
Alzheimer’s disease (AD) is an incurable neurode-

generative disorder that affects millions of elderly humans

around the world. AD is characterized by memory loss and

dementia that accompany brain atrophy, ultimately lead-

ing to the patient’s death. Major morphological features of

AD are extracellular accumulation of the fibrillar beta-

amyloid protein (Aβ) in cortical senile plaques and intra-

neuronal formation of neurofibrillary tangles from phos-

phorylated tau-protein [1, 2]. Unlike hereditary AD, spo-

radic AD is the clinically predominant form with mostly

late onset. The reasons for Aβ accumulation in sporadic

AD and the mechanisms of Aβ neuronal toxicity remain

unknown. One of the difficulties in early diagnostics and

timely treatment of sporadic AD is a limited number of

valid AD animal models with major features of AD patho-

genesis. The development of such models is hindered by

the fact that mice and rats do not form classic senile

plaques in the process of brain aging due to changes in the

Aβ primary structure [3]. It was recently found that the

neurotoxicity in AD could be attributed mostly to soluble

Aβ oligomers, while senile plaques represent a product of

the neuronal compensatory response and can be used as

AD markers, in addition to some other features [4, 5].

In this work, we used mice with surgically removed

olfactory bulbs as a model of sporadic AD. It is known

that olfactory bulbectomy (OBX) in rodents (mice, rats)

results in the development of symptoms similar to those

observed in AD neurodegeneration [6]. OBX animals dis-

play loss of spatial memory, increased brain levels of Aβ,

tau-protein hyperphosphorylation, inhibition of long-

term potentiation of hippocampal synaptic transmission,

neuronal death in the cortex and hippocampus, and defi-
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Abstract—Structural and functional impairments of mitochondria in brain tissues in the pathogenesis of Alzheimer’s disease

(AD) cause energy deficiency, increased generation of reactive oxygen species (ROS), and premature neuronal death.

However, the causal relations between accumulation of beta-amyloid (Aβ) peptide in mitochondria and mitochondrial dys-

function, as well as molecular mechanisms underlying deleterious effects of both these factors in sporadic AD, the most

common form in humans, remain unknown. Here we used olfactory bulbectomized (OBX) mice of NMRI strain as a model

for sporadic AD. Five weeks after surgery, the OBX mice developed major behavioral and biochemical features of AD neu-

rodegeneration, including spatial memory loss, increased brain levels of Aβ, and energy deficiency. Mitochondria isolated

from the neocortex and hippocampus of OBX mice displayed severe functional impairments, such as low NADH oxidation

rate, reduced transmembrane potential, and decreased cytochrome c oxidase (complex IV) activity that correlated with high

levels of soluble Aβ1-40. Mitochondria from OBX mice showed increased contents of lipid peroxidation products, indica-

tive of the development of oxidative stress. We found that neurodegeneration caused by olfactory bulbectomy is accompa-

nied by energy metabolism disturbances and oxidative stress in brain mitochondria similar to those occurring in transgenic

animals – familial AD models and patients with sporadic AD. Therefore, OBX mice can serve as a valid AD model for inves-

tigating the mechanisms of AD neurodegeneration, drug testing, and development of therapeutic strategies for AD treat-

ment.
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ciency of the acetylcholinergic and serotonergic systems

in the brain [7-9]. However, it remains unclear where

OBX affects energy metabolism and bioenergetic charac-

teristics of mitochondria. Mitochondrial dysfunctions

caused by Aβ import during development of sporadic AD

in animal models need further study.

Recently, a large body of evidence has been obtained

that demonstrates the importance of mitochondria and

Aβ-induced oxidative stress in AD pathogenesis in

patients and transgenic animal models of hereditary AD

[10, 11]. Mitochondria play a significant role in AD onset

and development – they act simultaneously as targets and

members in the neurodegenerative process in early AD

stages, i.e. before Aβ aggregation into insoluble senile

plaques [12, 13]. The mechanism of Aβ translocation from

the cytoplasm into mitochondria has been widely dis-

cussed in recent publications. It is believed that this

translocation occurs via the protein import TOM complex

and results in inhibition of energy metabolism, impair-

ments of oxidative phosphorylation, disturbances in activ-

ities of respiratory chain complexes, generation of reactive

oxygen species (ROS), and eventually, induction of apop-

tosis in neurons [14]. These data have been obtained in

various transgenic rodent models overproducing amyloid

precursor protein (APP), presenilin, and tau-protein and

in cell lines expressing mutant human APP [15, 16].

The goal of this study was to investigate the relations

between mitochondria dysfunctions and development of

AD neurodegeneration in OBX animals as a valid model

of sporadic AD. We compared Aβ accumulation, func-

tional state of the respiratory chain, and the level of

oxidative stress in mitochondria isolated from neocortex

and hippocampus of OBX and sham-operated mice (SO).

We found that functional impairments in the brain mito-

chondria of OBX mice resemble those observed earlier in

the brain structures responsible for learning and memory

in transgenic AD animal models (AβPP, AβPP/PS1,

AβPP/PS1/Tau, 5xFAD, etc.) and AD patients [17].

The results of the study show that OBX mice can be

used as a valid model of sporadic AD and demonstrate

common mechanisms of energy metabolism disturbances

in brain mitochondria in both familial and sporadic AD

forms. 

MATERIALS AND METHODS

Animals. Olfactory bulbectomy. All procedures were

performed on three-month-old male mice (NMRI

strain) weighing 20 ± 5 g. The mice were kept at 21-23°C

and were given food and water ad libitum. Mice of the

experimental group were anesthetized with barbital

(40 mg/kg, i.p.); Novocain (0.3 ml of 0.5% solution, s.c.)

was administered as a local analgesic. Following the

exposure of the skull, the olfactory bulbs were removed

bilaterally by aspiration through a hole in the skull with

coordinates A-3, L-0, H-3 as described earlier [18].

Sham-operated (SO) mice underwent a similar surgical

procedure except for the removal of the olfactory bulbs.

All procedures and experiments were performed in

accordance with the European Union Directive

86/609/EEC on protection of animals used for experi-

mental and other scientific purposes and approved by the

Moscow State University Ethics Committee.

Spatial memory testing. Four weeks after OBX, the

mice were tested for their ability to swim, the absence of

initial preference for one of the Morris water maze sectors,

and vision impairments (surgery side effect). Selected ani-

mals were trained to locate a hidden platform submerged

under water in one of the pool sectors (target sector). Four

training sessions were administered every day for five con-

secutive days. The mice were allowed a maximum of 60 s

to find the platform. The latency to reach the platform

(escape latency) was recorded as a parameter of learning

ability. On day 6, a 60-s probe trial was performed, in

which the platform was removed, and the number of

entries and time spent in each sector were analyzed.

After completion of behavioral experiments, the

mice were decapitated under deep Nembutal anesthesia

(60 mg/kg, i.p.). The brain was removed and examined

for the absence of abscesses and extent of olfactory bulb

removal.

Isolation of mitochondria from mouse neocortex and

hippocampus. Mitochondria were isolated from the brain

tissues by a standard procedure using differential cen-

trifugation in a Percoll gradient [19]. After decapitation,

the brain was isolated; neocortex and hippocampus were

separated on a chilled glass. The tissues were homoge-

nized in 2 ml of ice-cold isolation medium containing

225 mM mannitol, 75 mM sucrose, 10 mM HEPES

(pH 7.4), 1 mM EGTA, and 2 mg/ml BSA and cen-

trifuged in 2-ml microtubes in a refrigerated centrifuge

(Eppendorf, Germany). The last mitochondrial pellet

was resuspended in 0.1 ml of the isolation medium with-

out BSA and stored on ice. In each experiment, mito-

chondrial fractions were isolated from neocortex and hip-

pocampus of the OBX and SO mice (two mice per group).

Protein concentration was determined by the Lowry

method using BSA as a standard.

Beta-amyloid protein 1-40 (Ab1-40) level in mito-

chondrial fractions. Changes in the levels of Aβ1-40 were

measured by enzyme-linked immunosorbent assay

(ELISA) using an Amyloid beta 40 ELISA Kit

(Invitrogen, USA) as recommended by the manufacturer.

Optical density was measured at 450 nm with a BioRad

IFA reader (USA). The Aβ1-40 content was determined

in all mitochondrial fractions isolated from neurons and

glia of the neocortices and hippocampi of OBX and SO

animals. The data were normalized to the protein content

and presented in ng/mg total protein.

NADH oxidase activity. The functional state of iso-

lated mitochondria was estimated from the oxidation rate
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of reduced nicotinamide adenine dinucleotide (NADH),

a natural substrate of mitochondrial complex I. Since the

inner mitochondrial membrane is impermeable to

NADH, measurements were performed in the presence of

the pore-forming antibiotic alamethicin (25 µg/ml),

which provided substrate access into the matrix to the

NADH dehydrogenase subunit of complex I. The stan-

dard incubation medium contained 225 mM mannitol,

75 mM sucrose, 10 mM HEPES (pH 7.6), 1 mM EGTA,

4 mM magnesium chloride, 5 mM potassium phosphate,

and 2 mg/ml BSA. The rate of NADH (0.2 mM) oxida-

tion was measured at 25°C by a decrease in absorption

at 340/420 nm using an Aminco DW-2000 (USA)

dual-wavelength spectrophotometer and expressed

in nmol/min per mg protein. The molar extinction coef-

ficient for NADH is 6.22 mM–1·cm–1. Mitochondria were

added at a concentration of 0.2 mg protein/ml.

Mitochondrial membrane potential. The membrane

potential (∆Ψ) was estimated from the distribution of the

potential-sensitive indicator safranin O [20] by measuring

safranin O absorption ratio at 555/523 nm with the

Aminco DW-2000 dual-wavelength spectrophotometer in

medium containing 225 mM mannitol, 75 mM sucrose,

10 mM HEPES (pH 7.6), 1 mM EGTA, 1 mg/ml BSA,

2 µM rotenone, 2 µg/ml oligomycin, and 10 µM safranin

O at 25°C. The inner mitochondrial membrane potential

was generated by addition of 5 mM succinate (respiratory

chain complex II substrate). Mitochondria were added at

the concentration of 0.2 mg protein/ml.

To estimate the basal level of safranin absorption

(deenergized mitochondria), the protonophoric uncou-

pler FCCP was added at the concentration of 2 µM.

Relative ∆Ψ is presented as the ratio between the maximal

and basal safranin absorption normalized to the mito-

chondrial protein content.

Cytochrome c oxidase (complex IV) activity. Cyto-

chrome c oxidase activity was determined from oxidation

of the synthetic penetrating mediator N,N,N′,N′-tetra-

methyl-p-phenylenediamine (TMPD), which acts as an

electron donor to cytochrome c. Cyanide-sensitive TMPD

oxidation was measured from the increase in TMPD

absorption at 612/630 nm at 25°C using the Aminco DW-

2000 spectrophotometer. The reaction rate was calculated

from the initial linear section of the reaction curve using

the molar extinction coefficient of 11.6 mM–1·cm–1 and

expressed in nmol/min mg protein. The reaction mixture

contained 225 mM mannitol, 75 mM sucrose, 20 mM

HEPES (pH 7.4), 1 mM EGTA, 4 mM magnesium chlo-

ride, and 5 mM potassium phosphate at 25°C. After

0.5 mM TMPD was added to the reaction mixture, the rate

of TMPD autooxidation was recorded, and the reaction

was then initiated by adding 0.1 mg/ml mitochondria.

Lipid peroxidation products in mitochondria. The level

of lipid peroxidation in mitochondria was estimated by the

accumulation of thiobarbituric acid reactive substances

(TBARS) using absorption measurements at 535/572 nm

with the Aminco DW-2000 spectrophotometer [21]. The

suspension of mitochondria was mixed with 6 mM butylhy-

droxytoluene and 0.2 mM orthophosphoric acid, and

0.11 mM thiobarbituric acid (TBA) was added. The reac-

tion mixture was incubated on a water bath at 90°C for

45 min; TBARS were then extracted with 0.5 ml of n-

butanol. After centrifugation at 12,000g per 10 min, the

optical density of the upper phase was measured, and the

content of TBARS was expressed in nmol/mg protein,

using 156 mM−1⋅cm−1 extinction coefficient.

Statistical analysis. The difference between OBX and

SO groups (spatial memory, mitochondrial bioenergetic

parameters) was evaluated using one-way analysis of variance

(One-Way ANOVA) with subsequent Tukey’s post hoc test

(Statistica 6). The results are presented as mean ± SEM. The

difference is considered statistically significant at p < 0.05.

RESULTS

Spatial memory in OBX and SO mice. The loss of

spatial memory is a major symptom of AD. We found that

one month after surgery bilateral olfactory bulbectomy

resulted in deterioration of spatial memory and learning

ability (Fig. 1). Compared to the SO mice, OBX mice

demonstrated significantly impaired ability for spatial

learning and could not locate the sector that contained

the escape platform during the training period. While the

SO mice demonstrated clear preference for the target sec-

tor (3), both in the number of entries (Fig. 1b) and time

spent in this sector (Fig. 1a), the OBX mice did not dis-

tinguish between the target and nontarget sectors.

Ab1-40 levels in mitochondrial fractions from neocor-

tex and hippocampus. We demonstrated earlier that hip-

pocampal and neocortical extracts from OBX mice dis-

play considerably higher levels of endogenous soluble

Aβ1-40 five weeks after bulbectomy, i.e. when neurode-

generation of AD type is mostly pronounced [22]. Here

we found that mitochondria isolated from these two brain

regions of OBX mice contain significantly higher

amounts of soluble Aβ1-40 than mitochondria from the

SO animals (Fig. 2). According to previously published

data, after translocation from the cytoplasm into mito-

chondria by the mitochondrial system of protein trans-

port, soluble Aβ1-40 localizes to cristae and matrix and

can cause mitochondrial dysfunction [15, 23].

Activity of the mitochondrial respiratory chain. To con-

firm the correlation between Aβ1-40 accumulation in

mitochondria of OBX mice and mitochondrial dysfunc-

tion, we compared the rates of NADH oxidation by mito-

chondria from the neocortex and hippocampus of OBX

and SO mice. NADH is a natural substrate of complex I,

and the rate of NADH oxidation reflects the activity of the

entire respiratory chain that transports electron from com-

plex I to cytochrome c oxidase with reduction of oxygen to

water. NADH oxidation was monitored in the presence of
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the pore-forming antibiotic alamethicin that provided sub-

strate entry into the mitochondrial matrix. Uncoupling of

mitochondria by alamethicin allowed us to register the

maximum rates of the respiratory chain redox reactions.

Rotenone, an inhibitor of NADH:quinone oxidoreductase,

prevented NADH oxidation in all cases (data not shown).

The measured rates of NADH oxidation indicate

significantly lower respiratory chain electron-transport

activity in the neocortex and hippocampus of OBX mice

as compared to the SO mice (Fig. 3). The limiting stage

of respiratory chain activity in the OBX mice is most

probably catalyzed by complex IV, which is known to be

inactivated in all experimental AD animal models and in

AD patients [24, 25].

Based on considerable difference between NADH

oxidation rates in the mitochondrial fractions from the

OBX and SO mice, we suggest a cytotoxic effect of mito-

chondrially accumulated Aβ1-40.

Membrane potential (DY) in neocortical and hip-

pocampal mitochondria. Since safranin is known to inhib-

it complex I, we used the complex II substrate succinate

to generate membrane potential on the inner mitochon-

drial membrane [20]. The incubation medium contained

rotenone (a complex I inhibitor) to prevent reverse elec-

tron flow to complex I and oligomycin (an ATP synthase

inhibitor) to inhibit ∆Ψ decrease resulting from ATP syn-

thesis. Energization of mitochondria by succinate result-

ed in rapid ∆Ψ generation, which caused safranin trans-

port into mitochondria by the membrane potential gradi-

ent and could be monitored by a decrease in safranin

absorbance. Figure 4 shows that the mitochondrial mem-

brane potential in OBX animals was decreased compared

Fig. 1. Behavioral characteristics of OBX and sham-operated (SO) mice. Spatial memory was assayed by the Morris water maze test: a) time

spent in each sector; b) percentage of entries in each sector; 3) target sector (hatched column); 1, 2, 4) nontarget sectors (gray columns). The

data are presented as mean ± SEM; * p < 0.05; ** p < 0.01; *** p < 0.001; n = 6.
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to the SO mice, probably due to lower respiratory chain

electron-transport activity or partial uncoupling of the

inner mitochondrial membrane.

Activity of cytochrome c oxidase (respiratory chain

complex IV). Cytochrome c oxidase is the terminal com-

plex of the aerobic respiratory chain. It consists of 13 sub-

units, catalyzes electron transfer from cytochrome c to

oxygen with the formation of a water molecule, and gen-

erates transmembrane proton gradient required for ATP

synthesis. Complex IV plays a key role in the regulation of

the entire respiratory chain activity and energy produc-

tion [26]. Insufficient cytochrome c oxidase activity is as

indicative AD feature as accumulation of Aβ and phos-

phorylated tau-protein. This enzyme was found to be

inactivated in brain and platelet mitochondria in AD

transgenic models and AD patients [27, 28].

To study functional deficit of cytochrome c oxidase in

OBX mice, we measured the activity of complex IV sepa-

rately from the respiratory chain by the synthetic electron

donor TMPD (Fig. 5). Since phospholipid membrane is

permeable for TMPD, it rapidly penetrates the membrane

and reduces cytochrome c, a natural electron donor for

cytochrome c oxidase. Cytochrome c oxidase activity is

proportional to the rate of TMPD oxidation, which can be

measured spectrophotometrically. Figure 5 shows that

neurodegeneration in the OBX mice was accompanied by

a considerable decrease in cytochrome c oxidase activity

in the neocortical and hippocampal mitochondria, which

is similar to the data obtained with other AD animal mod-

els [13, 29]. It remains to be elucidated if the observed

cytochrome c oxidase activity deficit is related to the

decrease in the content of enzymatic complexes in the

inner mitochondrial membrane or results from downregu-

lation of their activity.

Oxidative stress and lipid peroxidation in mitochon-

dria. AD pathogenesis is accompanied by active ROS

generation, with mitochondria as one of the main ROS

sources [30]. An increased content of lipid peroxidation

products confirms oxidative stress enhancement in blood

samples from AD patients [31]. The toxicity of mito-

chondrially accumulated Aβ1-40 (Fig. 2) might be medi-

ated by stimulation of ROS production and subsequent

damage to electron-transport complexes.

The levels of oxidative stress were estimated from

accumulation of lipid peroxidation products capable of

reacting with TBA. We measured the contents of TBA

reactive substances (TBARS), as indicators of free-radi-

cal lipid oxidation, in all mitochondrial fractions and

found that mitochondrial fractions from the hippocam-

pus and neocortex of OBX mice contained significantly

higher levels of TBARS than similar fractions from SO

animals (Fig. 6). These results unambiguously show thatFig. 4. Relative values of generated membrane potential (∆Ψ)

upon mitochondria energization with succinate in neocortex and

hippocampus of SO (gray columns) and OBX (hatched columns)

mice; ** p < 0.01; n = 12.
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neurodegeneration in OBX mice causes the development

of oxidative stress in mitochondria.

DISCUSSION

Dysfunction of the olfactory system is one of the

early symptoms of Alzheimer’s and Parkinson’s diseases.

In both cases, deterioration of olfaction is observed before

manifestation of typical clinical symptoms and, there-

fore, can be used as an early disease marker [32]. The

removal of olfactory bulbs in adult rodents (olfactory bulb-

ectomy, OBX) induces a cascade of neurodegenerative

processes similar to those observed in AD, including loss

of spatial memory, death of neurons in brain structures

responsible for learning and memory, and increased APP

synthesis with subsequent formation and accumulation of

Aβ [33, 34].

To model the sporadic form of AD in adult NMRI

mice, we surgically removed the olfactory bulbs from

adult animals, as this procedure is known to cause neu-

rodegeneration of AD type in brains 4-5 weeks after sur-

gery. The goal of this study was to elucidate whether

OBX-induced neurodegeneration is accompanied by

brain mitochondrial dysfunctions similar to those

observed in transgenic AD animal models.

It has been shown in transgenic animals that energy

metabolism deficit and mitochondria dysfunctions

appear at the early stages of AD and result in decrease in

the efficiency of oxidative phosphorylation, ATP deple-

tion, and development of oxidative stress [13, 25, 29].

Despite numerous studies, it remains unknown if ROS

generation by damaged mitochondria leads to the activa-

tion of Aβ synthesis and accumulation, or accumulation

of Aβ soluble oligomers in mitochondria inhibits key

mitochondrial enzymes and causes oxidative stress and

neuronal death. According to the “mitochondrial cas-

cade” hypothesis, mitochondrial dysfunction observed in

sporadic AD precedes and initiates Aβ synthesis in brain

cells and its accumulation in the cytoplasm and

organelles, including mitochondria [35].

Dysfunctional mitochondria are typical for trans-

genic animal models of familial AD and neuronal cell

cultures overexpressing APP. Mitochondrial dysfunctions

can also be induced by treatment of isolated mitochon-

dria with exogenous Aβ in vitro [16, 23, 29, 36]. These

experimental models are characterized by high Aβ levels

that are typical for familial AD and considered a cause for

rapid development of deleterious processes in cells and

mitochondria. However, sporadic AD attracts the most

interest now, since it is not related to mutations observed

in familial cases of AD. In addition to increased Aβ lev-

els, sporadic AD is characterized by synaptic dysfunc-

tions, massive death of neurons in the neocortex and hip-

pocampus, and cell cycle deterioration [2]. Patients with

sporadic AD display impaired mitochondrial energy

metabolism, in particular, decreased activity of

cytochrome c oxidase resulting from low enzyme expres-

sion and/or insufficient number of subunits of the com-

plex [24, 28]. Therefore, studying the state of energy

metabolism in brain mitochondria of OBX animals as the

most relevant model of sporadic AD is a problem of

utmost importance.

Here we studied functional impairments of mito-

chondria from brain tissues of OBX mice. These animals

exhibit neurodegenerative processes similar to those

observed in sporadic AD [37]. OBX mice showed impair-

ment of spatial memory and learning when tested in the

Morris water maze (Fig. 1). Based on these results, we

studied OBX mice for the presence of mitochondrial dys-

functions, since cerebral mitochondria have not been

investigated earlier for this AD model. Mitochondria

were isolated from neocortices and hippocampi of OBX

mice five weeks after surgery, i.e. when animals displayed

pronounced features of AD. In addition to memory loss

and Aβ accumulation in brain tissues, we found that

mitochondria of OBX mice accumulated neurotoxic sol-

uble amyloid-beta 1-40 (Aβ1-40) (Fig. 2), which has

been described earlier for transgenic AD models [11, 25].

Measuring metabolic activity of mitochondria

(NADH oxidation) revealed low activity of the electron

transport chain in OBX mice as compared to the sham-

operated control animals (Fig. 3). Earlier published data

showed that energy metabolism deficit in brain tissues,

lymphocytes, and platelets of AD patients is caused most-

ly by the low activity of the mitochondrial respiratory

chain complex IV [24, 27, 38]. We demonstrated that the

activity of this terminal complex of the respiratory chain

in mitochondria from the neocortex and hippocampus of

OBX mice is considerably lower than in the sham-operat-

ed control animals (Fig. 5). The decrease in complex IV

activity was proportional to the inhibition of NADH oxi-

dase activity, which indicates the key role of cytochrome

c oxidase in inhibition of respiration.

It has been shown earlier that deficit of cytochrome

c oxidase activity might result from either low expression

or decreased content of protein complexes, but also from

direct enzyme inhibition by Aβ dimer that forms in the

presence of Cu2+ [39, 40]. Further studies of mitochon-

dria from the neocortex and hippocampus of OBX mice

will elucidate the mechanism of complex IV inhibition

during neurodegeneration.

Low activity of the respiratory chain, particularly its

terminal complex, results in generation of insufficient

value of the transmembrane proton gradient and therefore

decreased membrane potential (∆Ψ) in OBX mitochon-

dria (Fig. 4). Other reasons for low ∆Ψ might be increased

permeability of the inner mitochondrial membrane for

protons (uncoupling) due to lipid peroxidation and/or the

effect of membrane-bound Aβ oligomers. Thus, it has

been shown that oligomers of human Aβ1-40 increase ion

permeability of bilayer lipid membranes (BLM) [41].
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In this study, we have demonstrated for the first time

that development of AD-type neurodegeneration in OBX

mice is accompanied by mitochondrial dysfunction in the

hippocampus and neocortex. In both hippocampal and

neocortical mitochondrial fractions from OBX animals,

the respiratory chain was inhibited, and at least one of its

complexes (cytochrome c oxidase) exhibited decreased

activity (Fig. 5) typical for brain tissues of AD patients.

The observed dysfunctions of the electron transport

chain in the OBX mitochondria were accompanied by

development of oxidative stress, as demonstrated by

increased lipid peroxidation – ROS-induced oxidative

degradation of polyunsaturated fatty acids and formation

of TBA-reactive compounds (Fig. 6). Lipid peroxidation

disturbs lipid homeostasis of mitochondrial and cell

membranes and changes membrane structure and prop-

erties, which impairs membrane function and promotes

cell apoptosis [42]. The observed dysfunction of the elec-

tron transport chain might result from the damaging

effect of mitochondrially accumulated neurotoxic Aβ1-

40 or from oxidative stress, which activates lipid peroxi-

dation and amyloidogenesis [43, 44].

Revealing the correlation between the functional

impairments, Aβ1-40 accumulation, and oxidative stress

development in mitochondria from the neocortex and

hippocampus of OBX mice will bring us closer to under-

standing causative relations in AD pathogenesis. Based

on our data, we suggest the following mechanism of

development of neurodegeneration in OBX mice: 1)

olfactory bulbectomy induces APP proteolysis and accu-

mulation of soluble Aβ oligomers with their subsequent

translocation into mitochondria; 2) Aβ accumulation in

the matrix and the coupling membrane damages the res-

piratory chain and the mitochondrial membrane; 3)

mitochondrial dysfunctions cause generation of ROS and

oxidative stress; 4) oxidative stress exacerbates ROS gen-

eration and mitochondrial dysfunctions. This forms a

“vicious circle” of the Aβ cascade amplification, oxida-

tive stress, and mitochondrial dysfunction, which eventu-

ally ends in apoptosis and neurodegeneration (Fig. 7).

In this work, we showed, based on observed behav-

ioral, mitochondrial, and biochemical parameters of

OBX mice, that olfactory bulbectomy model is a valid

model of sporadic AD. OBX mice deserve serious atten-

tion of researchers and can be used for development of

drugs for treating and slowing progress of AD, as well as

for AD prevention in humans.
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