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A B S T R A C T 

Background: The primary aim of this study is to evaluate the effect of lycopene on 

serum interleukin-1ß (IL-1ß) and interleukin-6 (IL-6) levels in rats subjected to sep-

sis induced by the cecal ligation and perforation (CLP) method, as well as to assess 

the impact of lycopene on inflammation in the lungs, which is the first organ affected 

by sepsis. 

Methods: Twenty-four male rats were divided into four groups - control (healthy 

group), sepsis (CLP group), sepsis + lycopene 100 mg/kg (L100 group), and sepsis + 

lycopene 200 mg/kg (L200 group). Lycopene was administered by gastric lavage at 

doses of 100 mg/kg to the L100 group and 200 mg/kg to the L200 group. Intracardiac 

blood samples were collected 18 h after CLP for serum IL-1β and IL-6 level analysis. 

Lung tissue specimens were also collected for histopathological examination.  

Results: IL-1β levels decreased significantly in the L100 and L200 groups compared 

to the CLP group (p<0.001). Both doses of lycopene statistically significantly reduced 

serum IL-6 levels in the L100 and L200 groups compared to the CLP group. Serum 

IL-6 levels also decreased significantly in the L200 group compared to the L100 

group (p<0.001).The degree of inflammation, vascular congestion and edema de-

creased significantly in the L200 group compared to the CLP group (p<0.001). 

Conclusion: Use of lycopene in rats with CLP-induced sepsis reduced serum IL-1β 

and IL-6 levels and inflammation in lung tissue at histopathological examination. Ly-

copene can be more effective at a dosage of 200 mg/kg. 
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1. Introduction 

Sepsis is a systemic and irregular inflammatory re-
sponse to infection that is capable of causing hemody-
namic instability, multiple organ dysfunction syndrome 
(MODS), and even death. Sepsis-related mortality rates 

may sometimes be very high [1]. Also, it is believed that 
sepsis is more prevalent than is currently being re-
ported because it causes different clinical manifesta-
tions and its reporting is not compulsory in some coun-
tries [2]. There are several causes for the high rate of 
mortality among septic patients. These include intravas-
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cular or urinary catheterization; invasive procedures 
such as endotracheal intubation, which is done when nec-
essary; antibiotic resistance; and high immune suppres-
sion, which is associated with therapeutic protocols [1,3]. 

The course of a disease when sepsis occurs generally 
depends on the emergence of sepsis-related MODS. Im-
paired microcirculation due to endothelial damage and 
the widespread release of inflammatory mediators can 
lead to the development of MODS [4,5]. 

Multiple mediators are involved in the pathogenesis of 
sepsis—including the inflammatory mediator interleu-
kin (IL), tumor necrosis factor (TNF), arachidonic acid, 
and platelet-activating factor. Also, monocytes, macro-
phages, and mast and endothelial cells release cytokines 
against bacteria and endotoxins. TNF-α, interferon-
gamma (IF γ), and IL 1β, IL-6, and IL-8 are involved as 
proinflammatory cytokines in the pathogenesis of sepsis, 
while IL 10 serves a basic anti-inflammatory cytokine. 
The blood levels of these mediators increase in sepsis, 
and the complex relationship between them is gradually 
being unraveled [6,7] .  

Lycopene is a member of the carotenoid family with a 
powerful antioxidant property because of its conjugated 
double bonds [8,9]. Due to its nature as a potent anti-in-
flammatory and antioxidant molecule, we hypothesized 
that lycopene might be beneficial in the treatment of sep-
sis and sepsis-related lung damage. 

This study was planned to investigate the effective-
ness of lycopene in the treatment of sepsis. This study 
primarily aimed to evaluate the effect of lycopene on IL-
1β and IL-6 levels in rats induced with sepsis using the 
cecum ligation and perforation (CLP) method and assess 
the level of inflammation in the lungs, which is the first 
organ affected in sepsis. The secondary aim of the study 
was to compare the effects of different doses of lycopene 
on inflammation. 
 

2. Materials and Methods 

2.1. Animal models 

Atatürk University Animal experiments were carried 
out with the decision of the local ethics committee dated 
27.12.2018, number 13, decision number 235. Twenty-
four male albino Wistar rats weighing 220–250 g ob-
tained from the University Medical Experimental Appli-
cation and Research Centre Laboratory were used for the 
experiment, which was conducted in the same labora-
tory. During the experiment, rats were allowed ad libitum 
access to water and chow (complete mouse and rat feed: 
raw protein 23%, raw ash 8%, raw cellulose 7%, and raw 
fat 3%; Bil-yem, Ankara, Turkey). Before the experiment, 
the animals were housed in the laboratory in groups in 
standard cages with sawdust flooring at normal room 
temperature (22–25 °C) and in a 12 h light/12 h dark cy-
cle. Access to water alone was permitted 12 h before and 
after the experiment. 

Polymicrobial sepsis was induced in healthy rats using 
the CLP model. For that purpose, the rats were anesthe-
tized with a combination of 75 mg/kg ketamine and 5 
mg/kg xylazine. The rats were placed in the supine po-

sition while the abdominal region was shaved and 
cleansed with a 10% povidone-iodine solution. A two 
cm abdominal midline incision was first made. Then the 
cecum was located and explored through the anterior 
muscles of the abdominal wall. The cecum was ligated 
with 3/0 silk distally to the ileocecal valve in such a way 
as not to impair blood flow or intestinal circulation. Four 
holes were made in the cecum (one from one side and 
one from the opposite side) with the help of an 18-gauge 
needle, and one part of the cecum content was exterior-
ized. The abdomen was washed with one ml saline solu-
tion and then closed with a 3/0 synthetic absorbable 
sterile suture. 

2.2. Study design 

The rats were randomly assigned into groups con-
taining six animals each. 
1. Control group (group healthy; n=6): No procedure 

was performed on the animals in this group to deter-
mine the investigated parameters in normal healthy 
animals. Intracardiac blood and lung tissue speci-
mens were collected immediately after sacrificing the 
rats. 

2. Sepsis group (CLP group; n=6): CLP was performed 
on this group to induce intra-abdominal sepsis.  

3. Sepsis + lycopene 100 mg/kg group (L100 group; 
n=6): Lycopene (100 mg/kg) was administered by 
gastric lavage.  

4. Sepsis + lycopene 200 mg/kg group (L200 group; 
n=6): Lycopene (200 mg/kg) was administered by 
gastric lavage.  
The rats were sacrificed 18 h after the induction of 

sepsis and intracardiac blood and lung tissue specimens 
were collected immediately after the sacrifice group 
CLP, L100 and L200. 

2.3. Chemicals 

Lycopene (DSM, RedivivoTM [lycopene] 10% fluid 
suspension, Basel, Switzerland) was administered by 
gastric lavage at dosages of 100 mg/kg and 200 mg/kg 
to the rats in the L100 and the L200 groups, respectively. 

2.4. Serum IL-1β and IL-6 level measurement 

Approximately 4–6 cc of blood was collected to meas-
ure IL-1β and IL-6. The blood specimens were centri-
fuged for 10 min at 4000 rpm to separate the serum. The 
serum specimens were then placed in Eppendorf tubes 
and stored at -80°C until the day they were analyzed. Se-
rum IL-1β and IL-6 levels were determined using rat IL-
1β enzyme-linked immunosorbent assay (Invitrogen, 
USA; Code: KRC0011) and IL-6 ELISA (Invitrogen, USA; 
Code: KRC0061) kits, respectively. Unit values were ex-
pressed as pg/ml. 

2.5. Histological procedures 

The lungs of the rats were removed by opening the 
diaphragm. They were then placed in 10% neutral for-
maldehyde and sent to the pathology laboratory for his-
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topathological examination. All the conventional light mi-
croscopy procedures were carried out at the Atatürk Uni-
versity Medical Faculty Pathology Department labora-
tory. At the end of the experiment, the lung tissues were 
fixed in 10% formalin solution for 48–55 h. The tissues 
were dehydrated by passing them through increasing al-
cohol series and then cleared with xylene series. Follow-
ing the histopathological procedures, the tissues were 
embedded in paraffin and cut into five nm-thick sections 
using a microtome (Leica RM2235, Leica Instruments, 
Nussloch, Germany) with single-use microtome blades 
(Leica 819, Leica Instruments, Nussloch, Germany). The 
tissues were then stained with hematoxylin and eosin 
and examined under a light microscope. Photomicro-
graphs were also taken. 

Inflammation was evaluated using two different meth-
ods when the histopathological examination was per-
formed: 

For the first inflammation score, sections were ob-
tained systematically and randomly. The degree of in-
flammation in the perivascular area was then scored in a 
double-blinded manner by two independent pathologists 
as shown below [9]: 
0: No inflammatory cells; 
1: A few inflammatory cells; 
2: Several inflammatory cells in the peripheral regions of 
the perivascular region; 
3: Numerous inflammatory cells in the perivascular area. 

The second inflammation score was designed based 
on the presence of values indicating inflammation during 

the histopathological examination: Polymorphonuclear 
leukocytes (PMNL): Present/Absent, Vascular conges-
tion (VC): Present/Absent, Edema: Present/Absent 

2.6. Statistical analysis 

Numerical values obtained from the groups were ex-
pressed as mean ± standard deviation. Numerical data 
obtained from biochemical analyses were assessed us-
ing one-way ANOVA and Tukey tests, and p-values <0.05 
were regarded as significant. Data yielded by histo-
pathological examinations were analyzed using the 
Kruskal-Wallis and the Fisher–Freeman–Halton tests, 
and p-values < 0.05 were regarded as significant. All sta-
tistical analyses were performed on IBM SPSS-20 soft-
ware. 

 

3. Results 

3.1. Biochemical findings 

Serum IL-1β levels in the CLP group increased signif-
icantly compared to the healthy control group 
(p<0.001). In addition, serum IL-1β levels decreased sig-
nificantly in the L100 and L200 groups compared to the 
CLP group (p<0.001). Although a numerical decrease 
was observed in serum IL-1β levels in L100 and L200 
groups, the difference was not statistically significant 
(p>0.05) (Fig. 1).

 

Fig. 1. Group healthy, Group ÇLP, Group L100, Group L200 IL-1β values in pg/ml. 
  * p<0.001 for the CLP group compared with the healthy group. 

      ** p<0.001 for the CLP group compared with the L100 and L200 groups.

Serum IL-6 levels in the CLP group increased signifi-
cantly compared to the healthy control group (p<0.001). 
The administration of both doses of lycopene in the L100 
and L200 groups reduced serum IL-6 levels significantly 
compared to the CLP group (p<0.001). Serum IL-6 levels 
were also statistically significantly lower in the L200 
group compared to the L100 group (p<0.01) (Fig. 2). 

3.2. Histopathological findings 

Light microscopic examination revealed that pulmo-
nary tissues from the rats in the healthy control group 
were within physiological limits: no inflammation, edema, 
nor congestion was observed (Fig. 3a). However, marked 
interstitial expansion and inflammation, diffuse conges-
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tion, and edema were observed in the CLP group (Fig. 3b). 
The degree of Inflammation and congestion decreased 
while edema improved in the L100 group compared to the 

CLP group (Fig. 3c). Furthermore, we observed that the 
pulmonary tissue from the L200 group exhibited a mor-
phology close to that of the healthy controls (Fig. 3d).

 

Fig. 2. Group healthy, Group CLP, Group L100, Group L200 IL-6 values in pg/ml. 
    * p<0.001 for the CLP group compared with the healthy group. 

        ** p<0.001 for the CLP group compared with the L100 and L200 groups. 

      *** p<0.001 for the L200 group compared with the L100 group. 

 

Fig. 3. Histopathological findings: (a) Healthy group; (b) CLP group; (c) L100 group; (d) L200 group.  
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3.3. Histopathological changes in lung tissues 

Histopathological inflammation scores in the study 
groups were produced for PMNL, VC, and edema (Table 
1). We found that the degree of inflammation in the CLP 
group increased compared to the healthy control 
group, while it decreased in the L100 group compared 
to the CLP group and decreased more markedly in the 
L200 group compared to the CLP group. 

Statistical analysis was performed using the Krus-
kal-Wallis test with the assumption that the variables 
were gradually increasing or decreasing ordinal varia-
bles. Analyzed in terms of PMNL, VC, and edema, the de-

gree of inflammation in the CLP group increased signif-
icantly compared to the healthy control group 
(p<0.001). Assessed in terms of PMNL, VC, and edema, 
the degree of inflammation in the L200 group was sig-
nificantly lower than in the CLP group (p<0.001). Again, 
assessed in terms of PMNL, VC, and edema, the degree 
of inflammation was also lower in the L100 group than 
in the CLP group, although the difference was not sta-
tistically significant (p>0.05). Similarly, although a nu-
merical decrease in the degree of inflammation was ob-
served in the L200 group compared to the L100 group, 
the difference was not statistically significant (p>0.05) 
(Table 2).

Table 1. A comparison of graded inflammation findings in lung tissue among the study groups. 

 
Healthy group 

(n=6) 
CLP group 

(n=6) 
L100 group 

(n=6) 
L200 group 

(n=6) 

PMNL 

0 3 (50%) 0 (0%) 0 (0%) 1 (16.7%) 

1 3 (50%) 0 (0%) 3 (50%) 5 (83.3%) 

2 0 (0%) 0 (0%) 3 (50%) 0 (0%) 

3 0 (0%)   6 (100%) a 0 (0%)    0 (0%) b 

VC 

0 2 (33.3%) 0 (0%) 0 (0%) 5 (83.3%) 

1 4 (66.7%) 0 (0%) 5 (83.3%) 1 (16.7%) 

2 0 (0%) 2 (33.3%) 1 (%16.7) 0 (0%) 

3 0 (0%)    4 (66.7%) a 0 (0%)    0 (0%) b 

Edema 

0 5 (83.3%) 0 (0%) 2 (33.3%) 6 (100%) 

1 1 (16.7%) 0 (0%) 4 (66.7%) 0 (0%) 

2 0 (0%)   6 (100%) a 0 (0%)    0 (0%) b 

All data are expressed as number (percentage).  
Kruskal Wallis test 

CLP: Cecum ligation and perforation; PMNL: Polymorphonuclear leukocyte; VC: Vascular congestion. 
a p<0.001 for the CLP group compared with the healthy groups. 
b p<0.001 for the CLP group compared with the L200 groups. 

Table 2. Comparison of graded inflammation findings in lung tissue among the groups. 

 
Healthy group 

(n=6) 
CLP group 

(n=6) 
L100 group 

(n=6) 
L200 group 

(n=6) 

PMNL Median 0.50 (0-1) 3.00 (3-3) a 1.50 (1-2) 1.00 (0-1) a 

VC Median 1.00 (0-1) 3.00 (2-3) b 1.00 (1-2) 0.00 (0-1) b 

Edema Median 0.00 (0-1) 2.00 (2-2) c 1.00 (0-1) 0.00 (0-0) c 

Results were presented as mean ± standard deviation.  
Kruskal Wallis test 

CLP: Cecum ligation and perforation; PMNL: Polymorphonuclear leukocyte; VC: Vascular congestion. 
a p < 0.001 for the CLP group compared with the healthy and L200 groups. 
b p < 0.001 for the CLP group compared with the healthy and L200 groups. 
c p < 0.001 for the CLP group compared with the healthy and L200 groups. 

No statistically significant difference was observed be-
tween the groups when the presence or absence of PMNL 
in the lung tissues was used as a marker of inflammation 
(p>0.05). When the presence or absence of VC was evalu-
ated as a marker of inflammation in the study groups, a 
significant decrease in inflammation was observed in the 
L200 group compared to the CLP group (p<0.001). VC was 
also significantly lower in the L200 group compared to the 

L100 group (p<0.001). When the presence or absence of 
edema was used as a marker of inflammation, a significant 
increase in edema was observed in the CLP group com-
pared to the healthy control group (p<0.001). In addition, 
edema decreased in the L100 group compared to the CLP 
group, but this was not statistically significant (p>0.05). 
However, edema decreased significantly in the L200 
group compared to the CLP group (p<0.001) (Table 3).  
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Table 3. A comparison of inflammation findings in lung tissue among the groups. 

 
Healthy group 

(n=6) 
CLP group 

(n=6) 
L100 group 

(n=6) 
L200 group 

(n=6) 

PMNL (Yes/No) 3/3 0/6 0/6 1/5 

VC (Yes/No) 2/4    0/6 a    0/6 b 5/1 

Edema (Yes/No)    5/1 c    0/6 a 2/4 6/0 

Results were presented as number.  
Fisher–Freeman–Halton test 

CLP: Cecum ligation and perforation; PMNL: Polymorphonuclear leukocyte; VC: Vascular congestion. 
a p<0.001 for the CLP group-L-200 group 
b p<0.001 for the L100 group -L200 group  
c p<0.001 for the healthy group-CLP group 

4. Discussion 

In our study, IL-1β and IL-6 levels were significantly 
decreased in both lycopene groups compared to the ce-
cal ligation perforation group. When we look at our 
study in terms of histopathological findings, inflamma-
tion findings were decreased in both lycopene groups 
compared to the cecal ligation perforation group. A sta-
tistically significant decrease in inflammation was found 
in the L 200 group compared to the other groups. 

Despite the variation in the incidence of sepsis and 
septic shock in the last 10 years, significant reductions 
have been observed since consensus decisions have 
been adopted for the treatment of severe sepsis in pa-
tients presenting to intensive care, leading to lower mor-
tality rates. The reasons for this include early diagnosis, 
more conscious emergency treatment, and earlier initia-
tion of antibiotic therapy [10]. However, there is still no 
reliable and specific parameter that can be used to 
promptly identify septic patients [11]. 

Models frequently employed for inducing experi-
mental sepsis include intravascular lipopolysaccharide 
injection, induction of peritonitis by applying feces or 
bacteria into the peritoneal cavity, abscess creation with 
infected material, opening an intestinal segment, ascend-
ing colon stent peritonitis, and CLP [12]. CLP, a simple 
model that can be applied in clinical settings and can be 
used in all animal species to induce intra abdominal sep-
sis, has become a widely employed method in experi-
mental studies. We, therefore, employed a CLP sepsis 
model in the present study. 

In polymicrobial sepsis, cytokines such as IL-1β, IL-6, 
and TNF-α are released from intestinal epithelial cells. 
These cytokines have been proved to play an important 
role in the inflammatory response [13,14]. An increase 
in IL-6 levels has been identified as a marker of poor 
prognosis and linked to severe inflammatory complica-
tions [15]. Parameters such as IL 1β and IL-6 were there-
fore investigated in animals with CLP-induced sepsis in 
the present study. Several studies have reported signifi-
cant increase in IL-1β, IL-6, and TNF-α levels due to the 
inflammatory response in induced sepsis models [15]. 
This is consistent with the findings of the present re-
search and supports the model used to induce sepsis. 
Similar to previous literature, we found significantly 
higher IL-1β and IL-6 levels in the sepsis group than in 
the control group. Thus, we believe that IL-1β and IL-6 

values can represent important parameters in the treat-
ment of sepsis [16,17]. 

The present study employed lycopene, a hydrocarbon 
with known antioxidant, anticarcinogenic, and anti-in-
flammatory effects, and hypothesized that it might be 
beneficial in the treatment of sepsis. While our scan of 
the literature revealed that the antioxidant and anticar-
cinogenic effects of lycopene have been widely studied, 
there has been insufficient research on its anti-inflam-
matory effects in sepsis. We, therefore, investigated the 
anti inflammatory effect of lycopene in rats with induced 
sepsis. Lycopene suppresses inflammation by reducing 
the synthesis of the proinflammatory molecules—pros-
taglandin, prostacyclin, thromboxane, and leukotriene, 
and regulating cyclooxygenase and lipo oxygenase activ-
ities [18]. 

There is a known interaction between oxidative stress 
and inflammation. Nuclear factor Kappa-B is one of the 
protein complexes that control transcription in DNA and 
it is co present with inhibitor factor Kappa-B, which is 
generally found in the passive form in cytoplasm and be-
comes activated when it separates from inhibitor factor 
kappa-B through phosphorylation. According to Huang 
et al., lycopene can act as an anti-inflammatory molecule 
by inhibiting the binding activity of nuclear factor 
Kappa-B [19]. 

Chung et al. [21] determined that smoking increased 
IL-1β levels in smokers’ saliva and phlegm [20]. Simone 
et al. exposed macrophages to cigarette smoke and 
showed that the increase in IL-8 synthesis reached a 
level that is close to that of the control group approxi-
mately 3 h after lycopene treatment. The authors thus 
determined that oxidative stress and inflammation were 
suppressed as a result of lycopene treatment. 

The anticarcinogenic effect of lycopene observed in 
animal studies may be associated with the antioxidant 
activity of lycopene, stimulation of gap junctions provid-
ing intercellular signaling, induction of detoxification en-
zymes, and cellular proliferation inhibition. Studies have 
shown that lycopene may protect lipids, nucleic acids, 
and proteins against oxidative stress that is capable of 
resulting in cancer, and it has been suggested as poten-
tially useful in the treatment of cancer [22,23]. 

Research has also demonstrated that lycopene can re-
duce the effects of toxic agents when administered to-
gether. Jamshidzadeh et al. [24] investigated the effects 
of tomato extract on pulmonary, hepatic, and renal tox-
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icity induced in rats with amiodarone, acetaminophen, 
and cyclosporine, respectively, and reported biological 
and histopathological improvement in the groups in 
which lycopene was administered together with the 
toxic substances. A review study published by Petyaev 
[25] reported that, in studies on chronic vascular dis-
eases using various animal models, lycopene led to in-
creased endothelial nitric oxide synthase activity, which 
returned nitric oxide levels to normal, and improved en-
dothelial function, as well as the weakening of inflamma-
tory damage and inhibition of cholesterol biosynthesis.  

Lycopene has been shown to exhibit beneficial effects 
in models of hypertension and diabetes [26,27]. Hyper-
glycemia is an important clinical parameter in the path-
ogenesis of sepsis and develops due to various causes. 
The use of lycopene in rats with induced sepsis in the 
present study is, therefore, particularly valuable. The ef-
fect of lycopene on sepsis-related hyperglycemia may be 
a subject deserving of investigation. 

Colitis is not yet fully understood. Genetic and envi-
ronmental factors, micro-organisms or their antigens, 
and immune system disorders have been implicated in 
the etiopathogenesis of colitis [28]. Reifen et al. [29] 
studied colitis in rats following iron supplementation 
and showed that lycopene reduced oxidative stress and 
inflammation. They also observed that lycopene had an 
anti-inflammatory effect. 

Lung tissue is one of the organs that is affected in 
cases of sepsis. Cadirci et al. [9] evaluated lung damage 
in rats with sepsis that is induced using a CLP model. 
Their histopathological examination showed signifi-
cantly greater PMNL infiltration, VC, and edema in the 
sepsis group than in the other study groups. A study in-
vestigating the protective effect of lycopene in a lung dis-
ease model induced in rats with oleic acid showed less 
neutrophilic infiltration and perivascular and alveolar 
edema in the lycopene group [30]. Lung damage is one of 
the principal pathologies that develop in sepsis and the 
main cause of secondary Acute Respiratory Distress Syn-
drome. In the present study, we investigated pulmonary 
histopathology using lycopene in rats with induced sep-
sis and detected a positive anti-inflammatory effect after 
the treatment. 

Hua et al. [31] investigated acute lung damage as a re-
sult of induced sepsis in rats. The changes detected after 
histopathological analysis of the septic lung included 
pulmonary edema, breakdown of pulmonary alveolar 
structures, and inflammatory cell infiltration. 

Demir et al. [32] performed a histopathological exam-
ination of the lungs of rats with CLP induced sepsis and 
observed mononuclear cell infiltration in lung tissue, in-
creased capillary permeability, alveolar edema, diffuse 
alveolar injury, and increased numbers of alveolar mac-
rophages. In light of the studies cited above, which 
showed that the lung is affected in sepsis, we believe that 
lycopene administration can be used to prevent pulmo-
nary inflammation in a sepsis model. 

As limitations of our study; CRP, Procalcitonin, plate-
let and leukocyte values in the blood should not be 
checked and only the lung should be evaluated histo-
pathologically. These include not examining tissues that 
can be easily affected by sepsis-related inflammation, 

such as the liver, brain and kidney. A more comprehen-
sive study could be conducted by increasing the number 
of rats. 

 

5. Conclusions 

In this study documenting in terms of serum IL-1β 
and IL-6 levels and changes occurring in lung tissues in a 
CLP-induced model of sepsis in rats, we believe that the 
use of lycopene in sepsis will be beneficial. In addition, 
we found that the 200 mg/kg lycopene dosage exhibited 
more positive effects than a dosage of 100 mg/kg in the 
treatment of sepsis in our CLP-induced model. 
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