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ABSTRACT

OBJECTIVE: The aim of the present study is to investigate the cardioprotective effect of lycopene, known for
its antioxidant and anti-inflammatory effect, in a rat sepsis model induced by lypopolysaccharide (LPS).
METHODS: The oxidative stress parameters, antioxidant parameters and cytokine levels with or without
lycopene treatment in LPS-induced septic rats as well as in controls were measured in serum and tissue.
Histologic examinations of the cardiac tissues were also performed. The Kruskal-Wallis and the Bonferroni-
adjusted Mann—Whitney U Test was used for analysis. A p value < 0.05 was considered significant.
RESULTS: The data of this study showed that lycopene pretreatment reduced the oxidative stres
parametersand , proinflammatory cytokines as well as increased the antoxidant enzyme activities in both
serum and cardiac tissues in LPS-induced septic rats.. Moreover, hyperaemia and haemorrhage in the
epicardium, myocardium and endocardium were lower in the lycopene pretreated group as compared to the

LPS alone group.

CONCLUSION: These results suggest that lycopene could be beneficial for the prevention of cardiac injury
caused by sepsis through reducing the cytokine levels and oxidative stress parameters (Tab. 4, Fig. 1,

Ref. 35). Text in PDF www.elis.sk.
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Introduction

Sepsis continues to be a major cause of death among hospi-
talised patients. In the presence of severe sepsis and septic shock,
a supportive treatment in addition to causal therapy is mandatory
(1). Depending on the extent of the inflammatory response, the
clinical presentation of an affected patient may involve multiple
organ failure, including that of the heart, lungs and liver, acute kid-
ney injury, coagulopathy and, eventually, death (2). In the course
of sepsis, the cardiac dysfunction may manifest as systolic heart
failure or diastolic dysfunction (3). Sepsis-induced myocardial
injury is caused by various mechanisms, cytokines, prostanoids
and nitric oxide (NO). All have been implicated as major potential
factors. Lipopolysaccharides (LPS) are extremely strong stimu-
lators of inflammatory reactions, act at very low concentrations,
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and are involved in the pathogenesis of sepsis and septic shock.
Interleukin (IL)-1p, and tumour necrosis factor (TNF)-a are pro-
inflammatory cytokines that act as potent drivers of septic shock
induced by LPS (4).

Lycopene, primarily found in tomatoes and several other fruits
and vegetables, has been tested for its beneficial effects owing
to its antioxidant and anti-inflammatory effect (5) Recent epide-
miological studies show that an increased serum lycopene level
is associated with a reduction in cardiovascular diseases. Animal
studies have corroborated this finding by demonstrating the benefi-
cial effect of lycopene in experimental models such as myocardial
ischemia reperfusion injury and post-myocardial infarction (6,7).
However, there is currently no solid evidence for the protective
effect of lycopene in sepsis-induced heart injury.

We thought that lycopene may have a cardioprotective func-
tion in sepsis due to its antioxidant and anti-inflammatory prop-
erties. In order to elucidate the mechanism of its action, we mea-
sured the levels of oxidative stress and inflammatory markers,
both in serum and heart tissue samples, and examined histopatho-
logical changes.

Material and methods
This study was undertaken according to the recommendations

in the Guide for the Care and Use of Laboratory Animals of the
National Institutes of Health with approval by the Committee on
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the Ethics of Animal Experiments of the Dollvet-Hadyek Experi-
mental and Clinical Research Center, Sanliurfa.

Rats used for the study were obtained from the Dollvet-Hadyek
Experimental and Clinical Research Center, kept in special cages
under appropriate nutritional conditions in the Dollvet-Hadyek
Experimental Animals Laboratory. Wistar Albino rats of 10-12
weeks of age, weighing 200-250 g, were used for the experiment.
The study was conducted in the Dollvet-Hadyek Experimental and
Clinical Research Center laboratory. Measurements of biochemi-
cal parameters were performed in the biochemistry laboratory of
the Harran University Medical Faculty, and pathological examina-
tions were conducted in the pathology department of the Harran
University Faculty of Veterinary Medicine.

Study animals were divided into three groups per 7 rats as
follows: Group I, Control; Group II, LPS (s.c. 10 mg/kg); Group
111, lycopene (i.p. 50 mg/kg) for 5 days and LPS (s.c. 10 mg/kg)
thereafter. Twelve hours after LPS administration, the rats were
anaesthetized. The heart was removed following blood sampling
from the vena cava. Sera were separated after centrifugation of
blood samples. Heart tissues and sera were kept at —80 °C until
the time of biochemical analysis. Serum and tissue levels of IL-1f,

Tab. 1. The levels of cytokines and NO in serum for all groups.

i TNF } IL-1 ) NO
(pg/mg-protein) (pg/mg-protein) (UM)
Control 2756.24+191.60 884.05+108.04 6.17+0.82
LPS 3790.56+114.43a 1692.84+196.46a  9.37+1.08a
LPS+lycopene 2430.17+269.89a,b. 886.79+70.72b 6.78+0.75b

TNF-0.— Tumor necrosis factor alfa, IL-1 — Interleukin 1, NO — nitric oxide. The values
are presented as Mean + S.D. a — Significant difference from control (p < 0.05), b —
Significant difference from LPS (p < 0.05).

Tab. 2. The level of cytokines and NO in cardiac tissue for all groups.

i TNF . IL-1 . NO
(pg/mg-protein)  (pg/mg-protein) (uM)
Control 58.06+13.91 94.35+13.43 94.35+13.43
LPS 171.37£56.78 a  143.36+38.62 a 1.54+0.08a
LPS+lycopene 138.38+33.15b 118.45+8.72 b 0.93+0.01b

TNF-a— Tumor necrosis factor alfa, IL-1 — Interleukin 1, NO — nitricoxide. The values
are presented as Mean + S.D. a — Significant difference from control (p < 0.05), b —
Significant difference from LPS (p < 0.05).

Tab. 3. The levels of oxidative stress parameters in serum for all groups.

TNF-0, NO, LOOH and SH were measured using a commercially
enzyme-linked immunosorbent assay (ELISA) kit (Ray Biotech
Inc., Diaclone, Cayman).

Serum TOS and TAS were determined using a novel automated
measurement method (8). Samples obtained from the heart tissue
were fixed in a 10% formaldehyde solution. Following a routine
tissue process, 4-p-thick sections were obtained from paraffin-em-
bedded blocks and stained with haematoxylin-eosin (H&E) stain.
Then, tissue sections were examined under a light microscope, and
photographs were taken.

Statistical analysis

The Kruskal-Wallis test was used to compare the groups,
and the Bonferroni-adjusted Mann—Whitney U Test was used to
compare the two groups for biochemical parameters. Values of
less than 0.05 were regarded as statistically significant. The re-
sults are given as mean + standard deviation (SD) for biochemi-
cal measurements.

Results

Serum cytokine and NO measurements obtained from the con-
trol group, LPS group and Lycopene + LPS group are summarised
in Table 1. Serum TNF-a and IL-1p values were significantly
higher in the LPS group as compared to the control group, whereas
reduced cytokine levels were found in the Lycopene + LPS group,
while being significantly lower compared to the LPS group (p <
0.05). Cardiac tissue measurements were consistent with serum
measurements showing a significant increase in cytokine levels in
the LPS group versus the control group and a significant reduction
in cytokine levels in the Lycopene + LPS group, as compared to
the LPS group (p < 0.05) (Tab. 2). Changes in NO levels closely
matched those in cytokine levels. While LPS administration re-
sulted in increased NO levels, the lycopene administration was
associated with a significant fall in NO levels (p < 0.05) in both
serum and cardiac tissue samples.

The measurements of serum and cardiac tissue samples showed
that LOOH (indicator of oxidative stress) levels were significantly
high and SH levels (indicator of antioxidant capacity) were low in

ety LOOH TAS TOS .
(umol/L) (umol/L) (mmolTroloxEquiv/L) (umol H2 O2 Equiv./L)

Control 16.39+0.78 0.43+0.03 1.57+0.17 42.71£3.02

LPS 20.52+42.53 a 0.32+0.02 a 1.45+0.05 52.99+5.18a

LPS+lycopene 15.92+1.84b 0.47+0.05b 1.72+0.09b 28.84+2.85b

LOOH - lipidhydroperoxide, SH — total sulfhydryl, TOS — total oxidant status, TAS total antioxidant status. The values are presented as Mean + S.D. a — Significant difference

from control (p < 0.05), b — Significant difference from LPS (p < 0.05).

Tab. 4. The levels of oxidative stress parameters in cardiac tissue for all groups.

ety LOOH TAS TOS .
(umol/L) (umol/L) (mmolTroloxEquiv/L) (umol H2 O2 Equiv./L)

Control 1.53+0.23 0.17+0.01 0.36+0.07 6.21+1.03

LPS 2.41+0.24 a 0.11+0.0a 0.31+0.03 0.42+0.04 b

LPS+lycopene 1.50+0.24b,a 0.14+0.01 b 0.42+0.04 b 6.81+0.89b

LOOH - lipidhydroperoxide, SH — total sulthydryl, TOS — total oxidant status, TAS total antioxidant status. The values are presented as Mean + S.D. a — Significant difference

from control (p < 0.05), b — Significant difference from LPS (p < 0.05).
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Fig. 1. A. Control group, H&E, X40. B. LPS+Lycopene group, hyperaemia (arrow head), bleeding (arrow), H&E, X20. C. LPS group, hyper-

emia (arrow head), bleeding (arrow), H&E, X20.

the LPS group (p <0.05). However, the administration of lycopene
had a directly opposite effect on these two parameters.

Based on measurements from serum and tissue samples, TAS
was lower in the LPS group compared to lycopene group but the
difference was not significant whereas it was significantly higher
in the lycopene group versus the control. TOS was significantly
higher in the LPS group versus the controls and lower in the ly-
copene group versus the LPS group (p < 0.05) (Tabs 3 and 4).

Histopathological results

On histopathological examination, marked hyperaemia and
haemorrhage in the epicardium, myocardium and endocardium
were observed in both LPS and Lycopene + LPS groups, but not
in the controls. However, the severity was higher in LPS group
compared with Lycopene+LPS group. In brief, we can state that
the severity of hyperaemia and haemorrhage in the LPS group is
moderate, while being mild in the Lycopene+LPS group (Fig. 1).

Discussion

Sepsis is a common condition with a high mortality rate. Anti-
sepsis treatments, though, are not at the desired levels (9, 10). As
widely observed in patients with severe sepsis, sepsis frequently
affects the cardiovascular system and leads to cardiac dysfunction
(11). It has been reported that LPS administration induces systemic
inflammation similar to many of the initial clinical features of
sepsis such as extensive proinflammatory cytokine productions,
which leads to multiple organ failure and high mortality rate (12).
Therefore, this model is used in many experimental sepsis-induced
studies (13, 14).

Since sepsis can result in severe organ injury by provoking
inflammatory cascades and oxidative stress, we aimed to investi-
gate the possible beneficial effect of lycopene in cardiac damage
in sepsis by evaluating the oxidative stress parameters, antioxidant
and oxidant status and also proinflammatory cytokine levels in
LPS-induced sepsis model, (15). Additionally, the histopathologic
examinations were also conducted.

In our study, the increase in ROS generation was reflected in
a significant increase in TOS and LOOH levels and significant de-
crease in SH levels. There was also a decrease in TAS but it was

PSR

not significant. Oxidative damage associated with the production of
excessive amounts of reactive oxygen species (ROS) by activated
immune cells is believed to play an integral role in the pathogenesis
of sepsis (16). The prominent role of lipid peroxidation in septic
shock and secondary organ dysfunction has been reported while
the increased occurrence of multiple organ failure occurring in
sepsis coincides with increased oxidative stress (17, 18).

We demonstrated that lycopene treatment resulted in reduced
LOOH levels and TOS, i.e. oxidative stress parameters, whereas
SH levels and TAS, i.e. antioxidant indicators, were elevated.
Based on this finding, one might deduce that lycopene has a pro-
tective effect against LPS-induced oxidative damage via oxidative
and antioxidant capacity. Lycopene, an antioxidant carotenoid and
the most effective singlet oxygen quencher, has been shown to be
a potent antioxidant in both human and animal studies (19-21).
In a hypoxia-ischemia study, lycopene improved mitochondrial
dysfunction and reduced oxidative stress. It has been suggested
that some of the beneficial effects of lycopene in sepsis may take
place via its effect on cardiomyocyte mitochondria. It has also
been shown in septic patients that lycopene reduces the elevated
malondialdehyde (MDA), an end-product formed during oxidative
stress, (19). The oxidative stress induced by obstructive jaundice
is reduced by lycopene treatment via decreasing MDA and in-
creasing GSH levels in the liver and renal tissues (20). Lycopene
(1 mg/kg) treatment has also a protective effect on renal toxicity
induced by carbon tetrachloride administration. It reduces MDA
levels and increases antioxidant GSH levels (21).

In our study conducted on LPS-administrated rats, we have
seen an increase in both TNF-a and IL-1f levels, i.e. in inflam-
matory response markers in serum and cardiac tissues as well as
that lycopene remarkably attenuated the upregulation of these
inflammatory cytokines.

It was reported that TNF-a, an inflammatory cytokine, is con-
sidered to be an endogenous mediator in LPS-induced shock (22)
and that LPS leads to increased TNF-a levels, both in serum and
heart tissue (23).

It was suggested that TNF- o and IL1-B act synergistically to
cause sepsis-associated myocardial depression in human. (24).
Previous studies also revealed that lycopene has anti-inflammatory
effects via decreasing cytokine levels in inflammation-related con-
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ditions including sepsis. It has been reported that lycopene showed
anti-inflammatory effect on macrophages by reducing proinflam-
matory cytokine and chemokine expression in LPS-induced sepsis
model (25). It was also shown that, lycopene treatment attenuated
cardiac dysfunction in diabetic rats via decreasing TNF-a expres-
sion (26, 27).

Nitric oxide (NO) and other reactive species cause hypoten-
sion, excessive vasodilatation and impair oxygen usage in sepsis
(28). In our study, we observed an increase in NO levels in LPS-
treated rats. NO, a potent vasodilator that causes hyperpolarisation
of smooth muscle plasma membranes, has a potential role in LPS-
induced vascular hyperactivity (29). Peroxynitrite is important in
NO-dependent pathogenic mechanisms, as well as in inflamma-
tory conditions such as septic shock, myocardial infarction and
chronic inflammatory diseases (30). Endotoxin exposure of human
myocardium leads to a depression of cardiac contractility, which
is mediated by an enhancement of iNOS activity and release of
nitric oxide (NO). It was demonstrated that endotoxin exposure
of human myocardium impairs cardiac contractility independently
from systemic endotoxin effects. This impairment of myocardial
performance appears to be mediated by an enhanced release of NO
(31). The data of this study also reveal a significant reduction in
NO levels by lycopene both in serum and cardiac tissues in LPS-
induced sepsis model. It was reported that oxidative stress and
NO deplete lycopene in tissues and human cells and that cardio-
vascular diseases are accompanied with lycopene depletion (32).
A number of studies also show that lycopene suppresses inflam-
mation in several tissues by inhibiting the formation of NO (33).
Immunohistochemical examination reveals a significant increase
in inducible NO synthase in contrast-induced nephropathy and
significant improvements in inflammation, autophagy and apop-
tosis by administration of lycopene in rats (34).

Epidemiological and clinical studies suggest that dietary anti-
oxidants may reduce the risk of cardiovascular disorders (35). The
biochemical and histopathological results of this study underscore
the cardioprotective effect of lycopene in an LPS-induced sepsis
model in the present study.

Conclusion

Based on the results of this study, it may be suggested that
lycopene supplementation—given alone or in combination with
standard therapies, may reduce the oxidative stress and inflamma-
tion. As such it may represent a novel adjunct treatment in sepsis
and a potential therapeutic candidate for the treatment of cardiac
damage in sepsis.
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