Vascular

EFFECT OF L-ARGININE SUPPLEMENTATION ON THE
CONCENTRATION OF VASCULAR ENDOTHELIAL GROWTH
FACTOR IN A CHOLESTEROL-RICH DIET WITHDRAWAL MODEL

Shaghayegh Haghjooyjavanmard(l), Mehdi Nematbakhsh®
Alireza Monajemi(s), Masoud Soleimani®

Abstract

INTRODUCTION: Increased serum level of vascular endothelial growth factor (VEGF) is
well-documented in hypercholesterolemia and atherosclerosis. It is associated with
atherosclerotic lesions and is considered as a marker for endothelial dysfunction and
injury. In the present study, experiments were designed to examine the combined effects
of dietary lipid withdrawal and L-arginine supplementation on serum VEGF
concentration.

METHODS: After 4 weeks on a high-cholesterol diet, white male rabbits (n=22) were
randomly assigned to 2 groups. The diet withdrawal (DW) group (n=11) was fed normal
diet and the L-arginine group was fed normal diet and 3% L-arginine in drinking water
for another 4 weeks. The serum levels of lipids, VEGF and L-arginine were measured
before and after 4 and 8 weeks of experiment.

RESULTS: The cholesterol-rich diet induced a significant increase in total cholesterol
and LDL-cholesterol in all animals. There was no significant difference between the
groups (P>0.05). After 4 weeks of cholesterol-rich diet withdrawal, animals of the DW
and the L-arginine group had similar levels of total cholesterol and LDL-cholesterol. L-
arginine supplementation resulted in a significantly higher serum level of L arginine in
the L-arginine group than in the DW group (P<0.05). After 4 weeks, no significant
difference was found between the serum level of VEGF of the two groups. By the end of
study, hypercholesterolemic diet withdrawal had apparently led to decreases in VEGF in
both groups, but the serum level of VEGF was significantly lower in the group treated
with L-arginine (P<0.05).

CONCLUSIONS: This study showed the synergistic effect of two endothelial protective
factors, lipid lowering by diet withdrawal and L-arginine supplementation, on VEGF
production.
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Introduction
endothelial growth factor (VEGE), a

VEGF synthesis is regulated by hypoxia, oxidized

heparin-binding growth factor, elicits an array of
biological effects on endothelial cells in vivo and in
vitro; these include survival, proliferation and
migration, nitric oxide (NO) production, and
increased vascular permeability.! The best known role
of VEGF is its participation in normal and
pathological angiogenesis.!? As a cytokine, VEGF
increases permeability and is a chemotactic factor for
macrophage and vascular smooth muscle cells.3# It
induces the synthesis of metalloproteinase and
adhesion molecules.5 Hence, it has an important role
in atherosclerosis lesion formation. It is shown that

low-density lipoprotein (Ox-LDL) and some other
cytokines such as transforming growth factor-beta-1
(TGF-beta-1), intetleukin-1 (IL-1) and intetleukin-6
(IL-6).0% Recently, several studies have documented
increased  levels of  plasma VEGF in
hypercholesterolemia and  atherosclerosis — in.>%-11
Increased VEGF is associated with atherosclerotic
lesions and is recognized as a marker of endothelial
dysfunction and injury.'>14 Endothelial dysfunction
(ED) is an eatly event in atherosclerosis and has a
pivotal role in atherogenesis.!> ED is characterized by
reduced bioavailability of nitric oxide (NO).16
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NO is a potent antiatherosclerotic molecule and any
intervention that enhances NO bioavailability might
be a promising strategy for the prevention and
treatment of atherosclerosis.!> One straightforward
approach towards increasing NO bioavailability is to
provide additional substrate for nitric oxide
synthase.!” L-Arginine is the substrate of endothelial
nitric oxide synthase (eNOS) and the main precursor
of NO in the vascular endothelium. Findings of
numerous  studies  suggest  that  L-arginine
supplementation restores endothelial function in
several disease states associated with ED, such as
hypercholesterolemia.'8-22

In the present study, experiments were designed to
examine the combined effects of dietary lipid
withdrawal and L-arginine supplementation on serum
VEGTF concentration.

Materials and methods

This study was approved by the Ethics Committee of
Isfahan University of Medical Sciences. Twenty-two
white male rabbits weighing 2£0.2 kg were obtained
from Razi Institute, Iran. After a 1-week acclimation
period, the rabbits were fed rabbit chow
supplemented with 1% cholesterol for 4 weeks; then
the high-cholesterol diet was stopped and the animals
were randomly assigned to 2 groups, namely the diet
withdrawal group (DW, n=11) which was given a
standard diet for another 4 weeks, and the L-arginine
group (n=11) which was given a standard diet with
oral L-arginine (3% in drinking water) for another 4
weeks. At the end of 4 and 8 weeks, blood samples
were taken and serum was stored at -70 ‘C until
measurement.

Total and LDL- cholesterol levels were measured
using a standard enzymatic kit according to the
manufacture's instructions (Pars Azmoon Co, Iran).
To measure L-arginine, the plasma was deproteinized
with sulfosalicylic acid (30%) containing 1 mmol/1 B-
(2-thienyl) (%) alanine as an internal standard. The
samples were stored at 4 °C for 30 minutes and
centrifuged at 12000 g for 5 minutes. The supernatant
was analyzed for L-arginine by HPLC. After dilution
of plasma extract in membrane-filtered water (Waters

Sh Haghjooyjavanmard, M Nematbakhsh, AR Monajemi, M Soleimani

Millipore) and 2-minute derivatization with o-
phthaldialdehyde, a 10 pl sample was injected onto the
column by an autosampler (Spark Triathlon).
Separation of the derivatized amino acids was
achieved using a HPLC (Beckman) equipped with a
3 mm particle size and 125X4.6 mm ODS Hypersil
column (Bischoff) with a two-buffer-system gradient
elution. L-arginine was measured in Masoud Medical
laboratory Tehran, Iran.

Serum VEGF concentration was measured using
enzyme-linked immunosorbent assay(ELISA) using
available reagents and recombinant standards (R & D
Systems, Minneapolis, MN) according to the
manufacture's instructions. The VEGF assay has a
minimum sensitivity of 3.0 pg/ml.

SPSS statistical software version 13.0 (SPSS, Inc.
Chicago, 1L)) was used to perform statistical analyses.
Data were tested for normality and homogeneity of
variance. 'The data are reported as the
mean T standard error of mean (SEM). Independent-
sample Student's t-test was used to assess the
significance of any difference between the groups.
Statistical significance was set at P<0.05.

Results
The cholesterol-rich diet was associated with a
significant increase in total- and LDIL-cholesterol in
all animals studied. There was no significant
difference between groups (Table 1). After 4 weeks of
cholesterol-rich diet withdrawal, animals of the DW
and the L-arginine group had similar levels of total-
and LDL-cholesterol (Table 1).
Supplementation with 3% L-arginine for 4 weeks was
associated with a significantly higher serum level of L-
arginine in the L-arginine group than in the DW
group (P<0.05) (Table 1).
After 4 weeks of hypercholesterolemic diet, no
significant difference was seen in serum levels of
VEGF of the two groups. By the end of the study,
hypercholesterolemic diet withdrawal had apparently
led to decreases in VEGEF in both groups
(259.89£132.1 vs. 111.14%55.0 pg/ml in the DW
group, 192.25+87.3 vs. 10.74£2.8 pg/ml in the L-

arginine group).

TABLE 1. The serum concentration of L-arginine, total-and LDL- cholesterol after induction of hypercholesterolemia (4
weeks) and after diet withdrawal in the two groups of experiment .

L-arginine supplementation

Diet withdrawal

L-arginine (umol/L) after 4 weeks
L-arginine (umol/L) after 8 weeks
Total cholesterol (mg/dl) after 4 weeks
Total cholesterol (mg/dl) after 8weeks
LDL-C (mg/dl) after 4 weeks

LDL-C (mg/dl) after 8 weeks

101.00£8.0

139.75%£9.9
2291.681+277.8
1433.40£161.3
1419.89£189.6

635.09+3.7

79.50+16.4
94.50+16.4
2018.36+223.1
1222.19£198.9
1418.08£293.3
649.27+190.0
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FIGURE 1: Serum VEGF concentration (pg/ml) after 4 weeks of hypercholesterolemic diet and after
hypercholesterolemic diet withdrawal (the 8 week) in two groups of experiment. Serum VEGF concentration in
the L-arginine-supplemented group was significantly lower than in the diet-withdrawal group (P<0.05).

The serum level of VEGF was significantly lower in
the L-arginine treated group (P<0.05) (Figure 1).

Discussion
We assessed changes in VEGF following withdrawal
of a cholesterol diet and L-arginine supplementation.
VEGF  significantly  decreased  following  the
withdrawal of a hypercholesterolemic diet. This is in
agreement with the results of studies reporting
decreased VEGF concentration in
hypercholesterolemic patients treated with lipid-
lowering agents, i.e.Simvastatin.!” Ox-LDL is thought
to induce VEGF production in smooth muscle cells,
macrophages, and endothelial cells.!02324 The increase
in VEGF in hypercholesterolemia, and the decrease
in VEGF seen when lowering lipids may be related to
the effect of LDL-C. Another potential mechanism
leading to increased VEGF secretion by endothelial
cells might be endothelial dysfunction induced by
hypercholesterolemia and high LDL concentration in
hypercholesterolemic animals. Decreased production
of NO in the early stages of atherosclerosis reduces
oxygen supply to the arterial wall. Subsequently, local
ischemia is followed by activation of hypoxia-
inducible factor (HIF), a transcription factor that
regulates the expression of VEGEF.2* This could
explain the increased serum VEGE levels in

hypercholesterolemia. It seems rational to conclude
that decreasing serum lipids leads to decreased VEGF
levels.

VEGF, a cytokine with an important role in
atherosclerosis lesion formation, has been noticed as
a biomarker of ED.2> It is assumed that any
intervention that restores the endothelial function
might decrease the VEGF concentration. Several
studies have shown the protective role of risk factor
management on endothelial function.26-28 L-arginine
supplementation has been frequently cited as a factor
that can restore endothelial integrity through
increasing NO production. In this study, withdrawal
of a hypercholesterolemic diet was associated with
decreased VEGF in both groups .The serum level of
VEGF was significantly lower in the L-arginine
treated group, showing the synergistic effect of two
endothelial protective factors ie. lipid lowering by
diet withdrawal and L-arginine supplementation on
VEGF production.

Furthermore, there is some evidence showing that
higher levels of VEGF in hypercholesterolemia can
lead to angiogenesis in atherosclerotic plaques, and
may cause plaque instability and serious associated
complications .»* As in studies demonstrating the
adverse effects of high VEGF levels on the
endothelium, this study supports the idea that
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endothelial protective mechanisms might diminish the
level of VEGF and restore endothelial function.

Acknowledgments
This study was supported by Isfahan University of
Medical Sciences, Isfahan, Iran and Stem Cell
Technology Co. Tehran, Iran (Grant # 82139).

References
1. Zachary I. VEGF signalling: integration and multi-
tasking in endothelial cell biology. Biochem Soc Trans.
2003;31 (Pt 6):1171-1177.
2. Neufeld G, Cohen T, Gengrinovitch S, Poltorak Z.
Vascular endothelial growth factor (VEGF) and its
receptors. FASEB J. 1999; 13(1):9-22.
3. Couffinhal T, Kearney M, Witzenbichler B, Chen D,
Murohara T, Losordo DW et al. Vascular endothelial
growth factor/vascular permeability factor (VEGF/VPF)
in normal and atherosclerotic human arteries. Am J
Pathol.1997;150(5):1673-1685.
4. Yla-Herttuala S, Rissanen TT, Vajanto I, Hartikainen J.
Vascular endothelial growth factors: biology and current
status of clinical applications in cardiovascular medicine.
J Am Coll Cardiol.2007; 49(10):1015-1026.
5. Trape J, Morales C, Molina R, Filella X, Marcos JM,
Salinas R et al. Vascular endothelial growth factor serum
concentrations in hypercholesterolemic patients. Scand J
Clin Lab Invest. 2006; 66(3):261-267.
6. Guadagni F, Ferroni P, Palmirotta R, Portarena I,
Formica V, Roselli M. Review. TNF/VEGF cross-talk in
chronic inflammation-related cancer initiation and
progression: an early target in anticancer therapeutic
strategy. In Vivo. 2007;21(2):47-161.
7. Pradeep CR, Sunila ES, Kuttan G. Expression of
vascular endothelial growth factor (VEGF) and VEGF
receptors in tumor angiogenesis and malignancies. Integr
Cancer Ther. 2005;4(4):315-321.
8. Rodriguez JA, Nespereira B, Perez-Ilzarbe M, Eguinoa
E, Paramo JA. Vitamins C and E prevent endothelial
VEGF and VEGFR-2 overexpression induced by porcine
hypercholesterolemic LDL. Cardiovasc Res.
2005;65(3):665-673.
9. Blann AD, Belgore FM, Constans J, Conri C, Lip GY.
Plasma vascular endothelial growth factor and its
receptor Flt-1 in patients with hyperlipidemia and
atherosclerosis and the effects of fluvastatin or
fenofibrate. Am J Cardiol. 2001;87(10):1160-1163.
10. Giurgea AG, Margeta C, Maca T, Rezaie-Majd A,
Bucek RA, Manavi M et al. Simvastatin reduces serum
level of wvascular endothelial growth factor in
hypercholesterolemic patients. J Cardiovasc Pharmacol.
2006;47(1):30-36.
11. Howell WM, Ali S, Rose-Zerilli MJ, Ye S. VEGF
polymorphisms and severity of atherosclerosis. J Med
Genet. 2005; 42(6):485-490.
12. Inoue M, Itoh H, Ueda M, Naruko T, Kojima A,
Komatsu R et al. Vascular endothelial growth factor
(VEGF) expression in human coronary atherosclerotic

Sh Haghjooyjavanmard, M Nematbakhsh, AR Monajemi, M Soleimani

lesions: possible pathophysiological significance of VEGF
in progression of atherosclerosis.  Circulation.
1998;98(20):2108-2116.

13. Ohtani K, Egashira K, Hiasa K, Zhao Q, Kitamoto S,
Ishibashi M et al. Blockade of vascular endothelial growth
factor suppresses experimental restenosis after
intraluminal injury by inhibiting recruitment of monocyte
lineage cells. Circulation 2004; 110(16):2444-2452.

14. Zhao Q, Egashira K, Hiasa K, Ishibashi M, Inoue S,
Ohtani K et al. Essential role of vascular endothelial
growth factor and Flt-1 signals in neointimal formation
after periadventitial injury. Arterioscler Thromb Vasc
Biol. 2004;24(12):2284-2289.

15. Maxwell AJ. Mechanisms of dysfunction of the nitric
oxide pathway in vascular diseases. Nitric Oxide
.2002;6(2):101-124.

16. Napoli C, de Nigris F, Williams-Ignarro S, Pignalosa
O, Sica V, Ignarro LJ. Nitric oxide and atherosclerosis: an
update. Nitric Oxide. 2006;15(4):265-279.

17. Megson IL, Webb DJ. Nitric oxide donor drugs:
current status and future trends. Expert Opin Investig
Drugs.2002;11(5):587-601.

18. Boger RH, Bode-Boger SM, Brandes RP, Phivthong-
ngam L, Bohme M, Nafe R et al. Dietary L-arginine
reduces the progression of atherosclerosis in cholesterol-
fed rabbits: comparison with lovastatin. Circulation.
1997;96(4):1282-1290.

19. Cooke JP, Tsao PS. Arginine: a new therapy for
atherosclerosis? Circulation.1997;95(2):311-312.

20. Gornik HL, Creager MA. Arginine and endothelial and
vascular health. J Nutr. 2004;134(10 Suppl):2880S-
28878.

21. Hayashi T, Juliet PA, Matsui-Hirai H, Miyazaki A,
Fukatsu A, Funami J et al. 1-Citrulline and l-arginine
supplementation retards the progression of high-
cholesterol-diet-induced atherosclerosis in rabbits. Proc
Natl Acad Sci U S A .2005;102(38):13681-13686.

22. Loscalzo J. Adverse effects of supplemental L-arginine
in atherosclerosis: consequences of methylation stress in
a complex catabolism? Arterioscler Thromb Vasc Biol.
2003;23(1):3-5.

23. Inoue M, Itoh H, Tanaka T, Chun TH, Doi K,
Fukunaga Y et al. Oxidized LDL regulates vascular
endothelial growth factor expression in human
macrophages and endothelial cells through activation of
peroxisome  proliferator-activated = receptor-gamma.
Arterioscler Thromb Vasc Biol. 2001;21(4):560-566.

24. Dulak J, Jozkowicz A. Regulation of vascular
endothelial growth factor synthesis by nitric oxide: facts
and controversies. Antioxid Redox Signal. 2003;5(1):123-
132.

25. Tesfamariam B DA. Endothelial injury in the
initiation and progression of vascular disorders. Vascul
Phamacol. 2007;46(4):229-237.

26. Bonetti PO, Lerman LO, Lerman A. Endothelial
dysfunction: a marker of atherosclerotic risk. Arterioscler
Thromb Vasc Biol. 2003; 23(2):168-175.

27. Murray CJ, Lopez AD. Global mortality, disability, and
the contribution of risk factors: Global Burden of Disease
Study. Lancet. 1997;349(9063):1436-1442.

ARYA Atherosclerosis Journal 2007 (Summer); Volume 3, Issue 2 75

www.mui.ac.ir



EFFECT OF L-ARGININE SUPPLEMENTATION ON THE CONCENTRATION OF VASCULAR ENDOTHELIAL GROWTH FACTOR

28. Napoli C, Lerman LO, de Nigris F, Gossl M, Balestrieri 29. Petrovan RJ, Kaplan CD, Reisfeld RA, Curtiss LK.
ML, Lerman A. Rethinking primary prevention of DNA vaccination against VEGF receptor 2 reduces
atherosclerosis-related diseases. Circulation 2006; atherosclerosis in LDL receptor-deficient mice.
114(23): 2517-2527. Arterioscler Thromb Vasc Biol. 2007; 27(5): 1095-1100.

76 ARYA Atherosclerosis Journal 2007 (Summer); Volume 3, Issue 2

WWWw.mui.ac.ir





