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ABSTRACT

Introduction: many studies have shown that endurance sports athletes have a biochemical profile of inflammation and high
oxidative stress, due to the high load of training. Recent studies have shown that bergamot, in addition to the already known lipid-
lowering properties, also has anti-inflammatory and antioxidant properties. The aim of the study was to determine the effects of
bergamot juice on biomarkers of inflammation and oxidative stress in professional athletes who practice cross-country skiing.

Methods: 10 international-level cross-country skiing male athletes were enrolled in the study and as a control group we enrolled
10 national-level cross-country skiing male athletes. We performed a blood sample during the unloading phase of the athletic training
(T0) and we dosed high sensitivity C-reactive protein (hsCRP) and oxidized low-density lipoprotein (oxLDL). The international-level
athletes took 500 ml/day of bergamot juice, which instead the athletes of the control group did not take. Afterwards, the athletes started
the training load period and after 30 days of intense training (T1) we re-evaluated the same blood parameters. The two groups had the
same training patterns, but athletes of group I sustained a significantly higher volume of training sessions than the athletes of group II.

Results: In group I there was a significant reduction in hsCRP (p<0.05), while there was no significant increase in oxLDL despite
the greater training load. In group II, on the other hand, there was no significant change in hsCPR levels between TO and T1, while
there was a significant increase in oxLDL (p<0.05).

Conclusions: Our data showed that supplementation with bergamot juice in professional cross-country skiing athletes could
reduce inflammation and oxidative stress due to the intense training. More studies with a higher number of subjects will be needed to
understand better the role of bergamot in this category of athletes.
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Introduction

Inflammation is a physiological event aimed
at restoring organic homeostasis and participates in
many fundamental functions of the human body such
as the immune response against infectious agents;
however, when the inflammation is excessive and pro-
tracted over time it contributes to the development of
many chronic diseases”. Dysregulation of immune
system cells and inflammatory mediators is the basis

of the development of systemic inflammation which
can have consequences: tissue injury, remodeling of
the extracellular matrix, angiogenesis and fibrosis in
inflamed tissues which ultimately cause dysfunction
of the organs affected by such processes®.

It is well known that one of the mechanisms
that can trigger inflammation is excessive oxidative
stress. Oxidative stress is an imbalance between the
production of reactive oxygen species (ROS) and
the ability of cells to buffer ROS and repair cellular
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damage caused by oxidative stress. Oxidative stress
is involved in many physiological processes (aging
and exercise) and in the pathophysiology of condi-
tions such as: systemic inflammation, cardiovascu-
lar diseases, neurodegenerative diseases, tumors®.
Many studies have recently focused on the role of
oxidative stress in sports. It is well known that mus-
cle contractions that are produced during intense
physical activity and protracted over time lead to the
production of high levels of ROS in skeletal muscle®.

Several papers have shown that a pathological
imbalance of inflammation and oxidative stress can
have extremely harmful effects on the health of ath-
letes®®. In fact, it has been demonstrated that there
is a correlation between oxidative stress and the in-
creased risk of early atherosclerosis and muscle inju-
ries in professional athletes”. It is also known that
the greater the workload of athletes, the greater the
possibility of having a negative imbalance towards
a more oxidized and inflamed profile. In fact, en-
durance athletes are those with the most consider-
able risk of developing systemic inflammation and
oxidative stress with negative health consequences.
Several studies have also shown that in addition to
the health of athletes, oxidative stress also affects the
performance of these elite athletes, and if not proper-
ly kept under control, it can lead to overtraining!®'".
Cross-country skiing is fully part of the group of en-
durance sports’? and even the highest level athletes
of this discipline can face overtraining'®.

When the skeletal muscle is activated, it releas-
es specific cytokines called myokines, which play a
role both in the immune system and in the metabo-
lism of adipose tissue. It is well documented in the
literature that a moderate amount of exercise has a
systemic anti-inflammatory effect!*'>. At the same
time, a systemic inflammatory response can be trig-
gered by excessive exercise, a condition that is very
common in professional athletes. During periods of
intense training, it is important to maintain the right
balance between the pro and anti-inflammatory re-
sponse to maintain the health and performance of the
athlete!®!".

Several authors, in this regard, have shown that
supplementation with natural anti-inflammatory and
antioxidant products can contribute to the health
and performance of these athletes'®!”. At the same
time, recent studies have shown the usefulness of
monitoring the blood levels of some biomarkers of
inflammation such as high sensitivity C-reactive pro-
tein (hsCRP)® and oxidative stress such as oxidized
low-density lipoprotein (oxLLDL)?" in order to keep

under control the pathophysiological responses of the
athletes, also in case of supplementation with antiox-
idants, and consequently modulate the training loads.

Bergamot is a citrus fruit of the genus Citrus
(scientific name Citrus Bergamia). The fruit has a
yellow peel and is the size of an orange. Although
originating in Southeast Asia, 80% of the bergamot is
produced in Calabria (Southern Italy). Bergamot has
a peculiar composition of flavonoids, in particular it
is rich in neohesperidin and naringin. Scientific lit-
erature has shown that bergamot has several positive
health effects, including the reduction of cholester-
ol, systemic inflammation and oxidative stress@*>,
However, there is little scientific data on the role of
bergamot in professional athletes. The purpose of the
study was to verify whether the intake of 500 ml per
day of bergamot juice can modulate the inflamma-
tory response and oxidative stress in cross-country
skiers engaged in intense training.

Methods

Study design

10 international-level cross-country male ath-
letes (experimental group or group I) and 10 na-
tional-level cross-country male ski athletes (control
group or group II) were enrolled for this study in
the Division of Sports Medicine of the University
of Rome Tor Vergata. Before being enrolled in the
study, the athletes were subjected to a medical eval-
uation by a multidisciplinary team made up of car-
diologists, sports doctors and nutritionists in order
to exclude that any pathologies or drug intake could
interfere with the results of this study. All the en-
rolled athletes were in good health and none of them
smoked, had pathological conditions or took drugs.
Clinical assessments were made for all athletes in
one day. All athletes were in possession of the sports
medical certification for their category in accordance
with national regulations. The study was approved
by the local ethics committee (ID number 41.17) and
all subjects signed an informed consent. The study
was conducted in accordance with the declaration of
Helsinki. The characteristics and the main anthro-
pometric parameters of the two groups are shown in
Table 1.

The 30-days study was carried out in 2 phases
of athletic training: the first phase (TO) represented
by the end of an unloading period for both groups
and the second phase (T1) during a loading period
for both groups. The two groups had the same train-
ing patterns, but athletes of group I, because of their
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preparation for international competitions, sustained
a significantly higher volume of training sessions
than the athletes of group II. The physical activity
carried out was quantified in METs and the 2011 ver-
sion of the Compendium of Physical Activities was
used as a reference for the classification of physical
activities®®.

Results

The training patterns were similar for the two
groups of professional athletes. However, the athletes
of group I, in consideration of their preparation for
international competitions, have performed higher
training volumes than the athletes of the group II.

Table 1: Age, stature, weight and BMI of the two study
groups.

After the first visit (TO), the athletes of the
group I started taking 500 ml of bergamot juice
(100% pure bergamot juice) per day for the duration
of the study (30 days). On the other hand, the athlete
of group II did not take bergamot juice. Both groups
had the same diet and none of the athletes changed
the common diet during the study phases.

Blood samples were collected through veni-
puncture at TO and after 30 days of intense training
(T1). The samples were immediately centrifuged,
separated and stored at -80 ° C for future analysis
in the Department of Laboratory Medicine of the
University Tor Vergata. The blood samples were
collected in the morning with the athletes in a rest
condition. The biomarkers considered for this study
were the high sensitivity C-reactive protein (hsCPR)
and oxidized low-density lipoprotein (oxLDL).
HsCPR was determined with a immunoassay using
the Dimension Vista Siemens platform (Siemens
Healthcare GmbH, Marburg, Germany). The circu-
lating oxLLDL level was measured by enzyme-linked
immunosorbent assay using the mAb-4E6 antibody
(Mercodia AB, Uppsala, Sweden), according to the
customer protocol.

Statistic analysis

All data were analyzed for their distribution
properties. The results are presented as mean =+
standard deviation. Comparisons between groups
were performed using paired sample t-test.

The Shapiro-Wilk test will be used to verify
data distribution. A p-value of <0.05 was considered
statistically significant. Statistical analyzes were
performed using IBM SPSS 21.0 for Windows (IBM
Corp., Armonk, New York, USA).

The analysis of the data showed, in fact, that at T1
Group I Group II . . e R .
the difference in training volume quantified in METs
Age (years) 265+32 81+28 per week between group I and group II was signifi-
Stature (cm) 178.6+45 1709 +32 cant (p <0.05) (Table 2).
Weight (kg) 715£69 71,7677 Group I Group II
METs per week at TO 9651,2 + 10572 63225 + 842,1 **
BMI (kg/m?) 235£39 233£35
METs per week at T1 16732,6 + 17293 107564 £ 11023 *

Table 2: Physical activity expressed in METs carried out
per week in the two study groups at TO and T1.
"p<0.05, “not significant

In the group I there was a significant reduc-
tion in hsCPR (p <0.05) at T1. Instead, there has
not been a significant variation in oxLDL levels
between TO and T1, despite the higher training
volume (Table 3).

TO T1
hsCPR (mg/dl) 0,17 +0,08 0,06 +£0,02*
oxLDL (pg/ml) 38792 +276 4088 + 19,1%*

Table 3: hsCPR and oxLDL of group I at TO and T1.
"p<0.05, “not significant

In the group II the data did not demonstrate
a significant difference in hsCPR values. Instead,
a significant increase in oxLDL has been demon-
strated (Table 4).

TO T1
hsCPR (mg/dl) 0,11 +0,08 0,09 + 0,06%*
oxLDL (pg/dl) 347,76 31,6 374,14 +£26,95%

Table 4: hsCPR and oxLDL of group II at TO and T1.
"p<0.05, “not significant

Discussion

The scientific literature has shown that in-
tense physical activity can trigger excessive in-
flammation and oxidative stress and this condition
can be detected by some laboratory parameters
such as hsCPR and oxLDL®"29,

The data of our study showed that in the ath-
letes of group I at T1 there was a reduction in in-
flammation, which was demonstrated by the sig-
nificant reduction in hsCPR (Figure 1).
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Fig. 1: Difference in hsCRP (mg/dl) levels between TO
and T1 in Group 1 and Group 2.

Therefore, there was a reduction in the in-
flammatory state despite the fact that the train-
ing volume increased, compared to the unloading
phase. On the other hand, in group II there was no
significant change in hsCPR between TO and T1.
These experimental data suggest that the supple-
mentation with bergamot juice, which the athletes
of group I took, could reduce inflammation levels.
This phenomenon could be explained by the al-
ready known anti-inflammatory properties of ber-
gamot®>?¥ 1In group I from TO to T1 there was no
significant change in oxXLDL levels, while in group
II from TO to T1 there was a significant increase
in oxLDL (Figure 2). Interestingly, oxLDL levels
did not increase in group I as opposed to group II,
although the athletes of group I performed high-
er training volumes. These data therefore suggest
that bergamot juice could have a protective anti-
oxidant effect in these athletes®*2%.
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Fig. 2: Difference in oxLDL (pg/ml) levels between TO
and T1 in Group 1 and Group 2.

Many studies have shown that intense phys-
ical activity can trigger a considerable increase
in the biomarkers of inflammation and oxidative
stress in professional athletes®*-3?. For this reason
several authors have experimented various natural
antioxidant compounds as supplementation in this
category of athletes®*-*>. For example, hydroxyty-
rosol, a derivative of olive oil, has proven effective
in reducing oxLDL levels in professional soccer
players® and amateur athletes®®. OxLDL are con-
sidered to be one of the major players in the for-
mation of atherosclerotic plaque®’*” and and their
increase in the blood has been correlated with early
atherosclerosis in professional athletes®!'%.

In general, the reduction of oxidative stress
and systemic inflammation biomarkers with natu-
ral products is one of the objectives of researchers
to first safeguard the health and then also the per-
formance of elite athletes. Our data showed that
in group I athletes, there was a significant reduc-
tion in hsCPR levels, and therefore in the inflam-
matory state, despite the 30 days of training. On
the other hand, always in group I our data did not
show a significant increase in oxLLDL and there-
fore in the oxidative state between TO and T1. In
scientific literature it is reported that in the intense
training phases, professional athletes have a sig-
nificant increase in oxLDL. Instead, in group II
data did not show a change in hsCPR levels, but
statistical analysis showed a significant increase
in oxLDL levels, according to the data from the
scientific literature®?.

Our data could be explained with a beneficial
effect of bergamot on the inflammatory and oxi-
dative state in the athletes of group I, despite the
training phase and even more interesting despite
the greater load of training volume compared to
group II. By comparing the two groups, thereby,
the athletes of group I had a reduction in hsCPR
and did not have a significant increase in oxLDL,
which we would have expected, despite the higher
training load. The intake of 500 ml/day of natural
bergamot juice during the loading phase of train-
ing contributed to reducing the levels of inflam-
mation and oxidative stress biomarkers in these
athletes, compared to group II athletes, who car-
ried out a lower training load and have not taken
bergamot juice.

These data are extremely interesting be-
cause several studies have shown that an increase
in inflammation and oxidative stress in athletes
is connected with a greater risk of muscle inju-
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ry, overtraining and cardiovascular disease®!'4!,
Modulating the inflammatory and oxidative re-
sponse with natural and lawful products in accord-
ance with the directives of the World Anti-Doping
Agency is certainly a topic of great scientific in-
terest to allow athletes with an international pro-
file to be able to compete with greater safety for
their health. To the best of our knowledge, this is
the first study evaluating the effects of bergamot
on hsCRP and oxLLDL in professional cross-coun-
try skiers during endurance training

Conclusions

The large training volumes to which endur-
ance athletes are subjected such as cross-country
skiing favor the onset of oxidative stress and in-
flammation (46-49). The administration of ber-
gamot juice in cross-country skiers of the inter-
national level during the loading period of the
athletic preparation had a protective effect on the
values of hsCPR and oxLDL. On the contrary, in
national-level athletes who have not taken berga-
mot juice, an increase in oxLDL blood values has
been documented. Therefore, bergamot juice has
shown anti-inflammatory and antioxidant action
in cross-country skiing athletes during endurance
training. More studies with a greater number of
subjects and perhaps with athletes of different
sports will be necessary to confirm our data and
better to understand the effects of bergamot on
professional athletes.
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