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Comparison of lycopene and tomato
effects on biomarkers of oxidative
stress in vitamin E deficient rats

Abstract Background Cohort
studies suggested that individuals
with higher intake of tomatoes and
tomato products have a lower risk
of degenerative diseases. Lycopene,
an antioxidant and antiprolifera-
tive carotenoid, has been hypothe-
sized to be responsible for the
health benefits of tomatoes. How-
ever, studies demonstrated a higher
potential of tomatoes compared to
lycopene to reduce oxidative stress
or carcinogenesis. Aim of the study
Our study aimed at distinguishing
lycopene effect from that of tomato
on oxidative stress, by using yellow
tomato, a tomato variety devoid of
lycopene. Methods Effects of
feeding with none (control), 16%
freeze-dried yellow tomato (YT),
16% freeze-dried red tomato (RT)
or 0.05% lycopene beadlets (LB)
were compared in a rat model with
mild oxidative stress induced by
low vitamin E diet (LVED). Four
groups of 10 rats were fed ad
libitum for 6 weeks. Physiological
parameters such as ingesta, body,
spleen and liver weights, choles-
terol and triglycerides (TG) levels
were assessed. Lycopene and vita-
min E concentrations and oxidative
stress biomarkers were measured
in the plasma and/or liver and/or
heart tissue of the rats. Results RT,
YT, and LB had no effect on rats’

ingesta, body and spleen weights.
RT, YT and LB had no effect on
plasma cholesterol concentration.
RT decreased TG level compared to
control, YT and LB (P < 0.05). Rats
fed RT or LB accumulated lycopene
in plasma in contrast with rats fed
YT. Heart level of thiobarbituric
reactive species (TBARS) in rats fed
RT or YT was lower than that in the
control and the LB fed rats

(P < 0.05). Despite similar con-
centrations of lycopene in plasma
and liver, rats fed LB showed a
significantly higher heart level of
TBARS than rats fed tomatoes. RT
increased erythrocyte superoxide
dismutase (eSOD) activity com-
pared with LB and nitric oxide
(NO) level compared with control
and LB. LB decreased ferric reduc-
ing ability of plasma (FRAP) level
compared with control, RT and LB
(P < 0.05). Conclusion Our study
showed for the first time that
tomatoes, containing or not con-
taining lycopene, have a higher
potential than lycopene to attenu-
ate and or to reverse oxidative
stress-related parameters in a mild
oxidative stress context.
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Introduction

Oxidative stress is characterized by an imbalance
between antioxidant capacity and reactive oxygen
species (ROS) generation. Overproduction of ROS
increases during aging and contributes to many
pathological events such as cancer and cardiovascular
diseases. A lack of nutritional antioxidants, such as
vitamin E (VitE), vitamin C (VitC), polyphenols and
carotenoids can contribute to oxidative stress gener-
ation. In most Western countries, lower incidence of
age-related chronic diseases is associated with a
higher consumption of fruits and vegetables, which
are the main dietary sources of protective micronu-
trients and phytochemicals [34, 39].

Recent epidemiologic studies focusing on tomato
and tomato products associated their intake with a
reduced risk of degenerative diseases [25-27]. High
intake of tomato juice prevents low density lipopro-
teins (LDL) oxidation and thiobarbituric reactive
species (TBARS) formation in healthy men [12]. In the
Health Professionals Follow Up Study, Giovannucci
et al. [27] first showed that high intake of tomato-
based products was linked to lower prostate cancer
risk. Later, the protective role of tomato was con-
firmed, but the mechanisms remain unclear [22].
Further investigations consolidated the epidemiologic
evidence that lycopene could be a causal factor for the
preventive effects of tomatoes/tomato products. Blood
lycopene levels were inversely correlated with prostate
cancer and cardiovascular [17, 28]. Note that, in these
studies, lycopene may rather represent a biomarker of
exposure of the subjects to tomato and/or tomato
product consumption than a biomarker of effects.
Lycopene is the most potent singlet oxygen quencher,
in vitro, among the natural carotenoids and other
micronutrients, such as VitE and VitC [20] and
therefore delay or prevent oxidative damage [47].
Transported by low density lipoproteins (LDL), lyco-
pene prevents their oxidation in vivo [4] and increases
their degradation in vitro [23]. Lycopene also exerts
direct anticarcinogenic effects including upregulation
of gap-junction communication [9] and modulation of
growth factors such as insulin-like growth factor 1
(IGF-1) or cytokines like interleukine 6 (II-6) [43].

However, other investigations showed a higher
in vivo effect of whole tomato compared to lycopene
alone. Lycopene, through tomato sauce consumption,
reduces leukocyte and prostate tissue oxidative DNA
damage and decreases prostate specific antigen (PSA)
level in prostate cancer patients [15]. In animal
prostate cancer models, tomato supplementation
showed higher effects than lycopene supplementation
on carcinogenesis prevention and mortality [10, 30].
Few studies have investigated tomato or lycopene
effect on cardiovascular diseases in contrast to pros-
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tate cancer. Recent investigations on ischemia-reper-
fusion model in the rat showed that tomato juice has a
higher protective effect than lycopene, even if both
reduced the extent of lipid peroxidation [19].

Most of the experiments comparing lycopene, to-
mato and tomato extracts have been made with the
assumption that phytochemicals other than lycopene
might also be involved in preventive effects of tomato.
Obviously, there is a lack of experimental model that
could really distinguish lycopene effect from that of
tomato [24]. However, some tomato varieties, such as
yellow tomato, do not contain lycopene. Yellow to-
mato contains lycopene cyclase, an enzyme that
converts lycopene into beta-carotene and other xan-
thophyll, thus producing a fruit without lycopene [6].
The aim of this study was to compare the antioxidant
potential of red tomato, yellow tomato and lycopene
beadlets in a rat model with mild oxidative stress
induced by low dietary vitamin E intake.

Materials and methods
Animals protocols

A total of 40 male Wistar rats from the husbandry of
the Institut National de la Recherche Agronomique
(Clermont-Ferrand/Theix, France) were maintained
and handled according to the recommendations of the
local and national ethic committees.

The rats (body weights: 180-200 g) were housed
two per cage in a room maintained at 22°C witha 12 h
light-dark cycle (light from 8:00 a.m. to 8:00 p.m.)
and free access to food from 4:00 p.m. to 8:00 a.m.

Experimental design

Rats were randomized into four groups (10 rats per
group) and fed ad libitum for 6 weeks with one of the
four diets (Table 1): (1) low VitE diet (LVED) (AIN 93

Table 1 Diet composition (%)

LVED supplemented with

Control RT YT LB

Casein 15 15 15 15
Wheat starch 70.5 54.5 54.5 70.45
Groundnut oil 5 5 5 5
Mineral mix 3.5 35 35 3.5
Full vitamin mix 03 0.3 03 03
Vitamin mix without vitamin E 0.6 0.6 0.6 0.6
Cellulose 5 5 5 5
Lyophilized tomato 0 16 16 0
Lycopene beadlets 0 0 0 0.05

Freeze-dried red tomato (RT) and lycopene beadlets (LB) enriched diets contain
50 mg of lycopene per kg of diet
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Fig. 1 HPLC profile at 470 nm obtained after
carotenoids extraction of YT (A) and RT (B)
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diet with 1/3 of vitamin E) control group, (2) LVED
supplemented with freeze-dried red tomato (RT) to
have a final concentration at 50 mg of lycopene per kg
of diet, (3) LVED diet supplemented with freeze-dried
yellow tomato (YT) (the same quantity as RT) and (4)
LVED supplemented with lycopene beadlets (LB) to
have a final concentration at 50 mg of lycopene per kg
of diet. As shown in Fig. 1 and Table 2, YT used for the
supplementation did not contain lycopene. Daily food
consumption and body weight were recorded twice a
week.

Vitamin Mix (AIN 93 VX) and Mineral Mix (AIN
93 MX) were purchased from MP Biomedicals. Vita-
min Mix depleted in VitE were purchased from the
Unité de Préparation des Aliments Expérimentaux
(UPAE) (INRA, Jouy-en-Josas, France). Wheat starch
and casein were from Louis Fran¢ois (France). Al-
phacel Non-Nutritiv Bulk was provided by GLS
Strasbourg (Illkirch, France). Groundnut oil was
purchased from Huileries de Lapalisse (France). One
hundred and fifty kilogram of Red (Red Vine cultivar)
and 150 kg of yellow (Yellow King cultivar) tomatoes
were obtained from Rungis Market (Paris, France)
and then freeze-dried by Greentech Society (Biopole

Table 2 Carotenoids content of RT and YT used for the supplementation

Carotenoids content of freeze-dried tomatoes

Carotenoids RT YT
Beta-carotene 31.8 £ 11.2 1.7 £ 0.1
Lycopene 3126 + 12.7 0

Lutein 6.82 + 8.2 46 + 0.1
Zaexanthin 0 19 +£0.2

25,00 30,00 3500 40,00 4500 50,00

Minutes

15,00 20,00

10,00

Clermont/Limagne), yielding 9.1 kg of RT and 10.7 kg
of YT kept safe from air in a 4°C dark room. LB were a
hydrosoluble powder (BASF, Germany) containing
11.3 mg lycopene per 100 g of powder.

Sample preparation

At the end of the experiment, rats were anesthetized
by i.p. injection of sodium pento-barbital (40 mg/kg
of body weight). Blood was drawn from the abdomi-
nal aorta in dry- or heparin-containing tubes. Plasma
was obtained by centrifugation (12,000 g, 4 min, 4°C)
and was immediately stored at —80°C for future
analyses.

After blood sampling, heart, liver, and spleen were
removed and weighed. The heart and liver were rap-
idly washed in cold saline (9 g/l NaCl), placed into
liquid nitrogen and stored at —80°C until use.

Analytical determination

Plasma and liver carotenoids and VitE were extracted
twice with ethanol and hexane. The extract was dis-
solved in 200 ul methanol/dichloromethane (65/35,
v/v). and injected into HPLC column [32].
Carotenoids from freeze-dried tomatoes and from
diets were extracted first with methanol, trichlorome-
thane and deionized water. After a 10 min-centrifuga-
tion at 400 g, the bottom layer (organic phase) was
removed, put in a glass tube and then evaporated to
dryness under nitrogen. A second extraction was made
with tetrahydrofuran, dichloromethane and deionized
water. Aftera 10 min-centrifugation at400g, the second
bottom layer was pooled to the first and evaporated to
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dryness under nitrogen. The extracts were dissolved in
200 pl acetonitrile/dichloromethane (50/50, v/v) and
injected into an HPLC apparatus.

Carotenoids and VitE were separated using two
columns in a series (a Nucleosil C18, 150 X 4.6 mm,
3 um followed by a Vydac C18, 250 X 4.6 mm) pur-
chased from Interchim (Montlugon, France).

Carotenoids and VitE were quantified by reverse-
phase HPLC on a Waters system composed of a
pump, a cooled auto-sampler, a UV-Visible diode
array detector system (Waters SA, Saint-Quentin en
Yvelines, France). The mobile phase was an acetoni-
trile:dichloromethane:methanol (containing 50 mM
ammonium acetate):water (70/10/15/5, v/v/v/v) mix-
ture. The flow rate was isocratic (2 ml/min). Carote-
noids and VitE were detected at 450 and 292 nm,
respectively, and identified by comparison of their
retention time and spectral analysis with those of pure
mixture of lutein, zeaxanthin, lycopene, alpha- and
beta-carotene, and alpha-tocopherol. An overall
recovery yield of 75-100% was calculated with the
internal standards (SI): echinenone (Hoffmann-La
Roche, Basel, Switzerland) and tocopheryl acetate
(Roche Vitamines France, Neuilly-sur Seine, France).
Quantification was performed using Waters Milleni-
um 32 Software (version 3.05.01). All solvents used
were of HPLC grade from Carlo Erba (Chaussée a
Vexin, France).

Plasma total cholesterol and triglyceride (TG)
concentrations were enzymatically determined using
a kit from BioMerieux (Charbonnieres-les-bains,
France) and Biotrol (Paris, France), respectively. The
concentrations were determined spectrophotometri-
cally (Hitachi U 2001, Japan) at 505 nm and 500 nm
for triacylglycerols and cholesterol, respectively.

Ferric reducing ability of plasma (FRAP) was
determined in 100 pl plasma sample diluted twice
with distilled water. The tripyridyltriazine complex
formed with the reduced ions was measured by a
spectrophotometer at a wavelength of 593 nm (Uvi-
kon 941 plus series, Kontron instruments, St. Quentin
en Yvelines, France). Results were calculated from a
standard scale of FeSO,.

The susceptibility of heart to peroxidation was
determined in tissue homogenates after lipid perox-
idation induced with FeSO, (2 umol/l)-ascorbate
(50 pmol/1) for 30 min in a water bath at 37°C, using
a standard of 1,1,3,3-tetrahethoxypropane [44].

Nitrite + nitrate (NOx), degradation products of
nitrite oxide (NO), were measured in deproteinized
plasma using the Griess reaction [36]. After protein
precipitation of the sample and reduction of nitrate to
nitrite with nitrate reductase, nitrite was quantified
colorimetrically at 450 nm using a multiplate reader
spectrophotometer (MR 700, Dynatech Laboratories,
Guernesey, UK).
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Erythrocyte superoxide dismutase (eSOD) activity
was determined using a Ransod Kit (Randox Labo-
ratories, Crumlin, U.K.). Briefly, the method uses
xanthine and xanthine oxidase to generate superoxide
radicals, which react with 2-(4-iodophenyl)-3-
(4-nitrophenol)-5-phenyltetrazolium chloride to form
a formazan dye. The eSOD activity was measured by
the degree of inhibition of the reaction, using a
spectrophotometer. The results were expressed as unit
per mg of hemoglobin (Hb).

Total glutathione (tGSH) concentration was mea-
sured in liver. About 0.5 g of frozen tissue was
homogenized in 0.2 M perchloric acid, 5 mM EDTA.
After centrifugation (14,000g, 15 min), tGSH content
was measured in the supernatant as described by
Malmezat et al. [33].

Statistical analyses

Values are given as means £ SEM, and the differences
between groups were determined by one way ANOVA
followed by Student-Newman-Keuls (SNK) test. Val-
ues of P < 0.05 were considered significant.

Results

Pro-oxidant effects of LVED were assessed by com-
parison with a group fed with standard rat chow.
LVED had no effect on food intake and rats’ body,
spleen and liver weights (data not shown). It reduced
plasma and liver VitE concentrations by 3.8 and 1.8
times respectively (P < 0.005 for hepatic VitE con-
centration) while it increased 2.8 and 1.5 times heart
tissue susceptibility to peroxidation and hepatic tGSH
level respectively (P < 0.005 and P < 0.05 respec-
tively) (data not illustrated).

Effects of tomatoes and lycopene

On lipemia, VitE status and lycopene status

As shown in Table 3, feeding LVED-rats with RT, YT
and LB had no effect on rats’ body, liver and spleen
weights. RT feeding decreased plasma TG level com-
pared to control (P < 0.05). Note that TGlevel in YT fed
rats has a tendency to be lower than in control. There
was no significant difference between groups for VitE
concentration (Table 4). Lycopene was only present in
the plasma and liver of RT and LB fed rats (Table 4).

On biomarkers of oxidative stress

As shown in Table 5, cardiac TBARS level was de-
creased in RT and YT fed groups as compared with
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Table 3 Effects of tomato and
lycopene supplementation on rat
ingesta, body, spleen and liver
weights, and on lipemia

LVED supplemented with

Control RT YT LB
Ingesta (g/day) 19.2 £ 0.5 224+ 03 22.7 £ 03 217 £ 04
Rat body weight after 6 weeks of 402.1 + 12.2 4234 + 9.7 417.1 £ 6.7 4263 + 8.8
experimentation (g)
Liver weight (g) 141 £ 05 139 £ 0.6 147 £ 0.5 143 £ 0.7
Spleen weight (g) 0.95 + 0.04 0.95 + 0.04 0.88 + 0.03 0.98 + 0.03
Plasma Triglycerides (mM) 34+ 04° 22 +02° 23 +03° 27 +04°
Plasma Cholesterol (mM) 0.74 = 0.03 0.68 + 0.04 0.72 = 0.05 0.67 + 0.03

Results are expressed as means + SEM for n = 10 animals per group. Means with different superscript letter (a,b) are

significantly different (P < 0.05)

Table 4 Effects of tomato and
lycopene supplementation on plasma
and hepatic vitamin E and lycopene
status

LVED supplemented with

Control RT YT LB
Plasma Vit E/TG® (umol/mol TG) 3.2 5.6 5.8 43
Hepatic VitE (nmol/g wet tissue) 486 £ 0.9 549 + 8.8 51.6 £ 54 50.1 £ 5.2
Plasma lycopene® (nM) 0 25.1 0 32.1
Plasma lycopene/TG?* (nmol/mmol TG) 0 124 0 14.5
Hepatic lycopene (nmol/g wet tissue) 0 98 + 1.8 0 74 16

Results are expressed as means + SEM for n = 10 animals per group
®Rats plasma (n = 6) samples were pooled for HPLC carotenoid and VitE analysis

control and LB fed groups (P < 0.05). FRAP value was
lower in LB fed group as compared to the other
groups (Table 5) (P < 0.05). FRAP values tended to
increase in RT and YT fed rats compared to controls,
but the difference was not significant. As also shown
in Table 5, NOx status was higher in plasma of RT fed
group than in plasma of LB fed and control group
(P < 0.05), while YT fed rats exhibited an intermedi-
ary NOx plasma level. eSOD activity was significantly
higher in the RT fed group than in the LB fed one
(Table 5) (P < 0.05). YT feeding did not affect eSOD
activity as compared with all the other conditions
Finally, no significant differences were observed be-
tween the four groups regarding hepatic tGSH level.

Discussion

Demonstrating antioxidant effects of fruits and veg-
etables is difficult in a healthy context [18]. Studies

using LVED as a mean of inducing oxidative stress
have been repeatedly carried out in our laboratory
[38] and in others [35, 48]. Cardiac TBARS and he-
patic tGSH were the oxidative stress biomarkers
mainly affected by LVED in the present work. In this
context we demonstrated that the antioxidant potency
of tomato was different from that of lycopene alone
using yellow and red tomatoes comparatively.

Our main result is that feeding with RT or
lycopene-free YT significantly decreased suscepti-
bility of heart tissue to lipid peroxidation in rats
compared with control and LB feedings. This result
suggests a higher potential of tomato than lycopene
alone to protect against oxidative stress. Even if
lycopene is the main carotenoid of red tomatoes,
the latter also contain other carotenoids and phy-
tochemicals, such as vitamins, trace elements and
polyphenols [13, 14].

The hypothesis that phytochemicals and micro-
nutrients of tomato, other than lycopene, can act

Table 5 Effects of tomato and
lycopene supplementation on
oxidative stress parameters

LVED supplemented with

Control RT YT LB
Cardiac TBARS (nmol/g wet tissue) 168.4 + 13.1° 105.9 + 6.7° 105.3 + 5.8° 158 + 15.8°
Hepatic tGSH (umol/g wet tissue) 37 £07 41 07 36 £ 1 35+ 09
eSOD activity (U/mg Hb) 29 + 05 33 +0.2° 24 + 0.2 21 +02°
FRAP (uM Fe?*) 263.3 + 20.1° 285.2 + 25.6° 280.1 + 17.6° 236.7 + 22.3°
Plasma NOx (1M) 153 + 0.4° 174 £ 0.6° 16.3 + 0.4 158 + 0.3

Results are expressed as means + SEM for n = 10 animals per group
Means with different superscript letter (a,b) are significantly different (P < 0.05)
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synergistically is strengthened by our results on the
plasma antioxidant capacity in the different groups
of rats. As assessed by FRAP analysis, plasma
antioxidant capacity had a tendency to increase in
rats fed RT and YT compared to the control group.
It can be considered that hydrophilic antioxidant
fraction was increased in the plasma of tomato fed
rats [12, 45]. Other studies showed that polyphenols
could counteract the lipid peroxidation induced by
LVED [1, 40]. In particular flavonoids, such as
naringenin, also present in tomatoes, could take
over the role of VitE in biological membranes.
FRAP level was significantly decreased in LB fed
rats as compared with RT fed, YT fed or control
rats. In this study, LB alone was not efficient to
exhibit antioxidant effects.

RT feeding, unlike LB feeding, showed beneficial
effects as concern the other oxidative stress bio-
markers assessed, e.g. eSOD [41]. Superoxide dismu-
tase activity has been shown to decrease when
oxidative stress occurred [21]. Lipid peroxidation
demonstrated in the erythrocytes can also alter anti-
oxidant enzymatic system such as eSOD activity. As
RT feeding reduced cardiac lipid peroxidation be-
cause of its antioxidant capacity, this effect could be
extended to erythrocyte, thus preventing loss of eSOD
activity. However, compared with the YT group, into
which lipid peroxidation is similarly decreased but
without significant effect on eSOD, it can be suggested
a specific effect of RT on eSOD activity, different from
that of YT or LB. Furthermore, RT has previously
been shown to increase detoxifying enzyme activity in
animals submitted to an oxidative stress [34]. Free
radicals quenching is the mechanism by which red
tomatoes protect eSOD [11], such an effect seems
more efficient when lycopene acts synergistically with
the other antioxidants of red tomatoes.

RT decreased triglyceride level unlike LB. In YT fed
rats TG level was very close to that of RT fed rats.
Other studies assessing tomato supplementation ef-
fects on lipemia and lipid peroxidation have shown
reduced TG level after the supplementation [2, 42].
This effect has been attributed to the phenolics
brought by tomatoes. The RT and YT effects could
also be due to the fruit matrix and the presence of
specific fibres in tomatoes, even in weak quantities,
such as pectin [3]. The absence of such phenolics and
specific fibres in LB fed rats may explain that lycopene
as a single molecule cannot be efficient on this
parameter.

NOx level in RT and YT, even if it was not sig-
nificant for YT, could be linked with the prevention of
lipidic peroxidation [7], as evidenced by cardiac
TBARS level. Involvement of NO in peroxynitrite
formation could have been lower in RT and YT
compared with control and LB group.
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The synergy of all the phytochemicals leads to the
protective effect of tomato. Both lipophilic and
hydrophilic compounds could be important, each
type of these molecules being able to act at each stage
of the complex oxidative stress mechanism. Further
analysis aiming at comparing total antioxidant effects
of yellow and red tomato extracts in vitro, as assessed
by oxygen radical absorbance capacity assay (ORAC)
previously shown to be closely related to phenolic
compounds, could be of interest [29]. Metabolism of
tomato compounds can lead to many bioactive mol-
ecules. Concerning lycopene, a range of metabolites
and oxidative products called lycopenoids have been
identified in vivo and vitro [31]. The antioxidant and
antiproliferative action of these molecules have been
demonstrated in vitro [5, 8, 37]. Metabolites and
oxidative products of lycopene could act in synergy
with other phytochemicals of tomato. This could
provide an explanation why YT feeding had an
intermediary effect on eSOD and NO compared with
RT or LB feeding. Attempts to identify some of these
compounds constitute an important challenge.

Two major concerns of our experimental design
have to be considered. The first one is the choice of a
murine model for carotenoid absorption. Rats are
usually considered as poor absorbers of carotenoids
even if recent studies used this model to investigate
the effect of tomato and/or lycopene [30, 34, 43]. In
the present study, lycopene was found to be readily
available from a diet supplemented with RT or LB
since it was detected both in plasma and liver.
Moreover, lycopene concentrations we measured in
these compartments have been shown to exhibit
antioxidant effects in other studies [34]. In addition,
as tomatoes were entirely freeze-dried, VitE origi-
nating from the seeds could have also been present in
the freeze-dried tomato at a level higher than that in
control and LB supplemented diets and sufficient to
contribute to increased antioxidant status. But liver
and plasma VitE concentrations in all groups were
statistically similar.

It would be interesting to confirm these results in a
human study. Feeding with 16% of freeze-dried to-
mato would correspond to a supplementation with
380 g of tomato puree or 330 of tomato paste per day,
which is near from quantities found in clinical tries
using tomato products [16, 46].

In conclusion, tomato feeding alleviates an exper-
imentally induced oxidative stress more than lyco-
pene alone. Effects of yellow and red tomatoes also
strengthen the hypothesis that compounds other than
lycopene could play a causative role in the health ef-
fects of tomato evidenced by epidemiologic studies.
Yellow tomato may be a useful tool for future inves-
tigations on other parameters involved in oxidative
stress related diseases.
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