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Objective: Strenuous exercise increases inflammatory biomarkers such as C-reactive
protein (CRP) and interleukin 6 (IL-6). Dietary antioxidants can alter this
inflammatory/oxidative state. The aim of this study was to determine the effect of tomato
juice consumption as a rich source of lycopene (a potent antioxidant) on inflammatory
biomarkers in male athletes following exhaustive exercise.

Methods: Thirty male university students were enrolled and randomly divided into two
groups. The intervention group consumed 200 mL of tomato juice (containing 50 mg of
lycopene) daily for one week and then performed a treadmill running exercise at 18 km/h
till exhaustion. The control group consumed the same amount of water and performed the
same exercise. Blood samples were collected before and immediately after exercise for
analysis of IL-6, CRP, and the oxidant to antioxidant ratio. IL-6 and CRP were measured
using ELISA. Oxidant to antioxidant ratio was measured with a colorimetric assay.
Statistical analysis was performed using SPSS 13.

Results: The mean decrease in CRP level in the tomato juice group was significantly
greater compared with the control group (-0.4 vs 0.001 mg/L, p = 0.002). The level of IL-
6 and the oxidant to antioxidant ratio did not change after exercise in either the tomato
juice or the control group.

Conclusion: Our data showed for the first time that consumption of tomato juice, which
is a major source of the antioxidant lycopene, can lead to a decrease in systemic
inflammation post exercise. This may present a useful approach to protecting against
inflammation-induced muscle damage and to improving exercise performance in athletes.

Citation: Mohammad Taherireykande, Ahmad Saedisomeolia, Abass A. Gaeini, Zohre
Pourahmadi, Lisa G. Wood. Effect of tomato juice consumption on the inflammatory
biomarkers in male athletes following exhaustive exercise. J Nutr Sci & Diet 2018;
4(2): 3-9.

Introduction

exhaustive exercise, increase oxidative stress and

Physical activity and exercise, particularly  therefore the inflammation. Exercise increases the

production of reactive oxygen species (ROS) by
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mitochondria of exercising muscles or by
inflammatory cells such as macrophages [1, 2].
This can lead to the translocation of nuclear
factor-kB (NF-kB) and consequently increase the
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secretion of inflammatory mediators, such as C-
reactive protein (CRP) and interleukin (IL)-6 [1,
3]. Many studies have consistently confirmed that
exercise can increase the secretion of IL-6 [4-13].
Furthermore, Studies have reported increases in
plasma tumor necrosis factor (TNF)-a levels 2
hours after a 5-km run and 1 hour after the
completion of a marathon [14, 15] although other
studies have reported contradicting findings [5,
16]. Other studies have reported increased
production of inflammatory biomarkers after
different exercise challenges such as short-term
intensive exercise [17, 18], resistance exercise
[17, 19-21], downhill running [22, 23], intense
eccentric cycling [24], and endurance running and
cycling [15, 17, 18, 25-28]. This increase in the
production of these cytokines during exercise
may cause muscle damage [24] and therefore
decrease athletic performance [29].

Carotenoids  are  natural  fat-soluble
compounds [30] that act as antioxidants [31].
Among them, lycopene, which can be found in
high concentrations in tomatoes and tomato
products [32], has the most potent antioxidant
activity [33, 34]. Lycopene supplementation has
been shown to decrease inflammation in vitro
[35] and in vivo [35, 36] and decrease oxidative
stress in living organisms [37]. We previously
reported that tomato juice consumption or
lycopene-rich tomato extract supplementation
decreased inflammation [38, 39]. The ability of
lycopene-rich tomato juice to decrease
inflammation, and therefore to improve the
performance of athletes, has not yet been
investigated. We hypothesized that increasing the
dietary intake of lycopene (as tomato juice) would
reduce circulating inflammatory biomarkers in
young male athletes after exhaustive exercise.
The aim of this study was to determine the effect
of tomato juice (and not supplement)
consumption, as a rich source of lycopene (a
potent antioxidant), on inflammatory biomarkers
of male athletes following exhaustive exercise.

Subjects and methods

This was a randomized controlled trial with a
parallel design. Thirty male students of the
University of Tehran were enrolled into the study
and randomly allocated to either an intervention
(n=15) or a control (n=15) group (Figure 1). All
the participants signed a consent form approved
by the ethics committee of the university (ethics
approval reference number: 10492). The study
was supported by the Office of Vice President for
Research, University of Tehran. The intervention
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group consumed 200 mL of tomato juice
containing 56.4 mg of lycopene (pasteurized and
tetrapacked tomato juice, Takdaneh Co., Tehran,
Iran) daily for one week and then performed a
treadmill run at 18 km/h until exhaustion. The
control group consumed the same amount of
drinking water and performed the same exercise.
Participants with any inflammatory disease or
unwilling to finish the study protocol were
excluded from the study. Weight, height, age, and
body mass index (BMI) were recorded for every
participant. Usual daily intake of lycopene and
other antioxidants were estimated using a
validated semiquantitative food frequency
questionnaire  (FFQ).  Daily intake of
macronutrients was estimated using 24-hour food
recall. Ten milliliters of blood was collected from
each participant on two occasions (before and
immediately after the exercise) for the analysis of
IL-6, CRP, and the oxidant to antioxidant ratio.
Blood samples were centrifuged and the serum
was separated and stored at -80°C until analysis.

Biochemical assays

CRP was measured using a commercial
ELISA kit according to the instructions provided
by the manufacturer (Cayman Chemical
Company, Michigan, US). IL-6 levels were also
measured by an ELISA kit (Bender MedSystems
GmbH, Vienna, Austria) according to the
manufacturer’s  instructions.  Oxidant to
antioxidant ratio was according to the method
developed by Alamdari et al [40].

Screened and randomized male university students (n=30)

Baseline / \

Control group (n=15)

Tomato juice group (n=15)

with sample collection

Reasons for withdrawal:
Unwillingness to continue
procedures (n=4)

Day7

Exercise testing (n=13) Exercise testing (n=13)

Statistical analysis

Differences between pre- and post-exercise
values were analyzed using paired t tests or
Wilcoxon tests. Between-groups differences were
analyzed using independent t tests or Mann-
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Whitney tests. Version 16 of SPSS software was
used for the statistical analysis (SPSS for
Windows; SPSS, Inc.). A p value of <0.05 was
considered statistically significant.

Results

At baseline, there were no significant
differences between the intervention and control
groups in age (22.6 vs 26.1 years), BMI (23.3 vs
22.6 kg/m2), weight (71.8 vs 71.5 kg), and height
(Table 1). The two groups were not different in
terms of daily intake of energy, macronutrients,
micronutrients, carotenoids, and, specifically,
lycopene (Table 2). As shown in Table 3, tomato
juice consumption led to a significantly greater
decrease in CRP levels in the tomato juice group
compared with the control group (-0.4 vs 0.001
mg/L, p=0.002).. This decrease in the tomato
juice group was significantly different from
controls. However, the mean changes in the
concentration of IL-6 (0.001 vs 0.002, pg/ml) and
the oxidant to antioxidant ratio were not different
between the two groups (0.8 vs 1.2).

Discussion

This study has demonstrated, for the first time,
that increased dietary intake of lycopene can lead
to a reduction in systemic inflammation post
exercise. We observed a decrease in circulating
CRP concentrations following exercise in the
group who consumed tomato juice for 7 days
prior to the exercise testing. This finding suggests
that increased lycopene intake may provide a
strategy for protecting individuals from exercise-
induced inflammation.

Lycopene is an antioxidant that is found in
high concentrations in tomato juice and acts as a
potent free radical scavenger [41]. It has been
shown that lycopene, as well as other carotenoids,
can attenuate oxidative stress and inflammation
[35, 38]. Liu and colleagues showed that the
consumption of tomato juice at doses ranging
from 2.6 to 7.8 mg/kg for 30 days decreased
oxidative stress induced by exhaustive exercise in
animal subjects [41]. However, a low daily dose
of 20.6 mg of lycopene for two weeks had only a
minimal effect on oxidative stress in human
subjects [42]. Another study also demonstrated
the lack of efficacy of lycopene at low doses (30
mg/day) in reducing oxidative stress markers
[43]. The dose we used in this study was around
56 mg/day, which is in between the doses used in
the previous studies. This dose was chosen
because it represents an amount that could be
feasibly incorporated into the diet. We found that

Table 1. Baseline  demographic and

anthropometric characteristics of the tomato

juice and control groups
Intervention group

Control group

(n=15) (n=15)
Variables Mean SEM Mean SEM
Age (y) 22.6 14 26.1 5.0
BMI (kg/m?) 23.3 1.9 22.6 1.9
Height (cm)  175.6 4.2 1776 6.0
Weight (kg) 718 7.1 715 7.9

No differences were observed between groups at
baseline.

the dose we used was able to decrease CRP levels
post exercise. This is an important finding as CRP
is an independent predictor of the risk of
myocardial infarction, stroke, and type 2 diabetes
mellitus [44]. Hence, identifying strategies that
minimize CRP levels are very important.

The dose of lycopene that we used in our study
did not change IL-6 or antioxidant potential.
While some studies have shown that consumption
of fruits, vegetables, and vegetable-based
products such as tomato juice can increase
circulating antioxidant levels and decrease
oxidant levels in the body [45, 46], others have
shown that supplementation with fruit- and
vegetable-derived nutrients does not decrease
exercise-induced changes in the oxidant to
antioxidant ratio [47-49]. In our study, the short
supplementation period and the relatively small
sample size may have reduced the likelihood of
identifying differences in these biomarkers. In
addition, it is possible that in order to provide
greater protection against inflammation and
oxidative stress, supplementation with higher

Table 2. Baseline dietary intake data for the tomato
juice and control groups
Tomato juice

Control group

group -
(n=15) (n=15)
Daily nutrient —\yo0n - sEm Mean SEM
intake
Energy (cal) 1925 75.51 1830 62
Carbohydrate
(%) 55.2 11 54.1 1.0
Protein (%)* 20.1 0.6 19.5 0.5
Fat (%)* 24.71 0.8 26.4 0.8
Vitamin A
(LRE) 850 35.2 915 30.5
Vitamin C (mg) 58.4 8 50.5 6
Vitamin E (mg) 8 2 85 15
Calcium (mg) 1000 120 1100 80.6
Iron (mg) 10.5 0.5 10.5 1
Selenium (ug) 65 8 62 8
Lycopene (1) 9013 1252 9102 1321

RE = retinol equivalents

* Percentage of energy derived from each nutrient. There were
no differences in baseline values between the control and the
tomato juice groups.



Tomato juice and inflammation

Table 3. The effect of exercise on systemic inflammatory mediators in the tomato juice versus

control groups

Tomato juice group

Control group

Inflammatory mediator ; : P value™
(post — pre-exercise)*  (post — pre-exercise)*

IL-6 (pg/mL)? -0.001 +0.008 0.002 £0.010 NS

CRP (mg/L)" -0.4 (-0.7, 0.0) 0.001 (0.0, 0.6) 0.002

Oxidant:antioxidant ratio® 0.8 (-6.5, 4.3) 1.2 (-2.4,5.4) NS

NS: not significant

*Analyzed using a paired t test or the Wilcoxon test; p <0.05 for pre- vs post-exercise.
**Analyzed using an independent t test or the Mann-Whitney test; p < 0.05 for the tomato juice vs control group.

2Data is mean + SD,  Data is median (interquartile range)

doses of lycopene may be needed.

A limitation of our study was the fact that the
exercise intervention did not significantly
increase inflammatory biomarkers in the control
group post exercise. Many studies have indicated
that physical activity, especially exhaustive
exercise, increases inflammatory biomarkers and
oxidative stress [1]. Inflammatory biomarkers
such as IL-6 and CRP, oxidative enzymes, and the
oxidant to antioxidant ratio reportedly increase
during exhaustive exercise [1, 41]. For example,
IL-6 increased in rats running on a treadmill at
moderate intensity (70% of maximal oxygen
uptake or VO2max) for 1 hour [50]. Human
studies have also reported that moderate and
endurance exercises increase IL-6 levels [1, 51].
This increase in IL-6 levels is also reported in
marathon runners [52]. CRP is one of the acute-
phase proteins whose plasma levels are elevated
because of oxidative stress [53]. Taylor et al,
studying 18 athletes competing in a 160-km
triathlon involving canoeing, cycling, and
running, found that CRP levels were raised by
nearly 300% 24 hours after the race [54].
Moreover, Markovitch showed that 1, 10, 24, and
30 minutes of moderate exercise increased CRP
levels [51]. However, other studies reported no
increase in the inflammation following exercise in
some settings [55, 56]. It appears that the exercise
protocol that was used did not elicit an
inflammatory response above baseline levels.
Hence, the ability of the supplementation to

suppress inflammation in this context was
limited.
Conclusion

In conclusion, we found that a medium dose of
lycopene, delivered by the consumption of tomato
juice (200 mL/day), for one week suppresses
post-exercise serum CRP levels but has no effect
on serum IL-6 levels or the oxidant to antioxidant
ratio following exhaustive exercise in male
athletes. Further research is needed to determine

the potential benefits of lycopene at higher doses
and/or after longer durations of consumption in
the post-exercise inflammation setting.

conclusion, following a healthy dietary
pattern is associated with a reduced risk of MS,
and adhering to a Western dietary pattern is
marginally related to an increased MS risk.
Further research should focus on identifying other
food dietary patterns related to MS risk in order
to finally establish a causal relationship between
diet and MS.
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