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Abstract Caloric restriction (CR) has been shown to atten-
uate agerelated oxidative damage and to improve major
atherosclerotic risk factors. Paraoxonase 1 (PON1), an en-
zyme specifically associated with HDL containing apolipo-
proteins A-I and J, has been reported to prevent the
proatherosclerotic effects of oxidized LDL. The aim of this
study was to evaluate whether modulation of PON1 activity is
part of the underlying CR mechanisms that attenuate the age-
associated negative effects. Experimental groups were 1 year
old rats of both genders subjected to 40% CR for 1 year and
two ad libitum-fed groups, also including rats of both genders,
euthanized at 6 months or 2 years. Aging impaired the serum
lipid profile and increased lipid peroxidation, PON1 activi-
ties, and the content of both PON1 and apolipoprotein J in
HDL, which suggests an HDL subfraction redistribution to
protect LDL more effectively from oxidation.lf The CR-
associated improved lipid profile and the decreased lipid
peroxide levels would lead to the decreased arylesterase ac-
tivity seen in old CR animals, suggesting that PON1 modu-
lation is not an integral part of the main antioxidant
mechanisms of CR but rather that CR would determine a
more youthful and less oxidative situation in which the pro-
tection of LDLwould be less necessary.—Thomas-Moya, E., M.
Gianotti, A. M. Proenza, and I. Llad6. The age-related para-
oxonase 1 response is altered by long-term caloric restriction
in male and female rats. J. Lipid Res. 2006. 47: 2042-2048.
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Aging is considered a gradual, time-dependent accu-
mulation of irreversible molecular damage leading to a
lower functionality and resistance or adaptability to stress,
in which diet is one of the most important extrinsic factors
involved (1). Although the mechanisms underlying the
aging process are poorly understood, the oxidatively al-
tered forms of DNA, proteins, and lipids detected in the
cells of aged organisms support the idea of an increased
oxidative status of aged animals as one of the factors
responsible for the described functional deterioration (2).
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Regarding lipid peroxidation, a main promoter of athero-
sclerosis development (3), both serum levels and suscepti-
bility to oxidation of LDL have been described to increase
with aging (4, 5), thus justifying the greater atherosclerotic
and cardiovascular risk at advanced ages (6).

Caloric restriction (CR) is a dietary intervention that has
been described to delay the onset or slow the progression
of most age-related diseases and to extend maximum life
span in rodents and nonhuman primates, leading to a
more youthful physiology at advanced ages (7, 8). Among
its beneficial effects, CR improves major atherosclerotic
risk factors in humans and rodents (9, 10) as well as re-
ducing the accrual of oxidative damage of macromole-
cules (11), rendering lower levels of oxidized LDL and
reducing the age-related increased sensitivity of endothe-
lial cells to these modified lipoproteins (12).

There is ample evidence linking paraoxonase 1 (PON1),
an enzyme specifically associated with HDL containing
apolipoprotein A-I (apoA-I) and apo] (13, 14), with the
prevention of atherosclerosis (15). PONI is first synthe-
sized in the liver and subsequently released into the blood
(16), where it has been shown to protect HDL and LDL
against oxidation (17, 18). Even though the biochemical
activity that mediates the antiatherogenic role of PONI
and its biological substrates has not been definitely
established (19), a higher serum PONI activity has been
related to a lower risk of cardiovascular disease (15, 20).

Apart from the expression of PONI in the liver, its
release into the blood represents a key step in the mod-
ulation of its circulating concentration and activity. In this
sense, the proposed mechanism by which PON1 would
be released has been suggested to involve scavenger
receptor class B type I (SR-BI), because this HDL recep-
tor allows the transient association of HDL with the hepa-
tocyte membrane without internalization or destruction of
these lipoproteins (21). Once in the blood, apoA-I and

Abbreviations: apoA-l, apolipoprotein A-I; CR, caloric restriction;
PONI, paraoxonase 1; SR-BI, scavenger receptor class B type I; TBARS,
thiobarbituric acid-reactive substances.
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apo] stabilize PONI function and its association with HDL
(13, 14).

Serum PONTI activity and concentration have also been
shown to be modulated by lifestyle and dietary factors such
as short-term CR (22, 23). Taking into consideration the
protective role of both PONI and CR against atherosclero-
sis development, the question raised would be whether
changes in PONI activity are part of the underlying CR
mechanisms that cause the attenuation of the negative ef-
fects of aging, at least with regard to atherosclerosis risk
factors. To answer this question, we first investigated serum
PONI response to the age-associated oxidative status and
the main factors involved. Second, we evaluated serum
PONT1 response to the antiaging effects of 1 year of 40% CR
in old rats.

MATERIALS AND METHODS

Materials

Oligonucleotide primer sequences, Lightcycler-FastStart DNA
Master SYBR Green I for real-time PCR, and Tripure® isolation
reagent were purchased from Roche Diagnostics (Basel, Switzer-
land). RT-PCR chemicals were from Applied Biosystems. Rabbit
polyclonal antibody to human PONI1 was kindly provided by Drs.
M. Mackness and B. Mackness (24). Rabbit polyclonal antibodies
to human apoA-I (No. 178422) and rat SR-BI (NB 400-104G2)
were supplied by Calbiochem (San Diego, CA) and Novus Bio-
logical, respectively. Goat polyclonal antibody to rat apoJ was pur-
chased from Santa Cruz Biotechnology (No. sc-13747; Santa
Cruz, CA). Chemiluminescence kit (ECL) for immunoblot devel-
opment was purchased from Amersham (Little Chalfont, UK).

Kits for the measurement of serum lipid profiles were purchased
from Linear Chemicals SL. (Barcelona, Spain): HDL-cholesterol
direct (No. 1133505), LDL-cholesterol (No. 1142005), total cho-
lesterol MR (No. 1118005), and triglyceride MR (No. 1155005).
Substrates for the measurement of PONI activities (diethyl p-
nitrophenyl phosphate and phenylacetate) were from Sigma-
Aldrich (St. Louis, MO). Routine chemicals used were supplied by
Pronadisa (Madrid, Spain), Panreac (Barcelona, Spain), Sigma-
Aldrich, and Roche Diagnostics.

Animals and experimental protocol

Animal experiments were performed in accordance with the
general guidelines approved by our institutional ethics com-
mittee and European Union (86/609/EEC) regulations. One
year old rats (Charles River, Barcelona, Spain), six males and six
females, were subjected to 40% energy restriction for 1 year (old
CR rats). The same number of age-matched rats was always fed
ad libitum with a pelleted standard diet (old rats) until the mo-
ment of euthanasia. The amount of food offered to old CR rats
was updated weekly according to the intake of old rats. Ad-
ditionally, another group of ad libitum-fed rats was included in
the study and euthanized at 6 months of age (young rats). The
rats, which had free access to water, were housed individually in
wire-bottom cages to prevent coprophagia at 22°C with a 12 h
light/dark cycle.

The energy content of the diet supplied to the experimental
groups (A04; Panlab, Barcelona, Spain) was 3,000 kcal/kg. The
composition of the diet was 60.5% carbohydrates, 15.4% protein,
2.9% fat, 3.9% fiber, 5.3% minerals, and 12% humidity.

Sample collection and measurement of serum lipid profile
and thiobarbituric acid-reactive substances

Animals were euthanized by decapitation at the beginning of
the light cycle. Livers were immediately removed, frozen in liquid
nitrogen, and stored at —70°C until use for total RNA isolation
and tissue homogenization. Serum samples were also stored at
—70°C until analysis. HDL-cholesterol levels were measured
using an enzymatic homogeneous assay. LDL and total choles-
terol and triglyceride levels were measured using spectrophoto-
metric assay kits. Serum levels of thiobarbituric acid-reactive
substances (TBARS), as an index of serum lipid peroxides, were
measured as described previously (25).

Measurement of serum PON1 activities

PONI activities were assayed in a microtiter plate spectropho-
tometer (Bio-Tek© Instruments) by measuring the rate of hy-
drolysis of phenylacetate (arylesterase activity) and paraoxon
(paraoxonase activity) as described previously (26).

Analysis of PON1 mRNA levels by real-time RT-PCR

Total cellular RNA was isolated from liver samples using
Tripure® isolation reagent according to the manufacturer’s pro-
tocol. One microgram of total RNA was reverse-transcribed to
c¢DNA and subsequently diluted 1:10 and frozen at —70°C until
PCR was carried out.

Real-time PCR was performed using SYBR Green detection
technology in a Lightcycler Rapid Thermal Cycler (Roche Diag-
nostics) as described previously (22).

Real-time PCR efficiencies were calculated on average effi-
ciencies from each sample, which were calculated using the fol-
lowing formula: e = (F/F,)V/®™ = 19 where F and F, indicate
fluorescence values belonging to the linear segment of each PCR
quantification curve and n and n, represent their corresponding
crossing points. PON1 and 18S ribosomal mRNA (used as a
housekeeper) real-time PCR efficiencies when aging effects were
measured were 1.85 and 1.75, respectively. When CR effects were
determined, real-time PCR efficiencies were 1.82 and 1.88 for
PONI and 18S ribosomal mRNA, respectively.

Western blot analysis of serum PONI1, apoA-I, apo], and
liver SR-BI protein levels

Equal amounts of serum protein (30 pg) were fractionated on
15% SDS-PAGE gels and electrotransferred onto a nitrocellulose
filter. Ponceau S staining was performed systematically to check
for correct loading and electrophoretic transfer. Rabbit poly-
clonal antibodies against human apoA-I, PONI, and SR-BI and
a goat polyclonal antibody against rat apoJ were used as pri-
mary antibodies. Anti-rabbit and anti-goat IgG-alkaline phospha-
tase antibodies were used as secondary antibodies. Development
of immunoblots was performed using an enhanced chemi-
luminescence kit. Bands on films were quantified by photo-
densitometric analysis (Kodak 1D Image Analysis Software). The
apparent molecular masses of PON1 (43 kDa), apoA-I (28 kDa),
apo] (50 kDa), and SR-BI (80 kDa) were estimated using protein
molecular mass standards.

Statistical analysis

All data are expressed as mean values = SEM of six animals per
group. Statistical analysis was performed using a statistical software
package (SPSS 13.0 for Windows, Inc.). Statistical differences
between young and old rats were analyzed by two-way ANOVA to
assess the effects of agingand gender. The effects of CRand gender
were assessed in the same way but between old and old CR rats.
Student’s ttest, as a post hoc comparison, was performed when an
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TABLE 1. Effects of aging, CR, and gender on body weight, serum lipid profile, and TBARS

Variable Gender Young Old Old CR Anova I Anova II

Body weight (g) Male 482 + 14 686 = 38 442 = 9 A G, CR
Female 261 £ 8 396 £ 16 243 * 21

Triglyceride (mmol/1) Male 2.65 + 0.25 3.76 + 0.07 1.46 = 0.10° G, A G, CR, G*CR
Female 1.80 = 0.41 2.21 = 0.18" 1.36 = 0.15“

Total cholesterol (mmol/1) Male 1.24 £ 0.09 1.93 = 0.15¢ 1.18 + 0.06¢ G, A, G*A G, CR, G*CR
Female 1.13 = 0.07 1.27 = 0.15" 1.01 = 0.09

HDL-cholesterol (mmol/1) Male 0.49 £ 0.09 0.43 *= 0.06 0.33 = 0.02“ A, G*A G*CR
Female 0.70 =+ 0.06" 0.33 * 0.02° 0.45 = 0.04%"

LDL-cholesterol (mmol/1) Male 0.46 = 0.03 1.38 = 0.26 1.22 = 0.18 A NS
Female 0.37 = 0.05 1.40 = 0.28 1.09 = 0.14

LDL/HDL-cholesterol ratio Male 1.12 £ 0.21 3.24 = 0.40 4.46 = 0.42 A G*CR
Female 0.55 = 0.10 4.19 + 0.69 2.40 = 0.20%"

TBARS (pmol/1) Male 2.94 = (0.38 3.31 £ 0.34 2.70 = 0.16 NS CR
Female 3.44 = 0.34 3.62 = 0.39 2.84 = 0.17

Anova I, two-way ANOVA to assess the effects of aging and gender between young and old rats; Anova II, two-way ANOVA to assess the effects of
CR and gender between old and old CR rats; CR, caloric restriction; TBARS, thiobarbituric acid-reactive substances. Values are expressed as means *
SEM of six animals per group. For ANOVA (P < 0.05), G indicates gender effect, A indicates aging effect, and CR indicates CR effect. G¥A and G*CR

represent the corresponding interactive effects.
“P < 0.05, old CR versus old, by ttest.
® P < 0.05, female versus male, by ttest.
“P < 0.05, old versus young, by #test.

interactive effect ofaging and gender or CR and gender was shown.
P < 0.05 was considered statistically significant.

Statistical PCR data analysis was performed using the Relative
Expression Software Tool (REST 2005 BETA V1.9.9) (27). Dif-
ferences in mRNA levels between groups were analyzed by the
Pair Wise Fixed Reallocation Randomization Test© (28), a proper
model to avoid the normal distribution of data.

RESULTS

Effects of aging, CR, and gender on body weight, serum
lipid profile, and serum lipid peroxide levels (TBARS)

In both genders, body weight increased with aging and
decreased after 1 year of 40% CR, reaching that of the
younger rats (Table 1). Moreover, aging led to a worsened
lipid profile, rendering not only higher triglyceride and
total cholesterol levels but also trebling the LDL/HDL-
cholesterol ratio. Thus, aging made female rats lose the
more advantageous serum lipid profile that they showed at
early ages. Serum lipid peroxide levels showed a tendency
to increase with aging, although they did not reach sta-
tistical significance.

Long-term CR strongly attenuated the effects of aging
on male and female rats by reducing triglyceride and
total cholesterol levels, with old CR rats reaching similar
levels as young animals. HDL-cholesterol levels were
improved by CR only in female rats, whereas LDL-
cholesterol levels were not modified in either males or
females. As a result, the LDL/HDL-cholesterol ratio was
reduced only in old CR females. Long-term CR induced a
20% reduction in serum lipid peroxides in both male and
female rats.

Effects of aging, CR, and gender on serum PON1 activities

Aging strongly increased serum arylesterase activity in
both genders and serum paraoxonase activity only in male
rats (Fig. 1). The age-associated increase of both activities

2044 Journal of Lipid Research Volume 47, 2006

was higher in male rats than in females, such that aging
inverted the activity profile observed in younger animals,
with old male rats reaching higher serum PONI activities
than old females.

Anova l: G,A, G*A
Anova ll: G, CR, G'CR
300

150 ~

Serum arylesterase activity
(IU/mL)

0 .
male female
Anova l: A, G*A
Anova ll: NS
100

(mlU/mL)

Serum paraoxonase activity

male female

[l young [Jold [TJoldCR

Fig. 1. Effects of aging, caloric restriction (CR), and gender on
serum paraoxonase and arylesterase activities. Data represent
means £ SEM of six animals. For ANOVA (P < 0.05): G indicates
gender effect, A indicates aging effect, and CR indicates CR effect.
G*A and G*CR represent the corresponding interactive effects.
P < 0.05 by ttest for old versus young (a), female versus male (b),
and old CR versus old (c).

2102 ‘vT aunr uo “1sanb Aq Bio 1|l mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

TABLE 2. Effects of aging, CR, and gender on liver PON1

mRNA levels
Variable Young Old Old Cr
PON1
Male
Expression 3.19¢ 1 2.23
REST error 1.72-5.96 1.48-3.68
Female
Expression 1.38 2.2 1.84
REST error 0.5-3.25 1.06-4.02 1.27-2.96
18S ribosomal mRNA
Male
Expression 1.16 1 1.18
REST error 1.89-1.65 0.93-1.60
Female
Expression 1.25 1.14 1.04
REST error 1.05-1.50 0.94-1.33 0.85-1.38

PONI, paraoxonase 1; REST, Relative Expression Software Tool.
mRNA levels of old male rats were set as 1. 18S ribosomal mRNA
expression was used as a housekeeper. Statistical differences between
experimental groups were assessed by the Pair Wise Fixed Reallocation
Randomization Test© (P < 0.05). Statistical comparisons were
performed between old versus young rats and old CR versus old rats.
Gender statistical comparisons were also performed in each experi-
mental group.

“Statistical differences were only detected between old and young
male rats.

Long-term CR decreased serum arylesterase activity in
male and female rats, reaching similar levels in both
genders. No effect of CR was observed on serum para-
oxonase activity.

Effects of aging, CR, and gender on liver PON1
mRNA levels

Aging greatly decreased male rat liver PONI mRNA
levels (Table 2), whereas it did not modify those of fe-
males. No differences were detected in any of the other
comparisons performed.

Effects of aging, CR, and gender on serum levels of
PONI1, apoA-I, and apo] and liver content of SR-BI

Serum PONI levels, which were lower in young male
rats compared with young females, increased with aging

only in the former (P < 0.001) (Table 3). Thus, and par-
alleling the changes observed in arylesterase activity, aging
inverted the profile observed in younger animals, with old
male rats reaching higher serum PONI levels than old
females. ApoA-I levels, which were significantly lower in
young male rats compared with young females, decreased
with aging only in the latter. Apo] levels, which also tended
to be higher in young female rats compared with young
males, perfectly dovetailed with changes of arylesterase
activity, increasing with aging in both genders. Long-term
CR reduced PONI levels of male rats (P = 0.009), whereas
no changes were observed in females. Neither were apoA-I
and apo] levels modified by CR.

Liver SR-BI levels were not modified by aging, CR, or
gender. The PONI/HDL-cholesterol and apo]/HDL-
cholesterol ratios, indicative of the PON1 and apo] con-
tents in the total HDL population, increased with aging in
both genders (Table 4).

DISCUSSION

Aging is associated with increased PONI activities as a
consequence of a higher content of PONI molecules in
the blood, which probably corresponds to the need to
respond to the negative effects of senescence. Long-term
CR attenuates the aging effects and reduces serum PONI
activities, suggesting that PONI may not be included
among the main protective mechanisms triggered by CR.

The results presented in this work show an age-
associated worsened serum lipid profile in both genders,
leading to an increased atherogenic risk, as reflected by
the higher LDL/HDL-cholesterol ratio in old animals. In
addition, aging attenuated the gender differences ob-
served between male and female rats at early ages, with old
females presenting a more unfavorable state compared
with their younger counterparts and having lost their ad-
vantageous profile compared with males. At early ages,
these gender differences have been attributed, in humans
and rats, to the effects of female sex hormones, the levels
of which are reduced with aging (29, 30).

TABLE 3. Effects of aging, CR, and gender on serum levels of PON1, apoA-I, and apo] and liver content of SR-BI

Variable Gender Young Old Old CR Anova I Anova II

PON1 Male 100 = 20 294 + 32¢ 177 + 15° A, G*A G*CR
Female 156 + 5° 195 = 21° 207 * 20

ApoA-I Male 100 = 30 132 = 21 161 = 23 G, A, G*A NS
Female 373 = 74¢ 155 + 26 152 = 33

Apo] Male 100 = 23 239 * 30 253 £ 21 A NS
Female 154 = 30 261 = 22 267 *+ 26

SR-BI Male 100 = 13 80 = 13 75 = 8 NS NS
Female 79 + 4 75 * 15 93 + 15

ApoA-1, apolipoprotein A-I; SR-BI, scavenger receptor class B type I. Anova I and Anova II are described in
Table 1. Protein levels were measured by immunoblot analysis and expressed as arbitrary units. Levels of control
male rats were set as 100%. Values are expressed as means = SEM of six animals per group. For ANOVA (P < 0.05),
G indicates gender effect, A indicates aging effect, and CR indicates CR effect. G*A and G*CR represent the

corresponding interactive effects.
“P < 0.05, old versus young, by ttest.
bp< 0.05, old CR versus old, by #test.
‘P < 0.05, female versus male, by ttest.

PONI response to aging and caloric restriction in rats 2045
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TABLE 4. Effects of aging, CR, and gender on PONI, apoA-l, and apo] content in HDL

Variable Gender Young Old Old CR Anova I Anova II

PON1,/HDL-cholesterol [ (AU/mmol) X 104 Male 1.65 = 0.59 6.67 = 1.10 5.45 + 1.22 A NS
Female 1.38 £ 0.32 5.27 = 0.86 3.93 = 0.59

ApoA-I/HDL-cholesterol [(AU/mmol) X 10_14] Male 2.83 = 1.08 3.63 = 0.95 6.08 = 0.99 NS NS
Female 3.08 = 0.86 4.72 + 0.59 3.41 + 0.74

Apo]/HDL-cholesterol [(AU/mmol) X 10714] Male 4.61 = 1.57 13.6 = 2.90 25.2 = 6.03 A NS
Female 3.89 = 0.59 17.5 = 1.97 11.3 = 1.51

AU, arbitrary units. Anova I and Anova II are described in Table 1. Values are expressed as means * SEM of six animals per group. For ANOVA

(P < 0.05), A indicates aging effect.

In agreement with previous studies (31), young female
rats showed higher PON1 activities than young males. How-
ever, this more advantageous antioxidant protection
shown by female rats seems to be lost in old females, and
the gender-related differences in PONI activities observed
at early ages were inverted with aging. Moreover, serum
lipid peroxide levels showed a tendency to increase with
aging and correlated positively with LDL-cholesterol levels
(r=0.533, P=0.019), in accordance with the higher sus-
ceptibility of LDL to oxidation with age, as has been
reported in previous studies (4, 5). Therefore, and be-
cause the antiatherogenic properties of PON1 have been
shown to come from its ability to reduce LDL oxidation
(17,18, 32), we assumed that the increased PON1 activities
and levels with aging could be indicative of the activation
of a response mechanism designed to respond to the
adverse effects of senescence, leading to the observed
attenuation of lipid oxidative damage. The strong correla-
tions found between PONI activities and LDL-cholesterol
levels (r = 0.865, P < 0.001 and r = 0.628, P = 0.002 for
arylesterase and paraoxonase activities, respectively) fur-
ther support this idea.

In contrast to our results, a loss of PONI activity with
aging has been described in humans (33-35). Although
the influence of genotype on human serum PONTI activity
cannot be ruled out, interspecies differences could ex-
plain the different antiaging mechanisms involving PON1
that act in both rats and humans.

Although the liver is the main source of serum PONI1
(16), the age-related changes observed in its enzymatic
activities cannot be attributed to higher liver expression at
the transcriptional level. Furthermore, the lack of differ-
ences in liver SR-BI levels suggest that aging did not affect
the SR-BI-mediated PONI release to the blood. Serum
levels of apoA-I, the main protein component of HDL
(86), showed a similar profile to those of HDL-cholesterol,
thus reflecting the age-associated changes of the total HDL
population. However, HDL represent a highly heteroge-
neous population (37), and PONI specifically associates
with those HDLs also containing apo] (13). Aging strongly
increased apo] levels, perfectly dovetailing with both
PONI activities and levels. In addition, the PON1/HDL-
cholesterol and apo]/HDL-cholesterol ratios in old rats
further suggest an age-associated increase in the levels of
the HDL subfraction responsible for PONI transport in
the blood. This is in agreement with the previously de-
scribed age-dependent increased levels of the HDLg3 sub-
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fraction (38, 39), the one with which PON1 associates and
in which the greater inhibition of LDL oxidation has been
detected (40, 41). Thus, both male and female old rats
would respond to the age-related increased oxidative
damage by means of a redistribution of HDL subfractions,
leading to a higher number of PON1 molecules in the
blood to bring about a more effective protection of LDL
from oxidation. In addition, the lack of gender differences
in the age-related response of PON1 reflects the loss of the
more favorable blood profile with aging of females with
respect to males.

The antiaging effects of CR are reflected in the improved
serum lipid profiles of both male and female old rats
subjected to long-term CR compared with ad libitum-fed
rats of the same age. However, the LDL/HDL-cholesterol
ratio decreased only in old CR females, indicating that CR
allowed female rats a better improvement of their situation
compared with males. The strong correlation found in old
and old CR rats between LDL-cholesterol and lipid per-
oxide levels (r = 0.641, P = 0.002), together with the CR-
associated decrease of TBARS levels, suggest that oxidation
of these lipoproteins was probably attenuated by CR, al-
though LDL-cholesterol levels were not restored. Thus, the
lower arylesterase activity observed in old CR animals could
be explained by this lower risk of LDL oxidation. It is worth
noting that paraoxonase and arylesterase activities did not
follow the same pattern in response to CR. Because no other
serum enzyme has been described to hydrolyze paraoxon,
this apparent discrepancy could be attributable to differ-
ences in the specific regulation of both activities, such that
some factors related to CR could cause an increase in para-
oxonase activity, thus demonstrating that, despite de-
creased serum PONTI levels, paraoxonase activity was not
altered by CR. Nevertheless, arylesterase activity is more
closely related to the levels of PON1 protein (23); thus, this
activity would be more indicative of the status of the PON1
enzyme. In this sense, both serum arylesterase activity and
PONTI levels decreased with CR in both genders.

Because no effect of CR was observed on liver PON1
expression and SR-Bl-mediated release to the blood or on
PONI1 and apo] content of HDL, the lower arylesterase ac-
tivity shown by old CR rats cannot be attributed to changes
of PONI liver transcription or to HDL redistribution;
therefore, other processes underlying CR must be involved.

The results presented in this work are in agreement with
those obtained in a previous study performed in 8 week
old rats subjected to 40% CR over 14 weeks (22), in which
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we reported a CR-associated PONI activity reduction in a
less oxidative environment. In this work, aging influenced
the PONI response to CR by neutralizing the gender-
dependent differences described previously in young rats
(22), which were not detected in this study. Young CR
females showed a greater reduction of serum PONI ac-
tivity and levels compared with their age-matched males,
thus reflecting the need of females to save energy to
promote their own survival and that of the species (22). In
this sense, the age-related decrease of female sexual hor-
mone levels entails, as well as the loss of the repro-
ductive capacity of females, an equalized atherogenic risk
between genders.

In summary, PON1 modulation by aging entails an HDL
redistribution leading to a higher number of HDL
particles responsible for PONI1 transport in the blood,
representing the activation of a protection mechanism to
respond to the greater oxidative status of old animals. Our
results also suggest that PON1 modulation is not an in-
tegral part of the main mechanisms by which CR exerts its
age-related oxidative risk attenuation; rather, CR would
determine a more youthful and less oxidative situation in
which the protection of LDL would be less necessary. B
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