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Abstract

Diet is an important health factor and it has been recently associated with
neurodegenerative diseases and cognitive decline. Here it was investigated the
effect of fatty acid or cholesterol rich diets with the possible acceleration of
the biological decline in adult hippocampal neurogenesis associated with ag-
ing in middle-age rats, and its impact on anxiety and memory function. It was
found that a diet of 10 weeks with saturated fatty acids and cholesterol has a
detrimental effect on memory function, exerts like-anxiety behavior and di-
minishes the presence of new generated neurons in the hippocampus in six
months old rats.
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1. Introduction

Neurodegenerative diseases and obesity are some of the biggest challenges to
deal in our days. It has been recently proposed a link between these two pheno-
mena being obesity and diet habits, a trigger in neurodegeneration onset; how-
ever, the mechanism underlying such relationship has not been well established
yet. It has been suggested that components of the so called “Western diet” such
as saturated fatty-acids and cholesterol can have an important participation in

this phenomenon. Epidemiological studies have shown that Japanese people liv-
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ing in their ethnic hometown have a lower prevalence of Alzheimer Disease
(AD) than those living in the USA [1]. A similar observation occurs in Nigerian
Africans compared with African Americans [2]. These observations strongly
suggest that environmental factors, such as dietary habits and life style in indu-
strialized cities can contribute to the development of alterations in the brain. It is
important to investigate the participation of diet-induced elevation of lipids in
brain and its relationship with brain alterations. This is relevant since the brain
is an organ with high amount of lipids as well as essential fatty acids, which are
obtained from the diet. Such molecules gained from the diet have an important
participation in brain functioning [3]. On the other hand, it is very well known
that very little of systemic cholesterol can cross the blood-brain barrier (BBB),
and brain cholesterol is produced in situ and its participation on brain func-
tioning is crucial. Cholesterol is involved in processes such as myelination,
membrane structure and cell signaling [4]. Epidemiological studies demonstrat-
ed a link between consumption of diets rich in saturated fat and cognitive altera-
tions [5] [6] [7]. In addition, studies carried out in animal models have demon-
strated that a diet rich in fat can have a negative impact on learning and memory
function, [8]. Diets rich in fat or cholesterol induced elevation in serum choles-
terol and triglycerides, and produced alterations on hippocampal morphology
and deficits in memory performance in middle-age rats [9] [10]. These studies
support a detrimental effect on hippocampal function induced by fats and cho-
lesterol rich diets, and it raises the question whether the detrimental effect ex-
erted in the hippocampus by fat or cholesterol intake can have an impact on
adult hippocampal neurogenesis. The adult hippocampal neurogenesis (AHN) is
a highly specialized type of neuronal plasticity that occurs in the hippocampal
dentate gyrus and it has been described to be regulated in response to different
stimuli, allowing the animal to adapt to environmental changes [11] [12] [13].
AHN has been associated with memory function and its detriment results in
deficits in memory flexibility [14] and alterations in short-term memory [15]. It
has been reported that some food components can modulate some parts of the
neurogenesis process (for a review see [16]). For instance, a diet rich in fat can
decrease the number of new generated hippocampal cells in young male rats af-
ter 4 weeks of treatment [17]. Mice fed for 17 weeks with a high-fat diet exhibit a
reduced number of immature neurons in the hippocampal dentate gyrus in ju-
venile individual, producing alterations on relational memory flexibility and
spatial discrimination learning, showing that adolescence is a critical period for
the detrimental impact of a high fat diet in adult hippocampal neurogenesis.
Middle age is a critical period for adult hippocampal neurogenesis as it is known
that age is a natural down-regulator of adult hippocampal neurogenesis, and
from 6 months old onwards, the adult hippocampal neurogenesis decreases [15]
[18] [19]. This work is focused in evaluating if rats fed with a saturated fatty acid
diet (FAD) or a cholesterol enriched diet (CED) at age where natural decrease of
AHN occurs, could enhance the diminishment of hippocampal neurogenesis,

worsening these natural phenomena. The present work evaluates if the con-
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sumption of these types of diets by a period of 10 weeks could accelerate the
neurogenesis decline associated with aging, and identify if these diets could con-
tribute to an increase in the cognitive decline associated with age. The Novel
Object Recognition Memory Test was carried out in order to evaluate the impact
of the dietary treatments in memory performance. Since mood disorders have
been associated with detrimental cognitive abilities in elderly, here it was inves-
tigated if fat or cholesterol intake could have an impact on anxiety-like beha-
viors. It was found that extended consumption of diets rich in fat or cholesterol
is contributing to enhancement of cognitive decline. The effect is associated to
fat metabolism and aging throughout the diminishment of AHN with a lower
number of new generated cells, changes in the complexity of the newly generated
cells, and affected the functionality of the individuals with changes in memory

ability and expression of anxiety-like behavior.

2. Methods

2.1. Animals

All procedures involving animal subjects were carried out according to the in-
stitutional regulations CINVESTAV-IPN guided for the care and use of labora-
tory animals. Protocol approval was obtained from the Institutional Animal
Care and Use Committee (Protocol number 0081-14). In order to perform the
study, 25 female 5 months old Wistar rats at the beginning of the experiment
were employed. Rats were obtained from the Institutional Animal Facility (IAF)
and distributed in 3 groups. Animals were kept in controlled light, air and hu-
midity conditions and received food and water ad libitum. Rats were randomly
assigned to the experimental groups as follows: Control diet (n = 8), fatty acid
diet (n = 8), cholesterol enriched diet (n = 9). Animals were fed by 10 weeks with
the different diets, which components are described in Table 1. Body weight was
weekly registered. All the institutional and international regulations were fol-
lowed in order to avoid animals suffering and reduce the number of animals

employed in the study.

2.2. Blood Samples and Lipids Profile

At week 0, all the animals were taken to the experimental room and were anes-
thetized with 5% isoflurane for induction and 3% for maintenance in an anes-
thesia chamber (Vetequip Impac6). Once the animals felt under the effect of the
anesthesia, the low paws were shaved and blood was collected with a cannula
from the femoral vein. Blood samples were kept in Eppendorf tube with heparin
and store at room temperature. After this procedure, animals were returned to
the home cages, blood samples were centrifuged and plasma was collected for
further analysis. The parameters studied were: total cholesterol, triglycerides,
high density lipids (HDL), and low density lipids (LDL). The samples were sent
to a clinical veterinarian laboratory for its analysis. The animals had 24hr of
fasting before collecting the blood samples in order to avoid immediate effects of
diet.
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Table 1. Nutritional composition of pellets.

Table Column Head
Group
Diet Composition
Control diet Standard laboratory
. 10% Kcal fat
(Ctrl) diet pellets

Diet induced obesity (DIO) composition, 60

Fatty-acid diet
atyracic de Fatty-acid enriched pellets Kcal% Fat. (Casein 200g, 3 g L-cysteine) (Jackson

FAD
( ) Laboratory D12492).
Diet-induced Atherosclero-
tholesterol Cholesterol enriched pellets sis/Hypercholesterolemia in Rodent Models, Diet
enriched (CED) 3, 40 Kcal% Fat, 1.25% Cholesterol (Jackson

Laboratory, D12108).

2.3. BrdU Injections

By the 6th week of treatment, the animals received a single dose of
5-Bromo-2'Deoxyuridine (BrdU) (50 mg/Kg bodyweight, B5002_SIGMA) in
order to label proliferating cells in the hippocampal dentated gyrus.

2.4. Elevated Plus Maze

In order to analyze possible emotional modulation induced by diet, the rats were
tested with the elevated plus maze (EPM) test, by the 3rd week after BrdU injec-
tion. This is a widely used anxiety test that explores behaviors phylogenetically
determined. It takes advantage of the natural aversion of rats to open/high spac-
es and test how animals can cope with a level stressor [20]. The test was per-
formed as reported in Leal-Galicia et al, [15]. The apparatus is an elevated sur-
face with cross shape where two arms are enclosed by walls and two are open.
The animal is placed in the center of the cross facing the enclosed arm and is left
there to freely explore for 300 sec. Low anxiety animals will spend more time in
the open arms. The number of crossing between the open and enclosed arms, as

well as the time spend exploring the open arms were measured.

2.5. Novel Object Recognition Memory

In order to measure the impact of our dietary treatments on memory function,
the Novel Object Recognition Memory (NORM) was carried out by the 30th day
after BrdU injection. This test is based on the natural rat behavior of exploring
new items. It has the advantage of requiring non-previous training and does not
induce stress in the animals. In addition, comprises exposition to novelty, which
can involve new hippocampal generated cells participation. NORM measures the
ability of rodents to discriminate between the familiarities of an object previous-
ly encountered versus a new object. Rodents tend to be curious and explore nov-
el objects, the animals will recognize, more rapidly, the known object and will
spend more time exploring the novel object [21]. The tests were carried out ac-
cordingly to what was previously reported in Leal-Galicia et al, [15]. Briefly, the
test has three phases: habituation, acquisition and recognition. There is a 24 hr
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interval between phases. Rats were move individually into the experimental
room and carefully collocated in the center of an empty plastic box (39 cm - 55
cm - 65 cm) for 5 min each (habituation phase). After 5 min, rats were carefully
taken back to the housing room. For the acquisition phase, rats were placed in
the same box as in the habituation phase but containing two equidistant glass
objects, one with cylindrical shape and the other one with rhomboid shape. Both
have non-biological relevancy and were equally attractive. The time spent ex-
ploring the objects was recorded. After 5 min, rats were carefully taken back to
the housing room and the objects cleaned-up with a solution of 10% ethanol, 5%
dextran in order to avoid any odor references. Recognition phase was carried out
24 hr later. In this phase, rats were exposed with two different objects than those
used in the acquisition phase. One with same shape and the other one complete-
ly different. Time exploring the known and the novel object was registered. Ob-
ject recognition was evaluated as exploratory index calculated by dividing the
total time exploring the novel object (NO) by the total time exploring the NO
plus the total time exploring the familiar object (FO) multiplied by 100: NO/(NO
+ FO) x 100. Preference for an object corresponds to > 50% index [22].

2.6. Tissue Preparation

In order to analyze the effect of FAD or CED intake on hippocampal adult neu-
rogenesis, 24 hr after the memory test the animals were deeply anesthetized with
sodic pentobarbital and transcardially perfused with 0.9% saline. Sub-epidermal
fat from left low paw was collected in order to quantify fat gaining. Brains were
obtained, and post-fixed in a fixative solution consisting of 4% formaldehyde, in
phosphate buffer 0.1 M pH 7.4, and afterwards transferred into 20% and 30%
sucrose (24 hr each). Thereafter each brain was cut into 40 pm serial coronal
sections and kept free floating in a cryoprotectant solution (25% ethylene glycol,
25% glycerol and 50% 0.1 M phosphate buffer; v/v) 4°C. After that, one of every
6th section was collected to process by immunohistochemistry for cell prolifera-
tion and cell fate analysis. The cell markers analyzed were the neuronal migra-
tion protein doublecortin (DCX) for quantify number of newly generated neu-
rons, NeuN/BrdU to quantify the number of newly generated mature cells and
BrdU to measure cell proliferation. Briefly, free-floating sections were carefully
washed 2 X PBS in order to remove the cryoprotectant solution. For BrdU and
DCX staining, the slices were incubated for 30 minutes with a solution contain-
ing 0.6% H,O, in PBS, to block endogenous peroxidases and then rinsed 3 times
with TBS for 10 minutes each and 2 times with 0.9% NaCl and then incubated 30
minutes in 2.5 HCI at 37°C. Tissues were rinsed 4 times in PBS and then trans-
ferred to the blocking solution containing 10% horse serum and 0.2% Triton
X-100 in PBS for 1 hr at room temperature. Incubation with the primary anti-
body (Anti-NeuN antibody [1B7]-Neuronal Marker ABCAM (ab104224)1:500,
SIGMA) or anti-goat DCX polyclonalanty body (Santa Cruz Biotechnology,
Santa Cruz, CA, USA)1:250, diluted in a solution containing 3% Horse serum
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and 0.2% Triton X-100 in PBS overnight at 4°C. Samples were rinsed 3 times
with PBS, 10 minutes each and incubated 2 hours with the secondary antibody
(anti-mouse IgG or anti-goat Vector, Laboratories, Burlingame, CA). Slices were
rinsed 3 times with PBS and ABC reagent was applied for 1 h, followed by pe-
roxidase detection for approximately 5 min using diaminobenzidine as chromo-
gen (0.25 mg/ml diaminobenzidine, 0.01% H,0,, 0.04% NiCl, Vector Labs). For
the double immunofluorescence, the sections were processed as was described
for BrdU and the endogenous peroxidase elimination step was eliminated, in
addition, the secondary antibody was coupled to a fluorochrome for confocal
analysis. Ending the BrdU staining, the staining for NeuN was performed (Rab-
bit Anti-NeuN antibody, ABN78, Merck). Negative controls consisted of elimi-

nating primary antibodies in the procedure.

2.7. Cell Fate Analysis

In order to quantify the number of BrdU and DCX positive cells in the
sub-granular zone and in the granular cell layer of the dentate gyrus, fluorescent
cells throughout the entire rostro-caudal extent of the hippocampus were
counted employing a conventional confocal microscope. The optical dissector
method was employed according to previously described in Kempermann et al,
[23]. Briefly, one of each 6 sections was collected to be processed by free floating
immunohistochemistry against BrdU and DCX. After carrying out the immu-
nostaining (as was described before), the sections were mounted in coverslips
and every cell stained for BrdU or DCX was exhaustively counted in every sec-
tion. The total number of BrdU positive cells per animal was obtained after mul-

tiplied by 50 the number of positive counted cells.

2.8. Statistical Analyses

The statistical analyses were performed with GraphPad Prism 6. Due the beha-
vioral data has not normal distribution, data was analyzed with Kruskal-Wallis
test followed by Dunn's comparison multiple test, the data related to physiologi-
cal measurements was analyzed with factorial analyses of variance (ANOVA)
followed by Bonferroni post hoc test, where appropriate. Statistical significance
is highlighted with a symbol when p < 0.05; 2 symbols when p < 0.01; 3 symbols
when p < 0.001; 4 symbols when p < 0.0001. * refers compared to control, & re-
fers compared to group FAD. All values are given as means + SEM, with an n =
8 to 9 animals in each condition. For the relationship between body weight and
exploration index, the gained weight per animal compared with its score in the

exploration index was plot.

3. Results
3.1. FAD Induces an Increase in Bodyweight

FAD induces an increase in bodyweight in female rats from week 4 of treatment

onwards, in comparison with control and CED animals and such differences are
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maintained until the end of the treatment (F(10, 88) = 4.217, p £ 0.0001) (°C). In
addition, induces a rising in epidermal fat weight compared with the control and
CED treatment (F(2, 22) = 3.576, p = 0.0452) (Figure 1(b)).

3.2. FAD and CED Induce Alterations in Lipids Processing

Animals fed with the CED show a maintained significant increase in the levels of
total cholesterol in plasma, which was very high at the end of the treatment (A2,
20) = 35.76, p < 0.0001 group significance deemed as #) (Figure 2(a) deemed as
#). This type of diet also induces a significant increase in LDL and triglyceride
levels (F(2, 23) = 11.31, p = 0.0004 group significance deemed as #) and (F(2, 20)
= 35.76, p < 0.0001) (Figure 2(d) and Figure 2(b) group significance deemed as
#) respectively. The group fed with FAD shows a highly significant rise in the
levels of total cholesterol in plasma by the third week of treatment. However, at
the end of the experiment the levels of cholesterol were similar to those observed
in the control group (F(2, 20) = 35.76, p < 0.0001 group significance deemed as
&). In addition, this diet also induces an increase on LDL levels by the third
week (F(2, 21) = 4.1777, p = 0.0297 group significance signaled as &), but does
not induces significant changes on blood triglyceride levels. It was observed in
the control group a maintained increase in total cholesterol and LDL levels but
this is lower than those observed in the CED group (F(2, 21) = 9.730, p < 0.0010

group significance deemed as*).

3.3. Cholesterol Diet Induces Anxiety-Like Behaviors and FAD and
CED Induce a Short-Term Memory Deficit

EPM is a widely employed test to evaluate the ability of rodents to cope with a

lower stressor and take advantage of the natural exploratory behavior of the rats,
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Figure 1. Bodyweight gained and sub-epidermal fat increase in animals fed with CED or
FAD. (a) FAD produces a significant increase in bodyweight of rats fed with these type of
diet by 10 weeks compared with the animals in control group (deemed as *) (b) Rats fed
with FAD had higher volume of sub-epidermal fat in the law paws, compared with the
animals in the control group (deemed as*) (*) Compared control group. Bonferroni post
hoctest after ANOVA p < 0.05.
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Figure 2. Dysregulation of lipids processing after 10 weeks of FAD or CED intake. (a)
CED consumption induces an increase in levels of total cholesterol in plasma from 3
weeks and it reaches very high levels by the week 10, compared with control group
(deemed as #). It is observed as well in the FAD group (deemed as &). (b) Levels of trig-
lycerides show a significant increase from 3rd week in plasma samples of animals fed with
CED (deemed as #), this effect is not exerted by consumption of FAD. (c) There is no
evidence of modulation of HDL levels by consumption of FAD or CED in plasma samples
of rats fed with these diets. (d) There is a significant increase of LDL levels in plasma of
rats fed with CED and FAD from the 3rd weeks and it shows a rise by the 10th week. (#)
Comparing CED with control group. (#, equals to p < 0.05, #### equals to p < 0.0001).
(&) FAD compared with control group) (&, equals to p < 0.05, &&&& equals to p <
0.0001. Bonferroni post hoctest after ANOVA p < 0.05).

and does not require a previous training program. It is known that rats with bet-
ter deal with the stressor, in this case an open elevated space, will explore more
time in the open arms portion. Female rats fed 10 weeks with CED spent less
time exploring in the open arms region compared with control group or FAD
(Kruskal-Wallis test followed by Dunn’s comparison multiple test a = 0.05),
which suggest an anxiety-like behavior (Figure 3(a)). EPM is a test that requires
from the animal an appropriate mobility in order to be properly performed, the
number of crossings between arms (both open and enclosed) was measured, in
order to discard that the differences observed in the number of crossings were
not related to mobility problems and avoid false results due to aging and over-
weight. There were no significant differences between the locomotion reported
as the number of crossings between arms (Figure 3(b)). The animals moved the
same among arms but the animals in the CED group prefer the enclosed arms,
which supports the idea that CED treated animals show a higher anxie-
ty-behavior. In other words, the behavior observed is not a lack of locomotion

but a preference for exploring the “more-safe” enclosed portion.
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Figure 3. Consumption of FAD or CED promotes alteration in behavior. (a) CED intake induces a decrease in the time spend in

open arms in the EPM but not in locomotion measured as number of crossing between arms, which suggest that the consumption

of CED induces anxiety-like behavior (deemed as * compared with control group); (b) Fed female rats by 10 weeks with a CED or

a FAD decreases the ability to discriminate a novel object versus an already known, reported as exploration index, it suggest an

alteration in memory (deemed as * compared with control group. For EPM Kruskal-Wallis test followed by Dunn's comparison
multiple test a = 0.05, for NORM, Bonferroni post hoc test after ANOVA p < 0.05).

NORM evaluates the ability of rats to differentiate between a known object
and a new one, taking advantage of the natural preference of the rats to explore
novelty objects. An exploration index close to or below to 50% indicates that the
animals explored equally the known and the novel object, suggesting that rats
did not remember that they were exposed to the known object. Rats fed with a
FAD had an exploratory index of 50.23%, which indicates that the rats did spend
the same time exploring the known and the novel object. Rats fed with CED also
had an exploration index close to 50% (54.32%) (Figure 3(b)) which indicate
that some of them explored the new object slightly more than the known one,
but still smaller than the control group which had a 71.08% of exploration index.
These results reveal that FAD and CED induce a significant detriment in mem-

ory performance.

3.4. FAD and CED Decrease Survival and Differentiation of
Hippocampal New Generated Cells

All animals received an i.p. injection of BrdU, an analogue of thymidine that al-
lows to label cells under S-phase and is used to identify hippocampal neurons
under proliferation. In order to label the activation of the new neurons, the
BrdU injection was carried out 30 days before the memory test, which is the time
where the new generated neurons are able to fire and can be identified by the
Activity-Regulated Cytoskeleton-associated protein (ARC) [24]. Rats fed with
CED show a strong significant decrease on the number of BrdU positive cells
compared with Control group (F (2, 18) = 17.05, p < 0.0001, Figure 4(a)). A sig-
nificant diminishment is observed as well in FAD group compared with Control
group (F (2, 18) = 17.05, p < 0.0001, Figure 4(a)). What can be concluded from
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Figure 4. FAD and CED reduces the number of survival and differentiation of new born
hippocampal neurons. (a) Total number of BrdU positive cells exhibits a decrease in the
hippocampal dentate gyrus of rats fed with FAD and CED for 10 weeks (deemed as *
compared with control group); (b) The hippocampus of rats fed with FAD and CED have
significantly less number of DCX positive cells compared with the animals in control
groups (deemed as *); (c) as well as less number of DCX cells with large processes
(deemed as * compared with control group); (d) Dentate gyrus of rats fed with FAD and
CED have a decrease in the pool of new generated cells that become fully mature neurons
compared with control animals (¥, equals to p < 0.05, ** equals to p < 0.01, *** equals to p
< 0.001, *** equals to p < 0.0001. Bonferroni post hoc test after ANOVA p < 0.05).

these data, is that CED and FAD induce a down-regulation on neuronal hippo-
campal proliferating cells.

Thereafter, the number of cells under maturation process were quantified, for
that, it was employed the DCX marker. DCX is a cytoskeleton protein expressed
in new neurons under migration [25]. It has been proposed that this subset of
immature cells is important for information processing [26]. It was observed
that both groups CED and FAD had a significant decrease on the number of
DCX positive cells compared with control group and CED showed the lower
values. The CED treated group have a significant less DCX positive cells com-
pared with the FAD group (F(2, 20) = 6.374, p = 0.0072) (Figure 4(b)). On the
other hand, in addition of the decrease on DCX cell number, there were changes
in cell complexity, measured as the percentage of cells with developed processes
(F(2, 15) = 8.619, p = 0.0032, Figure 4(c)). It was observed that the dietary
treatments affect cell differentiation and the cholesterol diet has a stronger effect.
Particularly in the number of newly generated cells that went into the fully ma-
ture stage. NeuN is a nuclear cell factor present in mature granular cells, and
double staining of BrdU/NeuN shows that feeding middle-age rats with a FAD
or CED significantly reduce the number of new generated hippocampal cells that
become mature (F(2, 12) = 31.37, p < 0.0001, Figure 4(d)).
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Regarding ARC expression, it was exhaustively searched for it all over the
hippocampal axis and there were found only some spread cells in few animals
(data not shown) therefore it can be concluded that with the memory test per-
formed here and for the time that the tissue was obtained, there are no detecta-
ble ARC cells.

4. Discussion

We have previously reported that consumption of a diet rich in saturated fat-
ty-acid or cholesterol induces a maintained increase on bodyweight onwards 9
weeks in young male rats. In the current work, it was observed a clear body-
weight gaining in female middle-age rats especially in those fed with FAD. These
rats accumulate more sub-epidermal fat in the law paws compared with controls.
Fat accumulation is a reference for obesity. Obesity has been implicated as a
trigger of a wide range of neuropsychiatric disorders such as depression (for a
review see [27]) and there is more evidence that obesity could be a risk factor for
developing dementia [28]. Here it was studied the effect of FAD or a CED in
middle-age female rats on the age-depended decline of adult hippocampal neu-
rogenesis (AHN). Lindqvist and colleagues have shown previously that male rats
fed for 4 weeks with a diet with 42% of fat (coconut butter and corn oil) exhibit a
decrease on the number of BrdU positive cells with non-increase in adipose tis-
sue but an increase in corticosterone levels, which is a stress hormone. Those
results occur in male rats but not in females and interestingly; there were no dif-
ferences in the number of mature newly generated cells [17]. On the contrary,
the results presented here show that female rats fed for 10 weeks with diet 60%
fat (Casein 200 g, 3 g L-cysteine) do increase adipose tissue and diminish cell
proliferation and the number of differentiated and fully maturation cells in the
hippocampus. The controversial data can be due to the differences in the type of
fat employed in both studies (coconut butter and corn oil versus Casein and
L-cysteine) or also because of the rat strain. The results presented here, and
Lindqvist show that the consumption of a diet rich in fat can be detrimental for
brain plasticity due to the diminishment of the adult hippocampal neurogenesis,
and the intake of a high fat diet has a detrimental impact on the entire hippo-
campal region. Calvo-Ochoa et al, [29] reported that a 7 days diet supplemented
with 10% lard accompanied with drinking water containing 20% sucrose de-
creases hippocampal weight, reduces the dendritic arborization in CA1 as well as
decreases the levels of the microtubule-associate protein 2 (MAP-2), reduces the
number of the dendritic spines and synaptophysin content in CAl. In other
words, consumption of a diet high in fat has a detrimental impact on hippo-
campal morphology. Boitard et al [30] reported a decrease in the number of
DCX cells in 3 weeks old mice fed with a diet composed by 24% (45% kcal) fat,
mostly saturated fat from lard, 41% (35% kcal) carbohydrate, 20% (17.5% kcal)
sucrose and also shows alterations in relational memory evaluated with radial
maze. In addition, the authors did not find significant differences in the number

of DCX positive cells in 12 weeks old mice fed for the same time with a high-fat
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diet. In contrast, here is observed significant differences in the FAD group com-
pared with the control group observing a diminishment in DCX positive cells, as
well as BrdU positive cells and fully mature cells. It is possible that the differenc-
es could be due in the diet content as well as the animal strain. The results pre-
sented here, describe for the first time the changes in three steps of cells progres-
sion in the new generated hippocampal cells: proliferation, differentiation and
maturation, during a critical age period where hippocampal neurogenesis shows
a natural decrease. The data presented in the current study, demonstrate that di-
etary habits could have an impact on hippocampal neurogenesis and further
analysis is necessary to investigate the molecular mechanisms involved in such
diminishment. Finally, the detrimental impact of ingesting high amounts of
cholesterol and fatty acids in adults could alter hippocampal neurogenesis and
produce a significant increase in cognitive decline.

Here it was also found that both diets have a detrimental impact on memory
with an exploratory index lower than 50%, which means that the animals equally
explored the known and the novel object, suggesting that the animals did not
remember the known object. These results support the previous reports where
several types of memory can be diminished when rats or mice are fed with a
FAD or a CED [8] [9] [10]. AHN is an important component of learning and
memory function [14] [15] [31] [32] and there is a decrease associated with ag-
ing, but little is known regarding who modulates this natural diminishment [15]
[18] [19]. The consumption of a FAD or CED induces a lower number of BrdU
positive cells compared with the control. In addition, these animals have less
number of cells committed to neuronal linage and present a poor cell complexi-
ty, related to a concomitant impact on memory performance. These animals do
not show the ability to remember information previously presented. This altera-
tion is closely related to hippocampus functioning and is widely known that this
cognitive fajlure is associated with age cognitive decline and is one of the first
features observed in dementia cognitive alterations. Interestingly, it was ob-
served that animals fed with CED show anxiety-like behaviors. It may resemble
mood instability reported in middle cognitive impairment and early stages of
dementia. The results in the current investigation, show that consumption of
FAD and CED contribute to the appearance of behavioral features related to
dementia in middle age rats. It could be linked to dyslipidemia and the decrease
of the amount of new neurons in the hippocampus and an alteration in the
complexity of the newborn cells. The data reported in this study, even though is
descriptive, supports the idea that intake of diets rich in fat or cholesterol are
risk factors for cognitive decline and can contribute to the development of de-
mentia. Further investigation should be conducted in order to elucidate the mo-

lecular mechanism of the phenomena described here.
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