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Abstract

Purpose  We compared the effects of consumption of n-3
polyunsaturated fatty acids (PUFA)-enriched tomato juice
versus plain tomato juice on the serum lipid profile and
levels of biomarkers related to antioxidant status and car-
diovascular disease (CVD) risk in women.

Methods Eighteen healthy women participated in a
2-week intervention trial involving the daily intake of
500 mL of n-3 PUFA-enriched juice (n = 11) or plain
tomato juice (n = 7). Each serving of enriched juice pro-
vided 250 mg of eicosapentaenoic acid (EPA) plus doco-
sahexanoic acid (DHA). Both juices provided natural
antioxidant compounds such as phenolics (181 mg) and
lycopene (26.5 mg).

Results Intervention with the enriched juice had no effect
on the lipid profile, and serum levels of triglycerides and
cholesterol (total, LDL, and HDL) remained unchanged.
The serum antioxidant status improved following juice
intake, as revealed by an increase in total antioxidant
capacity and a slight decrease in lipid peroxidation. The
serum levels of homocysteine, a cardiovascular risk factor,
decreased following n-3 PUFA-enriched juice consump-
tion. A decrease in vascular adhesion molecule 1 (VCAM-1)
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levels was also noted after intake of either plain or enriched
tomato juice, whereas intercellular adhesion molecule 1
(ICAM-1) levels only decreased following intake of the
enriched juice.

Conclusions Overall, stronger positive amelioration of
CVD risk factors was observed following the intake of n-3
PUFA-enriched juice than after plain tomato juice con-
sumption, which suggested a possible synergistic action
between n-3 PUFAs and tomato antioxidants.

Keywords Cardiovascular diseases (CVD) - PUFAs -
Tomato juice - Antioxidants - Homocysteine - Lipid
oxidation - VCAM-1 - ICAM-1

Introduction

Cardiovascular diseases (CVDs) are responsible for sig-
nificant mortality and morbidity throughout the world [1]
and also create high healthcare costs in the EU and USA
[2, 3]. A number of risk factors are associated with CVD,
including high cholesterol levels, low HDL cholesterol,
high homocysteine levels, obesity, diabetes, hypertension,
and low levels of antioxidants [4]; however, many of these
risk factors can be modulated by a healthy balanced diet
and lifestyle. In this regard, a substantial body of evidence
indicates that n-3 polyunsaturated fatty acids (n-3 PUFAs)
play an important role in CVD prevention by increasing
HDL cholesterol, endothelium-dependent vasodilation,
atherosclerotic plaque stability, and production of vaso-
constrictive eicosanoids [5—10]. The n-3 PUFAs also have
been reported to decrease triglyceride levels, platelet
aggregation and adhesion, adiponectin levels, blood pres-
sure, and heart rate, as well as levels of inflammation
markers such as IL-6 and TNF-« [1, 9, 11, 12]. Research
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dealing with n-3 PUFAs has generally focused on eicosa-
pentaenoic acid (EPA) and docosahexanoic acid (DHA),
which are endogenously derived from the essential fatty
acid, o-linolenic acid (ALA), by a process involving
elongation and desaturation. However, the general belief is
that the rates of endogenous EPA and DHA production are
small. Approximately, 5-10% of dietary ALA can be
converted to EPA, and an additional 2-5% may be further
converted to DHA in healthy adults [1, 8, 13].

For these reasons, daily diets should ensure adequate
intake of n-3 PUFAs. The major source of EPA and DHA
in the diet is oily fish such as tuna, salmon, cod, swordfish,
trout, and mackerel [9], while ALA is found in dairy
products, organ meats such as liver, vegetable oils like
soybean, linseed, and canola, as well as in green leafy
vegetables [1, 13]. Recommended intakes for n-3 PUFAs
are not uniform. Various organizations worldwide have
made dietary recommendations for EPA+DHA and fish
intake in order to reduce the risk of CVD. For instance, the
World Health Organization (WHO) recommends regular
fish consumption—one to two servings per week—in order
to provide around 200-500 mg EPA+DHA/per serving
[14]. Similarly, other organizations recommend weekly fish
intake in order to provide EPA+DHA in amounts within
the range of 400-670 mg/day [15, 16]. Nevertheless, cur-
rent intakes of EPA and DHA are still low in most indi-
viduals living in Western countries [8].

In this context, incorporation of microencapsulated fish
oil into food products provides a means of increasing n-3
PUFA intake, particularly in populations where fish intake
remains low [17]. A wide range of food products have been
enriched with n-3 PUFAs, including dairy products (milk,
yogurt, cheese, and butter), breakfast cereals, bread, eggs,
meat, fruit juice, nutrition bars, salad dressing, margarines,
infant formula, and baby foods [18]. An important issue to
be taken into consideration is the food product used for
enrichment, as the food matrix can influence n-3 PUFA
availability and consumer acceptance [17, 19-21]. From
both a nutritional and technological point of view, tomato
juice could be a suitable matrix to serve as a vehicle for n-3
PUFAs, and the designing of functional foods to prevent
CVD disease could be interesting, given the beneficial
properties of both fish oil and tomato consumption.

Raw tomatoes and tomato juice provide an optimal mix
of dietary phytochemicals such as carotenoids, phenolic
compounds, and antioxidant vitamins C and E, and these
remain more or less stable throughout the shelf life
[22, 23]. Tomato product consumption in itself has been
associated with a lower CVD risk, an effect generally
attributed to antioxidant content, especially lycopene
[24, 25]. Tomatoes also contain folates [24, 26], which play
an important role in the lowering of homocysteine levels
and therefore CVD risk [27]. The beneficial effects of
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tomato juice are a result of the interactions among different
compounds and could be increased by the addition of other
functional ingredients, which could have a synergistic
effect with the existing natural components. For example,
the consumption of tomato juice enriched with ascorbic
acid reduces the levels of some biomarkers of oxidative
stress and inflammation that are related to CVD disease
[28], due to the synergistic action of tomato bioactive
compounds and the added vitamin C.

According to this criterion, the addition of fish oil with
n-3 PUFAs to tomato products could possibly result in a
synergistic action between n-3 PUFAs and bioactive
tomato compounds in exerting beneficial effects against
CVD. The objective of the present study was to investigate
the effects of consumption of n-3 PUFA-enriched tomato
juice, versus plain tomato juice, on the serum lipid profile
and on levels of biomarkers related to antioxidant status
and CVD risk in healthy adult women.

Materials and methods
Test product

Plain tomato juice and the same tomato juice enriched with
n-3 PUFAs were provided by a local foodstuff industry,
Hero Espaia, S.A. (Alcantarilla, Murcia) for use in the
intervention study. Variations in the nutrient composition
were avoided by ensuring that all of the juices used in the
study belonged to the same batch. The tomato juice was
enriched with microencapsulated n-3 PUFA powder from
cod liver oil (DenomegaTM Powder DS) provided by
Denomega Nutritional Oils (Sarpsborg, Norway). The
nutrient and bioactive compound composition of the
tomato juices used in this study are shown in Table 1.

Subjects

A total of 22 women were recruited from a pool of
volunteers from the staff of the Santa Maria del Rosell
Hospital (Cartagena, Spain). The subjects were aged
35-55 years, with a body mass index ranging from 21 to
30 kg/mz. They were non-smokers and did not take any
medication, vitamin/mineral supplements, or oral contra-
ceptives. All participants were in good health, based on
their medical history, a medical examination, and normal
results from clinical laboratory tests. The protocol was
carefully explained to the volunteers, and their written
informed consent was obtained. The study was approved
by the Clinic Research Ethics Committee of the Santa
Maria del Rosell Hospital and complied with the Helsinki
guidelines for clinical studies.



Eur J Nutr (2012) 51:415-424

417

Table 1 Nutrient and bioactive compound composition of the tomato
juices used in the study expressed per 100 mL (data into parenthesis
represent the content per 500 mL of tomato juice)

Compound Amount per 100 mL of juice
Reference n-3 PUFA-enriched
juice juice

Energy (kcal) 17 (85) 20.4 (102)

Protein (g) 0.8 (4) 0.8 (4)

Total carbohydrates (g) 3.5 (17.5) 3.5 (17.5)

Total fat (g)* 0.1 (0.5) 0.36 (1.8)

Total n-3 PUFAs (mg) - 65 (325)

EPA (mg) - 25 (125)

DHA (mg) - 25 (125)

Other n-3 PUFAs (mg) - 15 (75)
Bioactive compounds

Total phenolics (mg) 36.2 (181) 36.2 (181)

Lycopene (mg) 5.3 (26.5) 5.3 (26.5)

Folates (ng) 5.2 (26) 5.2 (26)
Minerals

Iron (mg) 0.2 (1) 0.2 (1.0)

Zinc (mg) 0.1 (0.5) 0.1 (0.5)

% Total fat amount includes the sum of saturated, monounsaturated
. . ™

and polyunsaturated fatty acids added with the Denomega Powder

DS mono-dose bag

18 subjects randomized !

_______________ —

Day O
Initial blood sampling
Group 1 | Group 2
(n=7) (n=11)

STUDY PERIOD
15 consecutive days
Daily nutrient intake

monitored

|

Day 15
Final blood sampling

500 ml of reference
tomato juice/day

500 ml of n-3 PUFA-
enriched tomato juice/day

Fig. 1 Design of the intervention study

Study design

The present study was designed as a randomized single-
blind intervention trial with a period of 2 weeks (Fig. 1). In
brief, subjects were randomly divided into two groups (11
reference group and 11 test group) who were informed to
intake 500 mL of either the reference tomato juice or n-3
PUFA-enriched tomato juice every day during the 2-week
study period. However, on the initial day, two subjects
withdrew from the study because they started taking medi-
cation, and another two subjects left the trial due to dislike of
the test product. These four subjects belonged to the refer-
ence juice group. The juices were ingested in this way:
250 mL in the morning and 250 mL in the late afternoon,

but they never replaced a meal. Subjects were also instructed
to go on with their habitual lifestyle, physical activity, and
dietary habits. Their habitual diets were checked daily with
24 h dietary recalls and were evaluated with the Program
“Alimentacion y Salud” (Versiéon 0698.046, BitASDE
general Médica farmaceitica, Valencia, Spain). At days 0
and 15, blood samples were collected in BD Vacutainer
SSTTMII Advance tubes (Becton-Dickinson, Madrid,
Spain) to perform the different analyses. Serum was
obtained by centrifugation at 5,000 rpm for 5 min at 4 °C,
and serum samples were stored at —80 °C until analyzed.
Body mass indexes were calculated at the beginning and at
the end of the study to eliminate the participation of obese
women. Systolic and diastolic blood pressures were also
measured on the left arm during the intervention study, and
all showed values within normal limits.

Blood analyses

Baseline data collection included complete blood count and
blood analyses. Some of these parameters are not reported
in the “Results” section, because they did not show sig-
nificant differences between groups at the beginning or at
the end of the study. Other parameters regarding the aims
of the study are referenced below. The total cholesterol
content was measured using the CHOD-PAP Cholesterol
kit (#1.489.232). The total LDL and total HDL choles-
terol were determined using Roche kits (#0-674) and
(#04714423), respectively, whereas serum triglycerides
(TGA) were measured using the Triglycerides GPO-PAP
kit (#1.488.872). All readings were taken in a Cobas
Integra 400 automated analyzer (Roche Diagnostics,
Mannheim, Germany). Atherogenicity Index or Castelli
Risk Index was calculated according to Castelli [29]. The
level of serum lipid peroxidation was evaluated as the
concentration of serum thiobarbituric acid reactive sub-
stances (TBARS) following the methodology previously
described [30, 31]. The serum total antioxidant capacity
was evaluated by the Trolox equivalent antioxidant
capacity assay (TEAC assay) [32] and the ferric reducing/
antioxidant power (FRAP assay) [33]. For both tests,
6-hydroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic acid
(Trolox) (Sigma, St. Louis, USA) was used for calibration.
Serum albumin, uric acid, and bilirubin concentrations
were measured in a Roche/Hitachi 904 automated clinical
chemistry analyzer using commercially available Roche
kits ALB plus (#1.970.569), UA plus (#1.661.850), and
BIL-T (#1.489.194), respectively. Serum ascorbic acid was
analyzed by DAD reverse-phase HPLC (Merck-Hitachi
L-2200, Darmstadt, Germany) [34]. Serum f-carotene was
determined by DAD reversed-phase HPLC (Merck-Hitachi
L-2200, Darmstadt, Germany) using a Spherisorb S5 ODS1
column [35].
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Serum folates were analyzed using the Elecsys Folate 2
kit (#03253678122, Roche Diagnostics, Mannheim, Ger-
many). The serum vitamin B, levels were analyzed by
electrochemiluminescence immunoassay using the Roche
Vit By, kit (#1.820.753). Serum total homocysteine was
analyzed by competitive fluorescence polarization immu-
noassay (FPIA) in an IMx automated analyzer, using the
Homocysteine kit (#7D29-20) from Abbot Diagnostic
Division (Dundee, UK). The C-reactive protein (CRP)
concentration was determined by an immunoturbidimetric
test (Tina-quant CRPLX, Roche Diagnostics, D-68298
Mannheim, Germany) using a Roche/Hitachi 904 auto-
mated clinical chemistry analyzer (Roche Diagnostics,
Mannheim, Germany). The soluble forms of vascular cell
adhesion molecule-1 (VCAM-1) and intercellular adhesion
molecule-1 (ICAM-1) were analyzed by enzyme-linked
immunosorbent assay (ELISA) using the commercially
available sVCAM-1-ELISA-Kit (#KHT0611) and sICAM-
1-ELISA-Kit (#KHS5411), respectively. Kits were sup-
plied by Invitrogen S.A. (Barcelona, Spain). Readings were
performed using a Power Wave XS plate reader (Biotek
Instruments INC, Winooski, Vermont, USA).

Statistics

Data were analyzed using a statistical software package
(SPSS 15.0; SPSS Inc., Chicago, IL, USA). Unless other-
wise stated, results are presented as mean + SEM. A Stu-
dent’s ¢ test was performed within each study group to

evaluate differences between variables at days 0 and 15. In
addition, an analysis of variance (ANOVA) was also con-
ducted between groups to determine the statistical differ-
ences between groups at day 0 and day 15. p values <0.05
were considered statistically significant.

Results

Table 1 shows the nutrient and bioactive compound com-
position of the tomato juices used in the study. Both juices
provided antioxidant compounds such as phenolics and
lycopene, and a slight folate intake. In addition, n-3 PUFA-
enriched juice provided 250 mg EPA+DHA per 500 mL
serving, which was equivalent to 50% of the n-3 PUFA
recommended by ISSFAL, established at 500 mg/day [16].
The estimated daily intakes of macronutrients, vitamins,
and minerals in both groups showed no statistically
significant differences (Table 2). In general, the diets
followed by the volunteers showed a similar intake of
macro- and micronutrients. The intake of macronutrients
was higher in protein and fat, and lower in carbohydrates,
compared with the daily recommended intakes (DRIs).
However, these patterns have been described in general in
the diet of developed counties. The micronutrient intake
fulfilled the DRI for this group, with the exception of
vitamins A and D, and minerals Fe, I, and Zn.

Table 3 shows the blood parameters, blood pressure,
and body mass index (BMI) measured at day O and at the

Table 2 Macronutrients and

. . . . RDIs*
micronutrients intake in both

Parameters

Reference juice (n = 7)  n-3 PUFA-enriched juice (n = 11)

group during the intervention

study Protein (g) 41 (10-15% TEb) 81.2 £ 11.73 73.76 £+ 16.36
Carbohydrates (g)  55-75% TE® 157.85 &+ 32.06 148.71 4+ 34.42
Dietary fiber (g) 25 18.81 £ 7.68 18.59 £+ 10.2
Total fat (g) 15-30% TE" 55.38 + 15.04 55.11 £ 16.95
Vitamin A (pg) 800 592.78 + 143.88 493,16 + 122.59
Vitamin C (mg) 60 182.85 £ 42.72 149.83 £ 32.13
Vitamin D (ng) 5 2.09 £ 0.34 2.42 £+ 3.52
Vitamin E (mg) 12 11.89 + 1.75 12.03 + 13.88
Vitamin Bp> (ug) 2 12.04 + 2.41 9.13 + 5.82
Folic (pg) 200 247.76 £+ 60.77 204.53 4+ 50.73
Vitamin B (mg) 1.6 2.18 + 0.41 1.87 + 0.34
Vitamin B, (mg) 1.4 1.95 + 0.62 1.57 £ 0.54
Sodium (mg) 5,000 3562.87 + 517.08 3064.68 4+ 504.73
Mean .i stgndard deviation _Of Potassium (mg) 2,000 3502.01 + 457.75 3014.92 + 465.2
:EZ i:‘tifvgr‘ﬁgiy;jﬁzgs during Calcium (mg) 800 942.14 + 228.04 768.31 + 206.98
* Recommended dietary intakes Phosphorus (mg) 800 1149.31 + 282.08 859.62 + 263.97
for Spanish women between 19 Magnesium (mg) 280 280.97 £+ 42.19 274.75 £ 61.12
and 50 years (Program: Iron (mg) 15 13.14 £ 3.42 14.87 £ 5.33
Alimentacién y Salud. Version — [odipe (ug) 150 89.9 + 9.79 61.36 + 15.13
0698.046) Zinc (mg) 12 8.91 + 1.46 7.05 £+ 1.66

® TE Total energy
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Table 3 Changes in blood parameters, blood pressure, and body mass index (BMI) after the intervention study
Blood parameters Reference juice (n = 7) n-3 PUFA-enriched juice (n = 11)  ANOVA significance  Reference

Day 0 Day 15th Day 0 Day 15th Day 0 Day 15th  values
RBC x 10'*/L 4.13 +£0.12 4.10 + 0.14 4.37 £ 0.07 4354009 p>005 p>005 4-55x 107
Hemoglobin 12.98 £+ 0.50 12.73 4+ 0.45 12.90 £+ 0.34 1287 +£035 p>005 p>005 12-16
Hematocrit 38.17 £ 1.25 37.71 £ 1.36 3791 £ 0.81 38.00+1.06 p>005 p>005 3646
WBC x 10°/L 4.80 + 042 5.62 £ 0.57 5.66 + 0.48 5194034 p>005 p>005 4-10 x 10°
Platelet x 10°/L 239.67 & 17.27 259.57 & 18.34 249.45 + 15.17 24772 £ 1593 p>005 p>005 150-450 x 10°
Systolic Pres. (mmHg) 97.14 £3.06  105.86 +3.39  105.18 &+ 2.63 10636 £279 p>0.05 p>0.05 120
Diastolic Pres. (mmHg)  63.57 &+ 2.37 65.71 £+ 3.85 65.45 + 2.82 64.09+336 p>005 p>0.05 80
BMI 2343 + 1.27 2343 + 1.28 25.17 £ 3.07 2518 +£3.03 p>005 p>005 20-25

Table 4 Changes in serum antioxidants and parameters related to antioxidant status

Blood parameters Reference juice (n = 7)

n-3 PUFA-enriched juice (n = 11)

ANOVA significance

Day 0 Day 15th Day 0 Day 15th Day 0 Day 15th
Total cholesterol (mg/dl) 201.86 £+ 12.45 202.29 £+ 8.98 192.64 £+ 10.10 202.27 £+ 10.28 p > 0.05 p > 0.05
HDL cholesterol (mg/dl) 76.00 £ 5.36 79.43 £ 5.51 68.91 + 4.61 73.73 £ 4.99 p > 0.05 p > 0.05
LDL cholesterol (mg/dl) 115.21 £ 11.39 112.29 £+ 10.36 110.55 £ 8.60 115.36 £+ 5.45 p > 0.05 p > 0.05
Triglycerides (mg/dl) 53.00 £ 4.68 52.86 + 3.88 6591 £ 8.51 65.45 + 7.93 p > 0.05 p>0.05
Atherogenicity index 273 £0.25 2.65 £ 0.27 2.87 £ 0.19 2.81 £0.18 p > 0.05 p > 0.05
Albumin (g/dl) 4.49 £+ 0.07 447 £ 0.12 4.53 £+ 0.08 4.54 £+ 0.06 p > 0.05 p > 0.05
Bilirubin (mg/dl) 0.67 £ 0.28 0.69 £+ 0.14 0.49 £+ 0.03 0.55 £ 0.05 p > 0.05 p>0.05
Uric acid (mg/dl) 3.65 £ 0.42 3.64 + 0.43 3.79 £ 0.23 3.68 £+ 0.22 p > 0.05 p > 0.05
Ascorbic acid (mg/dl) 0.22 + 0.04 0.27 + 0.05 0.53 £ 0.11 0.39 + 0.09 p > 0.05 p > 0.05
p-Carotene (mg/dl) 51.38 + 8.87 65.87 &+ 10.36 42.74 £+ 6.40 45.60 + 6.36 p > 0.05 p > 0.05
TEAC (mM Trolox) 2.17 + 0.27 2.90 + 0.23 2.50 + 0.19 241 £0.25 p > 0.05 p > 0.05
FRAP (mM Trolox) 0.22 + 0.02 0.24 + 0.10 0.22 £ 0.01 0.27 £ 0.01%%* p > 0.05 p < 0.05%
MDA (uM MDA) 0.62 + 0.06 0.54 £ 0.06 0.75 £ 0.11 0.61 £ 0.03 p > 0.05 p > 0.05

* Significant differences in the FRAP values at day 15th between the intervention groups

**% Significantly different from day 0 within each treatment group (p < 0.001; Student’s ¢ test)

end of the intervention study (day 15) in both groups. No
changes were observed in the studied parameters during the
intervention period within each group. All parameters
showed figures within the range of the reference values.
As shown in Table 4, intake of either reference or n-3
PUFA-enriched juice had no effect on serum lipid con-
centrations or on atherogenicity index. Similarly, no sig-
nificant changes were observed during the study in serum
antioxidant levels and in parameters related to antioxidant
status, except for serum FRAP values that significantly
increased after the intake of the n-3 PUFA-enriched juice.
The changes in parameters related to cardiovascular dis-
ease risk, such as the serum levels of folates, vitamin B,
or CRP (Table 5), were not significantly affected by con-
sumption of either reference or n-3 PUFA-enriched juice.

However, juice intake was effective in reducing the serum
concentrations of homocysteine, and the soluble forms of
the adhesion molecules VCAM-1 and ICAM-1. As shown
in Table 4, homocysteine levels significantly (p < 0.01)
decreased in the group consuming the n-3 PUFA-enriched
juice. Similarly, n-3 PUFA supplementation significantly
(p < 0.05) decreased the serum levels of VCAM-1 and
ICAM-1. Interestingly, reference juice intake also had a
significant (p < 0.05) effect on reducing VCAM-1 levels
during the trial.

In general, ANOVA showed no significant differences
for the different studied parameters between either group at
day 0 and 15. Only the homocysteine level at day 0, and
FRAP and ICAM-1 values at the end of the study showed a
significant difference of p < 0.05. These results suggest
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Table 5 Changes in parameters related to cardiovascular disease risk

Blood parameters Reference juice (n = 7) n-3 PUFA-enriched juice (n = 11) ANOVA significance

Day 0 Day 15th Day 0 Day 15th Day 0 Day 15th
Folates (ng/mL) 10.08 £ 0.98 10.05 + 1.28 7.28 £0.53 7.24 £ 042 p > 0.05 p > 0.05
Vitamin B, (pg/mL) 653.23 + 129.84 708.12 + 176.23 556.08 + 41.55 539.88 + 54.50 p > 0.05 p <0.05
Homocysteine (uM) 7.40 £ 0.34 7.71 £ 042 10.86 + 0.61" 8.42 £ 0.42%* p < 0.05* p > 0.05
CRP (mg/dl) 0.10 £ 0.04 0.30 £ 0.27 0.20 £ 0.05 0.21 £ 0.05 p > 0.05 p > 0.05
VCAM-1 (pg/L) 892.02 £ 132.46 516.15 £+ 73.52* 1036.91 + 174.01 543.25 + 57.62%* p > 0.05 p > 0.05
ICAM-1 (pg/L) 778.97 £ 61.58 702.40 + 59.75 686.88 + 45.43 486.93 + 46.76** p > 0.05 p <0.05"

 Significant differences in the homocysteine level at day 0 between the intervention groups

b Significant differences in ICAM-1 level at day 15th between the intervention groups

* Significantly different from day O within each treatment group (* p < 0.05; ** p < 0.01; *** p < 0.001; Student’s ¢ test)

Fig. 2 Relative percent T 50
changes in serum FRAP, Y 40
homocysteine, VCAM-1 and g :g
ICAM-1 concentrations in the s 10 —
study groups after tomato juice S o
consumption. **Significantly 2 -10 Reference juice
different compared with 5 X
reference juice group E’ :ig
(**p < 0.01; Student’s ¢ test) 50
£ ]
$ 30
o 20
& 101 Reference juice
o 0
@ 10
:g -20
£ 30
& 40
-50 4

that volunteers in the reference and test groups have similar
characteristics.

Figure 2 indicates the relative changes in the parameters
that showed changes during the intervention period in one
or both groups. Changes were generally more pronounced
for individuals consuming the n-3 PUFA-enriched tomato
juice, which suggested possible synergistic action between
n-3 PUFAS and natural tomato bioactive compounds. This
effect was particularly evident in the case of the FRAP,
homocysteine, and ICAM-1 levels, whose variations were
around two-fold higher than those observed in the refer-
ence juice group. The FRAP values showed an 18%
increase and a 23% increase for the reference juice and the
n-3 PUFA-enriched juice groups, respectively. A 21%
decrease was observed in the serum homocysteine con-
centrations following consumption of the enriched juice,
whereas these levels remained essentially unchanged in the
reference juice group. Similarly, ICAM-1 levels were
weakly affected by reference tomato juice intake but
showed a 24% decrease upon consumption of the enriched

@ Springer

FRAP
504 HOMOCYSTEINE
< 404
o~
~ 30+
- § 20-
c 104 n-3 PUFA juice
n-3 PUFA juice g o *. -
O 104 Reference juice -
[
2 201
T -30 >
e 404
.50
VCAM-1 B
% ICAM-1
9 40
>~ 30
(%]
Q20
n-3 PUFA juice 2 0l . »
8 Reference juice n-3 PUFA juice
[3]
o 101
2 204
S -304
& 401
-50 4

juice. Reference and n-3 PUFA-enriched juice intake
decreased VCAM-1 levels by 42 and 47%, respectively.

Discussion

In the present study, we addressed the question of whether
short-term consumption of tomato juice enriched with
PUFAs could have a positive effect on serum lipids, levels
of biomarkers of antioxidant status, and CVD risk. Serum
lipid measurements indicated that intervention with the n-3
PUFA-enriched juice for 2 weeks failed to ameliorate the
lipid profile of the volunteers. The likely reason for this
lack of effect is the short duration of the study, as positive
effects on blood lipids have generally been reported after
longer intervention periods using comparable amounts of
n-3 PUFAs. Several studies with n-3 PUFA supplemented
milk showed significant changes in the plasmatic lipid
profile, but these studies were carried out for periods
ranging from 4 weeks to 1 year [36-38]. Despite the fact
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that our intervention period could be considered too short,
in light of these previous studies, a positive result on serum
lipids was reasonably expected for several reasons: Firstly,
Raghu and Venkatesan documented an improvement in the
serum lipid profile after the intake of 660 mg EPA+DHA
for 2 weeks [39]. They observed a significant increase in
HDL and significant decreases in TGA, VLDL, LDL, and
total cholesterol. Secondly, Jacob et al. [28] reported a
significant decrease in total cholesterol after a 2-week
intervention with plain tomato juice that provided 20 mg of
lycopene per day. Thirdly, since both lycopene and n-3
PUFAs are able to inhibit the enzyme 3-hydroxy-3-methyl
glutaryl coenzyme A reductase, the rate-limiting enzyme in
cholesterol synthesis [1, 40], a decrease in cholesterol
levels might have resulted from their combined action.

Nevertheless, data regarding the effect of n-3 PUFAs on
blood lipids are sometimes contradictory. For example,
Murphy et al. [15] reported that a daily intake of 1 g
EPA+DHA for 6 months had no effect on serum lipids,
whereas Schmidt et al.[41] reported that a supplementation
with 4 g n-3 PUFA per day during 9 months could reduce
TGA but did not change total or LDL cholesterol. Like-
wise, in the present study, supplementation with the n-3
PUFA-enriched juice did not elicit any change in CRP, a
marker of inflammation that has been shown in multiple
prospective epidemiological studies to predict incidence of
myocardial infarction, stroke, peripheral arterial disease,
and sudden cardiac death [42]. These results are in agree-
ment with those reported in other studies [15, 38], despite
inverse relationships between n-3 PUFAs and CRP levels
previously described [43]. Longer supplementation periods
(up to 1 year) were needed to significantly lower CRP
levels [37].

Antioxidant status also showed improvement after the
intervention period due to consumption of tomato juices.
The amelioration of human antioxidant status after tomato
consumption has been reported by others [28, 44], but the
impact of n-3 PUFAs on the antioxidant status is often
regarded as controversial. One generally expressed concern
is that the increased intake of PUFAs may enhance lipid
peroxidation, and that these oxidized products could in turn
be harmful to tissues. However, increased intake of EPA/
DHA has been reported to reduce in vivo lipid peroxidation
and oxidative stress in humans [1, 36]. A positive associ-
ation between the n-3 PUFA content of red blood cells,
which reflects the consumption of n-3 PUFAs, and plasma
antioxidant capacity, has been also described [45]. In the
present study, the consumption of n-3 PUFA-enriched juice
did not produce any increase in lipid peroxidation, since
MDA levels remained unchanged during the intervention
period. Only a weak variation in serum MDA was
observed, which was more marked in the n-3 PUFA group
and suggested that the combination of tomato antioxidants

with n-3 PUFAs could have an enhancement effect. A
similar behavior was observed for FRAP values, which
showed a significant increase in the n-3 PUFA group. The
enhancement of antioxidant defences has been reported in
rats supplemented with fish oil rich in n-3 PUFAs. The
improvement was revealed by the reduction of plasma
peroxidation and the increase in the activity of antioxidant
enzymes such as superoxide dismutase, glutathione per-
oxidases, and xanthine oxidase, as well as by a rise in
plasma nitric oxide levels [46]. In conjunction, these data
suggest that n-3 PUFAs may contribute to enhance the
organism’s antioxidant defences and that they seem to act
synergistically with tomato antioxidants.

We provided a better characterization of the physiologic
effects of n-3 PUFA-enriched juice consumption by eval-
uating parameters related to CVD risk. Among these, we
focused on homocysteine, because epidemiological studies
have shown that high blood concentrations of homocyste-
ine (>15 uM) appear to be associated with higher risk of
coronary, cerebral, and peripheral vascular disease and are
inversely related to blood levels of folates and of vitamins
B, and B¢ [27, 47]. Even moderate hyperhomocystein-
emia (>9 uM) is prospectively associated with an
increased risk of mortality in CVD patients [48], and a
5 uM increase in plasma homocysteine concentration has
been estimated to raise the risk of CVD by about 20% [49,
50]. In the present study, serum folates did not change as a
result of the intervention in either juice group; however, the
significant decrease observed in serum homocysteine
would appear to be related to n-3 PUFA intake, since serum
homocysteine only changed significantly in the n-3 PUFA
group. This group showed a moderate hyperhomocystein-
emia at time 0, and a 21% decrease was observed in
homocysteinemia at the end of the intervention. In contrast,
the intake of plain tomato juice did not change the initial
values of this parameter in the reference group. The
capability of n-3 PUFAs to lower circulating homocysteine
has been observed in both animal [51] and human studies
[52, 53], and the underlying mechanism for this effect
seems to be the ability of n-3 PUFAs to regulate the
activity of the enzymes involved in homocysteine metab-
olism [51].

Atherosclerosis and inflammation share similar mecha-
nisms in their early phases, as each involves increased
interactions between vascular endothelia and circulating
monocytes. This process, so-called endothelial activation,
involves the endothelial synthesis of VCAM-1 and ICAM-
1 and is a key event in the onset of atherosclerosis [7, 52].
In this regard, several studies have suggested that plasma/
serum levels of these adhesion molecules constitute good
markers for long-term prediction of cardiovascular events
[53]. The efficacy of n-3 PUFA supplementation in
reducing the levels of vascular adhesion molecules has
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been previously reported in human studies [36, 37, 54].
Consistent with this, we observed a significant reduction in
VCAM-1 and ICAM-1 levels after short-term intervention
with n-3 PUFA-enriched juice. Plain tomato juice con-
sumption also had an effect on adhesion molecules, indi-
cating that tomato antioxidants alone can also contribute to
modulation of their circulating levels, particularly in the
case of VCAM-1, where plain tomato juice consumption
resulted in a 42% reduction. These changes in vascular
adhesion molecules could indicate a synergistic effect
between lycopene and n-3 PUFA in the reduction of the
level of VCAM-1, whereas the level of ICAM-1 may only
be modulated by the intake of n-3 PUFAs. The reduction in
VCAM-1 associated with the presence of lycopene in
tomato juice is in agreement with the data reported by Liu
et al. [55] in hyperhomocysteinemic rats. In contrast, Blum
et al. [56] showed no changes in plasma concentrations of
ICAM-1 in healthy subjects supplemented with a tomato-
rich diet, as occurred in the reference group in the present
study.

Relationships between oxidative stress, homocysteine,
and endothelial activation have also been proposed in a
number of studies. Homocysteine has been demonstrated to
promote reactive oxygen species production and LDL
oxidation and to induce expression of adhesion molecules,
thereby contributing to both oxidative damage and endo-
thelial activation. Reactive oxygen species, free radicals,
cytokines, and oxidized molecules (LDL, advanced gly-
cation end products, etc.) also stimulate expression of
adhesion molecules [7, 57-59].

In summary, short-term intake of n-3 PUFA-enriched
tomato juice does not modify the serum lipid profile of
healthy female individuals, but positive effects are
observed for serum total antioxidant capacity, the serum
levels of homocysteine and the levels of the adhesion
molecules ICAM-1 and VCAM-1. In addition, synergistic
effects are suggested to occur between n-3 PUFAs and
natural tomato bioactive compounds. This possibility of in
vivo synergistic action should be further investigated to
ascertain the underlying molecular mechanisms.

Acknowledgments We thank to Hero Espafia S.A. and Denomega
Nutritional Oil for providing the samples and ingredients of this
study. The authors are grateful to the Ministry of Education and
Science of the Spanish Government for the project AGL 2006-26965-
E, and to the Fundacion Seneca of the Murcia Regional Government
for the project 05774/P1/07.

References

1. Das UN (2008) Essential fatty acids and their metabolites could
function as endogenous HMG-CoA reductase and, and cardio-
protective molecules. Lipids Health Dis 7:37-55

@ Springer

2. Leal J, Luengo-Fernandez R, Gray A, Petersen S, Rayner M
(2006) ACE enzyme inhibitors, anti-arrhytmic, anti-hypertensive,
anti-atherosclerotic, anti-inflammatory, cytoprotective. Economic
burden of cardiovascular diseases in the enlarged European
Union. Eur Heart J 27(13):1610-1619

3. Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De
Simone G, Ferguson TB, Ford E, Furie K, Gillespie C, Go A,
Greenlund K, Haase N, Hailpern S, Ho PM, Howard V, Kissela
B, Kittner S, Lackland D, Lisabeth L, Marelli A, McDermott
MM, Meigs J, Mozaffarian D, Mussolino M, Nichol G, Roger V,
Rosamond W, Sacco R, Sorlie P, Stafford R, Thom T,
Wasserthiel-Smoller S, Wong ND, Wylie-Rosett J (2010) Heart
disease and stroke statistics-2010 Update. A report from the
American Heart Association. Circulation 121:e46—e215

4. Maas R, Boger RH (2003) Old and new cardiovascular risk
factors: from unresolved issues to new opportunities. Atheroscler
Suppl 4:5-17

5. Bhatnagar D, Durrington PN (2003) Omega-3 fatty acids: their
role in the prevention and treatment of atherosclerosis related risk
factors and complications. Int J Clin Pract 57:305-314

6. Nishida C, Uauy R, Kumanyika S, Shetty P (2004) The Joint
WHO/FAO Expert Consultation on diet, nutrition and the pre-
vention of chronic diseases: process, product and policy impli-
cations. Public Health Nutr 7:245-250

7. De Caterina R, Massaro M (2005) Omega-3 fatty acids and the
regulation of expression of endothelial pro-atherogenic and pro-
inflammatory genes. J] Membr Biol 206:103-116

8. Calder PC, Yaqoob P (2009) Omega-3 polyunsaturated fatty
acids and human health outcomes. Biofactors 35:266-272

9. Lavie CJ, Milani RV, Mehra MR, Ventura HO (2009) Omega-3
polyunsaturated fatty acids and cardiovascular diseases. ] Am
Coll Cardiol (JACC) 54:585-594

10. Patel JV, Tracey I, Hughes EA, Lip GYH (2000) Omega-3
polyunsaturated fatty acids: a necessity for a comprehensive
secondary prevention strategy. Vasc Health Risk Manag 5:
801-810

11. De Roos B, Mavromatis Y, Brouwer IA (2009) Long-chain n-3
polyunsaturated fatty acids: new insights into mechanisms relat-
ing to inflammation and coronary heart disease. Br J Pharmacol
158:413-428

12. Vrablik M, Prusikova M, Snejdrlova M, Zlatohlavek L (2009)
Omega-3 fatty acids and cardiovascular disease risk. Do we
understand the relationship? Physiol Res 58((Suppl 1)):S19-S26

13. He K (2009) Fish, long-chain omega-3 polyunsaturated fatty
acids and prevention of cardiovascular disease-Eat fish or take
fish oil supplement? Prog Cardiovasc Dis 52:95-114

14. World Health Organization (1985) Energy and protein require-
ments. Technical Report Series, No. 724. Report of a Joint FAO/
WHO/UNU Expert Consultation. World Health Organization.
Geneva

15. Baghurst K (2005) Executive summary of nutrient reference
values for Australia and New Zealand including recommended
dietary intakes. Commonwealth department of health and ageing,
Australia. Ministryof health, New Zealand. National Health
and Medical Research. Council. http://www.nhmrc.gov.au/publi
cations/synopses/n35syn.htm

16. Kris-Etherton PM, Grieger JA, Etherton TD (2009) Dietary ref-
erence intakes for DHA and EPA. Prostag Leukotr Ess 81:99-104

17. Wallace JM, McCabe AJ, Robson PJ, Keogh MK, Murray CA,
Kelly PM, Marquez-Ruiz G, McGlynn H, Gilmore WS, Strain JJ
(2000) Bioavailability of n-3 polyunsaturated fatty acids (PUFA)
in foods enriched with microencapsulated fish oil. Ann Nutr
Metab 44:157-162

18. Whelan J, Rust C (2006) Innovative dietary sources of n-3 fatty
acids. Ann Rev Nutr 26:75-103


http://www.nhmrc.gov.au/publications/synopses/n35syn.htm
http://www.nhmrc.gov.au/publications/synopses/n35syn.htm

Eur J Nutr (2012) 51:415-424

423

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Kolanowsky W, Swiderski F, Berger S (1999) Possibilities of fish
oil application for food products enrichment with omega-3
PUFA. Int J Food Sci Nutr 50:39—49

Metcalf RG, James MJ, Mantzioris E, Cleland LG (2003) A
practical approach to increasing intakes of n-3 polyunsaturated
fatty acids: use of novel foods enriched with n-3 fats. Eur J Clin
Nutr 57:1605-1612

Martin L, Zarn D, Hansen AM, Wismer W, Mazurak V (2008)
Food products as vehicles for n-3 fatty acid supplementation. Can
J Diet Pract Res 69:203-207

Periago MJ, Garcia-Alonso FJ, Jacob K, Olivares AB, Bernal MJ,
Iniesta MD, Martinez C, Ros G (2008) Bioactive compounds,
folates and antioxidant properties of tomatoes (Lycopersicum
esculentum) during vine ripening. Int J Food Sci Nutr 12:1-15
Garcia-Alonso FJ, Bravo S, Casas J, Pérez-Conesa D, Jacob K,
Periago MJ (2009) Changes in antioxidant compounds during the
shelf life of commercial tomato juices in different packaging
materials. J Agric Food Chem 57:6815-6822

Rao AV (2002) Lycopene, tomatoes, and the prevention of cor-
onary heart disease. Exp Biol Med 227:908-913

Wilcox JK, Catignani GL, Lazarus S (2003) Tomatoes and car-
diovascular health. Crit Rev Food Sci Nutr 43(1):1-18

Iniesta MD, Pérez-Conesa D, Garcia-Alonso FJ, Ros G, Periago
MJ (2009) Folate content in tomato (Lycopersicum esculentum).
Influence of cultivar, ripeness, year of harvest and pasteurization
and storage temperatures. J Agric Food Chem 57:4739-4745
Aguilar B, Rojas JC, Collados MT (2004) Metabolism of
homocysteine and its relationship with cardiovascular disease.
J Thromb Thrombolys 18:75-87

Jacob K, Periago MJ, Bohm V, Berruezo GR (2008) Influence of
lycopene and vitamin C from tomato juice on biomarkers of
oxidative stress and inflammation. Br J Nutr 99:137-146
Castelli WP (1988) Cholesterol and lipids in the risk of coronary
artery disease. The Framingham Heart Study. Can J Cardiol
4(Suppl A):5A-10A

Buege JA, Aust SD (1978) Microsomal lipid peroxidation.
Method Enzymol 52:302-310

Nourooz-Zadeh J, Tajaddini-Sarmadi J, Wolf SP (1994) Mea-
surement of plasma hydroperoxide concentrations by the ferrous
oxidation-xylenol orange assay in conjunction with triphenil-
phosphine. Anal Biochem 220:403-409

Miller NJ, Sampson J, Candeias LP, Bramley PM, Rice-Evans
CA (1996) Antioxidant activities of carotenes and xanthophylls.
Fed Eur Biochem Soc Lett 384:240-242

Benzie IFF, Strain JJ (1996) The ferric reducing ability of plasma
(FRAP) as a measure of “antioxidant power”: the FRAP assay.
Anal Biochem 239:70-76

Esteve MJ, Farré R, Frigola A, Lopez JC, Romera JM, Ramirez
M, Gil A (1995) Comparison of voltammetric and high perfor-
mance liquid chromatographic methods for ascorbic acid deter-
mination in infant formulas. Food Chem 52:99-102

MacCrehan WA (1990) Determination of retinol, a-tocopherol
and f-carotene in serum by liquid chromatography. Method
Enzymol 189:172-181

Bar6é L, Fonolla J, Pefia JL, Martinez-Férez A, Lucena A,
Jiménez J, Boza JJ, Lépez-Huertas E (2003) n-3 fatty acids plus
oleic acid and vitamin supplemented milk consumption reduces
total and LDL cholesterol, homocysteine and levels of endothelial
adhesion molecules in healthy humans. Clin Nutr 22:175-182
Carrero JJ, Fonolld J, Mart JL, Jimenez J, Boza JJ, Lopez-Huertas
E (2007) Intake of fish oil, oleic acid, folic acid, and vitamins B-6
and E for 1 year decreases plasma-C-reactive protein and reduces
coronary heart disease risk factors in male patients in a cardiac
rehabilitation program. J Nutr 137:384-390

Benito P, Caballero J, Moreno J, Gutiérrez-Alcantara C, Mufioz
C, Rojo G, Garcia S, Soriguer FC (2006) Effects of milk enriched

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

with -3 fatty acid, oleic acid and folic acid in patients with
metabolic syndrome. Clin Nutr 25:581-587

Raghu B, Venkatesan P (2008) Effect of n-3 fatty acid supple-
mentation on blood glucose, lipid profile and cytokines in
humans: a pilot study. Ind J Clin Biochem 23:85-88

Fuhrman B, Elis A, Aviram M (1997) Hypocholesterolemic
effect of lycopene and f-carotene is related to suppression of
cholesterol synthesis and augmentation of LDL receptor activity
in macrophages. Biochem Bioph Res Co 233(3):658-662
Schmidt EB, Lervang HH, Varming K, Madsen P, Dyeberg J
(1992) Lon-term supplementation with n-3 fatty acids, I: effect on
blood lipids, haemostasis and blood pressure. Scand J Clin Lab
Inv 52:221-228

Ridker P (2003) Expert opinions: clinical application of C-reac-
tive protein for cardiovascular disease detection and prevention.
Circulation 107:363-369

Lopez-Garcia E, Schulze MB, Manson JE, Meigs JB, Albert CM,
Rifai N, Willett WC, Hu FB (2004) Consumption of (n-3) fatty
acids is related to plasma biomarkers of inflammation and
endothelial activation in women. J Nutr 134:1086-1811

Shen YC, Chen SL, Wang CK (2007) Contribution of tomato
phenolics to antioxidation and down-regulation of blood lipids.
J Agric Food Chem 55:6475-6481

Thorlaksdottir AY, Skuladottir GV, Petursdottir AL, Tryggva-
dottir L, Ogmundsdottir HM, Eyfjord JE, Jonsson JJ, Hardardottir
1(2006) Positive association between plasma antioxidant capacity
and n-3 PUFA in red blood cells from women. Lipids 41:119-126
Erdogan H, Fadillioglu E, Ozgocmen S, Sogut S, Ozyurt B,
Akyol O, Ardicoglu O (2004) Effect of fish oil supplementation
on plasma oxidant/antioxidant status in rats. Prostag Leukotr Ess
71:149-152

Clarke R, Armitage J (2000) Vitamin supplements and cardio-
vascular risk: review of the randomized trials of homocysteine-
lowering vitamin supplements. Semin Thromb Hemost
26:341-348

Stanger O, Semmelrock HJ, Wonisch W, Bos U, Pabst E,
Wascher TC (2002) Effects of folate treatment and homocysteine
lowering on resistance vessel reactivity in atherosclerotic sub-
jects. J Pharmacol Exp Ther 303:158-162

Ueland PM, Refsum H, Beresford SA, Wollset SE (2000) The
controversy over homocysteine and cardiovascular risk. Am J
Clin Nutr 72:324-332

Ford ES, Smith SJ, Stroup DF, Steinberg KK, Mueller PW,
Thacker SB (2002) Homocysteine and cardiovascular disease: a
systematic review of the evidence with special emphasis on case
control studies. Int J Epidemiol 31:59-70

Huang T, Wahlqvist ML, Li D (2010) Docosahexaenoic acid
decreases plasma homocysteine via regulating enzyme activity
and nRNA expression involved in methionine metabolism.
Nutrition 26:112-119

Grundt H, Nilsen DWT, Mansoor MA, Hetland O, Nordoy A
(2003) Reduction in homocysteine by n-3 polyunsaturated fatty
acids after 1 year in a randomized double-blind study following
an acute myocardial infarction: no effect on endothelial adhesion
properties. Pathophysiol Haemost Thromb 33:88-95

Chi Z, Melendez AJ (2007) Role of cell adhesion molecules and
immune-cell migration in the initiation, onset and development of
atherosclerosis. Cell Adh Migr 1:171-175

Miles EA, Thies F, Wallace FA, Powell JR, Hurst TL, News-
holme EA, Calder PC (2001) Influence of age and dietary fish oil
on plasma soluble adhesion molecule concentrations. Clin Sci
(Lond) 100:91-100

Liu X, Qu D, He F, Lu Q, Wang J, Cai D (2007) Effect of
lycopene on the vascular endothelial function and expression of
inflammatory agents in hyperhomocysteinemic rats. Asia Pac J
Clin Nutr 16:244-248

@ Springer



424

Eur J Nutr (2012) 51:415-424

56. Blum A, Moni M, Khazim K, Peleg A, Blum N (2007) Tomato-
rich (Mediterranean) diet does not modify inflammatory markers.
Clin Invest Med 30(2):E70-E74

57. Upchurch GR, Welch GN, Fabian AJ, Freedman JE, Johnson JL,
Keaney JF Jr, Loscalzo J (1997) Homocysteine decreases bio-
available nitric oxide by a mechanism involving glutathione
peroxidase. J Biol Chem 272:17012-17017

@ Springer

58.

59.

Mestas J, Ley K (2008) Monocyte-endothelial cell interactions in
the development of atherosclerosis. Trends Cardiovasc Med
18:228-232

Rizzo M, Kotur-Stevuljevic J, Berneis K, Spinas G, Rini BG,
Jelic-Ivanovic Z, Spasojevic-Kalimanovska V, Vekic J (2009)
Atherogenic dyslipidemia and oxidative stress: a new look.
Transl Res 153:217-223



	Effect of consumption of tomato juice enriched with n-3 polyunsaturated fatty acids on the lipid profile, antioxidant biomarker status, and cardiovascular disease risk in healthy women
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Test product
	Subjects
	Study design
	Blood analyses
	Statistics

	Results
	Discussion
	Acknowledgments
	References


