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INTRODUCTION

Oxidative stress is known to be a risk factor of
atherothrombosis (1-2). A number of studies
have attempted to demonstrate the efficacy of

anti-oxidants in primary prevention of this condition
(3). The recent introduction of ultrasonography-B for
the detection of the early stages of arterial damage is
a major advance for detecting the preclinical stages of
atherothrombotic disease (4-5). It is now possible to
identify and study populations at risk, have a precise
appreciation of their anti-oxidant status, measure the
intima/media thickness of their carotid arteries (6), and
evaluate the effects of the anti-oxidant supplementa-
tion with GliSODin, the first orally effective SOD (7-11).
This new automated technology is a major improve-
ment in primary prevention and it helps to appreciate

the eventual important role played by anti-oxidants in
this prevention; it allows for a follow up on carotid
arteries, with an automated method that measures
the intima-media thickness.

MATERIAL AND METHODS

Subjects and Design of Study

The population selected for the study was made of
seventy-six patients without clinical signs/symptoms
of cardiovascular disease, but who were considered
to be at risk because of:
• Family history of stroke;
• Height/weight ratio >20-30% above normal range,

considering BMI.
Inclusion criteria included:
• Systolic arterial blood pressure >160mm Hg
• Diastolic arterial blood pressure: >90mm Hg;
• Total serum cholesterol: >2.5g/l;
• Serum triglycerides: >1.28g/l;
• LDL Cholesterol: >1.4g/l;
• Intima media thickness: >0.7mm.
All these values are considered to be associated with a
significant clinically-relevant risk of atherothrombosis (1).
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We studied the anti-oxidative efficacy of superoxide dismutase (SOD) and variations of malondialdehyde (MDA).
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carotid artery intima and media layers as measured by ultrasonography-B.
We could demonstrate the preventive efficacy of GliSODin at a preclinical stage in subjects with risk factors of cardiovascular
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——————
Abbreviations: SOD: superoxide-dismutase; IMT: intima media thickness; ECG: electrocardiogram; qd: once daily; 
CRP: C-reactive protein; MDA: malondialdehyde; GPx: glutathione peroxidase.

(1) Association Nationale de Prévention Médicale (ANPM) - 
14, rue de l’Abbé-de-l’Epée - F-75005 Paris.
(2) Centre d’explorations fonctionnelles vasculaires – 
1, rue Saint Antoine - F-75004 Paris.
(3) Groupe SYNARC – 1, rue de la Cristallerie - 
F-92310 Sèvres Cedex.
(4) Centre interprofessionnel d’étude et d’examens médicaux – 
15, rue Jean Bart, F-75006 Paris.
(5) Centre Cœur Risque Prévention, Hôpital Américain – 
63, boulevard Victor Hugo, BP 109 - F-92202 Neuilly Cedex.
(6) Chef du laboratoire biologique d’étude du stress oxydant – 
49, avenue de Versailles - F-75016 Paris.



Extract of European Annals of Allergy and Clinical Immunology - volume 39 - n° 2 - 2007 3

All medications that could influence or modify any cli-
nical criterion, serum maker value, or affect the
assays were excluded for the whole duration (~3
years) of the trial. Each subject had to answer a com-
prehensive list of questions related to his/her eating
habits and was enrolled in a personalized diet pro-
gram in accordance to the SU.VI.MAX study stan-
dards, the French Coordinating Committee for
Research on Atherosclerosis and Cholesterol, and the
Lyon Heart Study (12).
All subjects had to report weekly on diet details and
had to avoid significant variations, both qualitative
and quantitative, in their diets for the duration of the
study (ANPM questionnaire); they had to submit to a
medical evaluation every 3 months for the duration of
the study.
These stringent requirements resulted in a drop-out
of 42 subjects.
All enrolled subjects were fully informed on the
details on the study, the risks involved, and signed
informed consent forms.
The total duration of the study was three years:
ã After sessions focusing on nutritional education,
76 subjects were initially selected;
ã Six months later, a comprehensive medical evalua-
tion was performed to appreciate the consequences
on identified risk factors;
ã Six months later (before inclusion), the anti-oxi-
dant status was evaluated, and ultrasonography-B of
the carotid arteries was performed to measure IMT
(intima media thickness);
ã As a result, 34 subjects were finally included and
randomized:
• group A continued to adhere to the diet recommen-

dations only,
• group B was also prescribed GliSODin (500UI-NBT

SOD/day) as 2 capsules qd.
ã Both groups (A&B) were followed for two more
years in order to evaluate the effects of GliSODin.

METHODS

n Evaluation of the anti-oxidant status of all sub-
jects was conducted by Dr. Nicolas Zamaria; he
assayed all samples within seconds of drawing to
prevent any oxidation. He had previously investiga-
ted a regional (Ile-de-France) male & female popula-
tion of 2,400 adults (age: 17-89) living under the
same conditions: nutritional status, pollution, stress
due to transportation and noise, etc. This previous
study resulted in standards (Table 1: normal range)
for enzymes and vitamins based on a subgroup of
1,278 healthy subjects.
In the current study, we used the protocol of the
SU.VI.MAX study (13):

• Enzyme assays: CuZn-SOD (Riansod, Randox Labs.,
Crumlin, UK), GPX (Randox Labs, Crumlin, UK), GSH
(HP chromatography);

• Vitamins: retinol, alpha-tocopherol (liquid chroma-
tography; fluorometry), carotenoids (UV), ascorbic
acid (clinical enzymology);

• Oxidation markers: malonyl-dialdehyde (MDA kit,
spectrofluorometry) (13).

n Serology: Total cholesterol, triglycerides, HDL- and
LDL-cholesterol.
All assays were performed at the same location (CIEM
Lab, F-75006 Paris, France; member of ARCOL/NSFA)
in patients fasting >12 hours; time: 0830-0930.
Patients gave full information on their diet.

n Schedule: The study was initially conducted over a per-
iod of 360 days (D0-D360). 76 subjects were started on a
controlled diet (12) on D0, were evaluated (lab tests) on
D180, and on D360. Each subject was under the care of
his/her attending physician. All clinical and biological data
were registered into individual files with subject’s ID, des-
cription of symptoms or conditions, past personal and
family history, current and previous treatments, risk fac-
tors, and details on the personalized controlled diet (12).

n Statistical analysis:
We used the following:
ã Initial comparison of groups A & B, qualitative variables
with χ2 and analysis of variance (Kolmogorov-Smirnov)
allowed for comparison as a function of time, and provi-
ded reliable information on the improvement or deteriora-
tion of the subject’s status attributable to the treatment;
ã Changes in groups A & B were analyzed by Student’s
test for paired data was used to evaluate the efficacy of
the treatment with GliSODin.

Enzyme; Vitamin Lab Method Unit Range

Malonyl-dialdehyde Fluorometry µmol/L 1.3-2.7
(MDA)

Superoxide-Dismutase Clinical UI/gHb 1092-1817
(SOD) enzymology

Glutathione-Peroxidase Clinical UL/gHb 27-74
(GPX) enzymology

Reduced Glutathione High pressure µmol/L 850-950
(GSH) chromatography

Total Carotenoids
(α &β‚ carotens, UV µmol/L 1.5-3.7
lycopene, lutein)

Retinol Fluorometry µmol/L 1.6-3.6
(vitamin A)

α tocopherol Fluorometry µmol/L 25-45
(vitamin E)

Ascorbic acid Clinical µmol/L 40-95
(vitamin C) enzymology

Table 1: Anti-Oxidant Status: Range from a Group of 1,278
Normal Healthy Adults.



n Carotid artery evaluation by ultrasonography-B;
All subjects were examined by the same physician
(FL), specially trained in ultrasonography-B, at their
workplace, with a real-time B-mode ultrasound ima-
ger. Imaging of the intima media thickness (IMT) and
of the diameter of the lumen of the distal segment of
the common artery, on both sides, was conducted
according to a standard procedure (15). IMT images
from the far wall of the artery consisted of two paral-
lel echogenic lumen-intima and media-adventitia
interfaces (double line pattern) visible on at least 1cm
longitudinally. Such an image did not include intrusi-
ve plaque, since its presence would have disturbed
the double-line pattern. Hence our results of IMT
apply to carotid wall thickness before intrusion of
lesions into the vessel (pre-intrusive IMT).
Each subject enrolled in the study had a longitudinal
segment of common carotid artery >1cm free of intru-
sive plaque, allowing for enough visible IMT double-
line pattern. 
The lumen diameter was imaged between the near
and far wall intima-media interfaces on the same seg-
ment explored for IMT.
Once the optimal quality of these images (far wall IMT
and lumen diameter) had been visualized, they were
frozen at end-diastole by ECG-triggering. They were
then transferred to a computer equipped with a digi-
tization software, and stored on disk for centralized
off-line reading and interpretation.

n Summary: All these data, before the diet phase, are
presented in columns D-360 of following tables. All
subjects had a high BMI, elevated systolic blood pres-
sure, metabolic biological abnormalities (elevated
serum levels of lipids, and glucose; low HDL), and
high IMT. Data at D0 (randomization) are presented in
Table 2; there are no differences between the C
(control) group and the GL (GliSODin) group.

RESULTS

We observed minor improvements in clinical (BMI,
systolic and diastolic BP) and biological criteria (total
and LDL-cholesterol) at D.0 in all subjects; this was
due to modifications of their diet (12) and lifestyle
when compared to D-360 (Table 3). However we did
not find changes in their anti-oxidant status –that
remained poor- (Table 4), or their IMT with numbers
too high when considering the age of these subjects.
Conversely, during the treatment period, all clinical
and biological numbers remained stable (Table 5), and
modifications of the anti-oxidant status became signi-
ficant at D270 but only the GliSODin group (Table 4).
Changes in the carotid IMT started to be visible at D545,
but became statistically significant at or after D730. 
We compared subjects with diet (12) changes only
and slight increase in IMT with subjects of the
GliSODin-treated group; in GliSODin-treated subjects,
IMT decreased and reached significance at D365; and
at D545 and D730 it reached p<0.001 (Figure 1).

DISCUSSION

This study was conducted in young adults and inves-
tigated the potentials of a personalized diet associated
to a new vegetal compound in preventive medicine;
we evaluated the resulting effects by using non invasi-
ve ultrasonography-B, and biological assays conduc-
ted immediately to avoid subsequent oxidations.
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C: n=18 GL: n=16
13 men, 5 women 10 men, 6 women

Age (y) 43 43

Body Mass Index 27.6 +/- 0.6 27.9 +/- 0.9

Blood Pressure in mm/Hg

Systolic 151 (+/- 3) 149 (+/- 4)

Diastolic 82 (+/- 3) 80 (+/- 4)

Total Cholesterol in g/L 2.26 +/- 0.20 2.30 +/- 0.19

LDL Cholesterol in g/L 1.51 +/- 0.16 1.49 +/- 0.18

HDL Cholesterol in g/L 0.53 +/- 0.10 0.50 +/- 0.09

Triglycerides in g/L 1.38 +/- 0.11 1.34 +/- 0.10

Glycemia in g/L 1.10 +/- 0.09 1.09 +/- 0.08

Carotid IMT in mm 0.669 (0.012) 0.672 (0.010)

Table 2: Data of control and GliSODin groups at D0.
Values & data of subjects at randomization (D 0).

NR OF SUBJECTS: 76 @ D -360 @ D -180 @ D0

Age (years) 42 +/- 0.5 43 +/- 0.5

Body Mass Index Kg 28.3 (0.3) 28.2 (0.4) 27.8 (0.3)

Blood pressure mmHg

Systolic 156 (2) 153 (3) 150 (2)

Diastolic 90 (1) 89 (2) 80 (2)

Total Cholesterol g/l 2.38 +/- 0.32 2.35 +/- 0.30 2.20 +/- 0.26

LDL-Cholesterol g/l 1.53 +/- 0.26 1.50 +/- 0.21 1.46 +/- 0.20

HDL-Cholesterol g/l 0.52 +/- 0.10 0.50 +/- 0.09 0.51 +/- 0.12

Triglycerides g/l 1.58 +/- 0.30 1.38 +/- 0.32 1.35 +/- 0.26

Glycemia 1.10 +/- 0.12 1.12 +/- 0.10 0.86 +/- 0.11

Family History 
of Diabetes + in 34 subjects

Family History 
of Myocardial Infarction + in 40 subjects

Family History 
of Cerebrovascular Accident + in 32 subjects

Carotid IMT mm 0.668 (0.012) 0.666 (0.010) 0.670 (0.010)

Table 3: Data before Treatment/Control.
Original data on subjects at recruitment, i.e. when ALL subjects enrolled in
the personalized diet phase.



GliSODin® is a water-soluble superoxide-dismutase
extracted from a special strain of Cucumis melo LC
(cantaloupe melon) chemically combined to wheat
gliadin for efficacy after oral administration (7-11).
Recent studies have confirmed its activity vs. oxidative
stress; e.g. the study by Muth CM et al vs. hyperbaric
oxygen-related cell damage was very demonstrative. 
We have been studying populations of the Paris,
France area (Ile-de-France) since 1961 through our
center, focusing on preventive medicine. 3,400 sub-

jects undergo a regular annual evaluation in this cen-
ter. The biological risk factors are evaluated by the
NSFA-certified reference laboratory that conducts
assays within seconds of sampling; the carotid arte-
rial status is measured by ultrasonography-B using
special software registered in France and in the US
(SYNARC). We have built up references and standards
for oxidative stress based on >2.400 subjects.
By using new and affordable technology, we can
monitor activity on anti-oxidant stress and the reduc-
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D 180 D 360 D 730

C GL C GL C GL

B.M.I. 27.4 +/- 0.4 27.6 +/- 0.3 27 +/- 0.4 26.8 +/- 0.2 26.7 +/- 0.3 26.5 +/- 0.5

Blood Pressure 
mm/Hg

Systolic 152 +/- 8 150 +/- 6 146 +/- 5 148 +/- 6 146 +/- 3 149 +/- 6

Diastolic 84 +/- 3 83 +/- 4 82 +/- 3 84 +/- 2 80 +/- 5 83 +/- 4

Total Cholesterol g/L 2.34 +/- 0.31 2.29 +/- 0.29 2.40 +/- 0.27 2.38 +/- 0.22 2.33 +/- 0.18 2.36 +/- 0.16

LDL Cholesterol g/L 1.52 +/- 0.10 1.49 +/- 0.08 1.40 +/- 0.11 1.38 +/- 0.10 1.36 +/- 0.18 1.34 +/- 0.16

HDL Cholesterol g/L 0.54 +/- 0.11 0.52 +/- 0.09 0.49 +/- 0.10 0.51 +/- 0.08 0.50 0.48 +/- 0.12

+/- 0.009

Triglycerides g/L 1.40 +/- 0.20 1.38 +/- 0.22 1.42 +/- 0.19 1.39 +/- 0.17 1.37 +/- 0.21 1.36 +/- 0.15

Glycemia g/L 1.11 +/- 0.10 1.10 +/- 0.9 1.10 +/- 0.8 1.09 +/- 0.8 1.09 +/- 0.8 1.06 +/- 0.10

CRP mg/L 1.2 +/- 2 1.06 +/- 1.6 1.02 +/- 1.8 1.24 +/- 1.70 1.00 +/- 0.9 1.2 +/- 0.7

Table 5: Evolution of clinical and biological data during treatment phase (D0-D730).
Evolution of physical/clinical and biological data in randomized subjects of Control and GliSODin-
treated groups at days 180, 360 and 730. No significant difference was observed. 

MDA SOD GPx

D0 3.020 1.118 43.360

C GL C GL C GL

D60 3.114 2.816 1,084 1,326 46.704 49.22

D120 3.468 2.340 1,076 1,428 39.860 58.160

D270 3.326 2.04 1,069 1,580 40.520 62.420

D480 3.230 2.01 1,080 1,576 41.410 63.720

D730 3.180 2.09 1,066 1,630 42.664 66.82

Table 4: Anti-oxidant status.
Anti-oxidant status in subjects at D0, 60, 120,
270, 480 and 730 of the treatment phase (day
0-730). Number of Subjects: 34. Group C
(Control): 13 males, 6 females; group GL
(GliSODin 500mg qd): 10 males, 6 females.
Age: ~42-43.

Figure 1: Changes in carotid IMT values from baseline.
Changes of IMT at baseline, D365, D545, and D730.
Upper columns: IMT in control group; lower columns: IMT in GliSODin group.
While the control group experienced significant thickening of IMT, the
GliSODin group experienced a significant reduction of IMT.



tion of oxidative markers. This evidence of arterial
wall protection could be considered as controlling the
extension of atherosclerosis and cardiovascular risks.
Since the first publication of Salonen (1991) on ultra-
sonographically-assessed carotid artery morphology,
progress in non-invasive medical imaging during this
last decade has confirmed the value of and validated
the use of this technology as clinical marker of athe-
rosclerosis; the ultrasonographic measurement of the
intima-media thickness (IMT) of the carotid artery wall
is now accepted internationally (14, 16). Thickening of
the intima-media is frequently observed in hyperten-
sive patients (15, 17-18); it is also found in patients
with cardiovascular risk factors; hyperlipidemia (19,
21) and IMT are correlated not only with increased
risk of cerebrovascular disease, but also with increa-
sed risk of myocardial infarction.
Changes in vessel thickness appear very early in athe-
rosclerosis (inflammatory initial phase). During the
past few years, high resolution ultrasound imaging
techniques have enabled investigators to quantify
non-invasively the presence and the progression of
early atherosclerosis in large peripheral arteries and
in large populations. This ultrasound technology was
developed by Simon and Gariépy (22-23) at the
Hospital Broussais, Paris, France with the French
company SYNARC; it allows for the following of
changes of the IMT of the carotid wall as a function of
age, gender, and atherosclerotic risk factors (14, 24,
27). Aging is the main factor influencing IMT; the nor-
mal IMT is found in subjects <18 years of age, free of
cardiovascular risk factors. Adult men have higher
IMT and reduced diameter values, and have a more
rapid progression of atherosclerosis than women as a
general rule. There are very limited data available on
the influence of ethnicity on IMT; differences between
ethnic groups may reflect different lifestyles, risk pro-
files, or sensitivity to risk factors.
This technology is a reliable diagnostic tool for predic-
ting cardiovascular complications, and helps control the
long-term effects of treatments (hypotensive or hypoli-
pidemic) (28, 31). Reduction of IMT has been observed
with angiotensin conversion enzyme (ACE) inhibitors
(31) in hypertensive patients, and with aggressive lipid-
lowering treatments (29-30). These studies have also
shown that lipid profile and blood pressure may act
synergistically in the progression of IMT.
The main result of the present study is the demonstra-
tion of the reduction of the progression of carotid IMT
with a program of diet (12), and anti-oxidant supple-
mentation. The Lyon Heart Diet (12) was administered
for one year before inclusion, and for two more years
until completion of this three-year study.
This was a primary prevention trial in subjects aged 40-
46, with the same socio-professional background, resi-
ding in the same geographic area (Ile-de-France).

Subjects were classified according to their cardiovascu-
lar risk factors, using the algorithms of the Framingham
study modified by the European Society of Cardiology,
and including a low anti-oxidant status (32), as well as
the determination of IMT of the common carotid artery;
the IMT was measured in these adults of both genders.
We could select, within this population, subjects at risk
with IMT>P90th percentile in the same age group. We
have been using this technology since 1992, including
an automated computerized edge detection program
(Iotec) that makes SYNARC the leading company provi-
ding imaging for clinical trials. In the Cholesterol
Lowering Atherosclerosis Study (CLAS), common artery
IMT (33) provided earlier and better information on the
effects of LDL-lowering treatment than angiographically-
detected coronary stenosis, or carotid plaques; this was
recently confirmed in a study on primates. A Finnish epi-
demiological study (34) reported that LDL-cholesterol
was predictive of the rate of progress of carotid IMT only
in subjects with high serum levels of pro-oxidant cop-
per; the intracellular accumulation of modified LDL is
promoted (or delayed) by serum pro-oxidants (or anti-
oxidants). The Los Angeles Atherosclerosis Study inves-
tigated the role of serum and dietary anti-oxidants on
the progression of IMT in subjects enrolled in 1994; the
results were published in 2004 (35), and confirm the
potential benefits of some anti-oxidants, although
GliSODin was not included.
GliSODin is a well-known anti-inflammatory: in
C57BL/6mice, GliSODin alone –but not the melon
SOD or the gliadin alone- protected cells from the pro-
inflammatory action of INF-gamma, with a significant
increase in the production of IL-10 and a significant
reduction in the production of TNF-alpha after activa-
tion of macrophages by immune complexes (11). It
also prevented tumor progression promoted by
inflammation through scavenging inflammatory cell-
derived superoxide anion (36).
Since it is now generally accepted to consider athe-
rosclerosis and resulting cardiovascular disease to be
started and developed through an inflammatory pro-
cess, we can understand why –and somewhat how-
GliSODin, associated with a proper diet (12), is active
against atherosclerosis; there were no side effects
reported with or without GliSODin. Our study also
demonstrates that non-invasive modern technologies
can diagnose, follow, and predict the outcome of
atherosclerosis in subjects with risk factors.
In summary, we have demonstrated that long-term
primary prevention in cardiovascular disease is pos-
sible in (apparently) healthy adults with risk factors by
combining: regular comprehensive clinical and biolo-
gical evaluation including the anti-oxidant status and
–more importantly- measurements of IMT by ultraso-
nography-B, a proper diet (12) that tends to reduce
initially elevated risk factors, and GliSODin that
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improves significantly the anti-oxidant status and
diminishes remarkably carotid artery IMT.
___________
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