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Abstract

Background: Cigarette smoking, a cardiovascular risk
factor leading to oxygen free radical formation, is
involved in the development of serious pathological
conditions. On the other hand, a healthy diet and ade-
quate supplementation can help prevent many dis-
eases. The aim of our study was to evaluate in healthy
light smokers the effects of supplementation with
mixed fruit and vegetable juice powder concentrate
on homocysteine metabolism and oxidative status.
Methods: In this pilot study, 32 healthy volunteers, 16
light smokers and 16 non-smokers, on twice daily
supplementation were monitored at time zero and
after 30 days. Plasma homocysteine, and serum vita-
min B12 and folate concentrations were measured by
immunoenzymatic assays; reactive oxygen species,
total antioxidant capacity and thiol groups by spectro-
photometric methods; and total and free malondial-
dehyde concentrations by gas chromatography-mass
spectrometry with isotopic dilution.
Results: Baseline free malondialdehyde concentra-
tions were significantly higher in smokers than in
non-smokers and normalised after 30-day supple-
mentation. Baseline results for all the other parame-
ters remained unchanged after supplementation, with
no significant differences between smokers and non-
smokers.
Conclusion: This is the first study showing a sig-
nificant decrease in free malondialdehyde levels in
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light smokers after 1-month phytonutrient supple-
mentation.
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Introduction

Clinical and epidemiological studies have shown that
malnutrition, metabolic diseases and a sedentary life-
style, together with oxidative stress, hyperhomocys-
teinaemia and tobacco smoking, are risk factors for
many serious diseases (1–6). Oxidative stress is a
pathological condition caused by the formation of
reactive oxygen species (ROS). If produced in excess,
they can have a pro-oxidant action (‘‘noxa pathoge-
na’’), damaging fundamental molecules (lipids, pro-
teins and DNA) and irreversibly modifying cellular
homeostasis (3, 4, 6–8). Cells are protected against
ROS by an integrated antioxidant defence system
(total antioxidant capacity, TAC), including many
defence mechanisms (e.g., thiol groups, -SH) and
some interacting elements (9, 10). Active ROS result
in lipid peroxidation, generating terminal carbonyl
compounds, among which malondialdehyde (MDA) is
often used as an index of oxidative damage.

In biological matrices, MDA exists both in free form
(f-MDA) and bound to nucleophilic groups (SH or NH2)
of various biomolecules. Only the free form is chem-
ically active and represents a potential damaging
agent. Bound MDA (b-MDA) excreted in urine (11) is
indicative of an old injury (12). While other commonly
used analytical assays detect only total MDA (t-MDA
s freeqbound forms) as thiobarbituric acid-reactive
substances, the use of a ‘‘reference method’’ based
on gas chromatography-mass spectrometry (GC-MS)
with isotope dilution (13) allows the direct measure-
ment of both f-MDA and t-MDA concentrations and
the indirect measurement of b-MDA concentrations.
Monitoring f-MDA leads to a better understanding of
actual oxidative status.

Elevated plasma total homocysteine (tHcy) concen-
trations can result from inadequate vitamin intake (5)
and may indirectly contribute to ROS formation. A
reduction in plasma tHcy concentrations due to short-
term folic acid supplementation has been observed in
chronic smokers (14). Long-term smoking has been
associated with an increased risk of developing chro-
nic diseases and several authors recently reported
that a smoker’s diet is more unbalanced than a non-
smoker’s (15–17). Generally, healthy lifestyle habits,
such as a prudent diet and not smoking, may help to
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Table 1 Effect of dietary phytonutrient supplementation on vitamin B12, s-folate and ery-folate in smokers and non-smokers.

Analyte Time, days Smokers, ns16 Non-smokers, ns16

Vitamin B12, pmol/L 0 290 (199–544) 431 (275–576)
30 307 (287–521) 458 (361–546)

s-Folate, nmol/L 0 11.7 (5.2–20.6) 17.9 (11.3–30.8)
30 25.1 (22–28.5) 33.6 (28.5–34.2)

ery-Folate, nmol/L 0 749 (367–1039) 875 (579–1445)
30 947 (550–1021) 979 (856–1347)

Results are expressed as median (IQR).

prevent pathological conditions (18, 19). Polidori et al.
(20) reported that healthy smokers showed a marked
increase in plasma antioxidant status after giving up
smoking.

Fruit and vegetables contain many phytonutrient
compounds, including antioxidants, vitamins, trace
elements, and fibre. In fact, fruit and vegetables are
considered a source of nutrients. By interacting with
biomolecules, they can protect against ROS damage
and improve antioxidant status and endothelial func-
tions (21, 22). Many governments and health organi-
sations encourage people, including smokers, to
increase their daily intake of fruit (two to four serv-
ings) and vegetables (three to five servings) (21). The
aim of this pilot study was to evaluate in healthy light
smokers and non-smokers the effects of 1-month die-
tary supplementation with fruit and vegetable juice
powder concentrate on several parameters indicative
of Hcy metabolism and oxidative status. In particular,
lipid peroxidation was evaluated by detecting both
free and total MDA levels.

Materials and methods

A total of 32 healthy volunteers, 16 light smokers (10–12 cig-
arettes/day; 8 male, 8 female, aged 37"10 years) and 16
non-smokers (8 male, 8 female, aged 35.9"11.5 years) par-
ticipated in the study. The two groups were well matched for
sex and age.

Major exclusion criteria were the presence of chronic
diseases, cardiovascular episodes within the previous
6 months, pregnancy or lactation, body mass index (BMI)
)25 kg/m2, altered lipidic panel, hyperglycaemia, regular
medication other than oral contraceptives, and regular use
of any vitamin or dietary supplements.

All subjects were asked to maintain their current lifestyle
habits, to refrain from taking vitamins or herbal supple-
ments, drinking coffee, tea and alcoholic beverages for
30 min after taking the study capsules and refrain from
smoking for 8 h before blood collection. All the subjects
agreed to follow regular diets (30 followed a Mediterranean
diet and 2 an Oriental diet) and to take four capsules a day
according to instructions. Written informed consent was
obtained from all study volunteers.

The phytonutrient product consisted of a blend of fruit
(apple, orange, pineapple, cranberry, peach, acerola cherry,
papaya) and vegetables (carrot, parsley, beet, kale, broccoli,
cabbage, spinach, tomato) juice concentrate with the addi-
tion of oat and barley bran (Juice Plusq�, NSA Inc., Mem-
phis, TN, USA) (23, 24).

Peripheral venous blood samples were drawn after an
overnight fast at the start of the study (baseline, T0) and after
30 days (T1). Serum aliquots were used for measuring vita-

min B12, folate (s-folate), ROS, -SH concentrations and TAC.
Whole blood containing EDTA was placed on ice and divided
into three aliquots as follows: one for a complete blood
count (Coulter counter model STKS; Beckman Coulter,
Miami, FL, USA); one for measuring erythrocyte folate (ery-
folate) concentrations; and the final aliquot was centrifuged
within 30 min for plasma tHcy and MDA measurements.
Samples for measuring ery-folate, tHcy and MDA concentra-
tions and serum aliquots were frozen after separation and
stored at y208C until assayed. All samples were analysed in
batches at the end of the study.

Plasma tHcy concentrations, along with its metabolically
related vitamins (vitamin B12, s-folate and ery-folate), were
measured using routine laboratory methods (25). Both
serum ROS and -SH concentrations and TAC were measured
spectrophotometrically using commercial kits (dROMs test,
-SHp test, OXY-Adsorbent test, respectively, from Diacron,
Grosseto, Italy) on a F.R.E.E. analyser (Diacron) (3, 4). Plasma
free and total (freeqbound) MDA levels were detected by
GC-MS with dideuterated MDA added as an internal stan-
dard (13). The bound MDA concentration was estimated by
calculating the difference between total and free MDA.

Data were compared with relevant reference intervals
established for healthy volunteers and normally used in our
laboratory (8, 13).

Statistical analysis

Results, reported as the median value with interquartile
range (IQR) (25–75 percentiles), were analysed using Wil-
coxon’s test for statistical analysis of non-parametric values.
Differences were considered significant at p-0.05.

Results

At the start of the study all the subjects were well
nourished, with fruit and vegetables included in their
diets. The baseline blood count indexes for each indi-
vidual were within the reference intervals, with no
significant change at T1. As regards race, no differ-
ences were observed in the smokers’ group.

Baseline values of vitamin B12, s-folate and ery-
folate were within the reference intervals (164–835
pmol/L, 7–28 nmol/L and 421–1462 nmol/L, respec-
tively). Median values and IQR for vitamin B12 and
s-folate levels were slightly lower in smokers (Table
1).

As summarised in Table 2, no notable difference
between smokers and non-smokers was observed for
tHcy and t-MDA concentrations, either before or after
supplementation. However, baseline f-MDA levels
were significantly higher in smokers than in non-
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Table 2 Effect of dietary fruit and vegetable juice powder concentrate on total, free and bound (s total–free) MDA and tHcy
in smokers and non-smokers.

Analyte Cut-off Time, days Smokers Non-smokers
(ns16) (ns16)

t-MDA, mmol/L -2.5 0 2.3 (1.9–2.5) 2.3 (1.7–2.6)
30 2.4 (2.1–2.7) 2.4 (1.8–2.6)

f-MDA, mmol/L -0.43 0 1.23 (0.9–1.6)* 0.44 (0.3–0.6)
30 0.71 (0.6–0.9)� 0.41 (0.4–0.5)

b-MDA, mmol/L -2.0 0 0.77 (0.57–1.58)** 1.85 (1.25–2.06)
30 1.62 (1.26–2.07)§ 1.97 (1.30–2.12)

tHcy, mmol/L -10 0 9.0 (7.9–11.3) 8.7 (7.1–9.3)
30 9.1 (7.1–11.2) 8.2 (6.6–8.8)

Results are expressed as median (IQR). *p-0.005 vs. non-smokers; �p-0.001 vs. baseline; **p-0.001 vs. non-smokers;
§p-0.002 vs. baseline.

smokers (p-0.005) and decreased significantly after
supplementation (p-0.001, T1 vs. T0).

Baseline b-MDA concentrations were significantly
lower in smokers than in non-smokers (p-0.001) and
increased significantly at T1 (p-0.002), with no sig-
nificant difference between the two groups (ps0.2).
No change in free and bound MDA levels was
observed in non-smokers.

ROS values were below the reference cutoff
(-300 UCarr) at both T0 and T1 in non-smokers w268
(222–297) and 298 (259–308) UCarr, respectivelyx. All
ROS concentrations were normal in smokers both
before and after supplementation w261 (216–302) and
271 (249–288) UCarr, respectivelyx, except for one
smoker, whose ROS levels were high at T0 and nor-
malised after supplementation (352 and 292 UCarr,
respectively). TAC for both groups was above the ref-
erence cutoff ()350 mmol HClO/mL) at both T0 and
T1, without notable difference wsmokers: 357
(347–384) mmol HClO/mL at T0 and 372 (341–387)
mmol HClO/mL at T1; non-smokers: 377 (337–387)
mmol HClO/mL at T0 and 378 (347–394) mmol
HClO/mL at T1x. Regarding -SH group concentrations
(reference interval 350–650 mmol/L), no statistically
significant difference was observed between the
two groups at either time wsmokers: 371 (311–448)
mmol/L at T0 and 349 (336–383) mmol/L at T1; non-
smokers: 406 (397–492) mmol/L at T0 and 359
(322–422) mmol/L at T1x.

Three non-smokers continued taking daily capsules
for 6 months (T2). The oxidative status parameters for
all the subjects, monitored monthly, continued to
improve, reaching a stable antioxidant capacity; the
mean difference (D) between T2 and T1 concentra-
tions was 165 mmol HClO/mL for TAC, 229 mmol/L for
-SH and 18 UCarr for ROS. No change in either total
or free MDA levels was observed.

Discussion

Epidemiological studies have shown how much life-
style and an adequate intake of antioxidant vitamins
can influence the aetiopathogenesis of several patho-
logical conditions (1, 2, 18–21). In this pilot study we
focused our attention on possible oxidative status
variations in light smokers and non-smokers after

short-term dietary supplementation with encapsulat-
ed mixed fruit and vegetable juice powder concen-
trate.

The change in free and bound MDA levels observed
in smokers after supplementation was the most inter-
esting result of this study. The method used for MDA
evaluation, based on GC-MS with the addition of an
isotopic internal standard (dideuterated MDA) (13),
enhances the accuracy of MDA levels reported. This
is the only ‘‘reference method’’ accepted for the vali-
dation of all other evaluation methods generally used
for clinical diagnostic use (26).

No difference in baseline t-MDA levels was
observed between the two groups; however, just
moderate cigarette consumption was enough to
increase the potentially active and dangerous f-MDA,
which was significantly higher in smokers than in
non-smokers. Daily supplementation with juice pow-
der concentrate capsules for 30 days affected f-MDA
levels, which normalised and reached non-smoker
values. The decrease in f-MDA was accompanied by
an increase in b-MDA, mainly excreted in urine (11).
Thus, the decrease in f-MDA could be explained by its
transformation into the bound form. This could be
because of conjugation with some components of the
juice powder concentrate. It has been suggested that
the additive and synergistic effects of phytochemicals
in fruit and vegetables could be responsible for their
antioxidant activity. As reported by Kiefer et al., a sup-
plement such as juice powder concentrate capsules
could mimic the antioxidant behaviour of fruit and
vegetables (22).

To the best of our knowledge, this is the first study
showing changes in f-MDA levels following dietary
supplementation. Regarding the effects of fruit and
vegetable supplementation on t-MDA levels, some
authors observed a decrease in t-MDA (27–29), but
others did not find any change at all (30, 31) in agree-
ment with our findings. The different MDA analytical
detection techniques adopted could account for this
discrepancy, emphasising the importance of f-MDA,
the only form directly produced by oxygen radical
reaction. Increased oxidative stress in smokers, high-
lighted only by high f-MDA levels, and its decrease
after supplementation are in agreement with the
results of others (32–34) who studied the effects of
dietary supplementation using F2-isoprostanes
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instead of MDA levels as an index of lipid peroxida-
tion. After smoking cessation, vitamin C therapy (32)
or antioxidant supplementation (33), a decrease in
high 8-epi-prostaglandin F2a values was observed in
smokers. In a pilot study, Dillon et al. (34) observed
that 8-iso-prostaglandin F2a concentration was higher
in smokers than in non-smokers, but the values sig-
nificantly decreased after supplementation with a gar-
lic extract.

All the other parameters evaluated in our study did
not show a notable pattern of change over 30 days.

Regarding tHcy, in two different crossover interven-
tion trials using the same juice powder concentrate
capsules, a significant reduction in tHcy was observed
by Panunzio et al. (24) in 26 subjects and by Samman
et al. (21) in 13 smokers and 19 non-smokers. The
baseline tHcy concentration was below our laboratory
reference cutoff (F10 mmol/L) in all participants, with
a slight decrease at T1 only in non-smokers. The lack
of a significant reduction in tHcy levels in smokers
could be due to the subjects’ good health, as shown
by baseline vitamin B12 and folate concentrations
(Table 1). However, a female smoker’s plasma tHcy
concentration halved after 30-day supplementation
and her baseline s- and ery-folate concentrations,
below normal (5.2 and 399 nmol/L, respectively), nor-
malised at T1. As reported by other authors (21, 24),
in this case, the intake of dietary mixed fruit and veg-
etable supplements clearly confirmed a negative
correlation between tHcy levels and folate status.
Moreover, we observed that after 30-day natural phy-
tonutrient supplementation, s- and ery-folate concen-
trations increased within the physiological reference
interval both in smokers and in non-smokers.

As regards antioxidant parameters, TAC and -SH
values appeared to be normal and similar in the two
groups, with no change after 30-day supplementation.
The lack of difference between the two groups could
be because the subjects were light smokers, or had
stopped smoking for 8 h before blood collection, or
possibly followed an adequate daily diet. Our results
are in agreement with those of Miller et al. (35), which
showed no significant difference in TAC values be-
tween healthy smokers and non-smokers on a normal
diet. Moreover, the unmodified TAC and -SH values
we observed in both smokers and non-smokers at T1
are presumably because supplementation was short-
term. In fact, the three non-smokers whose
supplementation had been extended by 6 months
showed a notable increase in TAC and -SH levels, but
no modification in ROS and MDA concentrations.
Both light smokers and non-smokers showed similar
ROS values, even if f-MDA was higher in smokers
than in non-smokers. A recent paper by Cighetti et al.
(36) could provide an explanation for this apparent
discrepancy: the poor correlation between f-MDA and
ROS values is in fact mainly because of possible
underestimation of ROS concentrations. Free and
total MDA, formed during ‘‘in vivo’’ oxidative imbal-
ance, are measured directly by the most specific and
sensitive GC-MS method. The ROS formed ‘‘in vivo’’
are instead indirectly measured as dROMs after their

‘‘in vitro’’ transformation through a reaction probably
affected by endogenous antioxidants. However, even
if the dROMs assay is reported to discriminate various
pathological conditions (3,4,7,8), in this study it did
not seem to be sufficiently sensitive to highlight the
presence of lipid peroxidation in light smokers.

To the best of our knowledge, this is the first obser-
vational study carried out to evaluate the possible
relationship between oxidative status, homocysteine
status, tobacco smoking and juice powder concen-
trate supplementation. Above all, this is the first study
to show a significant decrease in f-MDA levels in light
smokers after just 1 month of daily phytonutrient sup-
plementation. These results have prompted us to car-
ry out further studies on a larger population and for
a longer period of time to confirm these preliminary
findings.
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