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EXPERIMENTAL STUDY

Investigation of the effectiveness of ghrelin treatment in lung 
tissue of rats with sepsis
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ABSTRACT
OBJECTIVE: We aimed to investigate the effects of exogenous ghrelin on cytokine and ghrelin levels, oxidant 
parameters, and apoptotic genes in lung tissue during sepsis. 
BACKGROUND: There was evidence that changes of apoptosis are linked with morbidity and mortality in sepsis. 
There were scarce studies on the effect of ghrelin on apoptotic genes and endogenous ghrelin levels during sepsis.
METHODS: Male Wistar albino rats 200–250 g were separated into four groups; Control, LPS (5 mg/kg), Ghre-
lin (10 nmol/kg i.v.), and LPS+Ghrelin. Tumor necrosis factor-alpha (TNF-α), interleukin-10 (IL-10), and ghrelin 
levels were determined from lung tissue using enzyme-linked immunosorbent assay (ELISA). TNF-α, IL-10, 
Bcl-2, and Bax gene expressions were calculated using quantitative real-time polymerase chain reaction (RT-
PCR), tissue superoxide dismutase enzyme (SOD) activities and malondialdehyde (MDA) were determined 
spectrophotometerically.
RESULTS: TNF-α levels decreased in the LPS+Ghrelin group compared with the LPS (p < 0.001). IL-10 and 
MDA levels were found highly signifi cantly increased in the LPS and LPS+Ghrelin groups (p < 0.05). Tissue 
SOD activities were higher in the Ghrelin and LPS+Ghrelin group compared with the LPS (p < 0.05). TNF-α, 
and Bax expression levels were increased in the LPS compared with the other groups. IL-10 expression levels 
were increased in the experimental groups compared with the controls. Bcl-2 expression levels were increased 
in the Ghrelin and LPS+Ghrelin compared with other groups. 
CONCLUSION: Ghrelin treatment attenuated LPS-induced lung injury. Treatment with ghrelin had no impact on 
serum and tissue ghrelin levels, but it decreased the level of proinfl ammatory cytokines. We found that ghrelin 
treatment had an antioxidant effect on SOD levels. Also, ghrelin decreased the activity of proapoptotic Bax and 
increased antiapoptotic Bcl-2. Our fi ndings suggest that administration of ghrelin may attenuate damage in lung 
tissue during sepsis (Fig. 4, Ref. 33). Text in PDF www.elis.sk.
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Introduction

Acute  lung injury (ALI) or acute respiratory distress syndrome 
is commonly caused by sepsis. Acute lung injury, as the most 
common complication of septic shock, has also attracted more at-
tention from researchers because it may directly affect prognosis 
of patients with septic shock (1). Elevated production/release of 
proinfl ammatory cytokines (e.g. TNF-α and IL-6) and excessive 
reactive oxygen species (ROS) generation can cause lung injury 
in sepsis (2,3).

The main sources of ROS in the lung during sepsis are in-
fl ammatory cells and mitochondria. Production of ROS leads to 

lipid, protein, and extracellular matrix damage, which increases 
pulmonary infl ammation (4). 

The presence of high serum malondialdehyde (MDA) levels 
supports the hypothesis that increased oxidative stress, particu-
larly lipid peroxidation, contributes to sepsis pathophysiology (5). 

The severity of ALI is associated with the intensity of pul-
monary peroxide nitrite, a strong oxidative substance involved 
in oxidative stress. Peroxide nitrite generation is affected by su-
peroxide dismutase (SOD) (6). Superoxide dismutase (SOD) is a 
component of antioxidant response and catalyzes the conversion 
of superoxide anions to hydrogen peroxide (7). 

In lungs affected by sepsis, the death of several cell popula-
tions, including neutrophils and alveolar macrophages, has been 
observed. Apoptosis represents an intentional pathway for the 
removal of these cells, contributing to resolution of the acute pul-
monary infl ammation (8).

The best-studied mechanisms of apoptosis regulation involve 
members of the Bcl-2 family (9). 

Bcl-2 family members Bcl-2 and Bax play important roles in 
sepsis-induced pulmonary epithelial cell apoptosis, and cell sur-
vival is associated with the ability of cells to maintain a homeo-
static level of Bcl-2 (10). 
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Ghrelin exhibits an antiapoptotic effect in several cell types, 
prevents lipid peroxidation, decreases antioxidant enzyme activ-
ity, and protects against sepsis-induced acute respiratory distress 
syndrome in rats (11). 

Exogenous ghrelin was shown to attenuate lung injury and 
mortality in animals in previous studies (12). 

In this study, we aimed to evaluate the effects of ghrelin on 
pro-infl ammatory cytokine TNF-α, the anti-infl ammatory cytokine 
IL-10, oxidant parameters SOD and MDA, pro-apoptotic Bax, and 
anti-apoptotic Bcl-2 genes in lung tissue of septic rats.

Materials and methods

Experimental groups
In this study, male adult Wistar albino rats (200–250 g) were 

divided into four groups, each composed of eight rats: (1) Control 
group, (2) LPS group, (3) Ghrelin group, and (4) LPS+Ghrelin 
group. The animals were fed with a commercial diet and tap water 
ad libitum, housed in cages kept at a controlled temperature (22 
± 2 °C), humidity (55 to 60 %), with a 12-h light/dark cycle. This 
study was conducted at the University of Istanbul Experimental 
Research Center, (Resolution No: 2013/123).

Experimental procedures
The control group was injected with saline. Rats were injected 

twice with LPS at 12-hour intervals: i.v. and i.p. (5 mg/kg in 1 mL 
of 0.9 % NaCl) in the LPS and LPS+Ghrelin groups. Ghrelin (10 
nmol/kg) was given using an intravenous injection in the ghrelin 
and LPS+Ghrelin groups. The rats were anesthetized with sodium 
pentothal (i.p. 30 mg/kg). Rats were decapitated 24 hours after fi rst 
injection. Lung tissues were removed and stored at –80 °C until 
required for analysis.

ELISA (enzyme-linked ımmunosorbent assay) procedure
The levels of total ghrelin (Cat. # EZRGRT-91K – EMD 

Millipore Corparation, Billerica), TNF-α (Cat. 865.000.096 – 
Diaclone, France), IL-10 (Cat. 670.070.096 – Diaclone, France), 
and the activities of SOD (ESOD-100, Bioassay system) were 
measured using specifi c ELISA kits for rats in homogenized lung 
tissue. 

Lipid peroxidation procedure 
Lipid peroxide levels in lung tissue were determined by mea-

suring the levels of MDA. In this method, the end products of lipid 
peroxidation were measured with thiobarbituric acid (TBA– Sig-
ma, Aldrich) in acid and warm conditions spectrophotometrically 
(Shimadzu, JAPAN) in 532 nm.

Histologic procedure
The lung tissue samples were fi xed in 10 % buffered formalin 

and embedded in paraffi n wax. Five-micrometer-thick sections 
were placed on polylysine-coated slides and stained with hema-
toxylin and eosin (H&E). The slides were evaluated under light 
microscopy (Olympus BX51; Olympus Corp., Tokyo, Japan) at 
40× magnifi cation. 

Gene expression procedure
After the rats were sacrifi ced, lung tissue specimens were 

taken, and the tissues were grounded into powder in liquid ni-
trogen. Total RNA was extracted using RNAzol RT reagent 
extraction with reference to the method on the kit. RNA was 
reverse-transcribed into cDNA. Twenty-four micrograms of 
RNA were reverse-transcribed to cDNA. The resulting cDNAs 
were amplifi ed using polymerase chain reaction (PCR) with 
specifi c primers for rat Bcl-2 (forward CAAGCCGGGAGA-
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Fig. 1. Section of lung tissue from control group stained with H&E, x40 magnifi cation (A). Section of lung tissue from LPS group, x40 magnifi -
cation, Arrows show leukocytes infi ltration and alveolar collapse (B). Section of lung tissue from Ghrelin group, x40 magnifi cation (C). Section 
of lung tissue from LPS+Ghrelin group, x40 magnifi cation (D). 
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ACAGGGTA; reverse CCCACCGAACTCAAAGAAGGC), 
rat Bax (forward CCGAGAGGTCTTCTTCCGTGTG; reverse 
GCCTCAGCCCATCTTCTTCCA), rat TNF-α (forward CACAC-
GAGACGCTGAAGTAG; reverse GAGCAGAGGTTCAGT-
GATGTAG) and rat IL-10 (forward CTGCAGGACTTTA-
AGGGTTACT; reverse GAGTGTCACGTAGGCTTCTATG). The 
upstream primer of housekeeping gene β-actin was 5’-AACCCT 
AAG GCC AAC CGT GAA AAG-3’ and its downstream primer 
was 5’-TCATGAGGTAGTCTGTCAG-3’; the product length 
was 241 bp. For Bcl-2, Bax, TNF-α, and IL-10, the PCR reaction 
was conducted at 45 cycles for the lungs. Each cycle consisted 
of 15 seconds at 95 °C, 25 seconds at 54 °C, and 30 seconds at 
72 °C. The amount of mRNA for each gene was normalized us-
ing β-actin, and the relative expression levels were calculated 
using the 2−ΔΔCt method. Relative mRNA levels of each gene in 
the control group samples were served as a calibrator, and the 

corresponding mRNA levels in the experimental group were ex-
pressed as fold changes as compared with that of control samples. 

Statistical analyses
Overall statistical signifi cance between the groups was tested 

with one-way ANOVA or Kruskal–Wallis test, depending on nor-
mality of distribution. In all cases, p < 0.05 was set as the limit 
of signifi cance.

Results

Histologic results
Tissue samples from the control and ghrelin rats revealed nor-

mal lung histology. Infl ammation of the alveolar wall, leukocyte 
infi ltration and aggregation of leukocytes in air spaces or vessel 
wall, thickness of alveolar wall, and alveolar collapse were ob-

Fig. 2. Tissue TNF-α values in experimental groups.** Signifi cant dif-
ferences at p < 0.001, LPS vs other groups. + Signifi cant differences at p 
< 0.001, LPS+Ghrelin vs. LPS (A). Tissue IL-10 values in experimental 
groups.* Signifi cant differences at p < 0.05, LPS vs. Control, ** Sig-
nifi cant differences at p < 0.001, LPS+Ghrelin vs. Control (B). Tissue 
SOD activity in experimental groups.* Signifi cant differences at p < 
0.05, Ghrelin and LPS+Ghrelin LPS vs. Control group (C) Tissue MDA 
levels in experimental groups. * Signifi cant differences at p < 0.05, LPS 
vs Control, ** Signifi cant differences at p < 0.001, LPS+Ghrelin vs 
Control (D). C – Control, L – LPS, G – Ghrelin, L+G v LPS+Ghrelin. 
Tissue Ghrelin levels in experimental groups (E).
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served in the LPS group. Ghrelin treatment attenuated the LPS-
induced increase in lung injury (Fig. 1). 

Cytokine results
Tissue TNF-α levels were found to be highly signifi cant in the 

LPS (p < 0.001). In LPS+Ghrelin groups TNF-α levels decreased 
compared with the LPS group (p < 0.001) (Fig. 2A).

Tissue IL-10 levels were found to be signifi cantly higher in 
the LPS and LPS+Ghrelin groups than in the control groups (p < 
0.05, p < 0.001, respectively) (Fig. 2B). 

Superoxide dismutase results
Tissue SOD activities were higher in the Ghrelin and 

LPS+Ghrelin group compared with the control group (p < 0.05) 
(Fig. 2C).

Serum SOD activites were increased in the LPS+Ghrelin group 
compared with other groups (p < 0.05) (Fig. 3A).

Lipid peroxidation results
MDA values were increased in both the LPS and LPS+Ghrelin 

groups compared with the Control group (p < 0.05, p < 0.001, re-
spectively) (Fig. 2D).

Ghrelin results
There were no signifi cant differences between the groups in tis-

sue and serum ghrelin levels (p > 0.05 for both) (Figs 2E and 3B).

Gene expression results
The mean tissue concentration of Bcl-2 gene expression in 

LPS+Ghrelin group showed a 11.62-fold increase, the ghrelin 
group showed a 4.97 fold increase, and the LPS group had a 1.62-
fold increase with respect to the control rats (Fig. 4A).

The mean tissue concentrations of Bax gene expression in the 
LPS group showed a 25.14-fold increase, a 4.06-fold increase in 
LPS+Ghrelin group, and the ghrelin group had a 1.77-fold increase 
with respect to the control rats (Fig. 4B).

In comparison with the controls, the mean tissue concen-
trations of TNF-α gene expression in the LPS group showed a 
26.42-fold increase, the ghrelin group had a 1.07-fold increase, 
and LPS+Ghrelin group showed a 3.96-fold increase (Fig 4C). 

The mean tissue concentrations of IL-10 gene expression in 
LPS+Ghrelin group showed a 7.8-fold increase, a 4.66-fold in-
crease in the ghrelin group, and there was a 4.5-fold increase in 
the LPS group, with respect to control rats (Fig. 4D). 

Discussion

LPS could progress to septicemia and further lead to systemic 
infl ammatory response syndrome, and even the most common and 
acute lung injury. The physiologic characteristics of the lung make 
it the fi rst target organ to be involved and attacked (13). The lung 
is frequently the fi rst organ  to fail during the sequential develop-
ment of multiple organ dysfunction in sepsis. Severe sepsis, when 
accompanied by acute respiratory distress syndrome, continues to 
be the leading cause of death in intensive care units, with a mor-

tality that has remained over 40 % (14). The early phase of sepsis 
is dominated by a hyperinfl ammatory state mediated by systemic 
production of infl ammatory cytokines, including interleukin 1 (IL-
1), IL-6, and TNF-α. This hyperinfl ammatory “cytokine storm” 
may lead to signifi cant end-organ damage and death in a subset 
of patients. TNF-α, as a pro-infl ammatory factor, is the fi rst multi-
functional cytokine produced from LPS-stimulated monocytes and 
macrophages, which elicits the infl ammatory cascade and contrib-
utes to the severity of lung injury (15). In our study, tissue TNF-α 
levels were found to be highly signifi cant in the LPS group. Also 
the mean tissue concentrations of TNF-α gene expression in LPS 
group showed a 26.42-fold increase compared with the controls. 

Ghrelin has been reported to downregulate cytokines in human 
endothelial cells (16). In this regard, studies have demonstrated 
that treatment with ghrelin in a rat model of endotoxemia signifi -
cantly decreased circulating levels of cytokines (17). In this study, 
concentrations of TNF-α gene expression in LPS+Ghrelin groups 
decreased compared with the LPS group. The mean tissue concen-
trations of TNF-α gene expression in the LPS+Ghrelin group were 
increased 3.96-fold with respect to the control rats. 

Concomitant with the initial hyperinfl ammatory response is 
a near-simultaneous production of anti-infl ammatory cytokines, 
including IL-10, that serves to balance the infl ammatory state 
(18). In this study, tissue IL-10 levels and gene expression were 
shown to increase in the LPS group in a reaction to the infl am-
matory response. IL-10, a potent anti-infl ammatory cytokine, has 

A

B

Fig. 3. Serum SOD activitiy in experimental groups. * Signifi cant dif-
ferences at p < 0.05. LPS+Ghrelin group versus other groups (A). Se-
rum Ghrelin levels in experimental groups (B).
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been shown to predict poor prognosis in patients with sepsis, and 
modulation of IL-10 in selected animal models of sepsis improved 
survival (19). While the IL-10 gene expression in the LPS group 
showed a 4.5-fold increase, in the LPS+Ghrelin group IL-10 gene 
expression showed a 7.8-fold increment.

Sepsis and endotoxaemia lead to the production of ROS, which 
has been assumed to play a role in the induction of many proin-
fl ammatory cytokines and mediators important in producing the 
acute infl ammatory responses associated with sepsis (6). 

MDA levels are commonly considered as markers of oxidative 
stress, and antioxidant status is increased in patients with acute 
respiratory distress syndrome (20). In our study, MDA values were 
increased in the LPS group compared with the control animals.

SOD is the only antioxidant enzyme that can scavenge super-
oxide, and it has been reported to be markedly decreased in sepsis-
induced ALI (21). The present study revealed that the antioxidant 
capacity was signifi cantly decreased during sepsis. Previous studies 
demonstrated that the level of extracellular SOD activity negatively 
correlated with the severity of lung injury (22). 

Ghrelin improved SOD activity (23). Tissue SOD activities 
were higher in the Ghrelin and LPS+Ghrelin group. Serum SOD 
activities were higher in the LPS+Ghrelin group. Survival stud-
ies have provided the most compelling evidence that apoptotic 
changes in tissues can contribute to morbidity and mortality that is 
directly associated with sepsis (24). The most studied mechanism 
is apoptotic regulation by two families of downstream mediators, 
the anti-apoptotic Bcl-2 family and the pro-apoptotic Bax family 
(25). LPS augmented expression of the pro-apoptotic protein Bax 

(26). In our study, Bax expression levels were increased in the 
LPS groups compared with the other groups. The Bcl-2 protein is 
antiapoptotic and is located within the mitochondria, endoplasmic 
reticulum, and nuclear membranes, where most ROS are generated 
to exert their apoptotic effects. Whereas Bcl-2 prevents the release 
of Cyt c into the cytosol after exposure to cytotoxic stimuli, pro-
apoptotic Bax induces the mitochondrial release of Cyt c, which 
activates the caspase cascade and apoptosis (27). We showed that 
Bcl-2 expression levels were signifi cantly increased in the ghrelin 
and LPS+Ghrelin groups compared with the other groups. 

The lungs are one of the earliest organs to be damaged in the 
course of sepsis and therefore, the extent of lung injury is an im-
portant clue to determine the extent of infl ammation (28). Liu et 
al. observed pulmonary edema caused by the increase of capillary 
permeability using electron microscopy, and structural damage of 
type II alveolar epithelial cells in H&E staining of lung tissue sec-
tions during sepsis (29). In parallel, we demonstrated lung injury in 
sections from rats with LPS treatment. However, ghrelin treatment 
attenuated the LPS-induced increase in lung injury. Rat ghrelin 
is benefi cial in rat models of polymicrobial sepsis (30). Luo et 
al. showed that systemic infl ammation was negatively correlated 
with plasma ghrelin in chronic obstructive pulmonary disease 
(31). Recent studies have shown that ghrelin can attenuate severe 
sepsis-induced ALI and mortality through the inhibition of NF-κB 
(32). Serum ghrelin levels have been reported to be decreased or 
increased after LPS injection depending on the timing of disease 
course. In the literature, the serum ghrelin levels increased at 16 
hours after exposure to LPS (17, 33). 

A B

C D

Fig. 4. Bcl-2, Bax, TNF-α, IL-10 gene expresssions results (A–D).
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We administered exogenous ghrelin through intravenous in-
jection. There were no signifi cant differences among the ghrelin 
groups in tissue and serum ghrelin levels. Although there was no 
statistically signifi cant difference, ghrelin levels were decreased 
in LPS group, and increased in the LPS+Ghrelin group. However, 
exogenous ghrelin treatment showed a positive effect on IL-10, 
SOD, Bax and Bcl-2 gene levels during sepsis. In conclusion, we 
propose that administration of ghrelin may attenuate lung tissue 
damage during sepsis. 
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