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Abstract
Folic acid is a vitamin that when used as a dietary supplementation can improve endothelial function. To assess the effect of folic acid on the
development of atherosclerosis, male apolipoprotein E-deficient mice fed a standard chow diet received either water (control group) or an aqueous
solution of folic acid that provided a dose of 75 μg/kg/day, for ten weeks. At the time of sacrifice, blood was drawn and the heart removed. The
study measured plasma homocysteine, lipids, lipoproteins, low-density lipoprotein (LDL) oxidation, isoprostane, paraoxonase, and
apolipoproteins, and aortic atherosclerotic areas. In folic acid-treated animals, total cholesterol, mainly carried in very low-density and lowdensity lipoproteins, increased significantly, and homocysteine, HDL cholesterol, paraoxonase, and triglyceride levels did not change significantly.
Plasma isoprostane and apolipoprotein (apo) B levels decreased. The resistance of LDL to oxidization and plasma apoA-I and apoA-IV levels
increased with a concomitant decrease in the area of atherosclerotic lesions. The administration of folic acid decreased atherosclerotic lesions
independently of plasma homocysteine and cholesterol levels, but was associated with plasma levels of apolipoproteins A-I, A-IV and B, and
decreased oxidative stress.
© 2006 Elsevier Inc. All rights reserved.
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Folate is the generic term for compounds that exhibit vitamin
activity similar to that of pteroylmonoglutamic acid (folic acid),
which is a co-factor in the transfer and utilization of 1-carbon
moieties. Those biochemical reactions are required for transmethylation, nucleic acid synthesis, homocysteine metabolism,
and the enzymatic regeneration of tetrahydrobiopterin (an essential co-factor of nitric oxide synthase). Mounting evidence
suggests that folates might play a role in the prevention of
cardiovascular disease (Verhaar et al., 2002). Epidemiological
studies have shown that low serum folate levels are associated
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with increased cardiovascular risk (Robinson et al., 1998). In
addition, low folate levels might play a pathogenic role in atherosclerosis, independent of homocysteine concentrations
(Durga et al., 2005). The administration of folate and vitamin
B12 for nine weeks to patients that had coronary heart disease
and hyperhomocysteinemia improved vascular endothelial function, as assessed using brachial artery flow-mediated dilatation
(Chambers et al., 2000). Supplementation with Vitamin B6, B12
and folate reduced carotid intima-media thickness in patients at
cardiovascular risk compared to that in a healthy age-matched
control group with similar plasma homocysteine concentrations
(Till et al., 2005). Indeed, oral supplementation of folic acid
alone or its active form equally restored endothelial function
in hypercholesterolemic (Verhaar et al., 1998, 1999) and in
diabetic patients (Mangoni et al., 2005). Furthermore, in patients
that had coronary artery disease, a high oral dose of folate
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acutely lowered blood pressure and enhanced coronary
dilatation (Tawakol et al., 2005). Those effects were independent
of a reduction in homocysteine levels. The underlying
mechanism of the biological action might be complex. Indeed,
folates possess some anti-oxidative capacity (Verhaar et al.,
1998), have an ameliorative effect on dysfunction of endothelial
NO synthase (Stroes et al., 2000), and inhibit VCAM-1
expression (Li et al., 2006). All these observations suggest that
folate plays a role in the control of the early stages of
atherogenesis. The aim of this study was to investigate the
effects of folic acid fortification on the development of
atherosclerotic lesions in apoE-deficient mice, which spontaneously develop atherosclerosis that has features similar to those
observed in humans (Sarria et al., 2006). To investigate the
mechanisms involved and changes in atherosclerosis, levels of
homocysteine, lipid, lipoproteins, and oxidative stress were
analyzed.
Materials and methods
Animals
Two-month-old male homozygous apoE knock-out mice, bred
at the Unidad Mixta de Investigación, Zaragoza, Spain, were
fasted overnight before being anesthetized with isofluorane. To
estimate initial plasma cholesterol and triglycerides levels, blood
samples were collected using retro-orbital bleeding. Twenty mice
were randomly assigned to two groups of ten mice each, and
housed in sterile filter-top cages. The groups had similar plasma
cholesterol and triglyceride levels. Animals had access to food
and water ad libitum. The protocol was approved by the Ethical
Committee for Animal Research of the University of Zaragoza.
Treatment
Mouse chow was Teklad Mouse/Rat Diet no. 2014 (Harlan
Teklad, Harlan Ibérica, Barcelona, Spain). The ten mice in the
control group were fed chow and water, and the ten mice in the
treatment group received chow and an aqueous solution of folic
acid (Aspol, Interpharma, Barcelona, Spain) that provided each
mouse with a dose of 75 μg/kg/d. The aqueous folic acid
solution was prepared daily. The treatment was provided for ten
weeks and was well tolerated.
Biochemical determinations
After the treatment period, the mice were fasted before being
sacrificed by suffocation with CO2, and blood was drawn from
their hearts. Total plasma cholesterol and triglyceride concentrations were measured in a microtiter assay, using commercial
kits from Sigma Chemical Co. (Madrid, Spain). Plasma homocysteine concentrations were assayed using a time-resolved
immunofluorimetric assay (IMx, Abbott Diagnostic, Madrid).
Total isoprostane 8-iso-PGF2α was measured according to the
manufacturer's instructions (Cayman Chemical, Ann Arbor,
MI). Paraoxonase was assayed using arylesterase activity
following the protocol previously described (Acín et al.,
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2005). Results were expressed as μmol phenylacetate hydrolyzed per minute per liter (IU/l). The apolipoproteins A-I, A-II,
A-IV, and B were quantified using ELISA and specific
polyclonal antibodies (Biodesign, Saco, ME, and Santa Cruz
Biotechnology, Santa Cruz, CA), as described elsewhere
(Arbonés-Mainar et al., 2006; Navarro et al., 2005). All of the
samples were analyzed on the same day, and all of the assays
were performed in triplicate. In all cases, the intra-assay CV was
b4%.
To analyze lipoprotein profiles, 100 μl of pooled samples
from within each dietary group were subjected to fast protein
liquid chromatography gel filtration using a Superose 6B
column (Amersham Biosciences, Barcelona, Spain) (Calleja
et al., 1999), and concentrated (see Navarro et al., 2004).
Low-density lipoprotein oxidation susceptibility
LDL oxidizability was measured following the method
of Spranger et al. (1998). Briefly, 60 μl of lipoprotein
fraction (2.3 μg of cholesterol) was diluted with 275 μl of
phosphate-buffered saline (PBS). To initiate oxidation, 3.3 μl
of 1 mM CuSO4 solution was added. The susceptibility
of lipoproteins to oxidation was continuously monitored by
following changes in absorbance at 234 nm every 10 min
for 4 h, and lag phase and oxidation rate were calculated
using εcd = 29,500 M− 1 cm− 1 as the extinction coefficient of
conjugated dienes.
RNA preparation and analysis
Immediately after the mice were sacrificed, their livers
were removed and frozen in liquid nitrogen. RNA was isolated using Trigent reagent MRC (Cincinnati, OH, USA)
according to the manufacturer's instructions. Total RNA was
subjected to Northern blot analysis (see Osada and Maeda,
1998). The cDNA probes used for Apoa1, Apoc3 and Apoa4
genes were described by Acín et al. (2005) and ArbonésMainar et al. (2006). To normalize the amount of RNA, a mouse
β-actin fragment (Acín et al., 2005) was used. Labelling and
quantification followed the methods described by Acín et al.
(2005).
Evaluation of atherosclerotic lesions
Hearts were perfused first with phosphate-buffered saline and
then with phosphate-buffered formalin (4%, pH 7.4, Panreac,
Barcelona, Spain) under physiological pressure. The bases of the
hearts were collected and processed for aortic cross-sectional
analysis (as described by Calleja et al., 1999). In brief, the base
of the heart and the aortic roots were embedded in paraffin and
4-μm serial sections were stained with 0.4% orcein in acid 70%
ethanol for 30 min, then with 0.5% (w/v) carmin indigo in 0.37%
picric acid for 5 min (Acín et al., 2005). Images were captured
and digitized using a Nikon microscope equipped with a Canon
digital camera. Morphometric evaluations were based on
average lesion sizes from four cross-sections and using Scion
Image software (Scion Corporation, Frederick, MD, USA).
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Table 1
Effects of folic acid on blood plasma parameters in apoE knockout mice
Homocysteine (μmol L− 1)
Total cholesterol (mmol L− 1)
Triglycerides (mmol L− 1)
Apo A-I (AU L− 1)
Apo A-II (AU L− 1)
Apo A-IV (AU L− 1)
Apo B (AU L− 1)
8-iso-prostaglandin F2α (pg mL− 1)
Arylesterase activity × 103 (UI L− 1)

Control (n = 10)

Folic acid (n = 10)

5.9 ± 1.5
10.5 ± 2.5
1.5 ± 0.4
108 ± 15
117 ± 22
90 ± 10
117 ± 6
280 ± 42
91 ± 16

5.8 ± 1.3
13.9 ± 3.5⁎
1.4 ± 0.3
125 ± 9⁎
135 ± 13⁎
110 ± 20⁎
104 ± 13⁎
144 ± 5⁎
94 ± 12

Results are expressed as mean ± SD. Mice were fed chow (control) or folic
acid diet for 10 weeks and fasted overnight before blood collection. Statistical analyses were done according to Mann–Whitney U-test. ⁎, P b 0.05
vs. control.

levels were higher in the folic acid-treated group than in the
control group. The folic acid supplementation did not induce
significant changes in triglycerides. In the treatment group, the
levels of apolipoproteins A-I, A-II, and A-IV appeared to
increase significantly, but apoB levels decreased significantly.
Dietary folic acid increased VLDL and LDL cholesterol
(Fig. 1A), which corroborates the increase in total cholesterol
(Table 1); however, the decrease in apoB was observed in
VLDL particles only (Fig. 1B). The decrease in apoB, coupled
with the increase in VLDL and LDL cholesterol, indicates that
apoB-containing particles carry more cholesterol because of the
administration of folic acid. In folic acid-treated mice, the HDL
profile shifted to the right, which suggests an increase in the
population of small HDL (Fig. 1A).
Evaluation of susceptibility to oxidation and oxidative status

Statistical analysis
Statistical comparisons were made using the Mann–Whitney
U-test, and differences were considered significant when
P b 0.05. A multiple regression analysis was performed using
Instat 3.02 software for Windows (GraphPad, San Diego, CA,
USA).
Results
Effect of folic acid on blood plasma parameters

Fig. 2 shows the susceptibility to oxidation of LDL incubated with CuSO4 expressed as the lag time of diene accumulation and the oxidation rate. LDL from folic acid-treated
mice exhibited a significant increase in the lag time of diene
accumulation (Fig. 2A) and a lower oxidation rate (Fig. 2B)
compared to that from mice in the control group. As assessed
using plasma 8-iso-prostaglandin F2α levels, general oxidative
status decreased in folic acid-treated mice (Table 1). To assess
the effect of folic acid on the antioxidative mechanisms, we
measured paraoxonase, an antioxidant enzyme in HDL. The

After ten weeks of the folic acid treatment, homocysteine
levels remained unaltered (Table 1). Average plasma cholesterol

Fig. 1. Plasma lipoprotein profiles in apoE-deficient mice. Lipoproteins were
fractionated using FPLC (three independent pools for each dietary condition) in
control (triangles) and folic acid treatment (squares) groups. (A) Representative
patterns of the cholesterol distributions are shown. The results are expressed as
μg of cholesterol per fraction. (B) ApoB distribution. The results are expressed
as arbitrary unit of absorbance per fraction.

Fig. 2. Indices of oxidizability of low-density lipoproteins in apoE-deficient
mice. A) Lag time of diene accumulation expressed as minutes, B) oxidation
rate expressed as nmol of conjugated dienes/μg cholesterol/min. LDL
from control and treatment (folic acid) groups were incubated with 10 μM
CuSO4 at 37 °C to induce oxidation. Absorbance at 234 nm was continuously
monitored and used to calculate both indices. Data are presented as mean ±
SEM. ⁎⁎⁎ P b 0.001 and ⁎P b 0.05 vs. control LDL according to Mann–
Whitney U-test.

R. Carnicer et al. / Life Sciences 80 (2007) 638–643

641

administration of folic acid did not influence the arylesterase
activity of paraoxonase (Table 1).
Quantification of lesion area
Fig. 3 (A and B) shows representative atherosclerotic foci of
untreated and folic acid-treated mice at the end of the 10-week
experiment. When the atherosclerotic lesions of the 18-weekold mice were observed at a higher magnification (Fig. 3C and
D), the dramatic effect of folic acid on the characteristics of
lesions was evident. The infiltration of foam cells into the
intima, the alteration of elastin of media, and the presence of
collagen were much less evident in the folic acid-treated mice
than in the untreated mice. These differences indicate a more
stable plaque after the 10-week treatment. A summary of the
atherosclerotic lesion areas in all of the mice is presented in
Fig. 3E. The administration of folic acid significantly reduced
the amount of lesion area in apoE-deficient mice.
RNA analysis
Hepatic expressions of the apolipoprotein a1/c3/a4 gene
cluster were determined using northern blot analyses. Results
in Fig. 4 are expressed as arbitrary units and refer to the level of
β-actin. The hepatic expression of apoa1 and apoc3 did not

Fig. 4. Effects of folic acid on hepatic apoa1/c3/a4 gene cluster mRNA
expressions. Results are expressed as mean ± SEM of arbitrary absorbance units
normalized to the β-actin gene expression. Five micrograms of total RNA from
animals was subjected to northern analysis as described in Methods. Statistical
analyses were done according to Mann–Whitney U-test. ⁎, P b 0.05 vs. control.

differ between the two groups, but apoa4 was induced by the
folic acid supplement (Fig. 4).
Discussion

Fig. 3. Aortic atherosclerotic lesions in untreated (control) and treated (folic
acid supplement) apoE knockout mice. Representative micrographs of aortic
sections from control A) and folic acid treated mice B) at 40× magnification.
Arrows indicate presence of atherosclerotic foci. Larger magnification (600×) of
lesions from control C) and folic acid D) groups. E) Individual data of crosssectional analysis of aortic lesion areas and mean for control (n = 9) and folic
acid groups (n = 9). Statistical analyses were done according to Mann–Whitney
U-test. *, P b 0.05 vs. control.

In this study, we demonstrated that an aqueous solution of
folic acid decreased the area of atherosclerotic lesions in apoE
knockout mice, independently of homocysteine levels. That
reduction was paralleled by a decrease in the number of VLDL
particles, as estimated by the apoB content, despite being
enriched in cholesterol. In addition, oxidative stress decreased
significantly, HDL apolipoproteins increased, and the size of
HDL particles decreased. Overall, these findings show a unique
picture of favorable lipoprotein metabolism, which might
explain the observed patterns of atherosclerosis after folic acid
treatment.
In the folic acid-treated mice, total plasma cholesterol
increased, which was reflected in the plasma lipoprotein profile
(Fig. 1A). The decrease in plasma apoB concentrations in
treated mice (Table 1) indicates that the apoB-containing particles of folic acid-treated mice carried more cholesterol. This
effect was more pronounced in VLDL than in LDL particles
because, in the former fraction, there was a decrease in apoB
(Fig. 1B), whereas levels of apoB in LDL particles were similar
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to those in untreated mice. This metabolic setting suggests that
folic acid supplements could induce the secretion of large-sized
VLDL, and that some of these particles are selectively metabolized. For that reason, plasma triglycerides are kept constant
and a similar number of apoB-containing particles are present in
the LDL fraction. That scenario is consistent with the enhanced
lipolytic action observed by Povoa et al. (1984). Large apoBcontaining particles might be less atherogenic because they
have greater difficult traversing the endothelial barrier (Veniant
et al., 2001); however, large particles also have a spatial
hindrance to entering the subendothelial space and, therefore,
might be more susceptible to oxidization, particularly in apoEdeficient mice, in which the ligand of apoB48-containing
particles are absent and their half-life is extended (Sarria et al.,
2006). However, in our study, we estimated the general oxidative status by measuring plasma levels of 8-iso-prostaglandin
F2α, a reliable marker of oxidant stress in vivo (Lawson et al.,
1999), and found these levels to be decreased; moreover, LDL
from folic acid-treated mice were particularly resistant to Cu2+induced oxidation (Fig. 2). The latter experiments were
performed using isolated LDL, which indicates that folic acid
supplements endowed these particles with some antioxidant
protective mechanism. The increased plasma levels of apoA-I
and apoA-IV, which have antioxidant (Bonnefont-Rousselot
et al., 1999; Stan et al., 2003) and antiatherogenic (Duverger
et al., 1996; Paszty et al., 1994) properties, might explain the
observed atherosclerotic findings, and might neutralize the
negative impact of apoA-II on atherosclerosis (Arbonés-Mainar
et al., 2006). Indeed, in our study, the multiple regression
analysis indicated that 63% (P b 0.01) of the variance in the area
of atherosclerotic lesions was explained by changes in the levels
of apolipoproteins A-I, A-IV, and B. Thus, our data support the
notion that large apoB-containing lipoproteins are less atherogenic in the presence of increased apo A-I and A-IV levels.
We found that the folic acid treatment increased apolipoprotein A-I (Table 1), which is 70% of the protein in HDL
(Assman and Nofer, 2003), and shifted the HDL profile to the
right (Fig. 1A), which indicates that these particles have less
cholesterol. The increase in plasma apolipoprotein A-I, despite
the absence of change in hepatic apoa1 mRNA expression
(Fig. 4), suggests that other post-transcriptional mechanisms,
such as translation efficiency (Azrolan et al., 1995), or posttranslational mechanisms, such as packaging with cholesterol
and phospholipids and secretion (Zheng et al., 2005), might
be influenced by folic acid, as well as a selective plasma
catabolism of apoA-I containing particles. In addition, folic acid
treatments influenced hepatic apoa4 mRNA expression, which
increased following treatment and might explain the increase in
plasma apolipoprotein levels. This might be another mechanism
in the protective action of folic acid and a new regulation of
apoA-IV gene expression not associated with dietary lipid
compounds (Stan et al., 2003).
Our experiment provides evidence that exogenous administration of folic acid decreased atherosclerosis in apoE-deficient
mice just as it had beneficial effects on endothelial function in
hypercholesterolemic (Verhaar et al., 1998, 1999) and in diabetic patients (Mangoni et al., 2005), and on blood pressure in

patients that had coronary artery disease (Tawakol et al., 2005).
Furthermore, our experiment demonstrated that the beneficial
effect acts independently of homocysteine lowering, in
agreement with reports in apoE-deficient mice fed a diet
supplemented with vitamins B12, B6, and folate (Zhou et al.,
2003) and in humans (Doshi et al., 2002; Durga et al., 2005;
Tawakol et al., 2005). In our experiment, the folic acid
intervention occurred at the early stages of lesion development
(fatty streak) and folic acid was particularly efficient in retarding
the recruitment of macrophages (Fig. 3C and D) pointing out a
role of this compound early in the atherosclerotic process. At
that time, two potential targets might be involved. On the one
hand, the reduced expression in endothelial cells of adhesion
molecules (Li et al., 2006) or the necessity of folate to these cells
in keeping their full phenotype (Brown et al., 2006; Doshi et al.,
2001) and on the other hand, the direct action of folic acid on
monocytes and macrophages (Au-Yeung et al., 2006; Wang et
al., 2005). In a large Canadian study on humans, folic acid
fortification lowered stroke mortality (Yang et al., 2006), while
folic acid supplementation had no effect in secondary prevention
of cardiovascular disease (Loscalzo, 2006; Yang et al., 2006).
Collectively, these observations suggest a cardiovascular benefit
in fortifying food with folic acid in primary prevention.
In conclusion, a folic acid supplement decreased the atherosclerotic lesion area in apoE knockout mice, independently of
homocysteine levels, concomitant with a remodelling of apoBcontaining particles and high-density lipoproteins, and a general
decrease in oxidative stress. Although more studies are required, the inclusion of folates in functional foods might provide an important means of reducing atherosclerotic burden.
Acknowledgments
This research was supported by grants FEGA-FEOGA
(CAO99-014), CICYT (SAF2004-08173-C03-02), FISS 01/
0202, Redes DGA (A-26), and FISS de investigación
cooperativa C03-01 and G03-140, and by Fundación Española
del Corazón. R.C., S.A., M.A.N., and M.A.G.G. were recipients
of DGA, FEGA-FEOGA, and PROMEP fellowships. We thank
Dr. Bruce MacWhirter for his critical reading of the manuscript.
We also thank Jesús Navarro, Angel Beltrán, Carmen Navarro,
and Clara Tapia from Unidad Mixta de Investigación for their
invaluable help in maintaining the animals, and Rosario Puyó
for her technical assistance.
References
Acín, S., Navarro, M.A., Carnicer, R., Arbonés-Mainar, J.M., Guzmán, M.A.,
Arnal, C., Beltrán, G., Uceda, M., Maeda, N., Osada, J., 2005. Dietary
cholesterol suppresses the ability of olive oil to delay the development of
atherosclerotic lesions in apolipoprotein E knockout mice. Atherosclerosis
182, 17–28.
Arbonés-Mainar, J.M., Navarro, M.A., Acín, S., Guzmán, M.A., Arnal, C.,
Surra, J.C., Carnicer, R., Roche, H.M., Osada, J., 2006. trans-10, cis-12, and
cis-9, trans-11-conjugated linoleic acid isomers selectively modify HDLapolipoprotein composition in apolipoprotein E knockout mice. Journal of
Nutrition 136, 353–359.
Azrolan, N., Odaka, H., Breslow, J.L., Fisher, E.A., 1995. Dietary fat elevates
hepatic ApoAI production by increasing the fraction of apolipoprotein A-I

R. Carnicer et al. / Life Sciences 80 (2007) 638–643
mRNA in the translating pool. Journal of Biological Chemistry 270,
19833–19838.
Assman, G., Nofer, J.R., 2003. Atheroprotective effects of high density
lipoproteins. Annual Review of Medicine 54, 321–341.
Au-Yeung, K.K., Yip, J.C., Siow, Y.L., O.K., 2006. Folic acid inhibits
homocysteine-induced superoxide anion production and nuclear factor
kappa B activation in macrophages. Canadian Journal of Physiology and
Pharmacology 84 (1), 141–147.
Bonnefont-Rousselot, D., Therond, P., Beaudeux, J.L., Peynet, J., Legrand, A.,
Delattre, J., 1999. High density lipoproteins (HDL) and the oxidative
hypothesis of atherosclerosis. Clinical Chemistry and Laboratory Medicine
37 (10), 939–948.
Brown, K.S., Huang, Y., Lu, Z.Y.., Jian, W., Blair, I.A., Whitehead, A.S., 2006.
Mild folate deficiency induces a proatherosclerotic phenotype in endothelial
cells. Atherosclerosis 189, 133–141.
Calleja, L., Paris, M.A., Paul, A., Vilella, E., Joven, J., Jimenez, A., Beltran, G.,
Uceda, M., Maeda, N., Osada, J., 1999. Low-cholesterol and high-fat diets
reduce atherosclerotic lesion development in ApoE-knockout mice.
Arteriosclerosis, Thrombosis, and Vascular Biology 19 (10), 2368–2375.
Chambers, J.C., Ueland, P.M., Obeid, O.A., Wrigley, J., Refsum, H., Kooner,
J.S., 2000. Improved vascular endothelial function after oral B vitamins: an
effect mediated through reduced concentrations of free plasma homocysteine. Circulation 102 (20), 2479–2483.
Doshi, S.N., McDowell, I.F., Moat, S.J., Lang, D., Newcombe, R.G., Kredan,
M.B., Lewis, M.J., Goodfellow, J., 2001. Folate improves endothelial
function in coronary artery disease: an effect mediated by reduction of
intracellular superoxide? Arteriosclerosis, Thrombosis, and Vascular
Biology 21 (7), 1196–1202.
Doshi, S.N., McDowell, I.F., Moat, S.J., Payne, N., Durrant, H.J., Lewis, M.J.,
Goodfellow, J., 2002. Folic acid improves endothelial function in coronary
artery disease via mechanisms largely independent of homocysteine
lowering. Circulation 105 (1), 22–26.
Durga, J., Bots, M.L., Schouten, E.G., Kok, F.J., Verhoef, P., 2005. Low
concentrations of folate, not hyperhomocysteinemia, are associated with
carotid intima-media thickness. Atherosclerosis 179 (2), 285–292.
Duverger, N., Tremp, G., Caillaud, J.M., Emmanuel, F., Castro, G., Fruchart,
J.C., Steinmetz, A., Denefle, P., 1996. Protection against atherogenesis in
mice mediated by human apolipoprotein A-IV. Science 273 (5277),
966–968.
Lawson, J.A., Rokach, J., FitzGerald, G.A., 1999. Isoprostanes: formation,
analysis and use as indices of lipid peroxidation in vivo. Journal of Biological
Chemistry 274 (35), 24441–24444.
Li, M., Chen, J., Li, Y.S., Feng, Y.B., Gu, X., Shi, C.Z., 2006. Folic acid reduces
adhesion molecules VCAM-1 expression in aortic of rats with hyperhomocysteinemia. International Journal of Cardiology 106 (2), 285–288.
Loscalzo, J., 2006. Homocysteine trials—clear outcomes for complex reasons.
New England Journal of Medicine 354 (15), 1629–1632.
Mangoni, A.A., Sherwood, R.A., Asonganyi, B., Swift, C.G., Thomas, S.,
Jackson, S.H., 2005. Short-term oral folic acid supplementation enhances
endothelial function in patients with type 2 diabetes. American Journal of
Hypertension 81 (2 Pt 1), 220–226.
Navarro, M.A., Acin, S., Carnicer, R., Guzman-Garcia, M.A., Arbones-Mainar,
J.M., Surra, J.C., Cebrian, J.A., Arnal, C., Isabel, B., Lopez-Bote, C.J.,
Osada, J., 2004. Response of ApoA-IV in pigs to long-term increased dietary
oil intake and to the degree of unsaturation of the fatty acids. British Journal
of Nutrition 92 (5), 763–769.
Navarro, M.A., Carpintero, R., Acin, S., Arbones-Mainar, J.M., Calleja, L.,
Carnicer, R., Surra, J.C., Guzman-Garcia, M.A., Gonzalez-Ramon, N.,
Iturralde, M., Lampreave, F., Pineiro, A., Osada, J., 2005. Immune-regulation
of the apolipoprotein A-I/C-III/A-IV gene cluster in experimental inflammation. Cytokine 31, 52–63.
Osada, J., Maeda, N., 1998. Preparation of knockout mice. Methods in
Molecular Biology 110, 79–92.

643

Paszty, C., Maeda, N., Verstuyft, J., Rubin, E.M., 1994. Apolipoprotein AI
transgene corrects apolipoprotein E deficiency-induced atherosclerosis in
mice. Journal of Clinical Investigation 94 (2), 899–903.
Povoa Jr., H., Marcondes, N., Fernandes, L., Vicente, M.M., 1984. Folic acid
and lipoprotein lipase from aorta and blood plasma of atherosclerotic rats.
Biomedica Biochimica Acta 43 (2), 241–244.
Robinson, K., Arheart, K., Refsum, H., Brattstrom, L., Boers, G., Ueland, P.,
Rubba, P., Palma-Reis, R., Meleady, R., Daly, L., Witteman, J., Graham, I.,
1998. Low circulating folate and vitamin B6 concentrations: risk factors for
stroke, peripheral vascular disease, and coronary artery disease. European
COMAC Group. Circulation 97 (5), 437–443.
Sarria, A.J., Surra, J.C., Acín, S., Carnicer, R., Navarro, M.A., Arbonés-Mainar,
J.M., Guillén, N., Martínez-Gracia, M.V., Arnal, C., Osada, J., 2006.
Understanding the role of dietary components on atherosclerosis using
genetic engineered mouse models. Frontiers in Bioscience 11, 955–967.
Spranger, T., Finckh, B., Fingerhut, R., Kohlschutter, A., Beisiegel, U.,
Kontush, A., 1998. How different constituents of human plasma and low
density lipoprotein determine plasma oxidizability by copper. Chemistry and
Physics of Lipids 91 (1), 39–52.
Stan, S., Delvin, E., Lambert, M., Seidman, E., Levy, E., 2003. Apo A-IV: an
update on regulation and physiologic functions. Biochimica et Biophysica
Acta 1631 (2), 177–187.
Stroes, E.S., van Faassen, E.E., Yo, M., Martasek, P., Boer, P., Govers, R.,
Rabelink, T.J., 2000. Folic acid reverts dysfunction of endothelial nitric
oxide synthase. Circulation Research 86 (11), 1129–1134.
Tawakol, A., Migrino, R.Q., Aziz, K.S., Waitkowska, J., Holmvang, G., Alpert,
N.M., Muller, J.E., Fischman, A.J., Gewirtz, H., 2005. High-dose folic acid
acutely improves coronary vasodilator function in patients with coronary
artery disease. Journal of the American College of Cardiology 45 (10),
1580–1584.
Till, U., Rohl, P., Jentsch, A., Till, H., Muller, A., Bellstedt, K., Plonne, D., Fink,
H.S., Vollandt, R., Sliwka, U., Herrmann, F.H., Petermann, H., Riezler, R.,
2005. Decrease of carotid intima-media thickness in patients at risk to
cerebral ischemia after supplementation with folic acid, Vitamins B6 and
B12. Atherosclerosis 181 (1), 131–135.
Veniant, M.M., Withycombe, S., Young, S.G., 2001. Lipoprotein size and
atherosclerosis susceptibility in Apoe(−/−) and Ldlr(−/−) mice. Arteriosclerosis, Thrombosis, and Vascular Biology 21 (10), 1567–1570.
Verhaar, M.C., Wever, R.M., Kastelein, J.J., van Dam, T., Koomans, H.A.,
Rabelink, T.J., 1998. 5-methyltetrahydrofolate, the active form of folic acid,
restores endothelial function in familial hypercholesterolemia. Circulation
97 (3), 237–241.
Verhaar, M.C., Wever, R.M., Kastelein, J.J., van Loon, D., Milstien, S.,
Koomans, H.A., Rabelink, T.J., 1999. Effects of oral folic acid supplementation on endothelial function in familial hypercholesterolemia. A
randomized placebo-controlled trial. Circulation 100 (4), 335–338.
Verhaar, M.C., Stroes, E., Rabelink, T.J., 2002. Folates and cardiovascular
disease. Arteriosclerosis, Thrombosis, and Vascular Biology 22 (1), 6–13.
Wang, G., Dai, J., Mao, J., Zeng, X., Yang, X., Wang, X., 2005. Folic acid
reverses hyper-responsiveness of LPS-induced chemokine secretion from
monocytes in patients with hyperhomocysteinemia. Atherosclerosis 179 (2),
395–402.
Yang, Q., Botto, L.D., Erickson, J.D., Berry, R.J., Sambell, C., Johansen, H.,
Friedman, J.M., 2006. Improvement in stroke mortality in Canada and the
United States, 1990 to 2002. Circulation 113 (10), 1335–1343.
Zheng, H., Kiss, R.S., Franklin, V., Wang, M.D., Haidar, B., Marcel, Y.L., 2005.
ApoA-I lipidation in primary mouse hepatocytes. Separate controls for
phospholipid and cholesterol transfers. Journal of Biological Chemistry 280
(22), 21612–21621.
Zhou, J., Moller, J., Ritskes-Hoitinga, M., Larsen, M.L., Austin, R.C., Falk,
E., 2003. Effects of vitamin supplementation and hyperhomocysteinemia
on atherosclerosis in apoE-deficient mice. Atherosclerosis 168 (2),
255–262.

