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Abstract Fatty acids and other components of the
diet may modulate, among others, mechanisms
involved in homeostasis, aging, and age-related
diseases. Using a proteomic approach, we have
studied how dietary oil affected plasma proteins in
young (6 months) or old (24 months) rats fed lifelong
with two experimental diets enriched in either
sunflower or virgin olive oil. After the depletion of
the most abundant proteins, levels of less abundant
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proteins were studied using two-dimensional electro-
phoresis and mass spectrometry. Our results showed
that compared with the sunflower oil diet, the virgin
olive oil diet induced significant decreases of plasma
levels of acute phase proteins such as inter-alpha
inhibitor H4P heavy chain (at 6 months), hemopexin
precursor (at 6 and 24 months), preprohaptoglobin
precursor (at 6 and 24 months), and a-2-HS glyco-
protein (at 6 and 24 months); antioxidant proteins
such as type II peroxiredoxin (at 24 months); proteins
related with coagulation such as fibrinogen +y-chain
precursor (at 24 months), T-kininogen 1 precursor (at
6 and 24 months), and apolipoprotein H (at 6 and
24 months); or with lipid metabolism and transport
such as apolipoprotein E (at 6 and 24 months) and
apolipoprotein A-IV (at 24 months). The same diet
increased the levels of apolipoprotein A-1 (at 6 and
24 months), diminishing in general the changes that
occurred with age. Our unbiased analysis reinforces
the beneficial role of a diet rich in virgin olive oil
compared with a diet rich in sunflower oil, modulat-
ing inflammation, homeostasis, oxidative stress, and
cardiovascular risk during aging.

Keywords Fatty acids - Olive oil - Plasma proteome -
Rat - Sunflower oil
Introduction

Aging is an endogenous process characterized by a
progressive loss of function with decreased fertility,
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increased mortality, and augmented susceptibility to the
onset of age-related diseases (Kirkwood and Austad
2000). The impact of the diet and dietary components
on aging and age-associated degenerative diseases has
been widely recognized in recent years (Finkel and
Holbrook 2000; Meydani 2001). Therefore, prevention
through the introduction of lifestyle and proper
nutrition habits (“functional foods”) is now considered
a primary strategy for what we call healthy aging.

It is well accepted that the Mediterranean diet has
many beneficial effects on health, preventing cancer,
coronary heart disease, and cognitive impairment, and
many of the health effects of this diet have been
attributed to virgin olive oil (VOO; Owen et al. 2000;
Pérez-Jiménez et al. 2007). Beneficial consequences
of VOO consumption can be explained partially on
the basis of the antioxidant action of molecules
contained in this oil (Owen et al. 2000). In this way,
the high content (over 70%) of the monounsaturated
fatty acid, oleic acid, is very important because it is
much less susceptible to oxidation than the polyun-
saturated fatty acid, linoleic acid, which predominates
in sunflower oil (SO; Bello et al. 2006). In addition to
oleic acid, some of the minor constituents of VOO
also behave as antioxidants and are believed to play
major roles determining the overall antioxidant effect
of this oil (Owen et al. 2000). Recently, it has been
recognized that VOO phenols display some pharma-
cological effects (Waterman and Lockwood 2007).
Most of the minor components of VOO show
antioxidant, anti-inflammatory, and/or hypolipidemic
properties. Their mechanism involves the release of
nitric oxide, eicosanoids (prostaglandins and leuko-
trienes), and adhesion molecules, in most cases by
modulating the activation of nuclear factor kKB by
reactive oxygen species (Perona et al. 2006). It is thus
clear that besides its antioxidant role, dietary VOO
shows other biological activities that may contribute
to a nutritional state that prevents disease by the
reduction of inflammatory and autoimmune disorders
or by diminution of cancer incidence (Jiménez-Gémez
et al. 2009; Materljan et al. 2009). In addition, recent
investigations have shown that the Mediterranean diet
has beneficial effects on adiposity and type 2 diabetes,
and this could help fight against diseases related to
chronic inflammation, including metabolic syndrome
(Babio et al. 2009).

On the other hand, dietary fatty acids strongly
determine the susceptibility of lipoproteins to oxida-

@ Springer

tion, which also has an impact on the activation of
adhesion molecules and other pro-inflammatory fac-
tors. Moreover, several works have demonstrated a
direct effect of fatty acids on the gene expression of
many of those factors (Schroeder et al. 2008). Finally,
certain aspects of blood platelet function, blood
coagulability, and fibrinoliytic activity associated with
cardiovascular risk are modulated by dietary fatty
acids, n-3 fatty acids strongly inhibiting platelet
aggregation and activating thrombolytic processes
(Vanschoonbeek et al. 2004).

The proteomic approach offers an unbiased way to
study changes in protein levels induced by different
experimental conditions. This approach has been
revealed successful for the identification of novel
mechanisms of cell responses against oxidative stress
(Martinez-Pinna et al. 2010). A major challenge of
proteome research is detecting clinically useful bio-
markers of disease, treatment response, and aging
(Anderson 2005). Serum and plasma offer particularly
promising resources for biomarker discovery because
the collection of these samples is minimally invasive
and the blood is thought to contain the majority of
protein constituents found in the body (Echan et al.
2005). To better understand the possible mechanisms
of action of dietary oils in rats, we have initiated a
proteomic study to identify plasma proteins whose
levels are altered due to different diets during aging.
Our results support a beneficial role for VOO
modulating inflammation, homeostasis, oxidative
stress, and cardiovascular risk during aging.

Methods
Animals, diets, and blood samples

Animals and diets used here were as documented in
previous works (Bello et al. 2006; Santos-Gonzalez et
al. 2007; Quiles et al. 2010). Groups of ten male
Wistar rats (Rattus norvegicus) initially weighing 80—
90 g were housed under standard conditions and
maintained on a 12-h light/12-h darkness cycle and at
a temperature of 22+1°C. Animals were provided ad
libitum access to water and were randomly assigned
into two experimental groups that were fed from
weaning until 24 months of age on a semi-synthetic
and isoenergetic diet according to the AIN93 criteria
composed of (in grams per 100 g of diet): 26.7 casein,
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13.53 starch, 45.29 sucrose, 1.0 vitamin mixture, 3.68
mineral mixture, 1.84 cellulose, 0.09 choline, 0.30
methionine, and 8.0 fat. Experimental diets differed
only in the dietary fat source (VOO or SO, see
Table 1). Eight rats per group were killed by cervical
dislocation and further decapitation at 6 months
(young) or 24 months (old) from the start of the
experiment. Blood was collected by decantation onto
glass tubes coated with lithium heparin, and plasma
was then recovered by centrifugation. No evidence of
haemolysis was observed. Samples were immediately
frozen in liquid nitrogen and then stored at —80°C for
later analysis. Animals were handled at the facilities
of the University of Granada (Spain) according with
guidelines of the Spanish Society for Laboratory
Animals, and the experiment had the approval of the
Ethical Committee of the University of Granada.

Proteomic analysis

For protein analysis, plasma samples were pooled
according to dietary oil (VOO or SO) and to age and
duration of dietary intervention (6 or 24 months,
n=8). Protein content was measured by the dye
binding method described by Stoscheck (1990) with
bovine y-globulin as standard. For proteomic analy-
sis, aliquots of pooled samples (60 pL) were depleted

from albumin and immunoglobulins using commer-
cial disposable affinity columns (Proteoextract Albu-
min/IgG removal kit, Calbiochem) according to the
manufacturer’s recommendations. Afterwards, lipids
and salts were removed from the samples to improve
the resolution of two-dimensional gels. Delipidation
and salt depletion were accomplished by mixing one
volume of plasma sample (that had been depleted
previously from albumin and IgG) with four volumes
of methanol. After thoroughly mixing with the vortex,
one volume of chloroform was added, the mixture
was vortexed again, and then three volumes of water
(HPLC grade) were incorporated. After centrifugation
at 12,000 rpm for 5 min at 4°C, the upper phase was
discarded. Three volumes of methanol were then
added and the resultant mixture was vortexed again
and centrifuged. The supernatant was discarded and
the pellet containing precipitated plasma protein was
air-dried for 5—10 min. About 0.7 mg of delipidated
and salt-depleted plasma proteins were dissolved in
125 pL of sample solubilization solution (8.0 M urea,
50 mM DTT, 4% CHAPS, 0.2% carrier ampholytes,
and 0.0002% bromophenol blue). IPG strips (7 cm
long, pH 4-7, Bio-Rad, Hercules, CA, USA) were
then passively rehydrated for 13 h with the protein
lysate. Isoelectrofocusing was carried out at 20°C
using a PROTEAN IEF system (Bio-Rad). Focusing

Table 1 Composition of

the experimental diets used Voo SO

in this study
Fatty acid composition (g/100 g)
Cl16:0 8.9 12.6
Cl16:1n7 1.1 0.2
C18:0 1.9 1.9
C18:1n9 78.7 24.1
C18:2n6 8.4 60.1
C18:3n3 0.9 1
Total saturated 10.9 14.6
Total unsaturated 89.1 85.4
Total monounsaturated 79.8 243
Total polyunsaturated 9.3 61.1
C18:1n9/C18:2n6 9.4 0.4
Phenolic profile (mg/kg)
Hydroxytyrosol 0.17
Tyrosol 0.23

Data depicted in this table Dialdehydic form of elenolic acid linked to hydroxytyrosol 367.2

are taken from Quiles et al. Dialdehydic form of elenolic acid linked to tyrosol 25.5

(2010), with permission Oleuropein aglycon 87.3

from the Editorial
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was started with a conditioning step of 250 V for
20 min, followed by a voltage ramping step to 4,000 V
for 2 h, and a final focusing step of 10,000 Vh.
Thereafter, the strips were soaked in equilibration
solution (50 mM Tris—HCI, pH 8.8, 6 M urea, 20%
glycerol, and 2% SDS) containing 20 mg/mL DTT for
10 min and then in the same solution containing 25 mg/
mL iodoacetamide for an additional period of 10 min.
The second dimension was carried out in 12.5%
polyacrylamide gels at a constant voltage of 200 V
using a MINI-PROTEAN 3 Cell (Bio-Rad). Proteins in
two-dimensional gels were fixed with 40% methanol—
10% acetic acid for 1 h at room temperature. Gels used
for peptide identification and analysis were stained with
colloidal Coomassie stain (BioSafe, Bio-Rad). Gel
images were obtained using a GS-800 Calibrated
Densitometer (Bio-Rad) and analyzed with the PDQuest
8.0 2D analysis software (Bio-Rad).

Protein spots of interest were manually excised
from preparative gels, transferred to Eppendorf tubes,
and automatically digested with trypsin according to
standard protocols in a ProGest station (Genomic
Solutions). Spots were destained twice for 30 min at
37°C with 200 mM ammonium bicarbonate/40%
acetonitrile and dehydrated for 5 min with pure
acetonitrile. Then, spots were rehydrated with
25 mM ammonium bicarbonate for 5 min and
dehydrated again for 10 min with pure acetonitrile.
After that, gel plugs were dried out for 4 h at room
temperature. Then, 10 puL of 12.5 ng/uL trypsin
solution in 25 mM ammonium bicarbonate was added
to each sample, which was then rehydrated with the
enzyme for 10-min incubation at room temperature.
After that, the temperature was adjusted to 37°C
and digestion was carried out for 12 h. Finally,
digestion volume was recovered and peptides were
extracted with 10 pL of 0.5% trifluoroacetic acid
for 15 min. Peptides of each sample were analyzed
in a 4700 Proteomics Station (Applied Biosystems,
USA) in automatic mode. After drying, samples
were analyzed in the m/z range 800—4,000. Spectra
were internally calibrated with peptides from trypsin
autolysis. Proteins were identified and confirmed by
matrix-assisted laser desorption/ionization tandem
time-of-flight (MALDI-TOF/TOF; Reflex IV;
Brucker Daltonics, Bremen, Germany, Applied Bio-
systems mod 4700). MASCOT searching engine
(Matrixscience, UK) was used for protein identification
over the database (MSDB). Protein identifications with

@ Springer

a score value higher than 60 were positively assigned,
after considering MW and p/ values.

Validation by Western blotting

We used immunoblotting to validate some of proteins
that showed significant changes in the proteomic
study, paying special attention to those proteins
closely related to cardiovascular disease risk and
other diseases linked to aging. About 30 pg of serum
protein was denatured by boiling in SDS dithiothreitol
loading buffer (10% sucrose, 2 mM EDTA, 1.5%
(w/v) SDS, 20 mM dithiothreitol, 0.01% (w/v)
bromophenol blue, and 60 mM Tris—HCI (pH 6.8)),
separated by SDS-PAGE (10% acrylamide), and then
blotted onto nitrocellulose sheets. Blots were stained
with Ponceau S for visualization of protein lanes.
Then, the membranes were blocked with TBS con-
taining 5% nonfat dry milk and 0.1% Tween-20 for
1 h at room temperature and incubated overnight at 4°
C with the following primary antibodies: anti-
apolipoprotein E (goat polyclonal, 1:1,000 dilution,
Chemicon International Inc.), anti-apolipoprotein Al
(rabbit polyclonal, 1:200 dilution, Santa Cruz
Biotech), anti-fetuin-A (goat polyclonal, 1:200 dilu-
tion, Santa Cruz Biotech), anti-apolipoprotein A-IV
(goat polyclonal, 1:200 dilution, Santa Cruz Biotech),
anti-fibrinogen (goat polyclonal, 1:200 dilution, Santa
Cruz Biotech), and anti-apolipoprotein J (goat poly-
clonal, 1:7,500 dilution, US Biological). Blots were
washed three times for 10 min in TBS containing
0.1% Tween-20 and then incubated for 1 h at room
temperature with a secondary antibody (anti-goat or
anti-rabbit IgG, at 1:2,000 dilution in both cases)
coupled to horseradish peroxidase (Sigma). Blots
were developed using a peroxidase reaction with
enhanced chemiluminescent immunoblotting detec-
tion system (ECL-PLUS, Sigma). Density of staining
with Ponceau S was used as a control for protein
loading as described (Bello et al. 2003). Photographic
films and Ponceau S-stained blots were scanned in a
GS-800 calibrated densitometer (Bio-Rad) to obtain
digital images. Quantification of intensity reaction
was carried out using Quantity One software (Bio-
Rad). Data obtained from the quantification of stained
bands (in arbitrary units) were normalized to that of
the corresponding lane stained with Ponceau S in
order to correct for any difference in protein loading
between samples.
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Statistical analysis

Proteomic data were analyzed with PDQuest 8.0 2D
software (Bio-Rad). To accurately compare spot quan-
tities between gels, image spot quantities were normal-
ized by the local regression model. Fluctuations in the
protein expression levels among the control maps were
monitored in densitometric analysis, and a coefficient of
variation (CV) was generated for the mean value of each
spot. Significant differences between proteins were
assessed by Student’s test. Only those changes that
were statistically significant (»p<0.05) and that involved
at least twofold increases or half decreases of protein
levels were considered in our study.

Results
Proteomic study

To study how dietary oils affected the levels of plasma
proteins during aging, rats were fed lifelong with two
experimental diets enriched in SO or VOO, and then we
carried out a proteomic study of rat plasma after the
depletion of albumin and IgG. At least four replicates
were performed for all samples, similar protein spot
patterns being obtained within each sample type. After
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lipid metabolism and transport—apolipoprotein E
precursor, apolipoprotein A-IV precursor, and apolipo-
protein A-I precursor; blood coagulation—T-kininogen
1 precursor, fibrinogen y-chain precursor, and apoli-
poprotein H (B2-glycoprotein I, p2GPI); and Heme
metabolism, antioxidant protection, and transport—
preprohaptoglobin precursor, hemopexin precursor,
type II peroxirredoxin 1, and vitamin D binding protein.
Details of two-dimensional gels showing those proteins
whose levels in plasma were changed significantly as a
function of the experimental diets are depicted in Fig. 2.

Proteins decreased with VOO in comparison
with the SO diet

Most of the proteins categorized as acute phase
proteins decreased in the VOO group compared with

the SO group. Levels of inter-alpha inhibitor H4P
heavy chain decreased significantly only at 6 months.
In addition, this protein decreased significantly in old
rats as compared with young rats in the SO group.
Fetuin-A was decreased both at 6 and 24 months with
the VOO diet. During aging, most of the isoforms of
this protein were increased with SO diet and, to a
lesser extent (only two spots), with VOO diet. Finally,
three proteins—p-Properdin, «-1-Antitrypsin, and
p-Fetuin—increased significantly in old rats when
compared with young rats only in the SO group,
although no significant differences were found for
these proteins when comparisons were carried out
between dietary groups (see Tables 2 and 3).
Regarding the proteins categorized within the
group of lipid metabolism and transport, apolipopro-
tein A-IV precursor increased at 6 months in the VOO
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a Proteins whose levels | ; ” 7 | - . .

were decreased. b Proteins &4 24  Apolipoprotein A-TV

whose levels were increased | .-

| ~

| | -

in the VOO group relative

-;.:, | 5 24

Apolipoprotein E precursor

to the SO group

lb’l’ll-j KE KX ¥ 6

T-Kininogen 1 precursor

e - - i s BD Y
L-_.,_ ;g.,__. J

- -

T e 24 Fibrinogen y-chain precursor
- ".;: v 6\A li tein H
olipoprotein H precursor
T -]P. = " polipop P
|)/'/'/||;;/"| 6\P b 1ob
" .
|& - || ~ | 24-’ reprohaptoglobin precursor
[(wsmse o [ = | 6:| )
Hemopexin precursor
e e T

T

= .

Type II peroxiredoxin

—El_‘- ‘]

VOO Age (months)

Serine protease inhibitor 3

| D

Apolipoprotein A-I

6 Apolipoprotein A-IV

Vitamin D binding protein

@ Springer



AGE (2012) 34:341-358

349

Table 3 Proteomic data obtained after analysis with PDQuest 8.0 2D software (Bio-Rad)

6 mo vs 24 mo (SO) 6 mo vs 24 mo (VOO) SO vs VOO (6 months) SO vs VOO (24 months)
6 mo 24 mo 6 mo 24 mo SO VOO SO VOO

SPOT | OD [9\% oD CV_ | Effect | OD [9\% oD CV_ | Effect | OD (9% oD CV_ | Effect | OD 7 oD CV__| Effect

101 0.1 0.0 0.8 255 8 4| ns n.s. n.s. n.s. n.s n.s n.s n.s n.s n.s n.s n.s

1102 0.1 0.0 1.0 11.6 104| ns. n.s. n.s. n.s. n.s n.s n.s n.s n.s n.s n.s n.s

1402 n.s. n.s. n.s. n.s. 47.5 45.4 10.9 67.6 44V ]| 54 15.7 35.9 30.6 674 45 44 14.9 35.5 334
2001 33 9.1 0.9 11.3 37v | ns. n.s. n.s. n.s. 1.9 154 0.4 535 48 v| ns. n.s. n.s. n.s.

2102 0.1 0.0 3.5 23.6 354 | ns. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 15.5 7.8 0.4 53.5 387V
2406 2.7 90.8 6.9 19.4 264 | ns. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

2704 6.1 58.8 0.1 0.0 61V | ns. n.s. n.s. n.s. 35 6.4 2.1 20.6 1.7v] 48 16.3 11.9 26.7 2.54
2706 | 14.7 21.9 9.5 21.6 1.5V | ns. n.s. n.s. n.s. 12.1 29.3 4.4 50.7 28Vv| ns n.s n.s n.s

2810 5.2 37.2 1.1 16.9 47v| ns n.s. n.s. n.s. I.s. n.s. n.s. n.s. n.s n.s n.s n.s

2811 7.0 27.9 1.1 26.2 6.4V n.s n.s. n.s. n.s. n.s n.s 1.8. n.s. n.s n.s ns n.s

2812 3.9 12.2 1.2 29.7 33y | ns n.s. n.s. n.s. n.s n.s n.s. n.s. n.s n.s n.s n.s

2813 2.6 29.1 0.7 4.1 37v| ns. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s n.s n.s n.s

3001 4.1 13.4 1.5 11.5 27v]| 03 31.2 0.8 27.1 2.74| 26 24.5 2.4 47.2 1.1V¥| ns n.s n.s n.s

3102 2.7 17.0 52 15.6 194 n.s. n.s. n.s. n.s. n.s n.s n.s n.s n.s n.s n.s n.s

3201 n.s n.s. n.s. n.s. 12.6 12.5 3.8 2.0 33v]| ns n.s n.s n.s n.s n.s n.s n.s

4101 3.1 13.4 6.4 223 2.14| ns. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 8.8 4.8 1.4 78.7 63V
4102 n.s. n.s. n.s. n.s. 53 24.8 25.7 42.7 494 179 29.8 5.4 20.6 33v| ns n.s n.s n.s

4104 30.3 5.2 88.7 22.1 294 27 15.5 324 31.6 124 ] 451 36.9 2.6 9.1 17.4v| 132.8 | 20.2 35 25.8 3.8v
4107 1.4 39.5 4.5 7.9 324 0.6 90.2 29 41.5 4.84 .S, .S, n.s. n.s. n.s n.s n.s n.s

4202 n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 0.5 71.6 2.9 385 5.8 4| 267 17.8 2.2 63.8 12.1V
4701 15.2 14.7 224 3.0 154 54 25.5 16.1 3.8 34| 134 24.1 6.3 37.9 21v| 297 6.3 20.4 15.5 1.5v
4703 12.9 10.7 19.4 0.8 154 24 32.2 7.8 8.3 334 96 15.5 2.5 28.6 38 Vv| 259 34 13.5 6.4 19v
5003 n.s. n.s. n.s. n.s. 20.2 19.0 6.5 63.4 3.1v| 3.70 33.9 | 22.20 | 28.70 6 Al 65 26.2 18.8 294 294
5006 0.8 26.3 3.4 12.6 434 o8 24.8 0.2 37.1 4 v| ns. n.s. n.s. n.s. 3.2 14.1 0.7 18.9 4.6 v
5102 n.s. n.s. n.s. n.s. 6.0 25.0 54.2 49.8 9 4| 351 37.6 6.3 234 5.6 ¥ 203 14.1 4.2 63.4 48V
5104 n.s. n.s. n.s. n.s. 3.6 5.1 36.4 32.2 104 | 2438 26.5 3.8 8.9 6.5 v| ns n.s n.s n.s

5108 52 28.7 13.5 31.7 264 ns n.s. n.s. n.s. 3.1 25.1 0.7 25.1 45 v¥| ns n.s n.s n.s

5303 n.s n.s n.s n.s n.s. n.s. n.s. n.s. n.s n.s n.s n.s 49.1 13.5 24 21.6 2V
5403 n.s n.s n.s n.s n.s. n.s. n.s. n.s. 0.8 32.6 2.1 17.9 2.6 4| ns n.s n.s n.s

5601 8.6 5.4 14.1 7.3 1.64[ 08 40.6 3.6 324 4.54| 55 14.9 0.8 48.5 69 V[ 188 2.8 6.4 43.4 29V
5602 [ ns n.s n.s n.s n.s ns. | ns. [ ns. 14 [ 232 [ 03 [ 133 | 47V] 85 5.6 24 | 671 | 35V
5801 11.5 13.9 3.6 6.8 32v| ns n.s. n.s. n.s. n.s n.s n.s n.s n.s n.s n.s n.s

5802 19.6 11.6 7.8 14.4 25V[ ns n.s. n.s. n.s. 19 30.4 6.3 13.5 3 V] ns n.s n.s n.s

5804 29.4 4.8 15.1 12.4 2 v| ns n.s. n.s. n.s. 40.5 29 7.8 24.4 52 V] 206 7.5 12.3 21.2 17V
6006 n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 62.4 13.1 130.6 25.3 2.14
6102 10.5 14.0 17.1 22.5 1.64] 15 13.5 13.7 13.3 9.14[ 6.6 27.8 1.6 24.7 42v| 25 7.3 20.9 8.3 1.2v
6302 n.s. n.s. n.s. n.s. 95.2 62.9 302.4 20.4 324 n.s n.s n.s n.s 11.9 17.3 163.1 12.2 13.74
6303 n.s. n.s. n.s. n.s. 0.4 574 4.5 43.9 11.34| ns n.s. n.s. n.s n.s n.s n.s n.s

6304 0.1 0.0 1.1 50.6 11 4] ns n.s. n.s. n.s. n.s n.s n.s n.s n.s n.s n.s n.s

6403 2.2 31.5 4.7 22.5 224 0.1 124.3 1.1 22.1 114 1 38.8 0.1 0.0 10Vv] ns n.s n.s n.s

6404 1.4 24.9 2.5 30.3 1.84]| ns n.s. n.s. n.s. 0.3 23.6 0.1 0.33 3V 3 6.6 1.2 554 2.3V
6601 n.s n.s n.s n.s n.s n.s n.s n.s 1.3 37.2 0.3 16.6 44v]| 23 14.7 0.9 12.6 2.6V
6701 38.8 5.9 26.6 16.0 1.5v]| ns n.s. n.s. n.s. 67.1 39.4 8.2 77.8 82v| 37.1 13.6 19.9 18.1 1.8V
7004 n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 135.4 6.8 237.7 24 174
7101 6.2 8.6 8.1 6.0 1.34] ns. n.s. n.s. n.s. n.s n.s n.s n.s 10.3 8.3 5.7 13.9 1.8V
7202 0.8 45.5 2.0 39.6 254 02 51.2 0.8 19.3 4 A ns n.s n.s n.s 2 14.4 1.3 14.2 15V
7402 1.5 21.7 5.7 25.8 384| 0.1 72.5 0.6 41.6 64| 05 29.4 0.1 0.0 5V 8 8.1 2 31.8 4v
7406 0.7 21.5 3.8 17.2 544] ns. n.s. n.s. n.s. n.s. n.s. n.s n.s. 4.5 10.6 1.1 11.4 4.1v
7602 33 16.3 1.5 17.2 22V| ns. n.s. n.s. n.s. 1.9 8.5 0.8 58.1 24v| 12 5.9 0.6 2.2 2 v
7701 n.s n.s n.s. n.s. 8.8 55.8 233 20.0 2.74| ns. n.s. n.s. n.s 53.8 11.7 28 11.2 19v
7702 n.s, n.s. n.s. n.s. 10.9 52.8 234 16.5 224| ns. n.s. n.s. n.s. 59.8 18.4 27.1 11.8 22V
7704 n.s, n.s n.s. n.s. 5.5 52.0 20.1 272 374 596 49.9 5.7 66.1 10.5¥] 59.6 19 24.8 13.6 24V
7705 n.s. n.s. n.s. n.s. 1.7 103.5 9.5 42.9 5.64] 197 28.2 1.8 59.6 10.9v| ns n.s n.s n.s

8307 0.1 0.0 1.0 44.9 10 4| ns n.s. n.s. n.s. n.s n.s n.s n.s n.s n.s n.s n.s

“Effect” columns depict aging-dependent changes in protein spots for each dietary group (24 vs. 6 months) or diet-induced changes
for each group of age (VOO vs. SO diet) for those cases when statistically significant differences were observed with Student’s test (p
<0.05). Arrows represent the sense of the observed change. Upward arrows represent increases at 24 months with respect to 6 months
within a given dietary group, or in VOO diet with respect to SO diet within a given age group. Downward arrows represent decreases
at 24 months with respect to 6 months within a given dietary group, or in VOO diet with respect to SO diet within a given age group.

See Table 2 for identification of spot numbers

OD optical density, CV coefficient of variation (in percent), n.s. non-significant differences

group, whereas another isoform of this protein was
decreased at 24 months. During aging, the more
acidic isoform was decreased with the VOO diet.
Apolipoprotein E precursor was decreased at 6 months
in the VOO group, although this change was observed
in only two isoforms; this protein was also decreased
at 24 months in the VOO group, and this change
involved more isoforms. During aging, most of the

apolipoprotein E isoforms were increased with both
experimental diets. All the identified proteins listed in
the category blood coagulation decreased significant-
ly in the VOO group when compared with the SO
group. T-kininogen 1 precursor was decreased both at
6 and 24 months with the VOO diet. On the other
hand, most of spots of the protein were increased in
old animals for both experimental diets. Fibrinogen
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gamma chain precursor was decreased significantly at
24 months, although no significant effect was
observed at 6 months. During aging, this protein
increased with both diets. Finally, 32GPI was decreased
in the VOO group compared with the SO group both at
6 and 24 months. During aging, this protein did not
show significant changes with the VOO diet, although it
was decreased with the SO diet. Most of the proteins
categorized in the last group, Heme metabolism,
antioxidant protection, and transport, also decreased
with the VOO diet. A decrease of preprohaptoglobin
precursor was detected both at 6 and 24 months. During
aging, some isoforms were significantly increased with
the VOO diet. Hemopexin precursor was also decreased
at 6 and 24 months with the VOO diet. During aging,
some of the most acidic isoforms decreased significantly
with the SO diet, while other basic isoforms increased
significantly with the VOO diet. Finally, type II
peroxiredoxin levels decreased at 24 months with the
VOO diet compared with the SO diet, but no significant
difference between both diets was observed at 6 months.
During aging, type I peroxiredoxin was increased with
the SO diet, but it was decreased with the VOO diet.

Proteins increased with VOO in comparison

with the SO diet

One of the proteins categorized as acute phase protein,
serine protease inhibitor III, was increased significantly
after consumption of the VOO diet, both at 6 and
24 months. During aging, this protein was decreased
with the VOO diet. Levels of apolipoprotein A-I
precursor also increased at 6 at 24 months in the VOO
group when compared with the SO group, and as shown
for serine protease inhibitor III, levels of apolipoprotein
A-I precursor decreased with the VOO diet during
aging. Finally, vitamin D binding protein levels were
increased in the VOO group both at 6 and 24 months
when compared with SO group. During aging, one
isoform was increased with the VOO diet.

All proteomic data, with indication of optical
densities of the identified spots, coefficients of varia-
tion, and effects of age or diet are depicted in Table 3.

Western blotting validation of two-dimensional results
To confirm some results obtained in our proteomic

study and to better understand the role of diet in the
development of diseases associated with aging,

@ Springer

immunoblotting analyses were performed on plasma
samples depleted of the most abundant proteins by
affinity chromatography (see ‘“Methods”). The pro-
teins chosen for immunologic validation were pro-
teins closely related to cardiovascular disease risk and
other diseases linked to aging. These proteins were:
apolipoprotein A-I, apolipoprotein A-IV, apolipopro-
tein E, alpha-2-HS glycoprotein (fetuin-A), and
fibrinogen gamma chain precursor (Fig. 3).

About 30 pg of the depleted plasma sample was
used for Western blotting detection of apolipoprotein
A-I. Blots obtained from one-dimensional gels
showed a band of 25 kDa (Fig. 3) whose size
coincided with that in two-dimensional gels. Band
quantification confirmed our proteomic results, i.e.,
an increase of the protein with the VOO diet when
compared with the SO diet in both groups of age. The
decrease observed in Western blots in the VOO group
during aging was also in accordance with the changes
observed in the proteomic analysis, although we also
observed a decrease of the protein with the SO diet in
old rats when compared with young rats.

About 30 pg of the depleted plasma sample was
also used for the immunodetection of apolipoprotein
E. The stained blot showed a band of 36 kDa (Fig. 3),
which coincided with the size observed in two-
dimensional gels. We observed an increase of this
protein during aging for both experimental diets,
although a decrease was detected with the VOO diet
when compared with the SO diet for both groups of
age (Fig. 3). Therefore, the results obtained by
immunostaining also matched the proteomic analysis.

About 5 nug of the depleted plasma sample was used
to quantify alpha 2-HS glycoprotein (fetuin-A). The
band of 59 kDa detected in blots (Fig. 3) coincided with
the size of the protein in two-dimensional gels, which
was separated in several isoforms (see Fig. 2). The
results obtained by immunodetection were equivalent
to those of the proteomic analysis in all cases, i.c., a
slight decrease of the protein with the VOO diet when
compared with the SO diet at 6 and 24 months and, on
the other hand, an increase of the protein during aging
for both experimental diets (Fig. 3).

The results of immunoblotting analyses for apoli-
poprotein A-IV did not follow those of the proteomic
analysis. After immunoblotting, we obtained a band
of 46 kDa whose size was the same as that of the
protein identified in two-dimensional gels. Quantifi-
cation of the band detected in immunostained blots
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indicated a decrease of apolipoprotein A-IV with the
VOO diet when compared with the SO diet at
6 months. However, an increase with the same diet
was observed at 24 months (Fig. 3). Apparent
discrepancies observed with both techniques could
be due to the existence of changes in different
isoforms due to posttranslational modifications.

Finally, about 30 pg of the depleted plasma sample
was used to quantify fibrinogen gamma chain by
Western blotting. The blot showed a band of 57 kDa
which coincided with the size observed in two-
dimensional gels. In this case, we observed a marked
decrease of the protein with the VOO diet when
compared with the SO diet both at 6 and 24 months of
age. On the other hand, we also observed a decrease
of the protein during aging for both dietary interven-
tion groups (Fig. 3).

Inmunodetection of apolipoprotein J/clusterin

Recent discoveries have supported an important role
for apolipoprotein J/clusterin in the development of

6 mo 24 mo 6 mo 24 mo

some neurodegenerative diseases (Thambisetty et al.
2010). Taking into account the existing relationship
between the development of neurodegenerative dis-
eases and nutrition, we found it interesting to study
the putative changes of this protein in rats fed lifelong
with our two experimental diets. Although we did not
detect changes of clusterin in our proteomics analysis,
presumably due to the existence of other proteins
masking clusterin in the two-dimensional gels, we
carried out immunoblotting analysis for analyzing
putative changes in clusterin as a function of diet or
age. This analysis yielded a band of approximately
50 kDa which was markedly decreased in the VOO
group when compared with the SO group both at 6
and 24 months. During aging, the protein was
decreased with both experimental diets (Fig. 3).

Discussion

The change of various serum proteins and antioxidant
components is associated with age (Chlebovska and
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Chlebovsky 1999; Kim et al. 2002). Dietary oils,
through their fatty acid composition and minor
constituents, might modulate, among others, those
mechanisms involved in homeostasis, aging, and age-
related diseases. In this study carried out in rats fed
lifelong on diets enriched in either SO or VOO, we
have detected significant changes in the plasma
proteomic profile, providing new information about
the benefits of VOO on aging.

Effects of dietary oils on inflammation

Fatty acids can directly or indirectly influence some of
the factors mediating the immune response. Some of
proteins identified in our work related with these
processes are alpha 2-HS glycoprotein (fetuin-A),
inter-alpha inhibitor H4P heavy chain, alpha 1 anti-
trypsin precursor, serine protease inhibitor III, and beta
properdin factor. Fetuin-A was decreased with the VOO
diet both at 6 and 24 months. During aging, most of the
fetuin-A isoforms increased with the SO diet, and to a
lesser extent with the VOO diet. Fetuin-A is a prominent
serum glycoprotein and a major non-collagenous
component of mineralized bone in mammals which
plays important biological functions, including those
involved in the mineralization of bone (Triffitt 1976)
and in immune response (Lebreton et al. 1979). In rats,
this protein inhibits osteogenesis and may promote
artery calcification (Binkert et al. 1999; Price et al.
2004). In this sense, mice deficient in fetuin-A showed
a systemic calcification in their tissues (Yoshida et al.
2006). It is important to note that high concentrations
of fetuin-A are strongly associated with metabolic
syndrome and a pro-atherogenic lipid profile in
humans (Ix et al. 2006). On the other hand, serum
alpha 2-HS glycoprotein is an inhibitor of the human
insulin receptor at the tyrosine kinase level (Srinivas et
al. 1993); thus, it might be related with states of insulin
resistance and an increase in type II diabetes. The fact
that the VOO diet decreased the levels of this protein
in young and old rats may indicate that this type of fat
may influence several processes such as osteogenesis,
atherosclerosis, or states of insulin resistance.
Inter-alpha inhibitor H4P heavy chain was decreased
significantly with the VOO diet when compared with
the SO diet only at 6 months. This protein was
decreased significantly with aging after intake of the
SO diet. This protein belongs to a family of plasma
protease inhibitor of hepatic origin, collectively termed

@ Springer

as the inter-a-inhibitor family. Inter-a-inhibitor H4P
levels increase significantly under acute inflammatory
conditions (Daveau et al. 1998). Changes in the levels
of acute phase proteins at 6 months due to VOO intake
support that the type of fat plays an important role in
the regulation of inflammation at early ages. On the
other hand, anti-inflammatory properties of polyunsat-
urated fatty acids are well documented (Calder 2009),
which agrees with the decrease of this protein after
prolonged intake of SO diet. However, alpha 1
antitrypsin precursor, another acute phase protein,
was increased after intake of the same diet during
aging. This protein is also considerably increased
during the acute phase response (Sandford et al.
1999). Another protein identified in our work was
serine protease inhibitor III, which was increased in the
VOO group when compared with the SO group both at
6 and 24 months. During aging, this protein was
decreased after intake of the VOO diet. Serine protease
inhibitor III is an acidic glycoprotein which inhibits
serine proteases by forming irreversible complexes
with proteinases. Its gene is barely expressed in
healthy animals, seems to escape the regulation by
growth hormone, and is strongly induced during the
acute phase reaction by interferon -y via the interleukin
6-responsive element (Kordula and Travis 1995).

Finally, beta properdin factor was strongly increased
with aging after intake of the SO diet. This protein is a
regulator of the alternative complement pathway whose
function depends on multiple interactions between its
subunits and ligands (Muller-Eberhard and Schreiber
1980). The increase observed after prolonged intake of
the SO diet indicates that the type of fat may regulate
the complement system in this group of rats.

Effects of dietary oils on lipid metabolism
and transport

Dietary lipid quality can affect the lipoprotein
metabolism, altering their concentrations in the blood,
permitting their greater or lesser recruit in the artery
wall, thus modulating the susceptibility to vascular
damage. We observed changes in three proteins
involved in these processes. Apolipoprotein A-I
precursor was increased in the VOO group both at 6
and 24 months. On the other hand, the protein was
decreased with the VOO diet during aging. Apo A-I is
the main apolipoprotein of HDL particles, being
strongly related to plasma levels of these anti-
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atherogenic complexes (Chan and Watts 2006). An
inverse relationship between plasma levels of Apo A-I
and coronary heart disease has been suggested
(Duverger et al. 1996a). Significantly elevated levels
of Apo A-I are associated with lower mortality and
myocardial infarction 5 years after coronary artery
bypass graft surgery in humans (Anderson 2005).
Thus, the increase of this protein in both age groups
after intake of the VOO diet is reflective of anti-
atherogenic status. Apolipoprotein A-IV precursor
was decreased with the VOO diet when compared
with the SO diet at 6 months, but it was increased
with the same experimental diet at 24 months. During
aging, the protein was increased with the VOO diet. It
has been shown that Apo A-IV overexpression has a
protective effect on mice susceptible to atherosclero-
sis, reducing injuries (Duverger et al. 1996b; Ostos et
al. 2001). Interestingly, a recent study has analyzed
the impact of the different isoforms of this protein on
its lipid-binding capacity and efficiency in cholesterol
metabolism (Gomaraschi et al. 2010). In this sense,
the results obtained in our proteomic analysis showed
a different processing of the Apo A-IV isoforms with
the VOO diet in both age groups, which might be
related with a differential lipid-binding capacity.

Apolipoprotein E precursor was decreased at 6 and
24 months with the VOO diet when compared with
the SO diet. During aging, the protein was increased
with both experimental diets. Apo E plays an
important role in lipoprotein metabolism and cardio-
vascular disease. In addition, this protein has emerged
as an important molecule in several biological
processes not directly related to its lipid transport
function, including Alzheimer’s disease and cognitive
function, immunoregulation, and, possibly, even
infectious diseases (Mahley and Rall 2000). The fact
that compared with the SO diet intake of the VOO
diet decreased the levels of this protein in both age
groups, as well as during aging, reinforces the
cardioprotective effect of this diet.

Apolipoprotein J/clusterin was decreased in the
VOO group when compared with the SO group, both
at 6 and 24 months. During aging, the protein was
decreased in both dietary intervention groups. Clus-
terin is a 70- to 80-kDa heterodimeric sulfated
glycoprotein which is constitutively synthesized and
secreted by a variety of tissues and found in most
biological fluids (French et al. 1993). The protein has
been reportedly implicated in diverse physiological

processes such as lipid transport (Rosenberg and
Silkensen 1995), complement inhibition, tissue
remodeling, membrane recycling, cell-cell and cell—
substratum interactions (Silkensen et al. 1994),
stabilization of stressed proteins in a folding-
competent state (Trougakos and Gonos 2004), and
promotion or inhibition of apoptosis (Trougakos and
Gonos 2002). In human plasma, Apo J is associated
with Apo A-I in high- and very high-density lip-
oproteins (Jenne et al. 1991), and its expression
stimulates the proliferation and migration of smooth
muscle cells (Miyata et al. 2001). In vivo, Apo J/
clusterin is up-regulated in many severe physiological
disturbances, including accumulation in the artery
wall during the development of atherosclerosis
(Trougakos et al. 2002). Interestingly, Apo J/clusterin
has been recently related with the development of
Alzheimer’s disease, being presented as a marker of
this disease (Thambisetty et al. 2010), and has also
been associated with diabetes, probably through an
increase in insulin resistance primarily and through an
impairment of insulin secretion secondarily (Daimon
et al. 2011). The decrease of Apo J/clusterin levels by
the VOO diet in both age groups likely supports an
important role for this diet on endothelium function
and in preventing the development of neurodegener-
ative diseases during aging.

Effects of dietary oils on coagulation and hemostatic
processes

Certain aspects of blood platelet function, blood
coagulability, and fibrinolytic activity associated with
cardiovascular risk are modulated by dietary fatty
acids. In our work, some proteins related with these
processes showed significant changes with the exper-
imental diets.

Fibrinogen gamma chain precursor is strongly,
consistently, and independently related to cardiovas-
cular risk as it is involved in the coagulation cascade,
mainly in fibrin formation (Kruskal et al. 1987).
Therefore, this protein is closely related with throm-
bus formation and plasma viscosity. Many studies
have related high levels of fibrinogen with cardiovas-
cular disease (Danesh et al. 2005). A recent study
suggests that fibrinogen gamma chain precursor is an
excellent marker of cardiovascular risk (Lovely et al.
2010). Interestingly, in this work, we have shown that
fibrinogen gamma chain was strongly decreased with
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the VOO diet compared with the SO diet at 6 and
24 months, reinforcing again the beneficial effects of
this type of fat in the prevention of cardiovascular
diseases.

Apolipoprotein H precursor (R2-glycoprotein I,
3,GPI), another protein related with blood coagula-
tion, was decreased with the VOO diet compared with
the SO diet both at 6 and 24 months. During aging,
B,GPI was decreased after intake of the SO diet, but
no significant changes were observed after intake of
the VOO diet. 3,GPI is the main target antigen for
antiphospholipid antibodies in patients with antiphos-
pholipid syndrome and has been shown to regulate
the activation of plasminogen. Although the exact
physiological role of 3,GPI is not well understood, it is
known that P,GPI forms complexes with oxidized
LDL, which represents a common metabolic product
relevant to atherogenesis and a risk factor or an indirect
but significant contributor for atherothrombotic com-
plications in autoimmune patients (Matsuura et al.
2006). On the other hand, anticoagulant properties
have also been attributed to this protein interceding in
the coagulation cascade (Miyakis et al. 2004). Finally,
3>GPI has also been proposed as a marker of cerebral
infarction (Yasuda et al. 2004). The decrease of 3,GPI
in animals fed with the VOO diet regardless of age
again reinforces the benefits of prolonged consumption
of a diet rich in VOO.

Finally, we observed that T-kininogen 1 precursor
was decreased significantly after intake of the VOO
diet compared with the SO diet both at 6 and
24 months. On the other hand, the majority of spots
for this protein in two-dimensional gels were
increased with aging for both experimental diets.
Kininogens are multifunctional proteins that act as
precursor of kinins, small vasoactive peptides that
also promote endothelial cell proliferation through
kinin receptors (Colman and Schmaier 1997). On the
other hand, T-kininogen 1 also functions as a potent
inhibitor of cysteine proteinases (Sueyoshi et al.
1985). Plasma levels of kininogens increase with
age in rats, which agrees with our work, increasing
dramatically during the last few months of life (Walter
et al. 1998). Some studies suggest that an age-related
increase in serum kininogens might play a role in
modulating the changes in proliferative capacity of
blood-exposed cells, including endothelial cells
(Torres et al. 2001). The proteolytic processing of
kininogen involves the release of the nonapeptide
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bradykinin, a vasoactive and pro-inflammatory medi-
ator, while the rest of the molecule has anti-adhesive
properties (Asakura et al. 1992) inhibiting platelet
aggregation (Chavakis et al. 2002). Therefore, the
decrease of T-kininogen 1 after intake of a diet rich in
VOO in both age groups could contribute to the
decline of an inflammatory state.

Effects of dietary oils on heme metabolism
and antioxidant protection

Some animal studies suggest that VOO protects certain
molecules from oxidation, as indicated by decreased
LDL susceptibility to oxidation or other markers of
oxidation (Visioli et al. 2002). In our work, we
observed that levels of preprohaptoglobin precursor
and hemopexin precursor were significantly decreased
with the VOO diet when compared with the SO diet,
both at 6 and 24 months of age. Haptoglobin is a
serum protein that binds hemoglobin released into
plasma following intravascular hemolysis and allows
its metabolization in the liver (Hanley et al. 1983). In
addition, this protein has antioxidant functions because
it prevents oxidative damage mediated by free hemo-
globin (Melamed-Frank et al. 2001). Our observations
support VOO as having a protective effect in both age
groups, reflected by the lower levels of the protein,
although some isoforms increased with aging. On the
other hand, hemopexin is a plasma glycoprotein with a
high binding affinity to heme, which is potentially
toxic because it has the ability to intercalate between
the lipid membranes and produce hydroxyl radicals.
Therefore, hemopexin inhibits some of the oxidative
reactions catalyzed by heme-protecting tissues from
oxidation (Tolosano et al. 1999). Previous studies have
documented the protective effect of hemopexin—hapto-
globin binding avoiding intravascular hemolysis and
its associated diseases (Tolosano et al. 2002). Since
both proteins increase in rat serum with aging and
under stress conditions (Chlebovska and Chlebovsky
1999), we consider it interesting that a diet rich in
VOO decreases the levels of both proteins in young
and old rats, which would help keep a healthy state at
an early age and throughout aging.

Type 1I peroxirredoxin was decreased at 24 months
with the VOO diet when compared with the SO diet,
although no change was observed at 6 months.
Interestingly, aging resulted in an increase of this
protein with the SO diet, but a decrease was observed
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with the VOO diet. Peroxiredoxins are a family of
thiol-specific peroxidases found in all species that can
reduce a wide range of peroxides, thus playing a
major role in antioxidant protection (Wong et al.
2004). This protein is induced by oxidative stress
conditions provoked by alimentary vitamin E defi-
ciency (Tolle et al. 2005). The aging-related increase
of type II peroxiredoxin observed in plasma of rats
fed with the SO diet might reflect a pro-oxidant effect
of this diet in the body. It is plausible to interpret that
the decreased levels of peroxiredoxin in plasma
obtained from animals fed with the VOO diet (as
well as decreased levels of hemopexin and prepro-
haptoglobin) may be indicative of a better antioxidant
status compared with the animals fed with the SO
diet.

Vitamin D binding protein was increased at 6 and
24 months with the VOO diet when compared with
the SO diet. During aging, one spot was increased
with the VOO diet. Vitamin D binding protein is a
serum glycoprotein which transports vitamin D sterols
and binds to monomeric actin (Cooke 1986), which
allows it to act as a scavenging molecule, helping to
eliminate and prevent the polymerization of actin in
the plasma (Haddad 1995). Our observations agree
with previous studies carried out on rats fed through-
out their lives with VOO or SO diets, showing that
prolonged consumption of olive oil improved the total
bone mineral content (Mataix 2002).

Interestingly, a significant number of protein
changes identified in this work as the result of
consumption of the VOO in comparison with the
SO diet were also highlighted in a previous study
focused on changes induced by dietary CoQq
supplementation of a diet containing SO compared
to an SO alone diet (Santos-Gonzalez et al. 2007).
The fact that a VOO diet and a CoQ;g-supplemented
SO diet increase the levels of proteins, such as serine
protease inhibitor III, apolipoprotein A-I, or vitamin
D binding protein, and decrease other proteins, such
as hemopexin, prepohaptoglobin, fibrinogen gamma
chain, alpha-2-HS glycoprotein, type II peroxire-
doxin, inter-alpha inhibitor H4P heavy chain, or
apolipoprotein H, when compared with the SO alone
diet indicates that CoQ;( and VOO may have similar
effects on processes related to inflammation, blood
coagulation, lipid metabolism, transport, and bone
metabolism. In accordance, a recent work has
reported that these two diets also produced similar

effects on a number of parameters relative to
oxidative stress (Quiles et al. 2010).

Overall, our study strongly supports the intake of
a diet rich in VOO, through oleic acid and/or its
minor constituents, as providing greater benefits
than a diet rich in SO both in young and old rats,
improving and maintaining an antioxidant status, an
anti-inflammatory state, and anti-atherogenic lipid
profile during aging.
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