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On the Potential Effect of Increased Dietary Intake of Fruits and
Vegetables on Biomarkers of Lipid Peroxidation in Type 2 Diabetes
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Abstract: The present study was designed to test the hypothesis that an increased consumption of fruits and vegetables
up to 600 g per day in type 2 diabetes patients can reduce oxidative damages to lipids. After a clinical examination, 29
type 2 diabetes patients were divided into two groups: the first one did not receive any special instructions about the diet
while the second one received fruits and vegetables consumption advices thanks to a picture catalogue describing types
of fruits and vegetables as well as quantities to be eaten every day. After two months of intervention, plasma
concentrations in vitamin C, B-carotene and polyphenols remained unchanged in both groups when compared to
baseline values. No significant decrease in lipid peroxidation as evidenced by nine biomarkers (malonaldehyde as
TBAR's, lipid peroxides, oxidized LDL, antibodies against oxidized LDL, isoprostanes, 7-keto-cholesterol, 7p-
hydroxycholesterol, 4-hydroxynonenal metabolite, LDL size) was also noted. In conclusion, our findings confirmed the
fact that the effect of high intake of fruits and vegetables on reducing oxidative damage to lipids remains largely
controversial even in patients having an oxidative stress profile. Moreover, the present leaves open the question of the
most appropriate markers of lipid peroxidation since only small correlations were evidenced between the large battery of

tests investigated.

Keywords: Oxidative stress, lipid peroxidation, fruits, vegetables.

INTRODUCTION

Oxidative stress (OS) is defined as an imbalance
between oxidants or reactive oxygen species (ROS)
and antioxidants in favour of the oxidants, leading to a
disruption of redox signalling and/or molecular damage
[1]. More and more, OS is recognized as playing a key
role in the development of cardiovascular diseases and
degenerative pathologies such as cancer. If ROS have
physiological properties, they become, however, toxic if
produced in excess. Due to their high reactivity, ROS
can easily interact with essential substrates such as
lipids, proteins and DNA. The oxidative modification of
lipids (lipid peroxidation) induced by ROS-mediated
processes is actually well - recognized to be an
important and presumably intermediate step in the
formation of atherosclerosis plaques and lesions [2-5].
To limit the harmful effects of ROS, a high-performance
antioxidant system consisting of enzymes, proteins,
vitamins (A, C and E), carotenoids, polyphenols, trace
elements and small molecules, such as glutathione,
interact with ROS in order to regulate their production
down to the physiological range.
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A large number of epidemiological studies indicate
that a daily consumption of fruits and vegetables may
contribute to significantly reduce the incidence of
cardiovascular diseases [6-9]. Potential health effects
of fruit and vegetables are mainly attributed to the
content in specific ingredients having antioxidant
properties such as vitamins C and E, carotenoids and a
wide range of bioactive compounds such as
polyphenols  [10,11]. Actually, public health
recommendations arising from the World Health
Organization (WHO) specify to consume at least 5

fruits and vegetables daily [12,13]. Behind this
message, some questions need, however, to be
clarified.

Firstly, there is some confusion in the literature
about the ‘5-a-day’ healthy eating message conveyed
among our Western populations [14]. Some authors
speak about 5 servings of fruits and vegetables per day
while others mean 5 fruits and vegetables daily.
Despite there is no definite consensus about the
average portion size [15], the standard portion of fruits
and vegetables is yet considered to be 80 g. So eating
5 servings of fruit and vegetables would amount a total
of 400 g of these foods each day. For that, it is
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important to know the weight of these foods. As an
orange can weight 140 g, eating one is the equivalent
of 2 servings. Inversely, it should be necessary to eat 3
plums to have a serving since their weight is about 30
g. Thus, eating 5 fruit and vegetables per day does not
allow to necessarily reach the recommended amount of
400 g/d.

Secondly, it is still unclear whether diets rich in fruit
and vegetables are effectively capable in humans to
reduce in vivo lipid peroxidation [16-24]. Indeed, most
interventional studies with fruit and vegetables were
conducted on presumably healthy people not
particularly prone to enhanced lipid peroxidation
processes. Another difficulty is that the quest for more
appropriate biomarkers of in vivo lipid peroxidation is
always a great challenge issue in clinical research. The
measurement of malondialdehyde (MDA), as a by -
product of lipid peroxides, is the most popular assay
used in studies. Unfortunately, the specificity of this
useful biomarker has been largely questioned so that
data interpretation has to be taken with great caution.

The goal of the present study was to test the
hypothesis that an increased consumption of fruits and
vegetables up to 600 g per day could be able to reduce
oxidative damages to lipids in a pathology associated
with increased OS. We have selected type 2 diabetes,
a metabolic disease that leads to high blood sugar due
to either insulin deficiency, insulin resistance or both.
Chronic inflammation and, overall, glucose auto -
oxidation are the main sources that contribute to
increase ROS production in this pathology [25]. Of
interest is that type 2 diabetes leads to a high incidence
of macro - vascular complications (atherosclerosis,
cardiovascular diseases) which are clearly linked to
oxidative damages to lipids [26]. With respect to that,
we used nine different biomarkers in order to evidence
how a regular intake of fruit and vegetables may
modulate the lipid peroxidation phenomenon in patients
suffering type 2 diabetes.

MATERIAL AND METHODS

Patients

A group of 29 type 2 diabetic patients was recruited
on a voluntary basis among those attending the
outpatient clinic of the Department of diabetes and
metabolic diseases, University Hospital of Liége.
Patients were asked to arrive between 8 and 10 a.m.
for a 35 mL blood sample collection. Subjects were
fasted for at least 12 h and not allowed to drink fruit
juice or to perform physical activity the day before the

visit. Blood samples were drawn on EDTA
anticoagulant or clot activating gel depending on the
parameter. Blood samples were immediately
centrifuged on site and plasma or sera were frozen on
dry ice. In addition, a urine sample of 10 mL was also
collected. Patient characteristics were recorded
including age, height, weight, blood pressure, smoking
habits, alcohol and drugs consumption and physical
activity. The body mass index (BMI) was calculated
from height and weight (kg/m?). The study protocol was
approved by the University Hospital Ethics Committee
for medical research investigations. All participants
received a written document describing the goal of the
study and signed an informed consent form prior to
enrolment. They also completed a home-made food
guestionnaire for evaluating their intake of fruit and
vegetables.

The 29 study patients (baseline mean age: 50 + 15
years; plasma glucose and glycosylated haemoglobin
(HbAyc) levels respectively equal to 1.77 + 0.62 g/L and
8.64 + 1.28 %), with a median fruits and vegetables
consumption of + 300 g/d, were randomly divided into
two groups. The first group (n=15) did not receive any
special instructions about the diet but was asked to
compel in a diary the daily consumption in fruits and
vegetables (control group). The second group of
patients (n=14) received fruits and vegetables
consumption advices and had to follow a strict
intervention diet (diet group). The latter consisted of a
well-defined 2-month menu with recipes designed to
reach an intake of 600 g of fruits and vegetables each
day. A picture catalogue describing types of fruits and
vegetables as well as quantities to be eaten everyday
was developed to help participants respecting the
imposed diet (see Figure 1 as an example). At the end
of the 2-month study duration, patients of both groups
(control and diet) were appointed for a second visit at
which the dietary and biochemical parameters were
reassessed.

Antioxidant Determination

For vitamin C determination, 0.5 mL plasma was
immediately transferred to ice-cold tubes containing 0.5
mL of 10% metaphosphoric acid. The whole mixture
was frozen on ice packs. Analyses were performed on
the day of blood collection by a spectrophotometric
method using the reduction of 2,6-dichloropheno-
lindophenol (Perkin Elmer Lambda 40 Norwalk, USA)
[27]. Plasma vitamin E (o and y-tocopherols) and B-
carotene were determined simultaneously by HPLC
procedure (Alliance Waters, USA) coupled with a diode
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Breakfast : 1 orange (+/- 100 g)

Collation 10h : 1 apple (+/- 130g)

Dinner : +/- 150g de green beans
(+/- 6 soap spoons)

Souper : 100 g tomatos and 100 g lettuce

Collation 20h : 1 kiwi (+/- 80 g)

Figure 1: lllustration of a page issued from the picture catalogue describing types of fruits and vegetables as well as quantities

(+/- total of 600 g) to be eaten everyday.

array detector (PDA 2996, Waters, USA) [28]. For total
polyphenol determination, 1.5 mL of EDTA-plasma was
added 1 mL dichloromethane and 400 uL H,O. After 3
min homogenisation, the mixture was centrifuged
(40009, 10 min, 4°C). The aqueous phase was kept
and the dichloromethane phase was again extracted
with 500 pyL H,O. The two aqueous phases were
mixted and total polyphenol measurement was done on
the mixture by Folin Ciocalteu reagent [29].

Oxidative Damage to Lipids

Thiobarbituric Acid Reactives Substances (TBAR'Ss)

Plasma TBAR's were determined using the
fluorimetric determination of malondialdehyde (MDA)-
TBA (thiobarbituric acid) complex after extraction with
n-butane [30,31].

Lipid Peroxides

The analysis of lipid peroxides (ROOH) as markers
of the oxidative damage to lipids was performed with
the commercial kit (Oxystat, Biomedica Gruppe,
Austria). Briefly, the peroxide (-OOH) concentration
was determined spectrophotometrically by reaction of
the biological peroxides with peroxidase and a
subsequent  colour reaction using 3,3',5,5-
tetramethylbenzidine as substrate.

Oxidized LDL and Autoantibodies

Oxidized low-density lipoprotein (LDL) in plasma
samples was determined spectrophotometrically with a

competitive enzyme-linked immunosorbent assay
(ELISA) kit (Immunodiagnostik, Germany). The titre in
free antibodies (IgG) against oxidized LDL (Ab-Ox-
LDL) was assessed with a commercial enzyme
immunoassay (Biomedica Gruppe, Austria) using cu®
oxidized LDL as antigen.

4-Hydroxynonenal Metabolite

1,4-dihydroxynonane mercapturic acid (DHN-MA),
the major urinary metabolite of 4-hydroxynonenal (end
product of lipid peroxide) in urine, was achieved using
competitive enzyme immunoassay as previously
described, using DHN-MA-linked acetylcholinesterase
enzyme as tracer [32].

High Sensitive and Specific Oxidative Stress
Biomarkers

Two isotope-dilution mass spectrometry methods to
measure lipid peroxidation, including arachidonate and
cholesterol, were used. As arachidonic acid oxidation,
we measured the isoprostane iPF2o-Ill. Plasma was
treated with alkaline hydrolysis and loaded to
immunoaffinity column before LC/MS analysis
according to Sircar et al. [33] with minor modification
[34]. For cholesterol oxidation markers, 2 oxysterols, 7-
ketocholesterol and  7B-hydroxycholesterol  were
measured by mass GS/MS as previously reported
[35,36].
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Miscellaneous

The Lipoprint system —low density lipoprotein (LDL)
subfractions kit (Quantimetrix, n°® 48-7002) allows
separating as a function of size the seven sub-fractions
of LDL present in serum and plasma. The Lipoprint
system utilizes non-denaturing, linear (non-gradient)
polyacrylamide gel electrophoresis (PAGE) to separate
and measure lipoprotein fractions and subfractions
(large buoyant LDL 1-2; small dense LDL 3 through 7).
The test uses a lipophilic dye that binds to cholesterol
in the lipoprotein particle prior to electrophoresis. The

electrophoresed gels were scanned with Lipoware
software to determine the relative area of each
lipoprotein subfraction which was multiplied by total
cholesterol of the sample (determined with Hitachi 911
and assay kit Roche Diagnostics ref 11489232) to
calculate the amount of cholesterol of each subfraction.
A quality control specimen (Liposure-ref 48-7060
Quantimetrix) validates electrophoresis LDL size.

Serum PON1 activity towards paraoxon was
analysed by spectrophotometry as described previously
[37]. Briefly 15 pyL of serum sample was added to 250

Table 1: Basal Demographic and Biochemical Data in Diabetes Patients Without Specific Advices and in Diabetes
Patients Receiving Advices Leaflet for Increasing Fruits and Vegetables Intake

Control group Diet group P-value
(N =15) (N=14)
gender 8 women and 7 men 5 women and 9 men
age (years) 57.0+6.7 60 +4.2 0.78
smoking habits 2 5
BMI (kg/m?) 30.1+2.3 30.6+ 3.6 0.56
biochemical parameters
a. glycemia
glucose (g/L) 1.73+0.57 1.83 +0.69 0.66
glycosylated Hb (%) 8.83+1.42 8.26+1.14 0.45
insuline (mU/L) 13.9+13.1 17.8+£15.9 0.48
b. antioxidants
total polyphenols (mg/mL) 2.60+0.48 2.78+0.44 0.33
vitamin C (ug/mL) 8.54+ 282 10.25 * 3.62 0.20
B-carotene (mg/L) 0.17+0.14 0.12+0.10 0.39
a-tocopherol (ug/mL) 12.02 £ 2.75 14.28 + 4.03 0.091
y-tocopherol (ug/mL) 0.93+0.50 0.95+0.38 0.03
c. markers of lipid peroxidation
lipid peroxides (uM) 391+ 176 460 + 221 0.36
oxidized LDL (ng/mL) 350 + 338 567 + 514 0.095
Ab-Ox-LDL (UI/L) 271+3.2 270+ 3.9 0.58
LDL size (A) 390 + 342 363 + 269 0.82
TBARSs (uM) 3.37+£0.43 3.47 £ 0.40 0.53
DHN-MA (ng/mL) 4.66 + 4.60 3.82+1.89 0.55
7 keto-cholesterol (ng/mL) 14.5 + 4.69 19.1+15.3 0.28
7 B-hydroxycholesterol (ng/mL) 17.6 £ 7.46 18.9+11.2 0.71
isoprostanes (pg/mL) 22.3+5.74 24.0+ 3.23 0.34
d. miscellaneous
cholesterol (g/L) 1.50+0.49 1.67 +0.42 0.34
paraoxonase (uM) 111+ 72 115+ 84 0.89
sVCAM (ng/mL) 814 + 201 749 + 218 0.42
iVCAM (ng/mL) 298 + 95 287 + 96 0.77
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pL of substrate solution (100 mmol/L Tris-HCI, 2
mmol/L CaCl,, 5.5 mmol/L paraoxon, pH 8.0). After 2
and 5 minutes, absorbance readings at 415 nm were
taken. sICAM and sVCAM were detected in serum by
using commercial kits developed by commercial kits
(R&D systems, Abingdon, United Kingdom). Glucose
(Roche), glycosylated haemoglobin (Menarini) and
insulin (Roche) were detected according to classical
routine techniques with the use of commercial kits.

Statistics

Results were expressed as mean = standard
deviation (SD) for quantitative variables, while
frequencies and proportions (%) were used for
categorical variables. Mean values between the two
study groups were compared by Student’s t test while
proportions were compared by the chi-squared test for
contingency tables. Non parametric tests were used for
skewed distributions. The change in parameters
between the two visits within individuals was tested by
the paired Student t-test or the Wilcoxon signed rank
test for continuous variables. Correlation coefficients
were calculated for measuring the association between
two biomarkers. Calculations were always carried out
on the maximum number of data available. Missing
data were not replaced. Results were considered to be
significant at the 5% critical level (p<0.05). Data
analysis was carried out using SAS (version 9.1 for

Windows) and S-PLUS (version 6.2) statistical
packages.
RESULTS

As seen in Table 1, the demographic and

biochemical characteristics were comparable in the two
groups (control and diet) at baseline. As expected,

mean plasma values reflecting the glycaemic status
(glucose, glycosylated haemoglobin, insulin) of the
patients were above the laboratory reference values.
Plasma antioxidants (vitamins C and E, -carotene and
polyphenols) concentrations were also similar in the
two groups For the oxidative parameters (lipid
peroxides, oxidized LDL, antibodies against oxidized
LDL, TBAR'S, DHN-MA, 7-ketocholesterol and 78-
hydroxycholesterol, isoprostanes, LDL size), no
significant difference was evidenced either. The two
randomized groups showed also the same
concentrations in paraoxonase, sVCAM and iVCAM.
Finally results from the home-made questionnaire
revealed that the intake of fruits and vegetables before
the study were 300 g/d in both groups.

Table 2 displays for all the patients the baseline
correlations between all biomarkers generally used for
the assessment of the in vivo lipid peroxidation
processes. Antibodies against oxidized LDL showed a
significant negative correlation with lipid peroxides (r =
-0.52; p = 0.0035), isoprostanes (r = -0.38; p = 0.046)
and TBAR’s (r = - 0.32; p = 0.09). The parameter 17
keto-cholesterol was positively correlated with 17 (-
hydroxycholesterol (r = 0.43; p = 0.019), lipid peroxides
(r = 0.36; p= 0.05) and oxidized LDL (r = 0.37; p =
0.05). Finally, LDL size was negatively correlated with
oxidized LDL (r = -0.36; p = 0.05).

Figure 2 shows that intake of fruits and vegetables
significantly increased from 300 + 85 g/d to 629 + 17
g/d (p = 0.04) in the diet group while a slight but
significant increase (300 + 85 g/d to 408 + 36 g/d, p =
0.05) was also observed in the control group. Despite
such observation, no significant difference was seen in
the plasma concentrations of antioxidants (vitamin C,
B-carotene, polyphenols) in control and, surprisingly, in

Table 2: Correlation between Biomarkers of Lipid Peroxidation Measured on 29 Type 2 Diabetes Patients at the Start
of the Study. Statistical Significance is Discussed in the Text

lipid oxidized | Ab-Ox- DHN- 7 keto- 78- LDL

peroxides LDL LDL TBAR's | MA cholesterol | hydroxycholesterol | isoprostane | size

lipid peroxides 1 -0.04 -0.52 -0.01 -0.24 0.36 0 0.23 0.37

oxidized LDL -0.04 1 0.23 -0.17 -0.15 0.37 0.09 0.1 0.02

Ab-Ox-LDL -0.52 0.23 1 -0.32 0.18 -0.17 -0.24 -0.38 -0.02

TBAR's -0.01 -0.17 -0.32 1 -0.22 -0.03 -0.03 0.22 -0.31

DHN-MA -0.24 -0.15 0.18 -0.22 1 -0.05 -0.11 -0.05 0.11

7 keto-cholesterol 0.36 0.37 -0.17 -0.03 -0.05 1 0.43 -0.12 -0.11

7 B-hydroxycholesterol 0 0.09 -0.24 -0.03 | -0.11 0.43 1 -0.04 -0.36

isoprostane 0.23 0.1 -0.38 0.22 -0.05 -0.12 -0.04 1 0.04
LDL size 0.37 0.02 -0.02 -0.31 0.11 -0.11 -0.36 0.04 1
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Figure 2: Intake of fruits and vegetables before and after diet intervention in diabetes patients receiving no special diet advices
(white columns) and diabetes patients receiving a fully defined 2 months menu of recipes in order to reach an intake of 600 g of
fruit and vegetables each day (black columns). * p < 0.05.

Table 3: Evolution of Glycaemia Index, Antioxidants and Markers of Lipid Peroxidation Before and After a Diet
Enriched or Not in Fruits and Vegetables in Type 2 Diabetes Patients

Control group Diet group
parameter Baseline 2-month visit P-value Baseline 2-month visit P-value
glycemia index
glucose (g/L) 1.73+0.57 1.65+ 0.50 0.5 1.83+0.69 1.83+0.54 0.98
glycosylated Hb (%) 8.83+1.42 7.93+0.81 0.069 8.46+1.14 8.26 + 0.65 0.47
insuline (mU/L) 13.9+13.1 11.2+11.2 0.28 17.8+15.9 18.4 £ 25.0 0.86
antioxidants
total polyphenols
(mg/mL) 2.60+0.48 2.7+0.38 0.35 2.78+0.44 2.84+0.46 0.68
vitamin C (ug/mL) 8.5+2.83 9.2+294 0.45 10.3+3.62 10.4 £ 2.99 0.44
B-carotene (mg/L) 0.17+0.14 0.16 £ 0.13 0.82 0.12+0.10 0.11+0.08 0.54
o-tocopherol (ug/mL) 12.0+2.75 13.3+3.68 0.07 14.3+4.03 13.2+£2.77 0.22
v-tocopherol (ug/mL) 0.93+0.50 0.99+ 0.45 0.59 0.95+0.38 1.02+0.41 0.34
markers of lipid peroxidation
lipid peroxides (uM) 391+ 176 418 + 218 0.58 460 + 221 389 + 142 0.2
oxidized LDL (ng/mL) 350 + 338 440 + 452 0.26 567 + 514 427 + 185 0.2
Ab-Ox-LDL (UI/L) 390 + 342 408 + 406 0.81 363 + 269 428 + 351 0.44
LDL size (A) 271+ 3.2 271+ 3.2 0.65 270+ 3.9 272+ 2.4 0.27
TBARs (UM) 3.37+0.43 3.32+0.33 0.65 3.47+0.44 3.31+0.44 0.14
DHN-MA (ng/mL) 4.66 + 4.60 53+6.3 0.64 3.82+1.89 5.12+ 3.86 0.1
7 keto-cholesterol
(ng/mL) 14.5+ 4.69 17.0+£10.1 0.34 19.1+ 155 16.0 £ 13.0 0.62
7 B-hydroxycholesterol
(ng/mL) 17.6 £ 7.46 20.0+13.2 0.43 19.0+11.2 18.7+15.6 0.97
isoprostanes (pg/mL) 22.3+5.74 21.5+6.97 0.56 24 +3.23 22.3+5.03 0.13
miscellaneous
cholesterol (g/L) 150+ 0.49 1.58+0.29 0.52 1.67+0.42 1.54 +0.29 0.34
paraoxonase (UM) 111+ 72 119+ 79 0.14 107 £ 72 115+ 84 0.17
sVCAM (ng/mL) 814 + 201 803 + 215 0.76 741 + 274 749 + 218 0.84
iVCAM (ng/mL) 298 + 95 283 + 62 0.47 287 + 96 307 + 123 0.1
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the diet groups (Table 3). As far as the markers of lipid
peroxidation are concerned, the concentration of lipid
peroxides and ox-LDL tended to increase in the control
group while a decrease in lipid peroxides, ox-LDL and
7 - ketocholesterol was noted in the diet group.

DISCUSSION

Diabetes is associated with a higher risk of
developing cardiovascular diseases. Since an increase
of the oxidative stress is present in type 2 diabetic
patients [38], it may sound that an optimization of the
antioxidant defences could lead to a reduction of the
cardiovascular risk factors linked to oxidative stress in
such patients. Until now, studies on cardiovascular
prevention were essentially conducted by using food
complements containing antioxidants and trace
elements. From a general point of view, results were
rather disappointing because of a lack of uniformity in
the recommended doses and the used associations of
antioxidants. Recently, the interest for antioxidants has
been shifted from surrogate supplements to the primary
natural sources of whole fruits and vegetables. A large
number of epidemiological but also interventional
studies have highlighted the relevant preventive
aspects of this natural antioxidant supply on diabetes
prevention [39,40].

To quantify the preventive support from a
cardiovascular point of view, analytical tools should be
available to measure and monitor the oxidative stress
status. In type 2 diabetic patients, as a consequence of
hyperglycaemia, there is an increased formation of
ROS responsible of oxidative damage to lipids, proteins
and DNA. This results in an accumulation of oxidized
LDL components into the arterial wall where they
contribute, in presence of macrophages, to the
formation of the atheroma plague. Due to
methodological reasons, it remains difficult to estimate
the presence of in vivo lipid peroxidation. In the
majority of studies, malondialdehyde (MDA) detected
by the thiobarbituric acid or by HPLC is the most
popular assay despite its lack of specificity. Recently,
the measurement of isoprostanes, whose formation
arises from direct reaction of arachidonic acid with
ROS, emerged as a gold standard for evidencing lipid
oxidation. This highly specific assay is nonetheless
time consuming and expensive. The detection of lipid
peroxides, ox-LDL and antibodies against ox-LDL can
now be achieved routinely in the clinical biology.
Recently, we published normal reference values for
lipid peroxides (0-432 uM), oxidized LDL (0-500 UI/L)
and Ab-Ox-LDL (200-600 UI/L) [41,42]. Referring to

Table 1, it was evidenced that a large number of type 2
diabetic patients presented values beyond the upper
reference value for these markers. In the present study,
we also decided to investigate the measurement of
specific oxidative damage to cholesterol with the
measurement of 7 - ketocholesterol and 7B-
hydroxycholesterol. This test panel was completed by
the evaluation of LDL size. Low density lipoprotein
(LDL) particles display a heterogeneity in size and
density which has been well documented This
heterogeneity has clinical relevance, in that small,
dense LDL particles which are more sensitive to
oxidative damage than large, buoyant LDL, are
suspected to be associated with an increased risk of
coronary artery disease [43]. Finally, we used a new
biomarker, namely the 1,4-dihydroxynonane
mercapturic acid (DHN-MA), recognised to be the
major urinary metabolite of 4-hydroxynonenal, another
end product of lipid peroxides [32]. As shown on Table
2, there were only few and weak correlations between
all these parameters although they are all supposed to
evidence lipid peroxidation processes. This highlights
all the difficulty to choose the appropriate biomarker. In
the multicentre study « Biomarkers of Oxidative Stress
Study (BOSS) », using administration of different
concentrations of CCL4 in rats as acute model_of
oxidative stress [44], it has been shown that the most
sensitive marker for lipid peroxidation evidence was 15-
F2t-1soP in plasma and urine. In contrast, MDA in urine
was a moderately sensitive marker whereas
hydroperoxides and TBAR’s in urine were not sensitive
at all. Here, among all parameters, only 7 -
ketocholesterol was positively correlated with other
biomarkers of lipid peroxidation, specifically lipid
peroxides (r = 0.36; p = 0.05) and oxidized LDL (r =
0.37; p = 0.05).

At baseline, all diabetic patients had an average
intake of 300 g/d of fruits and vegetables. This intake
was in agreement with the national observations made
in Belgium [45] but largely below the amount of 400-
600 g recommended by WHO [46]. Our study
demonstrates that it is possible to increase the intake
of fruits of vegetables up to 629 + 17 g/d when specific
advice illustrated by a detailed pictures catalogue can
be provided. Surprisingly, a slight increase from 302 +
85 g/d to 408 = 36 g/d was also noted in the control
group. The fact that the local ethics committee imposed
to inform all participants about the study’s primary
objective, has perhaps motivated the participants of the
control group to give more attention to their intake of
fruits and vegetables. Nevertheless, the increase was
largely below those observed with the diet group.
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As fruits and vegetables are recognized for their
high content in antioxidants, this should have been
reflected in the diet group in an increased load of
antioxidants in the bowel and absorption with a
resulting rise in the circulation. However, no such
change was observed in the plasma concentrations of
the antioxidants. For vitamin C, it has been reported
that a significant rise in plasma concentration can only
be detected after an increase in fruits and vegetables
consumption when the subject presents a low basal
vitamin C concentration (< 6 pg/mL) [24]. This is not
the case in our study since basal rates in vitamin C
were for all patients comprised in the well accepted
normal range [41,42]. Another explanation for the lack
of increase could be due to the time of intervention.
Indeed, Polidori et al. [23] have shown that the plasma
concentration in vitamin C only significantly increased
after 3 - months and not 2 - months intervention with
daily portions of fruits and vegetables. Considering B-
carotene, previous studies have demonstrated an
elevation of plasma concentration after increased fruits
and vegetables consumption only when basal plasma
rates were comprised between 0.2 and 0.3 mg/L. As
our patients exhibited at baseline a slightly lower but
quite similar B-carotene concentration (0.11 mg/L), we
have no logical argument to explain why levels
remained unchanged. It is known however that B-
carotene bioavailability is higher when food is cooked
with fat and lower raw food is consumed [47].
Furthermore it is also possible that B-carotene was not
the best marker for the increase of carotenoids in our
study patients because several reports failed to find a
positive association between intake of lycopene,
another carotenoid, and serum concentration [48].

The present study has also evidenced that
increasing the consumption of fruits and vegetables
from 300 g/d to 600 g/d did not result in a significant
decrease of the patient's glycaemic status. With
respect to oxidative damage to lipids, no significant
effect of increased fruits and vegetables intake was
also observed regardless of the biomarker used.
Several tendencies may be worth mentioning: an
increase of lipid peroxides (7 %), 7 keto-cholesterol (16
%) and oxidized LDL (25.7 %) in the control group and
a decrease of the same markers, respectively, 15.5,
16.6 and 25 %, in the diet group.

Globally, our findings are in agreement with those of
previous studies indicating that a decrease in the
biomarkers of oxidative stress did not occur after
increased fruits and vegetables intake [16-24,49,50]
despite or not an improvement of the plasma

antioxidant status. One explanation for this absence of
effect could be due to the fact that all these studies
enrolled presumably healthy subjects at low risk of
presenting oxidative damage to lipids. Recently,
Gimmarioli et al. [51] showed that a 700 — 1000 g/d
intake of fruits and vegetables in type 2 diabetic
patients was associated with a decrease of MDA when
compared to control patients receiving no dietary
advice. Here we were unable to confirm this
observation. Actually, TBAR’s concentration is known
to be positively related to glycaemia [52]. It has also
been related that cinnamon, a natural polyphenol
present in fruits acting as insulino - sensibilizer, was
able to decrease glycemia in correlation to TBAR's
concentration [53]. As we were unable to prove any
modification on the glycaemic level with or without diet
advice, this partially the absence of modification in
TBAR'’s concentrations.

CONCLUSION

This study shows that diet advice based on an
illustrated catalogue can help increase the intake of
fruits and vegetables up to 600 g/d in type 2 diabetes
patients known to be in a situation of oxidative stress.
Despite such an increase, no significant change in
blood levels of antioxidant parameters and glycaemic
markers could be evidenced. In our study patients, both
vitamin C and B-carotene levels at baseline were within
reference ranges. This may explain the lack of
incidence of increased intake of fruits and vegetables
on the plasma levels in these antioxidants. Compared
to data published in the literature, our findings
confirmed the fact that the effect of high intake of fruits
and vegetables on reducing oxidative damage to lipids
remains largely controversial. When compared to
control patients, subjects in the diet group just showed
a tendency to decrease three of the biomarkers of the
oxidative stress, namely oxidized LDL, 7 keto-
cholesterol and lipid peroxides. Lastly, the present
leaves open the question of the most appropriate
markers of lipid peroxidation since only small
correlations were evidenced between tests of the large
battery of tests investigated here above.
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