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ABSTRACT
Background/Aims: Accumulating evidence reveals esmolol could protect the gut mucosa through the regulation of immune response 
and inflammation in
patients with sepsis. However, its underlying mechanism is not fully understood.
Materials and Methods: Diamine oxidase (DAO), intestinal fatty acid-binding protein (I-FABP), interleukin (IL)-6, and IL-10 in the plasma 
of rats were detected by ELISA assay. Western blotting was utilized to measure the expression levels of NF-kappa B-p65, Bcl-2, and 
cleaved caspase-3 in the intestinal tissues. The survival analysis was performed in each group.
Results: The plasma levels of DAO and IL-10 levels were increased, whereas that of I-FABP and IL-6 were decreased in the sepsis rats af-
ter esmolol treatment, indicating that after the esmolol treatment, the intestinal inflammation and damages were remarkably reduced 
as compared to those in the normal saline  treated sepsis rats. NF-κB-p65 and Bcl-2 were highly expressed, but cleaved caspase-3 
showed lower expression in the esmolol treated groups. However, at the same time, we observed contrasting results in the normal saline 
treated group. Western blotting data indicated that the esmolol treatment inhibited the inflammation and apoptosis in the intestinal 
tissue due to the overexpression of NF-κB-p65 in the celiac sepsis rats. The survival analysis results indicate that the esmolol infusion 
should be used in the early stages sepsis rats.
Conclusion: Esmolol can suppress inflammation and apoptosis in the intestinal tissue via the overexpression of NF-kappa B-p65 in the 
early stage sepsis rats. kappa BEarly-stage use of esmolol might be an ideal treatment method for sepsis.
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INTRODUCTION 
Serious bacterial infection can lead to sepsis, multiple 
organ dysfunction syndrome (MODS), and septic shock 
(1, 2). Although we have made delectable progress in the 
treatment of sepsis, septic shock accounts for 10% of 
the patients in the Intensive Care Unit (ICU), and 20% - 
30% of all mortality in the ICU patients (3, 4). 

The intra-abdominal infections (IAIs) related mortality 
is the second most common event in the ICU (5). The 
intestine is the first organ to be affected by the devel-
opment and deterioration of IAIs. The intestinal mucosa 
of all mammals is an important physical barrier to sepa-
rate the gut content and bacteria from the internal en-
vironment. Its integrity or incompletion plays a crucial 
role in the onset of sepsis, and its deterioration and re-

covery (6). Sepsis induces multiple dysfunctions in the 
intestinal mucosal epithelium, such as the increase in 
cytokine production (7) and epithelial cell apoptosis (8, 
9). Recent studies have reported that preventing sep-
sis-induced apoptosis of the intestinal mucosal cells 
can dramatically improve the survival rate of the pa-
tients with sepsis (10). 

The autonomic nervous system and host immune system 
play a key role in the resistance to infection, but this resis-
tance is commonly excessive and detrimental. The sym-
pathetic overstimulation and the overactivation of cat-
echolamine and the inflammatory factors released can 
drive a positive feedback circulation of the cardiovascular 
and other organ dysfunction (11). The previous study has 
indicated that the lower sympathetic level or/and higher 
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parasympathetic level can remarkably increase the sur-
vival rate in the patients with sepsis (12).

Beta-blockade can effectively reduce the pro-inflamma-
tory factors in the body, improve the cardiac function, 
and enhance the survival rate (13, 14). Esmolol, one of 
the β1-adrenergic receptor blockers, has been used by 
the researchers in animal studies on sepsis (15, 16), which 
demonstrate promising effects in experimental models. 
However, the exact mechanisms underlying the favorable 
effects are not fully understood. In this study, a rat sep-
sis model was established to investigate whether esmo-
lol can alleviate the dysfunctions of the gastrointestinal 
tract and to elucidate the underlying mechanism of be-
ta-1-blockers in the treatment of the celiac infection. 

MATERIALS AND METHODS 

Animals
Two hundred and ninety-four SD rats (male, 250-300 g) 
were purchased from the laboratory animal center in the 
Basic Medical College of the Lanzhou University. In the 
present study, we selected 54 rats and randomly divided 
them into three groups (each group containing 18 rats) as 
follows: SNS (Sham operation + normal saline (NS) treat-
ed); CNS (Cecal ligation and puncture + NS treated), and 
CE (Cecal ligation and puncture + Esmolol treated). Then, 
each group was randomly divided into three subgroups 
(n=6), which included 6hS, 12hS, and 24hS (6, 12, and 24 
h subgroups, respectively), according to the esmolol or 
NS infusion time after the operation. Subsequently, 240 
rats were randomly separated into three groups for 7-day 
survival rates analyses: SNS (n=60), CNS (n=90), and CE 
(n=90). Then, the rats in each group were randomly divid-
ed into three subgroups (6hS, 12hS, and 24hS), as men-
tioned above. 

This study was approved by the experimental animal eth-
ics committee of the Lanzhou University Second Hos-
pital (License number: SCXK 2013-0002). Esmolol (Qilu 
Pharmaceutical Co., Ltd. Shandong Province, China) and 
NS (Kelun Pharmaceutical Co., Ltd. Sichuan Province, 

China) were kindly donated by the pharmacy at the Lan-
zhou University Second Hospital. 

Establishment of the animal model 
After inducing general anesthesia under isoflurane, the 
sepsis model of the rats was established via the cecal li-
gation and puncture (CLP) method, which was performed 
in the CNS and CE groups, as described previously (17). In 
the SNS group, we just separated the cecum and mes-
entery, but the intestinal gut was not ligated and punc-
tured. We settled the infusion tube in the internal jugular 
vein by catheterization. Subsequently, the rats received 
an immediate subcutaneous injection of 2 mL NS to 
compensate for the insensible fluid losses that occurred 
during the surgery. The esmolol solution (esmolol injec-
tion was diluted to 5 mg/mL with normal saline) was con-
tinuously injected into the internal jugular vein of the rats 
at a flow velocity of 1 mL/h in the 6hS, 12hS, and 24hS 
subgroups in the CE group. NS was continuously injected 
at a flow velocity of 1 mL/h in the other groups. The flu-
id was pumped at a flow velocity, which was determined 
according to the water intake and urine volume of the rat, 
as described previously (18). To maintain the liquid input 
even, we used an infusion pump (Zhejiang Smith Medi-
cal instrument Co., Ltd., China) for continuous pumping 
in this experiment. After the liquid was infused, the neck 
incision of the rats was sutured, and fasting and water in-
sufflation were performed. Except for the 7-day survival 
analyses rats (240 rats), all the other rats (54 rats) were 
sacrificed at 24 h from the starting point of the proce-
dure. 

Enzyme-linked immunosorbent assay
Each sacrificed rat was used to collect the blood sam-
ples (4 mL), which were incubated at room temperature 
for 2 h and then centrifuged to obtain the plasma. The 
enzyme-linked immunosorbent assay (ELISA) kits were 
used to detect the rat plasma levels of IL-6, IL-10, Di-
amine oxidase (DAO), and intestinal fatty acid-binding 
protein (I-FABP). The specific procedure was carried out 
strictly according to the manufacturer’s instructions, and 
the absorbance of all the objects was measured at 450 
nm using a microplate reader (Thermo Fisher, China).

Western blotting 
The intestinal tissues, which were obtained from each of 
the 24 h subgroups, were ground into tissue homogenates 
and lysed for 30 min on ice in the radioimmunoprecipi-
tation assay (RIPA) buffer. Then, the supernatants were 
used for the western blot analysis of NF-kappa B-p65, 
Bcl-2, and cleaved caspase-3 proteins. The samples were 

MAIN POINTS
• Esmolol can suppress inflammation and apoptosis in the 

intestinal tissue.
• Esmolol promote NF-kappa B-p65 and Bcl-2 expression, 

but inhibit cleaved caspase-3 expression.
• Esmolol can suppress inflammation and apoptosis via the 

overexpression of NF-kappa B-p65.
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subjected to 12% sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred to the 
nitrocellulose membranes. Then, the blots were detect-
ed using the primary antibodies (Wuhan Fine Biotech Co., 
Ltd. Hubei Province, China). After washing 4 times with 
PBS-Tween 20, horseradish peroxidase-conjugated sec-
ondary antibodies were added. The procedure of West-
ern blotting was performed as previously described (19). 
The expression of β-actin was used to show equal pro-
tein loading. The blots were detected using the improved 
chemiluminescence reaction. Gray quantification of the 
protein bands was measured by the ImageJ software. All 
the experiments were carried out at least 3 times. 

Hematoxylin Eosin (HE)staining
To observe the morphological and inflammatory chang-
es under the binocular optical microscope, the fresh in-
testinal tissues of the rats were washed with NS 3 times, 
fixed with 10% neutral formaldehyde buffer, dehydrated, 
treated with paraffin, sliced with microtome, roasted, 
dewaxed, and stained with HE. The lengths (µm) of the 
small intestine villus (crypt neck to the villus tip) in 24 h 
group were measured. 

Statistical analysis
The data are shown as mean±SD. The data analysis was 
performed using the Statistical Packages for the Social 
Sciences (SPSS) version 23.0 software (IBM Corp.; Ar-
monk, NY, USA). The statistical significance of the differ-
ences in the continuous variable data between multiple 
groups was evaluated using a one-way analysis of vari-
ance (ANOVA) LSD comparison test. The survival analysis 
of the rats was estimated by the Kaplan-Meier method 
and compared by the log-rank test. The rates were com-
pared using the Chi-square test. p<0.05 was considered 
statistically significant.

RESULTS

Esmolol decreases levels of I-FABP but increases the ac-
tivity levels of DAO in plasma 
The ELISA data showed that the concentration of DAO in 
the 6hS, 12hS, and 24hS subgroups in the CNS and CE 
groups were significantly lower than corresponding those 
in the SNS group. However, the concentrations of DAO in 
the 6hS, 12hS, and 24hS subgroups in the CE group were 
higher than corresponding those in the CNS group in a 
treatment time-dependent manner (CE6hS vs CE12hS, 
p>0.05; CE6hS vs CE24hS, p<0.05; CE12hS vs CE24hS, 
p<0.05) (Figure 1a). The concentration of I-FABP in the 
6hS, 12hS, and 24hS in the CNS and CE groups were sig-

nificantly higher than those in the SNS group. However, 
the concentration of I-FABP in the 6hS, 12hS, and 24hS 
subgroups in the CE group were lower than correspond-
ing those in the CNS group in a treatment time-depen-
dent manner (CE6hS vs CE12hS, p>0.05; CE6hS vs CE-
24hS, p<0.05; CE12hS vs CE24hS, p<0.05) (Figure 1b). 
The test results for I-FABP and DAO were as per the mor-
phological changes in the intestine (HE stain), indicating 
that the rats treated with esmolol had relatively few le-
sions than those treated with NS, including the epithelial 
cell swelling and disappearing, villus shortening, and gland 
structure destruction (Figures 2, 3). 

Esmolol reduces the concentration levels of IL-6 and en-
hances the levels of IL-10 
The concentrations of IL-6 and IL-10 in the 6hS, 12hS, 
and 24hS subgroups in the CNS and CE groups were sig-
nificantly higher than those in the SNS group. The con-
centration of IL-6 in the 6hS, 12hS, and 24hS in the CE 
group were lower than corresponding those in the CNS 
group (Figure 1c). The concentration of IL-10 in the 6hS, 
12hS, and 24hS subgroups in the CE group were high-
er than corresponding those in the CNS group (Figure 
1d). The IL-6 levels were reduced but the IL-10 levels 
were elevated in a treatment time-dependent manner 
(6hS, 12hS, and 24hS) in the CE group (CE6hS vs CE-
12hS, p<0.05; CE6hS vs CE24hS, p<0.05; CE12hS vs CE-
24hS, p<0.05). These results are as per the morpholog-
ical changes observed in the intestine (HE stain), which 
showed that the rats treated with esmolol had relatively 
less inflammatory cells infiltrating than that in the rats 
treated with NS (Figure 2).

Statistical analysis 
The Kaplan-Meier analysis (log-rank test) was used to 
analyze the 7-day survival rates after surgery. The 6hS, 
12hS, and 24hS subgroups in the CE groups had higher 
7-day survival rates than those in the corresponding sub-
groups of the CNS group. The 12hS and 24hS subgroups 
had higher 7-day survival rates than the 6hS subgroup in 
the CE group. There was no difference in the survival rate 
between the 12hS and 24hS subgroups in the CE group 
(Figure 4). 

Esmolol inhibits apoptosis via the overexpression of 
NF-kappa B-p65 
As compared to the 24hS subgroup of the SNS group, 
there was no significant difference in the protein expres-
sion levels of NF-kappa B-p65 and Bcl-2 in the 24hS 
subgroup of the CNS group, but the expression levels 
of cleaved caspase-3 elevated significantly in the 24hS 
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subgroup of the CNS group (p<0.01). The treatment with 
esmolol for 24 h significantly elevated the protein ex-
pression levels of NF-kappa B-p65 and Bcl-2 in the CE 
group as compared to that in the corresponding SNS and 
CNS groups, but the protein expression levels of cleaved 
caspase-3 in the CE group were lower than that in the 
CNS group (p<0.01) (Figure 5). 

DISCUSSION 
Serious bacterial infection can lead to sepsis syndrome, 
in which the cytokines are overactivated to resist the 
pathogen, leading to immune disorder (20). According to 
the 2012 “Surviving Sepsis Campaign Guidelines”, sepsis 
can be classified into simple sepsis, severe sepsis, and 
septic shock in terms of increasing severity (21). Simple 
sepsis is early state sepsis, which is usually defined as a 

systemic inflammatory response syndrome (SIRS), com-
monly caused by the newly established infection; it can 
progress to severe sepsis or septic shock and may not 
be diagnosed accurately and on time (22). Sepsis that is 
complicated by multiple organ dysfunction is termed as 
severe sepsis (3, 21). Septic shock is defined as the most 
severe result of sepsis, in which the abnormalities related 
to multiple organ dysfunction are associated with higher 
mortality than the early-stage sepsis alone (4). In sum-
mary, as with the treatment of early oncological diseases, 
the treatment of early-stage sepsis is crucial and can stop 
the disease from developing, preventing it from progress-
ing further and becoming a life-threatening condition.

The intestine plays a key role in the occurrence and de-
velopment of sepsis and is commonly characterized as 

Figure 1. a-d. ELISA assay shows that esmolol increases DAO and IL-10 concentration and decrease i-FABP and IL-6 concentration in sepsis rat 
plasmas. a, d) For the DAO concentrations, which in corresponding subgroups of CNS and CE group lower than those in SNS group, but which in CE 
group higher than those in CNS group. b, c) For the I-FABP or IL-6 concentrations, which in corresponding subgroups of CNS and CE group higher 
than those in SNS group, but which in CE group lower than those in CNS group. D. For the IL-10 concentrations, which in corresponding subgroups 
of CNS and CE group higher than those in SNS group, but which in CE group higher than those in CNS group. The asterisk (*) means corresponding 

subgroups of SNS group compared with those in CNS group and CE group * p<0.05, ** p<0.01. The well number (#) means corresponding 
subgroups of CNS group compared with those in CE group # p<0.05, ## p<0.01.

a

c

b

d
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the “motor” of MODS (23). The intestinal mucosal bar-
rier gets destroyed by the endogenous cytokines, which 
results in the leakage of toxic antigens and the translo-
cation of the bacteria from the gut into the tissues and 
circulatory system, finally leading to MODS (24). 

The homeostatic regulation, cardiovascular system, im-
mune system, and other organs are regulated by the 
adrenergic system. A lot of lymphoid organs and cells 
express the β-adrenergic receptors on their surfaces. 
Sympathetic activation is a well-known feature of sepsis, 
which may regulate the immune and inflammation state. 
In the early stages of sepsis, the plasma levels of cate-
cholamine are increased and the β-adrenoceptors are 

stimulated excessively, which leads to immunosuppres-
sion and the downregulation of the receptors (25). In se-
vere septic shock, the catecholamines may lead to an im-
balance between the vasoconstriction and vasodilation 
due to which the splanchnic (except heart and brain) and 
skin blood volume may reduce in a relatively short time, 
which may be pernicious over a long time. The stress-re-
lated gastrointestinal mucosal injury that is caused by 
sepsis is one of the severe complications in sepsis (26). 
A recent study has proposed that the β-blockers might 
have remarkable therapeutic potential in the treatment 
of lethal sepsis by attenuating the sympathetic activation 
and excessive inflammatory responses (27). Esmolol is a 
safe medicine that has a rapid onset of action and is elim-

Figure 2. a-i. Intestinal tissue pathological changes of sepsis rats. Rats were treated with esmolol for 6h, 12h and 24h, intestinal tissues 
from SNS, CNS and CE group were stained with HE, inflammatory changes were observed under microscope. No significant pathological 

changes were found in Sham group (a, d, g). Significant pathological changes of tissue were found in each subgroups of CNS group, which 
include epithelial cells swell and destroyed, tissue necrogenesis, inflammatory cells infiltrating (b, e, h): b) epithelial cells appear swell, relative 

less inflammatory cells infiltrating. e, h) epithelial cells appear swelling and destroyed, tissue necrogenesis, inflammatory cells infiltrating. 
These tissue destroy and inflamatic changes were reduced in each corresponding subgroups of CE group (c, f, i). HE staining 200 ×. 

a cb

d

g

e

h

f

i
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inated in the body in a relatively short time; it not only has 
some potential treatment effects but can also protect 
the gut mucosa in sepsis (27). However, the therapeutic 
effects and underlying mechanism of action of esmolol in 
sepsis are not fully understood. 

I-FABP expresses in the mucosal epithelial cells in all of 
the small intestine and partially in the colon tissues (28). 
Once the intestinal epithelial cells and cell junctions are 
injured, I-FABP leaks into the intercellular space from 
the enterocytes and permeates into the blood plasma. 
The plasma concentration of I-FABP was strongly as-
sociated with the severity of intestinal inflammation 
and injury (29). Our data shows that the plasma levels 
of I-FABP in the 6hS, 12hS, and 24hS subgroups of the 
CNS and CE groups were higher than those in the SNS 
group, which is in accordance with the previous studies 
that showed that the intestine injured by the damage 
factors has a significant elevation in the plasma levels 
of I-FABP (30). The rats were treated with esmolol for 6 
h, 12 h, and 24 h separately, and the plasma concentra-
tions of I-FABP in each subgroup showed lower values 
than those in the CNS group in a treatment time-de-
pendent manner (CE6hS vs CE12hS, p>0.05; CE6hS 
vs CE24hS, p<0.05; CE12hS vs CE24hS, p<0.05 ). This 
result indicates that the esmolol treatment for 6 h, 12 
h, and 24 h can remarkably reduce the damages to the 
intestinal mucosa in a treatment time-dependent man-
ner as compared to those in the CNS group; this is be-
cause the plasma concentration of I-FABP was strongly 

associated with the severity of the intestinal inflamma-
tion and injury. 

DAO, which can inhibit intestinal allergy, inflammation, 
and injury by eliminating histamine and its analogues, is 
a highly active enzyme that mainly localizes in the intra-
cellular intestinal mucosa of the mammalian species, in-
cluding humans (31). Previous studies have suggested 
that the intestinal DAO activity positively correlates with 
the plasma levels of DAO in the maturing rats (32). Any 
adverse effects on the intestine, which include inflam-
mation, injury or ischemia, can cause marked reduction 
in the plasma activity levels of DAO and elevation in the 
levels of histamine. In our study, the plasma activity levels 
of DAO in the CNS and CE groups were lower than those 
in the SNS group. This result is consistent with the previ-
ous study, which showed that the intestine injured by the 
adverse factors has low activity levels of DAO, indicating 
that the celiac disease-related sepsis can cause injury to 
the intestinal mucosa, leading to a decrease in the activity 
levels of DAO (31). The excessive accumulation of hista-
mines caused by the decline in the activity levels of DAO 
can cause injuries in the intestinal mucosa, triggering a vi-
cious cycle that leads to a reduction in the activity levels 
of DAO in return. The sepsis model rats were treated with 
esmolol for 6 h, 12 h, and 24 h, and the plasma concen-
trations of DAO were found to be significantly higher than 
those in the CNS group in a treatment time-dependent 
manner (CE6hS vs CE12hS, p>0.05; CE6hS vs CE24hS, 
p<0.05; CE12hS vs CE24hS, p<0.05 ). This result indirectly 

Figure 3. Villus length was quantified in sections of small intestinal. Sepsis-induced villus atrophy is exacerbated in CNS group (HE stain). 
CNS and CE group rats had markedly shorter villi than SNS group. CNS group had significantly more serious villus atrophy and shorter villi 
than CE group. Magnification 100x. Villus length was quantified in sections of small intestinal. n=6/group. The asterisk (*) means the villus 

length in CNS and CE group compared with those in SNS group. ** p<0.01. The well number (#) means subgroups of CNS group compared 
with corresponding those in. ## p<0.01. 
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indicates that the esmolol treatment for 6 h, 12 h, and 24 h 
remarkably reduced the damages to the intestinal mucosa 
in a treatment time-dependent manner as compared to 
those in the CNS group; this is because the plasma levels 
of DAO strongly associated with the severity of the intes-
tinal inflammation and injury (31). The protective effect of 
esmolol was also reflected in the morphological changes 
observed in the corresponding intestinal tissue.

IL-6 is one of the important pro-inflammatory cytokines, 
which is mainly released by the monocytes or macro-
phages (33). IL-10 is a critical suppressive cytokine of 
the inflammatory and immune response, which plays an 
important role in the pathophysiology of infection (34). 
In this study, the plasma levels of IL-6 and IL-10 were 
selected as the inflammatory markers to evaluate the 
severity of the intestinal inflammation and injury in the 

Figure 4. a-d. Survival analysis of rats in SNS, CNS and CE groups. The 6hS, 12hS and 24hS mortalities in CEgroup lower than 
corresponding those in CNS group. The 12hS and 24hS have higher survival rates than 6hS in CE group, but there is no survival rate 

difference between 12hS and 24hS in CE group (* p<0.05, ** p<0.01). All sham animals survived.

a

c

b

d
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celiac disease-related sepsis, as shown in the previous 
studies (35). We observed that the plasma levels of IL-6 
and IL-10 in the CNS and CE groups were significantly 
higher than those in the SNS group, which is consistent 
with the previous studies that showed that the inflam-
mation was activated by celiac sepsis and the produc-
tion of pro-inflammatory factor IL-6 and anti-inflamma-
tory factor IL-10 were increased in sepsis (36). Also, as 
compared with the levels of IL-6 and IL-10 in the 6hS, 
12hS, and 24hS subgroups of the CNS group, the corre-
sponding subgroups in the CE group had higher IL-10 but 
lower IL-6 levels. The IL-10 levels were elevated but the 
IL-6 levels were reduced in a treatment time-dependent 
manner (6hS, 12hS, and 24hS) in the CE group (CE6hS vs 
CE12hS, p<0.05; CE6hS vs CE24hS, p<0.05; CE12hS vs 
CE24hS, p<0.05). 

Given the inflammation-promoting effects of IL-6 and 
the inflammation inhibitory effects of IL-10 (33, 34), the 
time-dependent changes in the plasma concentrations 
of IL-6 and IL-10 in the CE group directly reflect the in-
flammation inhibitory effects of esmolol. Apoptosis, me-
diated by several anti-apoptotic and pro-apoptotic pro-
teins, is a tightly regulated cell death process that plays 
an important role in inflammation (37, 38). Bcl-2 and 
caspase-3 proteins are the two important agents that 
suppress and promote cell apoptosis (38, 39). The mor-
phological changes (HE staining) observed in the intes-
tine of the esmolol treated group had relatively less cell 
apoptosis lesion than those in the NS treated group. This 
result is per that of the CNS group, which showed low-

er levels of Bcl-2 but higher levels of cleaved caspase-3 
than the CE group. Therefore, it can be speculated that 
esmolol can partially inhibit the sepsis-induced cell apop-
tosis and necrosis in the intestinal mucosa by enhanc-
ing the levels of Bcl-2 protein and reducing the levels of 
cleaved caspase-3 protein.

NF-kappa B-p65 is one of a NF-kappa Bkappa B family pro-
teins that include 5 family members, p50, p52, p65, RelB, 
and cRel, which commonly exist as inactive dimers in the cy-
toplasm in combination with inhibition kappa B (Ikappa B). 
In this study, we selected NF-kappa B-p65 as a marker to 
investigate the effects of esmolol on the treatment of sep-
sis. The activated NF-kappa B binds with the target genes 
and exerts inhibitory or promoting effects on inflammation 
and apoptosis (40). NF-kappa B can increase the plasma 
and tissue levels of the pro-inflammatory cytokines (IL-6 
and TNF-α), which can amplify the inflammation response 
and prolong the duration of inflammation (41). However, the 
pro-inflammatory cytokines directly or indirectly activate the 
NF-kappa B pathway, establishing a positive feedback loop 
that can strengthen the inflammatory response. Therefore, 
inhibiting the NF-kappa B activity is a therapeutic method in 
the treatment of inflammation (42). However, NF-kappa B 
sometimes works as an anti-inflammatory factor and influ-
ences the production of IL-10 (43, 44). Many studies have 
indicated that increased levels of NF-kappa B can play both 
the beneficial and adverse roles in sepsis (45, 46). 

As the enhanced activity of NF-kappa B can lead to the 
alleviation of inflammation and apoptosis in the intesti-

Figure 5. a, b. Esmolol inhibits apoptosis via NF-kappa B-p65 overexpression. For 24 hours treated subgroups, there is no significant 
difference of NF-kappa B-p65 and Bcl-2 between CNS and SNS group, but those in CE group has a significant higher expression than SNS 

group. The level of cleaved caspase-3 has a significantly higher level in CNS group than SNS and CE group (**p<0.01).

a b
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nal tissues of murine models (47), but a reduction in the 
NF-kappa B activity can lead to exacerbation of inflam-
mation and apoptosis in the intestinal tissue (48, 49). 
The previous study has also reported that the decreased 
levels of NF-kappa B can lead to exacerbation of inflam-
mation and apoptosis in the intestinal tissue in the CLP 
model (50). Interestingly, the western blot analysis shows 
that those in the CE group had higher levels of NF-kap-
pa B-p65 than those in the CNS group. In this case, we 
speculate that the relevant molecular mechanism of an-
ti-apoptosis and anti-disruption effects of esmolol may 
be mediated through the enhanced levels of NF-kappa B 
in the intestine with sepsis. 

Although NF-kappa B plays an advantageous role in the 
intestinal tissue with sepsis, low NF-kappa B activity in-
duces a significant increase in apoptosis and a remark-
able decrease in inflammation in ischemia and reperfu-
sion experiments (51). In this case, the treatment method 
of NF-kappa B inhibition in sepsis should be evaluated 
deliberately.

The rats in the CE group had a higher 7-day survival rate 
than those in the CNS group. The rats in the 12hS and 
24hS subgroups had higher survival rates than those in 
the 6hS subgroup, but there was no significant difference 
between the 12hS and 24hS subgroups. These results in-
dicate that esmolol can protect the intestine from sepsis, 
but the protective effect is mainly exhibited in the early 
stages of the esmolol infusion. This study highlights that 
it might be a better approach to infuse esmolol in ear-
ly-stage patients with sepsis. 

In this in vivo study of rats, we have shown that esmolol 
could suppress the inflammation and reduce the sepsis 
caused by the damages to the intestinal tissue, which is 
reflected in the levels of IL-6, IL-10, I-FABP, and DAO. The 
results in this study indicate the underlying mechanism 
by which esmolol can suppress inflammation and sepsis 
caused damages and apoptosis via the overexpression 
of NF-kappa B-p65 in the early stage sepsis rats. The 
NF-kappa B-p65 inhibition method might not be ben-
eficial to the sepsis patients, but the early-stage use of 
esmolol might be an ideal treatment method for sepsis. 

Ethics Committee Approval: Ethics committee approval was re-
ceived for this study from the experimental animal ethics commit-
tee of the Lanzhou University Second Hospital (SCXK 2013-0002).

Informed Consent: N/A.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - C.A.G., L.M.; Design - H.B.L., L.M.; 
Supervision - Li Ma.; Resource - L.M., H.B.L.; Materials - X.L.S., Y.Z.W.; 
Data Collection and/or Processing - X.L.S., Y.Z.W., L.L.Z., B.Z., H.A.; 
Analysis and/or Interpretation - C.A.G.; Literature Search - C.A.G.; 
Writing - C.A.G.; Critical Reviews - H.B.L., L.M.

Acknowledgements: The authors are grateful to laboratory staff of 
Lanzhou University Second Hospital.

Conflict of Interest: The authors declared that this study has re-
ceived no financial support.

Financial Disclosure: This study was supported by the Rui Yi Special 
Fund for Emergency Medical Research of the Peking Union Medical 
College Foundation (R2015003), the Hospital Doctor Fund of the 
Lanzhou University Second Hospital (ynbskyjj2015-2-2), and Gen-
eral Project of Chinese People’s Liberation Army (CLZ14J005).

REFERENCES
1. Rhee C, Dantes R, Epstein L, et al. Incidence and Trends of Sepsis in 
US Hospitals Using Clinical vs Claims Data, 2009-2014. Jama 2017; 
318: 1241-9. [Crossref]
2. Abraham E. New Definitions for Sepsis and Septic Shock: Con-
tinuing Evolution but With Much Still to Be Done. Jama 2016; 315: 
757-9. [Crossref]
3. Singer M, Deutschman CS, et al. The Third International Consen-
sus Definitions for Sepsis and Septic Shock (Sepsis-3). Jama 2016; 
315: 801-10. [Crossref]
4. Shankar-Hari M, Phillips GS, Levy ML, et al. Developing a New 
Definition and Assessing New Clinical Criteria for Septic Shock: For 
the Third International Consensus Definitions for Sepsis and Septic 
Shock (Sepsis-3). Jama 2016; 315: 775-87. [Crossref]
5. Ikeh MAC, Fidel PL, Jr., Noverr MC. Identification of Specific Com-
ponents of the Eicosanoid Biosynthetic and Signaling Pathway 
Involved in Pathological Inflammation during Intra-abdominal In-
fection with Candida albicans and Staphylococcus aureus. Infect 
Immun 2018; 86. pii: e00144-18. [Crossref]
6. Majka G, Wiecek G, Srottek M, et al. The impact of lactoferrin with 
different levels of metal saturation on the intestinal epithelial barrier 
function and mucosal inflammation. Biometals 2016; 29: 1019-33. 
[Crossref]
7. Calzavacca P, Lankadeva YR, Bailey SR, Bailey M, Bellomo R, May 
CN. Effects of selective beta1-adrenoceptor blockade on cardiovas-
cular and renal function and circulating cytokines in ovine hyperdy-
namic sepsis. Crit Care 2014; 18: 610. [Crossref]
8. Guo Y, Ren M, Ge L, et al. Increased Serum Concentrations of TNF-
Like Weak Inducer of Apoptosis Predict Higher 28-Day Mortality in 
Patients with Sepsis. Emerg Med Int 2019; 2019: 7238705. [Crossref]
9. Jia Y, Li Z, Feng Y, et al. Methane-Rich Saline Ameliorates Sep-
sis-Induced Acute Kidney Injury through Anti-Inflammation, Antiox-
idative, and Antiapoptosis Effects by Regulating Endoplasmic Retic-
ulum Stress. Oxid Med Cell Longev 2018; 2018: 4756846. [Crossref]
10. Dominguez JA, Vithayathil PJ, Khailova L, et al. Epidermal growth 
factor improves survival and prevents intestinal injury in a murine 
model of pseudomonas aeruginosa pneumonia. Shock 2011; 36: 
381-9. [Crossref]
11. Sapin F, Biston P, Piagnerelli M. Predictive value of C-reactive 
protein in critically ill patients after abdominal surgery. Clinics (Sao 
Paulo) 2017; 72: 23-9. [Crossref]

339

Turk J  Gastroenterol  2020;  31(4) :  331-41 Guo et al .  Sepsis  intestine protecting effects of  esmolol

https://doi.org/10.1001/jama.2017.13836
https://doi.org/10.1001/jama.2016.0290
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1001/jama.2016.0289
https://doi.org/10.1128/IAI.00144-18
https://doi.org/10.1007/s10534-016-9973-x
https://doi.org/10.1186/s13054-014-0610-1
https://doi.org/10.1155/2019/7238705
https://doi.org/10.1155/2018/4756846
https://doi.org/10.1097/SHK.0b013e31822793c4
https://doi.org/10.6061/clinics/2017(01)05


12. Beesley SJ, Wilson EL, Lanspa MJ, et al. Relative Bradycardia in 
Patients with Septic Shock Requiring Vasopressor Therapy. Crit Care 
Med 2017; 45: 225-33. [Crossref]
13. Matsuishi Y, Jesmin S, Kawano S, et al. Landiolol hydrochloride 
ameliorates acute lung injury in a rat model of early sepsis through 
the suppression of elevated levels of pulmonary endothelin-1. Life 
Sci 2016; 166: 27-33. [Crossref]
14. Suzuki T, Suzuki Y, Okuda J, et al. Sepsis-induced cardiac dys-
function and beta-adrenergic blockade therapy for sepsis. J Inten-
sive Care 2017; 5: 22. [Crossref]
15. Lu Y, Yang Y, He X, et al. Esmolol reduces apoptosis and inflam-
mation in early sepsis rats with abdominal infection. Am J Emerg 
Med 2017; 35: 1480-4. [Crossref]
16. Liu P, Wu Q, Tang Y, Zhou Z, Feng M. The influence of esmolol on 
septic shock and sepsis: A meta-analysis of randomized controlled 
studies. Am J Emerg Med 2018; 36: 470-4. [Crossref] 
17. Zhao T, Pan B, Alam HB, et al. Protective effect of Cl-amidine 
against CLP-induced lethal septic shock in mice. Sci Rep 2016; 6: 
36696. [Crossref]
18. Yoshimura M, Nishimura K, Nishimura H, et al. Activation of en-
dogenous arginine vasopressin neurons inhibit food intake: by using 
a novel transgenic rat line with DREADDs system. Sci Rep 2017; 7: 
15728. [Crossref]
19. Zhou Z, Lin Z, He Y, et al. The Long Noncoding RNA D63785 Regu-
lates Chemotherapy Sensitivity in Human Gastric Cancer by Target-
ing miR-422a. Mol Ther Nucleic Acids 2018; 12: 405-19. [Crossref]
20. Gong S, Yan Z, Liu Z, et al. Intestinal Microbiota Mediates the Sus-
ceptibility to Polymicrobial Sepsis-Induced Liver Injury by Granisetron 
Generation in Mice. Hepatology 2019; 69: 1751-67. [Crossref]
21. Zhang Z, Smischney NJ, Zhang H, et al. AME evidence series 001-
The Society for Translational Medicine: clinical practice guidelines 
for diagnosis and early identification of sepsis in the hospital. J Tho-
rac Dis 2016; 8: 2654-65. [Crossref]
22. Zhang Y, Zhou Y, Li W, et al. Multiparameter Affinity Microchip 
for Early Sepsis Diagnosis Based on CD64 and CD69 Expression and 
Cell Capture. Anal Chem 2018; 90: 7204-11. [Crossref]
23. Clark JA, Coopersmith CM. Intestinal crosstalk: a new paradigm 
for understanding the gut as the “motor” of critical illness. Shock 
2007; 28: 384-93. [Crossref]
24. Zhang Z, Shi Y, Cai D, et al. Effect of electroacupuncture at ST36 
on the intestinal mucosal mechanical barrier and expression of occlu-
din in a rat model of sepsis. Acupunct Med 2018; 36: 333-8. [Crossref]
25. Boomer JS, To K, Chang KC, et al. Immunosuppression in patients 
who die of sepsis and multiple organ failure. Jama 2011; 306: 2594-
605. [Crossref]
26. Becq A, Urien S, Barret M, Faisy C. Epinephrine Dose Has a Pre-
ventive Effect on the Occurrence of Stress Ulcer-Induced Gastroin-
testinal Bleeding in Critically Ill Patients. Dig Dis Sci 2018; 63: 2687-
94. [Crossref]
27. Mori K, Morisaki H, Yajima S, et al. Beta-1 blocker improves sur-
vival of septic rats through preservation of gut barrier function. In-
tensive Care Med 2011; 37: 1849-56. [Crossref]
28. Wiest DB, Haney JS. Clinical pharmacokinetics and therapeutic 
efficacy of esmolol. Clin Pharmacokinet 2012; 51: 347-56. [Crossref]
29. Voth M, Duchene M, Auner B, Lustenberger T, Relja B, Marzi 
I. I-FABP is a Novel Marker for the Detection of Intestinal Injury in 
Severely Injured Trauma Patients. World J Surg 2017; 41: 3120-7. 
[Crossref]
30. Lau E, Marques C, Pestana D, et al. The role of I-FABP as a bio-
marker of intestinal barrier dysfunction driven by gut microbiota 
changes in obesity. Nutr Metab (Lond) 2016; 13: 31. [Crossref]

31. Fukudome I, Kobayashi M, Dabanaka K, et al. Diamine oxidase 
as a marker of intestinal mucosal injury and the effect of soluble 
dietary fiber on gastrointestinal tract toxicity after intravenous 
5-fluorouracil treatment in rats. Med Mol Morphol 2014; 47: 100-
7. [Crossref]
32. Luk GD, Bayless TM, Baylin SB. Diamine oxidase (histaminase). A 
circulating marker for rat intestinal mucosal maturation and integ-
rity. J Clin Invest 1980; 66: 66-70. [Crossref]
33. Saiki P, Nakajima Y, Van Griensven L, Miyazaki K. Real-time 
monitoring of IL-6 and IL-10 reporter expression for anti-inflamma-
tion activity in live RAW 264.7cells. Biochem Biophys Res Commun 
2018; 505: 885-90. [Crossref]
34. Heckel MC, Wolfson A, Slachta CA, et al. Human breast tumor 
cells express IL-10 and IL-12p40 transcripts and proteins, but do not 
produce IL-12p70. Cell Immunol 2011; 266: 143-53. [Crossref]
35. Dabrowski R, Pastor J, Szczubial M, et al. Serum IL-6 and IL-10 
concentrations in bitches with pyometra undergoing ovariohyster-
ectomy. Acta Vet Scand 2015; 57: 61. [Crossref]
36. Osuchowski MF, Welch K, Siddiqui J, Remick DG. Circulating 
cytokine/inhibitor profiles reshape the understanding of the SIRS/
CARS continuum in sepsis and predict mortality. J Immunol 2006; 
177: 1967-74. [Crossref]
37. Amini Kadijani A, Javadinia F, Mirzaei A, et al. Apoptosis markers 
of circulating leukocytes are associated with the clinical course of 
inflammatory bowel disease. Gastroenterology and hepatology from 
bed to bench 2018; 11: S53-S8. 
38. Edlich F. BCL-2 proteins and apoptosis: Recent insights and un-
knowns. Biochem Biophys Res Commun 2018; 500: 26-34. [Crossref]
39. Liu J, Wang F, Yin D, Zhang H, Feng F. Caspase 3 may participate 
in the anti-tumor immunity of dendritic cells. Biochem Biophys Res 
Commun 2019; 511: 447-53. [Crossref]
40. Ghosh S, Karin M. Missing pieces in the NF-kappaB puzzle. Cell 
2002; 109 Suppl: S81-96. [Crossref]
41. Hayden MS, Ghosh S. Shared principles in NF-kappaB signaling. 
Cell 2008; 132: 344-62. [Crossref]
42. Luo LH, Li DM, Wang YL, et al. Tim3/galectin-9 alleviates the inflam-
mation of TAO patients via suppressing Akt/NF-kB signaling pathway. 
Biochem Biophys Res Commun 2017; 491: 966-72. [Crossref]
43. Mori N, Prager D. Activation of the interleukin-10 gene in the hu-
man T lymphoma line HuT 78: identification and characterization 
of NF-kappa B binding sites in the regulatory region of the interleu-
kin-10 gene. Eur J Haematol 1997; 59: 162-70. [Crossref]
44. Spehlmann ME, Eckmann L. Nuclear factor-kappa B in intestinal 
protection and destruction. Curr Opin Gastroenterol 2009; 25: 92-9. 
[Crossref]
45. Li X, Su J, Cui X, Li Y, Barochia A, Eichacker PQ. Can we predict 
the effects of NF-kappaB inhibition in sepsis? Studies with par-
thenolide and ethyl pyruvate. Expert Opin Investig Drugs 2009; 18: 
1047-60. [Crossref]
46. Wullaert A, Bonnet MC, Pasparakis M. NF-kappaB in the regula-
tion of epithelial homeostasis and inflammation. Cell Res 2011; 21: 
146-58. [Crossref]
47. MacMaster JF, Dambach DM, Lee DB, et al. An inhibitor of Ikap-
paB kinase, BMS-345541, blocks endothelial cell adhesion molecule 
expression and reduces the severity of dextran sulfate sodium-in-
duced colitis in mice. Inflamm Res 2003; 52: 508-11. [Crossref]
48. Chae S, Eckmann L, Miyamoto Y, Pothoulakis C, Karin M, Kagnoff 
MF. Epithelial cell I kappa B-kinase beta has an important protective 
role in Clostridium difficile toxin A-induced mucosal injury. J Immu-
nol 2006; 177: 1214-20. [Crossref]

340

Guo et al .  Sepsis  intestine protecting effects of  esmolol  Turk J  Gastroenterol  2020;  31(4) :  331-41

https://doi.org/10.1097/CCM.0000000000002065
https://doi.org/10.1016/j.lfs.2016.10.010
https://doi.org/10.1186/s40560-017-0215-2
https://doi.org/10.1016/j.ajem.2017.04.056
https://doi.org/10.1016/j.ajem.2017.11.013
https://doi.org/10.1038/srep36696
https://doi.org/10.1038/s41598-017-16049-2
https://doi.org/10.1016/j.omtn.2018.05.024
https://doi.org/10.1002/hep.30361
https://doi.org/10.21037/jtd.2016.08.03
https://doi.org/10.1021/acs.analchem.7b05305
https://doi.org/10.1097/shk.0b013e31805569df
https://doi.org/10.1136/acupmed-2016-011187
https://doi.org/10.1001/jama.2011.1829
https://doi.org/10.1007/s10620-018-5155-8
https://doi.org/10.1007/s00134-011-2326-x
https://doi.org/10.2165/11631590-000000000-00000
https://doi.org/10.1007/s00268-017-4124-2
https://doi.org/10.1186/s12986-016-0089-7
https://doi.org/10.1007/s00795-013-0055-7
https://doi.org/10.1172/JCI109836
https://doi.org/10.1016/j.bbrc.2018.09.173
https://doi.org/10.1016/j.cellimm.2010.09.010
https://doi.org/10.1186/s13028-015-0153-8
https://doi.org/10.4049/jimmunol.177.3.1967
https://doi.org/10.1016/j.bbrc.2017.06.190
https://doi.org/10.1016/j.bbrc.2019.02.081
https://doi.org/10.1016/S0092-8674(02)00703-1
https://doi.org/10.1016/j.cell.2008.01.020
https://doi.org/10.1016/j.bbrc.2017.07.144
https://doi.org/10.1111/j.1600-0609.1997.tb00970.x
https://doi.org/10.1097/MOG.0b013e328324f857
https://doi.org/10.1517/13543780903018880
https://doi.org/10.1038/cr.2010.175
https://doi.org/10.1007/s00011-003-1206-4
https://doi.org/10.4049/jimmunol.177.2.1214


49. Egan LJ, Eckmann L, Greten FR, et al. IkappaB-kinasebeta-de-
pendent NF-kappaB activation provides radioprotection to the 
intestinal epithelium. Proc Natl Acad Sci U S A 2004; 101: 2452-7. 
[Crossref]
50. Dominguez JA, Samocha AJ, Liang Z, Burd EM, Farris AB, Coo-
persmith CM. Inhibition of IKKbeta in enterocytes exacerbates sep-

sis-induced intestinal injury and worsens mortality. Critical Care 
Med 2013; 41: e275-85. [Crossref]
51. Chen LW, Egan L, Li ZW, Greten FR, Kagnoff MF, Karin M. The 
two faces of IKK and NF-kappaB inhibition: prevention of system-
ic inflammation but increased local injury following intestinal isch-
emia-reperfusion. Nat Med 2003; 9: 575-81. [Crossref]

341

Turk J  Gastroenterol  2020;  31(4) :  331-41 Guo et al .  Sepsis  intestine protecting effects of  esmolol

https://doi.org/10.1073/pnas.0306734101
https://doi.org/10.1097/CCM.0b013e31828a44ed
https://doi.org/10.1038/nm849

