest 1992; 67: 734-42. 

[87] Blass J, Fheu R, Gibson G. Inheritent abnormalities in energy metabolism in Alzheimer’s 
disease: Interaction with cerebrovascular compromise, Ann N YAcad Sci 2000; 903: 204-21. 

[88] Peterson C,. Golman JE. Alterations in calcium content and biochemical processes in cultured 
skin fibroblasts from aged and Alzheimer donors Proc. Nati. Acad. Sci. USA 1986; 83: 2758-
62. 

[89] Ridge P, Maxwell T, Corcoran C, Norton M, Tschanz J, et al. Mitochondrial genomic analysis 
of late onset Alzheimer’s disease reveals protective haplogroups H6A1A/H6A1B: the 
Cache County Study on Memory in Aging. PLoS One 2012;7: e45134. 

[90] Ridge PG, Koop A, Maxwell TJ, Bailey MH, Swerdlow RH, et al. Mitochondrial 
Haplotypes Associated with Biomarkers for Alzheimer’s Disease. PLoSONE 
2013;8:e74158. doi:10.1371/journal.pone.0074158. 



26   FCDR - Alzheimer Disorders, Vol. 2 Stavros J. Baloyannis 

[91] Honea RA, Vidoni ED, Swerdlow RH, Burns JM Maternal family history is associated with 
Alzheimer’s disease biomarkers. J Alzh Dis. 2012; 31: 659–68. 

[92] Truscott K, Pfanner N, Voos W. Transport of proteins into mitochondria, Rev Physiol 
Biochem Pharmacol 2001; 143: 81–136. 

[93] Wagner O, Lifshitz J, Janmey P, et al. Mechanisms of mitochondria-neurofilament 
interactions, J Neurosci 2003; 23: 9046-58. 

[94] Bravo R,Vicencio JM, Parra V, et al. Increased ER-mitochondrial coupling promotes 
mitochondrial respiration and bioenergetics during early phases of ER stress. J Cell Sci 
2011; 124 :2143–52. 

[95] Hedskoga L, Moreira Pinhob C, Filadic R, et al.Modulation of the endoplasmic reticulum–
mitochondria interface in Alzheimer’s disease and related models.| PNAS 2013;110: 7916–
21. 

[96] Baloyannis S. The mossy fibres of the cerebellar cortex in Alzheimer΄s disease. An electron 
microscopy study, Neurosc. 1997; 2: 160-161. 

[97] Droscher A. From the apparato reticolare interno to the Golgi: 100 years of Golgi apparatus 
research. Virchows Arch 1999;434: 103-7. 

[98] Farquhar MG, Palade GE. The Golgi apparatus:100 years of progress and controversy 
Trends in Cell Biol 1998;8:2-10. 

[99] Farquhar MG, Palade GE. The Golgi apparatus (complex) (1951-1981):from artifact to 
center stage. J Cell Biol 1981;91:77s-103s. 

[100] Bannykh S, Balch WE. Membrane dynamics at the endoplasmic reticulum-Golgi interface. 
J.Cell Biol. 1997;138:1-4. 

[101] Jamora C. 100 years of Golgi complexities. Trends in Cell Biol 1999; 9:37-8. 
[102] Cataldo AM, Peterhoff CM, Troncoso JC, et al. Endocytic pathway abnormalities precede 

amyloid beta deposition in sporadic Alzheimer’s disease and Down syndrome: differential 
effects of APOE genotype and presenilin mutations. Am J Pathol 2000; 157:277–86. 

[103] Lane R F, Steele JW, Cai D,et al.Protein Sorting Motifs in the Cytoplasmic Tail of SorCS1 
Control Generation of Alzheimer’s Amyloid-Peptide.The J Neurosci. 2013; 33:7099 –107. 

[104] Vassar R, Citron M. Aβ-generating enzymes: recent advances in β- and γ-secretase 
research. Neuron 2000; 27: 419–22. 

[105] Kimberly WT, LaVoie MJ, Ostaszewski BL, Ye W, Wolfe MS, Selkoe DJ. γ-Secretase is a 
membrane protein complex comprised of presenilin, nicastrin, Aph-1 and Pen-2. Proc Natl 
Acad Sci USA 2003; 100: 6382–87. 

[106] Burd C G. Physiology and Pathology of Endosome-to-Golgi Retrograde Sorting Traffic 
2011; 12: 948–55. 

[107] Schedin-Weiss S, Winblad B, Tjernberg LO. The role of protein glycosylation in 
Alzheimer disease. FEBS Journal. 2013 doi: 10.1111/febs.12590. 

[108] Mourelatos Z,Adle H,Hirano A, Donnefeld H,Gonatas JO, Gonatas NK. Fragmentation of 
Golgi apparatus of motor neurons in amyotrophic lateral sclerosis revealed by organelle 
specific antibodies. Proc natlAcadSci USA 1990; 87: 4393-5. 

[109] Gonatas NK, Stieber A Mourelatos Z, Chen Y,Gonatas JO, Appel SH, Hays AP, Hickey 
WF, Hauw JJ. Fragmentation of Golgi apparatus of motor neurons in amyotrophic lateral 
sclerosis.AmJ Pathol 1992;140:731-7. 

[110] Gonatas NK. Rous-Whipple Award Lecture. Contribution to the physiology and pathology 
of the Golgi apparatus. Am J Pathol 1994;145:751-61. 



Mitochondrial and Golgi Apparatus’ Alterations in Alzheimer’s FCDR - Alzheimer Disorders, Vol. 2   27 

[111] Takamine K, Okamoto K, Fujita Y, Sakurai A,Takamata M, Gonatas NK.The involvement 
of the neuronal Golgi apparatus and trans-Golgi network in the human olivary hypertrophy. 
J Neurol Sci 2000;182;45-50. 

[112] Fujita Y, Okamoto K, Sakurai A, Gonatas NK, Hirano A. Fragmentation of Golgi apparatus 
of the anterior horn cells in patients with familial amyotrophic lateral sclerosis with SOD1 
mutations and posterior column invovement JNeurolSci 2000;174:137-40. 

[113] Fujita Y, Okamoto K, Sakurai A,Amari M, Nakazato Y, Gonatas NK.Fragmentation of 
Golgi apparatusof Betz cells in patients with amyotrophic lateral sclerosis. JNeurolSci 
1999;163:81-5. 

[114] Stieber A, Gonatas JO, Gonatas NK. Aggregation of ubiquitin and a mutant ALS-linked 
SOD1 protein correlate with disease progression and fragmentation of the Golgi apparatus. 
J Neurol Sci 2000;173:53-62. 

[115] Ma T, Hoeffer CA, Wong H, et al. Amyloid β-induced impairments in hippocampal 
synaptic plasticity are rescued by decreasing mitochondrial superoxide. J Neurosci 2011; 
31: 5589–95. 

[116] Swerdlow RH, Burns JM, Khan SM. The Alzheimer’s disease mitochondrial cascade 
hypothesis. J Alzh Dis 2010; 20 Suppl 2: S265–279. 

[117] Coto E, Gomez J, Alonso B, Corao AI, Diaz M, et al. Late-onset Alzheimer’s disease is 
associated with mitochondrial DNA 7028C/haplogroup H and D310 poly-C tract 
heteroplasmy. Neurogenetics 2011; 12: 345–46. 

[118] Witte ME, Geurts JJ, de Vries HE, van der Valk P, van Horssen J.Mitochondrial 
dysfunction: a potential link between neuroinflammation and neurodegeneration? 
Mitochondrion 2010;10:411-8. 

[119] Chen CT, Trépanier M-O, Hopperton KE. Inhibiting mitochondrial β-oxidation selectively 
reduces levels of nonenzymatic oxidative polyunsaturated fatty acid metabolites in the 
brain.J Cereb Blood Flow Metabol 2013; doi:10.1038/jcbfm.2013.221. 

[120] Reddy PH, Tripathi R, Troung Q, etal. Abnormal mitochondrial dynamics and synaptic 
degeneration as early events in Alzheimer's disease: implications to mitochondria-targeted 
antioxidant therapeutics. Biochim Biophys Acta 2012;1822:639-49. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISCLAIMER: This published chapter may be subject to further revision/updates until the complete 
ebook is finally published. 


