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subgranular zone of the dentate gyrus of the hippocampus. 
 Conclusions:  Our findings support the beneficial effects of 
EVOO and highlight the possibility that continuous intake of 
high doses of OLE, both as a nutraceutical or as a food inte-
grator, may prevent/delay the appearance of AD and reduce 
the severity of its symptoms.  © 2013 S. Karger AG, Basel 

 Alzheimer’s disease (AD) is the most common neuro-
degenerative disorder affecting a large proportion of aged 
people in the developed countries. It is characterized by 
massive neuronal cell and synapse loss at specific sites, by 
extracellular deposition of amyloid-β (Aβ) peptide into 
senile plaques as well as by intracellular accumulation of 
tau proteins as neurofibrillary tangles (NFTs) and neuro-
pil threads. Both Aβ plaques and NFTs are considered 
distinctive histopathological features of AD, and their 
presence is mandatory for post mortem diagnosis. The 
neurodegenerative process in AD matches reactive pro-
liferation of glial cells. Although neuronal loss, including 
loss of cholinergic neurons of the basal forebrain, is not 
among the diagnostic criteria, it is important for drug de-
velopment against AD and has been replicated in disease 
models. Electrolytic or toxin destruction of the choliner-
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 Abstract 

  Background:  Translational research needs valid animal 
models of disease to discover new pathogenetic aspects and 
treatments. In Alzheimer’s disease (AD), transgenic models 
are of great value for AD research and drug testing.  Objec-

tive:  It was the aim of this study to analyze the power of di-
etary polyphenols against neurodegeneration by investigat-
ing the effects of oleuropein aglycone (OLE), the main phe-
nol in the extra virgin olive oil (EVOO), a key component of 
the Mediterranean diet (MD),   in a mouse model of amyloid-β 
deposition.  Methods:  TgCRND8 mice (3.5 months old), ex-
pressing the mutant KM670/671NL+V717F h-βAPP 695  trans-
gene, and wild-type (wt) mice were used to study in vivo the 
effects of an 8-week dietary supplementation with OLE (50 
mg/kg of diet) [Grossi et al: PLoS One 2013;   8:e71702], follow-
ing the European Communities Council Directive 86/609 (DL 
116/92) and National Guidelines (permit number: 283/2012-
B).  Results:  OLE administration ameliorates memory dys-
function, raises a significant autophagic response in the cor-
tex and promotes the proliferation of newborn cells in the 
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gic system of the basal forebrain results in the loss of cho-
line acetyltransferase-positive neurons and behavioral 
dysfunctions  [1]  mimicking those occurring in AD and 
those that are amenable to treatments including the use 
of cholinesterase inhibitors.

  AD experimental models could mimic individual or 
multiple alterations found in AD; to date, a single model 
replicating all the alterations observed in AD does not ex-
ist. The best model is the aged monkey, in which cognitive 
assessments can be made that approximate cognitive pro-
cesses impaired in human AD. Aged rodents do not spon-
taneously develop Aβ plaques and NFTs; Aβ features 
have been reproduced using intracerebral injection/infu-
sion of various Aβ peptides  [2] .

  Developed transgenic mouse models, carrying single 
or combined mutations associated with familial AD  [3] , 
knockout models,  Drosophila, Caenorhabditis elegans  
and  Zebrafish  models  [4, 5] , and the transgenic rat model 
 [6]  have provided invaluable contributions to the knowl-
edge of molecular and cellular mechanisms of AD, paving 
the way to possible therapeutic strategies.

  Drug Targets in AD Models 

 The goal of AD treatments depends on the severity of 
the pathology. In patients with mild to moderate disease, 
the goal is to improve or maintain baseline performance 
by administration of disease-modifying drugs. As disease 
progresses, treatment aims at slowing the rate of decline 
in performance, mainly through symptomatic therapies 
that improve cognitive and behavioral deficits. Strategies 
for evaluating the efficacy of neuroprotective or disease-
modifying drugs typically involve the measurement of 
markers of disease progression, such as Aβ levels, the 
number and morphology of Aβ plaques and tangle for-
mation in animal models that develop these features over 
time, together with the development of molecules able to 
act against the appearance of toxic oligomeric intermedi-
ates. Recently developed neuroimaging techniques are 
promising the evaluation of disease progression at the 
histopathological level in human subjects  [7] .

  In animal models of AD, amyloid load results from the 
disturbance of complex equilibria between Aβ genera-
tion/deposition and its clearance, where autophagy ap-
pears to play a key role  [8, 9] , together with the activation 
of glial cells. Autophagy protects neurons against Aβ-
induced cytotoxicity suggesting its possible role in Aβ 
clearance; moreover, efficient autophagy seems to protect 
against neurodegeneration and to increase longevity. The 

involvement of autophagy dysfunction in many patho-
logical conditions has raised great interest in identifying 
drugs that can be used to manipulate autophagy for ther-
apeutic purposes, particularly against neurodegenera-
tion.

  Mediterranean Diet 

 In recent years, several epidemiological data have un-
derscored a possible protective role of nutrition, mostly 
when it includes a significant amount of natural phenols. 
A number of nutrients found in the Mediterranean diet 
(MD), including red wine polyphenol resveratrol  [10] , 
have been associated with protection against cognitive 
decline, dementia and AD in preclinical or epidemiolog-
ical studies. Mounting evidence supports that greater ad-
herence to MD is associated with a slower rate of decline 
in the Mini Mental Status Exam, a reduced risk of conver-
sion from mild cognitive impairment to AD  [11]  and with 
AD risk reduction. Studies in rodents suggest that diet 
supplementation with phenol-rich components of MD, 
such as red wine and extra virgin olive oil (EVOO), im-
proves learning and behavioral deficits associated with 
aging and disease  [12, 13] . Consumption of red wine at-
tenuates AD-like pathology and improves learning and 
memory in Tg2576 mice, and phenols and secoiridoids 
found in EVOO have been considered potentially respon-
sible for the beneficial effect of MD  [10, 11] .

  OLE Protects TgCRND8 Mice against AD-Like 

Pathology 

 We have recently investigated the beneficial effects of 
an 8-week dietary supplementation with OLE (50 mg/kg 
of diet), the main phenol found in EVOO, in TgCRND8 
(tg) mice at initial (3.5 months) and intermediate 
(6 months) stages of Aβ deposition  [14] . Tg mice develop 
a pattern of Aβ deposition recalling several aspects of hu-
man AD. Small-sized Aβ42-immunopositive plaques ap-
pear in various brain areas, including the cortex and hip-
pocampus, by the age of 3 months. As a function of age, 
they become small-medium to big in size and acquire a 
compact core, and accumulate and reach the maximum 
roughly by 7–8 months of age  [15] . OLE administration 
resulted in a remarkable improvement in animal behav-
ior compared to normally fed littermates, with scores 
reaching those displayed by age-matched controls. Im-
proved behavior of tg mice at both ages (3.5 and 6 months 
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  Fig. 1.  Immunoreactivity of autophagosome (beclin 1 and LC3) and lysosome (cathepsin B) markers in the cortex 
of 3.5-month-old OLE-fed and untreated tg and wt mice. Note the strong immunoreactivity in the OLE-fed tg 
and wt mice [for procedures, see ref.  14 ]. 

  Fig. 2.  Cell proliferation in the subgranular zone and effect of OLE diet.  a  BrdU-positive cells of the neurogenic 
dentate gyrus area in 3.5-month-old OLE-fed and untreated tg and wt mice. sal = Saline.  b  The number of BrdU+ 
cells is significantly lower in the untreated tg than in the OLE-fed tg mice ( *  p < 0.01, one-way ANOVA plus 
Newman-Keuls post hoc test; n = 5/group) [for procedures, see ref.  16 ]. 
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old) was accompanied by a significant reduction in Aβ40/
Aβ42 tissue levels and Aβ plaque size and compactness, 
with less core deposits in the older mice. OLE administra-
tion not only prevented amyloid deposition but also dis-
aggregated preformed plaques. Amelioration of cognitive 
function and neuropathology of young/middle-aged tg 
animals following OLE administration matched a re-
markable induction of autophagy in the brain cortex. A 
strong punctuate immunoreactivity and high levels of au-
tophagosome-lysosome markers (beclin 1, LC3, cathep-
sin B) were detected in the cortex of OLE-fed tg mice, as 

compared to untreated mice ( fig. 1 )  [14] . Moreover, OLE 
administration significantly increased the proliferation of 
newborn cells in the subgranular zone of the hippocam-
pus in 3.5-month-old tg mice ( fig.  2 ). Altogether, our 
findings demonstrate that OLE treatment of tg mice 
strongly induces autophagy in the cortex and significant-
ly stimulates hippocampal neurogenesis. These concom-
itant responses suggest their cooperation in the final pro-
tective effect, supporting the possibility that dietary sup-
plementation with OLE may prevent/delay the occurrence 
of AD and reduce the severity of its symptoms. 
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