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Abstract: To investigate the effect of pantoprazole on acute lung and kidney injury with sepsis and its possible 
mechanism. Rats were randomly divided into six groups, the status and lung wet/dry weight ratio were determined 
at various time points. Hematoxylin Eosin staining (HE) for pathological changes in the lungs and kidneys of rats 
with sepsis. Western blot (WB) and immunohistochemistry were used to detect the pulmonary surfactant protein 
A(SPA) and D(SPD). The levels of markers for kidney damage in serum and urine various time points were measured 
by ELISA. The apoptosis in lung and kidney tissue of rats were detected using TUNEL assay. Subsequently, the cell 
apoptosis of LPS-induced BEAS-2B and HK-2 cells after pantoprazole treatment were detected using flow cytometry. 
The levels of RHOA/ROCK signaling pathway proteins in the lung and kidney tissues and cells were detected using 
WB. Our results indicated that Pantoprazole could suppress the expression of inflammatory factors in the blood and 
alleviate pathological damage of lung and kidney tissues in rats with sepsis. Pantoprazole treatment could reduce 
apoptosis in lung and kidney tissues and inhibit cell apoptosis induced by LPS. In addition, pantoprazole can inhibit 
RHOA/ROCK signaling pathway proteins and the levels of inflammatory factors in LPS-induced BEAS-2B and HK-2 
cells. Pantoprazole can improve the symptoms of acute lung and kidney injury in septic rats, which suggested that 
pantoprazole might be used to guide the treatment of sepsis.
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Introduction 

Sepsis as a systemic inflammatory response 
syndrome caused by various factors, can affect 
multiple systems and organs. It is an important 
factor leading to the death of patients [1]. In the 
case of sepsis, various inflammatory factors 
and inflammatory mediators such as tumor 
necrosis factor alpha (TNF-α), interleukin (IL)-6, 
IL-8 are released and activated in large quanti-
ties, which can cause proinflammatory and 
anti-inflammatory processes, as well as the 
immune function of the body is damaged. 
Among them, acute lung and kidney injury is a 
common serious complication in patients with 
sepsis, the incidence rate is as high as 40% to 
70% [2], and the mortality rate is more than 
70% [3], serious threat to the safety of patients.

Pantoprazole is a proton pump inhibitor and an 
effective antagonist of gastric acid secretion 

for the treatment of many gastroesophageal 
diseases, including dyspepsia, gastroesopha-
geal reflux disease (GERD) and peptic ulcer dis-
ease [4, 5]. Beyond its role on the suppression 
of acid secretion, it has been reported that PPI 
exerts anti-inflammatory effects as well [6]. It 
has been suggested that PPI attenuates inflam-
mation via different mechanisms such as inhi-
bition of NF-κB activation in endothelial and 
gastric parietal cells, modulating the calcium 
concentration in polymorphonuclear neutro-
phils, impairing the neutrophils migration and 
prevention of pro-inflammatory cytokines [6, 7]. 
In addition, PPI plays significant anti-oxidative 
and anti-apoptotic properties through direct 
scavenging of reactive oxygen species (ROS) 
[7-9]. Recent studies have shown that panto-
prazole reduces vasodilation in vitro and in 
vitro, and interferes with blood coagulation in 
animal models, as well as anti-inflammatory, 
anti-oxidant, anti-cancer and chemotherapy 
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sensitization effects [10, 11]. Currently, there is 
no data available to investigate the effect of 
pantoprazole on acute lung and kidney injury 
caused by sepsis.

Therefore, the purpose of this study was to 
investigate the effects of pantoprazole on lung 
and kidney tissues of the animal model in vivo, 
and the LPS-induced BEAS-2B and HK-2 cells 
models in vitro, demonstrating that pantopra-
zole inhibits inflammatory factors in lung epi-
thelial cells and human renal cortical proximal 
tubular epithelial cells by RHOA/ROCK signal-
ing. The aim of the present study is to investi-
gate the mechanism of action of pantoprazole 
sodium combined with monitoring on acute 
lung and kidney injury caused by sepsis.

Materials and methods 

Animal

Male Sprague Dawley (SD) rats weighing 
200~210 g were housed under controlled  
temperature (20-25°C), humidity (20-30%), 
constant light cycle (12 h light/dark) and were 
allowed access to food and water ad libitum 
during the study. All mice received humane 
care and experimental procedures were carri- 
ed out in strict accordance with the health and 
care guidelines for experimental animals. All 
animals received humane care and experimen-
tal procedures were carried out in strict accor-
dance with the health and care guidelines for 
experimental animals. All experimental opera-
tions performed on all rats were approved by 
the Animal Experiment Ethics Committee of 
The Second Xiangya Hospital of Central South 
University.

The method of CLP model preparation 

An animal model of sepsis was established 
using an internationally recognized cecal liga-
tion and puncture (CLP) sepsis model. The 
standard steps mainly refer to the report of 
Rittirsch et al. [12], Anesthetize with intraperi-
toneal injection of 1% pentobarbital sodium 
injection 50 mg/kg. After anesthesia, cut off 
the abdominal body hair of the rats, routinely 
disinfect and spread the sterile towel, make an 
incision about 1 cm along the midline of the 
abdomen, find the cecum and carefully dissoci-
ate it. The vascular injury was avoided at the 
distal end. The cecum was ligated with the No. 

4 suture on the distal side of the ileocecal 
valve. The ligation range was about 1/3 of the 
entire cecum, avoiding ligation of the ileum and 
cecal mesenteric vessels. The 18th needle was 
used to penetrate the cecum twice, and a small 
amount of intestinal contents was squeezed 
out. After that, the cecum was also placed in 
the abdominal cavity, and the abdominal wall 
incision was sutured layer by layer. 

Experimental protocol

The rats were randomly divided into 6 groups, 
including control group (normal rats), model 
group (rats with CLP and without any treat-
ment), sham group (except for surgery without 
CLP, other operations are the same as model 
group), lower dose pantoprazole-treated group 
(LG group, rats with CLP and 26 mg/kg panto-
prazole-treated), medium-dose pantoprazole-
treated group (MG group, rats with CLP and 52 
mg/kg pantoprazole-treated), higher dose pan-
toprazole-treated group (HG group, rats with 
CLP and 104 mg/kg pantoprazole-treated). The 
control, model and sham groups of rats were 
housed with free access to food and no drug 
treatment, whereas the rats in the LG, MG and 
HG groups were treated with different dose of 
pantoprazole via intragastric gavage. According 
to the experimental requirements, all groups 
were set experiment time points at 0, 6, 12, 
and 24 h after the modeling. The blood and the 
urine samples were collected and the lung and 
kidney tissue were taken after sacrificed. The 
mouse hair, mental state, body weight, eating 
condition and spontaneous activity were deter-
mined everyday [13].

Histopathological examination

The lung and kidney were taken from the rats 
which had been executed after 24 h of CLP 
respectively and fixed in 10% buffered formalin 
and the tissues were embedded in paraffin, 
sectioned at 5 μm and stained with hematoxy-
lin and eosin (HE). The H&E stained slides were 
observed and evaluated under light microscopy 
for histological examination.

Dry/wet ratio of lung

The lung specimen was weighed and placed in 
an oven at 80°C for 72 h to constant weight to 
calculate the lung wet/dry weight ratio (W/D).
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Immunohistochemistry (IHC) staining 

The samples were incubated with the indicated 
primary antibody (1:100) at 4°C overnight and 
then rinsed with PBS for 5 min three times and 
incubated with biotinylated secondary antibody 
(1:100) at room temperature for 30 min. After 
PBS washing, DAB was then added for color 
development. The reaction was controlled 
under a microscope. When the color was fully 
developed, the sample was rinsed with PBS 
thoroughly to quench the reaction. The sample 
was then patched, dehydrated, cleared, and 
mounted with neutral gum. Image analysis was 
performed using Biosens Digital Imaging 
System.

Tunel assay 

Cell apoptosis was detected using a terminal 
deoxynucleotidyl transferase 2’-deoxyuridine-
5’-triphosphate nick-end labelling (TUNEL) 
assay (Millipore; Merck KGaA, Darmstadt, 
Germany). Cells were washed with PBS and 
cells were fixed with 1% paraformaldehyde. 
TUNEL reagents were used to stain the apop-
totic cells. Optical microscopy (Olympus Corp., 
Tokyo, Japan) was used to analyze samples 
(magnification, ×200).

Cell culture and transfection

BEAS-2B and HK-2 cells were obtained from 
Cell Bank of the Chinese Academy of Sciences, 
and cultured in Dulbecco’s modified Eagle’s 
media (DMEM, Gibco) supplemented with 10% 
fetal bovine serum (Gibco) and 100 μ/ml peni-
cillin and 100 mg/ml streptomycin (Gibco) and 
streptomycin at 37°C with 5% CO2.

Construction of RhOA overexpression plasmid, 
the BEAS-2B and HK-2 cells were plated in six-
well plates, respectively. Transfection used 
Lipofectamine 3000 (Invitrogen, Thermo Fish- 
er Scientific, Inc., USA), Opti-MEM and RMPI 
DMEM (serum-free) according to the manufac-
turer’s instruction. The cells were cultured for 
24-72 h at 37°C after transfection.

Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR)

The total RNA was extracted using Trizol reagent 
(TaKaRa, Dalian, Liaoning, China) and the cDNA 
was synthesized with RNA Transcription Kit 

(TaKaRa). Then, RT-qPCR was performed using 
the SYBR Green RT-qPCR system. The primer 
sequences: β-Actin, Forward: CTGAGAGGGAA- 
ATCGTGCGT; Reverse: CCACAGGATTCCATACC- 
CAAGA; RhoA, Forward: AGCCTGTGGAAAGA- 
CATGCTT; Reverse: TCAAACACTGTGGGCACAT- 
AC. Conditions for RT-qPCR was set as the fol-
lowing: 95°C for 10 min, 40 cycles of 95°C for 
30 s, 60°C for 30 s, 72°C for 30 s and a final 
extension of 10 min at 72°C. 

Flow cytometry apoptosis detection assay

According to the instructions of the kit, cells 
were seeded in six-well plates for a whole night 
and washed in 4°C PBS, pelleted, and resus-
pended in 0.5 ml of hypotonic fluorochrome 
solution containing 50 μg/ml propidium iodide 
(PI), 0.1% sodium citrate, and 0.1% Triton X- 
100 (Sigma) to quantitate the cellular DNA  
content under the permeabilized condition. 
Phosphatidyl-serine (PS) exposure due to flip-
ping of the plasma membrane, a concomitant 
feature during apoptosis, was evaluated by 
annexin V-FITC staining. Five microliters of 
annexin V/FITC and 5 μl PI were added to the 
cells and then incubated in the dark. Apop- 
tosis rate was assessed by flow cytometric 
analysis.

Western blots 

Total protein from the cells and tissues was 
extracted using RIPA lysis buffer and protein 
concentrations were determined using a BCA 
protein kit. Protein samples (30 μg) were sepa-
rated by 10% SDS-PAGE, then the proteins 
were transferred to PVDF membranes. Mem- 
branes were blocked with TBS containing 5% 
nonfat milk and 0.1% Tween-20 for 1 h at room 
temperature. The primary antibodies overnight 
at 4°C. After three washes with TBST buffer, 
the membranes were incubated with second-
ary antibody at 4°C for 3 h and visualized by 
enhanced chemiluminescence (ECL) reaction 
reagents. The antibodies used were as fo- 
llows: A(SPA) (1:1,000, Santa Cruz), D(SPD) 
(1:1,000, Santa Cruz), RHOA (1:1,000, Santa 
Cruz), ROCK1 (1:1,000, Santa Cruz), ROCK2 
(1:1,000, Millipore), LIMK1 (1:1,000, Abcam), 
LIMK2 (1:1,000, Abcam), mouse anti-rabbit 
secondary antibody (1:10000, Santa Cruz 
-2077), rabbit anti-mouse secondary antibody 
(1:10000, Santa Cruz -2061).
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ELISA

The levels of KIM-1, IL-18, Scr, BUN and ScysC 
in serum, the levels of α-glutathione S transfer-
ase (α-GST) and albumin in urine, and the lev-
els of IL-1β, TNF-α and MCP-1 in serum as well 
as in BEAS-2B and HK-2 cells, were determined 
using ELISA assay kits (Andihuatai Technology 
Co. Ltd., Beijing, China) according to the manu-
facturer’s instructions. 

Statistical analysis

All data are expressed as the mean ± standard 
deviation (SD). Statistical differences between 
the groups were assessed by one-way ANOVA 
statistical analysis followed by a Tukey’s test if 
necessary. All experiments were repeated at 
least three times, and P < 0.05 was considered 
significant.

Results

Pantoprazole improves the status of septic rats

There was no significant difference in the initial 
body weight in each group. After surgery, the 
Sham group had faster waking after surgery 
and flexible activities. They were free to drink 
water, eat, and had little or no secretions. In the 
model group, the rats had delayed recovery, 
mental dysfunction, slow activity, and short-

ness of breath. After 24 hours, the degree was 
reduced, but it lasted for 48-72 hours, and 
gradually returned to normal after 7 days. 

We treated mice in the model group with differ-
ent concentrations of pantoprazole sodium by 
intragastric administration. After treatment, it 
was observed that the hair became obedient. 
The mental state has improved, not getting 
together, the activity has improved, and the diet 
has gradually returned to normal.

Effect of pantoprazole on the lung water con-
tent of CLP-induced spesis rat

As shown in Figure 1, the lung water content in 
model group was significantly increased (P < 
0.05) at every time point compared with control 
group and sham group, indicating the severe 
pulmonary edema in model group. When it 
comes with the pantoprazole treatment groups, 
at 6, 12 and 24 h post-CLP, lung water content 
of LG, MG and HG groups was significantly 
lower (P < 0.001) than model group. The results 
indicated that pantoprazole can release chang-
es in pulmonary edema. 

Pantoprazole attenuates pathological damage 
of lung and kidney tissues in rats with sepsis

Histopathological examination (Figure 2A) sh- 
owed that the lung tissue of the sham-operated 
group was similar to that of the control group. 
But compared with the sham groups, severe 
damage on the pulmonary alveoli structure was 
observed for all of the model group with the 
appearance of histopathological changes such 
as complete destruction of pulmonary alveoli 
structure and inflammation cell infiltration. And 
the harm was more and more serious over time. 
Pantoprazole treated groups (LG, MG and HG 
groups), gradually alleviated the pulmonary 
alveoli damage by increase in dosage 
administration. 

Meanwhile, the results of HE staining (Figure 
2B) showed that the cells in the kidney of the 
sham operation group were arranged regularly, 
the structure was intact, the nucleus was in the 
middle, the nucleolus was clear, the cytoplasm 
was uniformly stained, no degeneration and 
necrosis occurred. In model and pantoprazole 
treated groups (LG, MG and HG groups), the 
tubular epithelial cells showed swelling, watery 
and vacuolar degeneration, tubular dilatation, 
exfoliated cells, renal interstitial congestion. 

Figure 1. Pantoprazole reduced lung W/D ratio in 
CLP-induced spesis rats. *P < 0.05, **P < 0.01, 
***P < 0.001 vs. Control group; #P < 0.05, ##P < 
0.01, ###P < 0.001 vs. model group and ΔP < 0.05, 
ΔΔP < 0.01, ΔΔΔP < 0.001 vs. sham group.
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Compared with the model group, the rats in the 
pantoprazole group had reduced renal tissue 
damage, decreased cell abnormalities.

Pantoprazole reduces the expression of mark-
ers in lung injury

Compared with the sham group, the expression 
levels of A(SPA) and D(SPD) in the lung tissue of 
the model group and pantoprazole treatment 

groups were increased, and the differences 
were statistically significant (P < 0.05). Com- 
pared with the model group and control group, 
the relative expressions of A(SPA) and D(SPD) 
protein in the lung tissue of pantoprazole treat-
ment group were decreased, the difference 
was statistically significant (P < 0.05) (Figure 
3A). The immunohistochemistry results showed 
that the pantoprazole treatment groups gradu-
ally reduced the expression of A(SPA) (Figure 

Figure 2. Pantoprazole ameliorated histopathological changes in lung and kidney tissues of CLP-induced spesis rats. 
(A) Representative images of hematoxylin and eosin (H&E) staining from each experimental group of lung tissues 
at 6 h, 12 h and 24 h after CLP. (Original magnification) (B) Representative images of hematoxylin and eosin (H&E) 
staining from each experimental group of kidney tissues at 6 h, 12 h and 24 h after CLP. (Original magnification).

Figure 3. Pantoprazole reduces the expression of A(SPA) and D(SPD) in lung injury. (A) Western blot to show the 
protein levels of A(SPA) and D(SPD) in control, model, sham and Pantoprazole-treatment groups. Quantification as-
say of the A(SPA) and D(SPD) band’s intensity. Error bars indicate ± SD. **P < 0.01 vs. Control group. **P < 0.01, 
***P < 0.001 vs. Control group; ###P < 0.001 vs. model group and ΔΔP < 0.01, ΔΔΔP < 0.001 vs. sham group. The 
expression of A(SPA) (B) and D(SPD) (C) in lung injury tissues were assessed by IHC analysis (Original magnification).
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3B) and D(SPD) (Figure 3C) in the lung tissue by 
increasing the dose administered compared 
with the sham group and the control group at 
24 hours. The immunohistochemistry results 
are similar with the western blot results (Figure 
3B).

Pantoprazole reduces markers of kidney dam-
age in serum and urine

We examined the levels of serum inflammatory 
factors. The ELISA assay indicated that the lev-
els of serum Scr, BUN and Scys C were signifi-
cantly up-regulated in the model group and 
pantoprazole-treated groups compared with 
the sham group and control group (Figure 4A). 
As shown in Figure 4B, the levels of Serum kid-
ney injury markers KIM-1, IL-18 of model group 
rats at each time point increased significantly 
(P < 0.05) compared with the sham group and 
gradually increased with time, eventually reach-
ing a peak of 24 h. The KIM-1 and IL-18 level  
in pantoprazole-treated groups were signifi-
cantly decreased (P < 0.05) at all of the three 
time points. Then we detected the changes of 
α-GST and albumin in urine at 0 h, 6 h, 12 h and 
24 h, the results indicated that the expression 
of α-GST and albumin in model group is much 
higher than control group, and in pantoprazole-
treated groups (LG, MG, and HG groups), the 
expression of α-GST and albumin are decreased 
as the metering increases (Figure 4C). 

Pantoprazole reduces the expression of inflam-
matory factors in the blood

Detection of proinflammatory cytokines TNFα, 
MCP-1, IL-1β in blood by ELISA. TNFα, MCP-1, 
IL-1β were significantly up-regulated in the 
model group compared with the sham group. 
Additionally, the levels of serum TNFα, MCP-1, 
IL-1β were significantly higher in all of the pan-
toprazole-treated groups (LG, MG, and HG 
groups) than the sham groups in a dose-depen-
dent manner (Figure 5).

Pantoprazole reduces apoptosis in lung and 
kidney tissues

To confirm apoptotic in lung and kidney tissues, 
TUNEL staining was performed. TUNEL assay 
showed high FITC positivity in Pantoprazole-
treated cells compared to the vehicle-treated 
cells confer apoptotic cell death. Compared 
with the model group, the apoptosis rate of 

pantoprazole-treated groups decreased, the 
difference was statistically significant (P < 
0.05) (Figure 6).

Pantoprazole inhibits RHOA/ROCK signaling 
pathway proteins

Western blot was used to detect the expres- 
sion of RHOA, ROCK1, ROCK2, LIMK1 and 
LIMK2 signaling proteins in lung and kidney tis-
sues after 24 h sacrifice. As shown in Figure 7, 
the expression of RHOA, ROCK1, ROCK2, 
LIMK1 and LIMK2 in model group was signifi-
cantly increased (P < 0.05) at every time point 
compared with control group and sham group. 
Compared with the sham group, the expression 
levels RHOA, ROCK1, ROCK2, LIMK1 and 
LIMK2 in the lung and kidney tissue of the 
model group and pantoprazole treatment 
groups were increased, and the differences 
were statistically significant (P < 0.05). Pan- 
toprazole treatment significantly inhibited the 
levels of RHOA/ROCK in three pantoprazole-
treated groups in a dose-dependent manner in 
the LG, MG, and HG groups, indicating that a 
higher concentration of pantoprazole has a 
stronger inhibitory effect on the lung and kid-
ney damage (Figure 7).

Flow cytometry to detect apoptosis

The BEAS-2B and HK-2 cells were cultured, and 
the RhOA overexpression plasmid was con-
structed and transfected into BEAS-2B and 
HK-2 cells respectively. The results of western 
blot showed that the expression of overexpres-
sion-RHOA group is much higher than overex-
pression-NC and control group (Figure 8A, 8C). 
RT-qPCR assay showed the similar results to 
those of western blot (Figure 8B, 8D).

Detect cell apoptosis by Flow cytometry, the 
results showed that significant increase in cell 
apoptosis after LPS induction. As the dose of 
Pantoprazole increases, the level of apoptosis 
in cells gradually decreases. Compared with 
the LPS (10 ug/ml) + P (100 μmol/l) + overex-
pression-NC (72 h) group and control group,  
the apoptosis rate of LPS (10 ug/ml) + P (100 
μmol/l) + overexpression-RhOA (72 h) group 
were increased and the difference were statis-
tically significant. The results indicated that 
pantoprazole can attenuate the apoptosis of 
BEAS-2B and HK-2 cells and has a certain pro-
tective effect (Figure 9). 
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Figure 4. Pantoprazole reduces markers of kidney damage in serum and urine. A. The levels of serum Scr, BUN and ScysC; B. The levels of Serum kidney injury 
markers KIM-1, IL-18; C. The changes of α-GST and albumin were detected by ELISA. ***P < 0.001 vs. Control group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. model 
group and ΔP < 0.05, ΔΔP < 0.01, ΔΔΔP < 0.001 vs. sham group.

Figure 5. Pantoprazole inhibited TNFα, MCP-1 and IL-1β expression in the blood of CLP-induced spesis rats. ***P < 0.001 vs. Control group; ##P < 0.01, ###P < 0.001 
vs. model group and ΔΔP < 0.01, ΔΔΔP < 0.001 vs. sham group.
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Pantoprazole attenuates LPS-induced expres-
sion of inflammatory factors TNF-α, IL-1β, 
MCP-1 in lung epithelial cells and mesangial 
cells by inhibiting RHOA/ROCK signaling

Detection of inflammatory factors TNF-α, IL-1β 
and MCP-1 in cells by ELISA. The levels of  
TNFα, MCP-1, IL-1β in lung epithelial cells and 
mesangial cells were significantly higher in the 
pantoprazole-treated groups (LG and MG gro- 
up) than the control groups. And HG group are 
similar to control group. Compared with the  
LPS (10 ug/ml) + P (100 μmol/l) + overexpres-
sion-NC group and control group, the expres-
sion of TNFα, MCP-1 and L-1β in LPS (10 ug/ml) 
+ P (100 μmol/l) + overexpression-RhOA group 
were increased and the difference was statisti-
cally significant (Figure 10).

Expression of signal proteins in lung epithelial 
cells and mesangial cells

Western blot was used to detect the expres- 
sion of RHOA, ROCK1, ROCK2, LIMK1 and 
LIMK2 signaling proteins in lung epithelial cells 
and mesangial cells. The results showed that 
significant increase in the expression of signal-
ing proteins after LPS induction. Pantoprazole 
treatment significantly inhibited the levels of 
RHOA/ROCK in three pantoprazole-treated 
groups in a dose-dependent manner in the LG, 
MC, and HG groups, indicating that a higher 
concentration of pantoprazole has a stronger 
inhibitory effect on the lung epithelial cells and 
mesangial cells. Compared with the LPS (10 
ug/ml) + P (100 μmol/l) + overexpression-NC 
group and control group, the expression of T 
RHOA, ROCK1, ROCK2, LIMK1 and LIMK2 sig-

naling proteins in LPS (10 ug/ml) + P (100 
μmol/l) + overexpression-RhOA group were sig-
nificant increased (Figure 11). 

Discussion 

As the leading fatal disease, sepsis has a high 
incidence and is increasing year by year [14], 
which seriously threatens human life and 
health. At present, the mechanism of sepsis is 
not fully understood, and multiple organ dam-
age can be caused during the pathogenesis. 
Among them, acute lung and kidney injury is a 
common complication, and the condition is 
critical, the clinical treatment effect is not  
good, and the mortality rate is high [15]. 
Pantoprazole is an irreversible proton pump 
inhibitor that reduces gastric acid secretion [9]. 
Recent studies have shown that pantoprazole 
also has anti-inflammatory, anti-oxidant, anti-
cancer and chemotherapy sensitization eff- 
ects. Pantoprazole has anti-cancer effects on 
glioma cells, Pantoprazole mediates apoptosis 
and inhibits NF-κB signaling to inhibit glioma 
cell growth and induce cell death [16, 17].

In this study, a rat model of sepsis was estab-
lished using the Rittirsch [12] method. The rats’ 
hairs are mess and loss of appetite. The results 
of HE staining showed that the tubular epitheli-
al cells in the kidney tissue of the model group 
showed swelling, watery degeneration, vacuo-
lar degeneration, tubular dilatation and pulmo-
nary edema. Exfoliated cells were observed, 
renal interstitial congestion and edema, and 
glomerulonephritis appeared. At the same 
time, the Scr and BUN levels in the serum of the 
model group rose, indicating that AKI occurred 

Figure 6. Observation of apoptosis of lung (A) and kidney (B) tissues in 24 h by TUNEL staining. Presented are the 
representative photographs of TUNEL staining. Nuclei are stained with blue and TUNEL-positive cells green (arrow). 
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in the septic rats, and the model was success-
fully constructed. 

The pathogenesis of AKI caused by sepsis is 
complicated. With the in-depth study of the 
pathogenesis of AKI caused by sepsis, it is 
believed that the apoptosis of renal tubular epi-
thelial cells may play a key role in AKI caused by 
sepsis [18, 19]. The results of this experiment 
show that the apoptosis of renal tissue in AKI 
group caused by sepsis was significantly higher 
than that in sham operation group and the 
renal tissue apoptosis rate was positively cor-
related with renal injury markers IL-18 and KIM-
1, indicating sepsis. The results showed that 
compared with the model group and the saline 
group, the expression levels of pulmonary  
surfactant protein A(SPA) and D(SPD) were 
increased in the pantoprazole group, and the 
levels of Scr, BUN and ScysC in serum were 
decreased. The level of serum damage markers 
KIM-1, IL-18 is decreased. The results showed 
that the renal tissue damage of the pantopra-
zole group was alleviated, the cell abnormality 

was reduced, and the interstitial congestion 
and edema was alleviated, indicating that the 
acute lung and kidney injury of sepsis can be 
effectively alleviated by the intervention of pan-
toprazole. When the apoptosis of renal tissue 
increases, the kidney damage is aggravated. 
The reason for considering the increase of renal 
cell apoptosis may lead to renal dysfunction. 
For example, apoptosis of renal tubular epithe-
lial cells may lead to the return of primary urine, 
tubular formation, and kidney. Apoptosis of vas-
cular endothelial cells leads to changes in the 
renal vascular bed, promoting inflammatory cell 
infiltration and microthrombosis [20].

IL-1β and TNF-α are inflammatory factors pro-
duced by mononuclear macrophages, which 
are closely related to the level of the inflamma-
tory response in the body and are indicators of 
the degree of inflammation in the body [21, 22]. 
The results of this study showed that the levels 
of IL-1β and TNF-α in serum and kidney tissues 
of the model group, control water group and 
pantoprazole group were higher than those of 

Figure 7. Pantoprazole inhibits RHOA/ROCK signaling pathway proteins. Pantoprazole reduces the expression of 
RHOA, ROCK1, ROCK2, LIMK1 and LIMK2 in lung (A) and kidney (B) tissues after 24 h sacrifice. Quantification assay 
of the RHOA/ROCK signaling pathway proteins band’s intensity. Error bars indicate ± SD. *P < 0.05, **P < 0.01, 
***P < 0.001 vs. Control group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. model group and ΔP < 0.05, ΔΔP < 0.01, ΔΔΔP 
< 0.001 vs. sham group.

Figure 8. Western blot to show the protein levels of RHOA in BEAS-2B (A) and HK-2 (C) cell after transfect overexpres-
sion-RHOA. RHOA mRNA in BEAS-2B (B) and HK-2 (D) was examined by RT-qPCR. Quantification assay of the RHOA 
proteins band’s intensity. Error bars indicate ± SD. ***P < 0.001 vs. Control group; ###P < 0.001 vs. model group 
and ΔΔΔP < 0.001 vs. sham group.
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Figure 9. Detect apoptosis rate of BEAS-2B (A, B) and HK-2 (C, D) cells after overexpression-RHOA by flow cytometry. ***P < 0.001 vs. Control group; #P < 0.05, ###P 
< 0.001 vs. LPS group.
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the sham operation group, indicating that the 
AKI rats in sepsis Oxidative stress and inflam-
matory response occurred in the body and kid-
ney tissues. At the same time, the results 
showed that IL-1β and TNF-α levels in serum 
and kidney tissues of pantoprazole group com-
pared with model group and saline group. 
Decreased, indicating that after the administra-
tion of pantoprazole, the levels of oxidative 
stress and inflammatory reaction in the body 
and kidney tissues of septic AKI rats decrea- 
sed, suggesting that pantoprazole may exert 
lung and kidney protection by inhibiting oxida-
tive stress and inflammatory response. The 
results showed that compared with the sham 
operation group, the apoptosis rate of the 
model group, the control group and the panto-
prazole group increased, and the apoptosis 
rate of the pantoprazole group decreased com-
pared with the model group and the control 
group. It indicated that exogenous administra-
tion of pantoprazole can effectively reduce epi-
thelial cell apoptosis in renal tissue of septic 

AKI rats. Bcl-2 and Bax are important mem- 
bers of the Bcl-2 family. Bcl-2 plays an impor-
tant role in inhibiting apoptosis, while Bax pro-
motes apoptosis. Bcl-2/Bax balance can lead 
to a series of levels [23]. The Caspase-3 mole-
cule, which ultimately leads to the activation of 
apoptosis, initiates apoptosis and induces 
apoptosis in cells [24]. This study shows that 
the anti-apoptotic protein Bcl-2 in the kidney 
tissue of sepsis AKI rats. The expression is 
down-regulated, and the proapoptotic protein 
Bax is up-regulated, which activates Caspase-3 
to cause apoptosis. After exogenous adminis-
tration of pantoprazole, this process is re- 
versed, thereby reducing the apoptosis of ren- 
al tubular epithelial cells. In summary, panto-
prazole can effectively improve renal function 
in rats with sepsis AKI and play a protective role 
in the kidney. The mechanism may be related to 
the reduction of oxidative stress, inflammatory 
response, inhibition of apoptosis-related gene 
activation, thereby reducing renal tissue. St- 
udies have shown that the RohA/ROCK path-

Figure 10. Pantoprazole attenuates LPS-induced expression of inflammatory factors TNF-α, IL-1β and MCP-1 in 
BEAS-2B (A) and HK-2 (B) cells by inhibiting RHOA/ROCK signaling. Protein levels of TNF-α, IL-1β and MCP-1 proteins 
in BEAS-2B (A) and HK-2 (B) cells were determined by Western blotting, respectively. Data were presented as the 
mean ± SD of three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001 vs. Control group; ##P < 0.01, 
###P < 0.001 vs. LPS group.
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way regulates downstream LIM kinase phos-
phorylation cleaved proteins, which phosphory-
late F-actin filaments, while non-phosphorylat-
ed shredded proteins enable F-actin Protein fil-
aments depolymerize.

The Rho family protein is a small G protein with 
GTP enzymatic activity that is widely present in 
all eukaryotic tissues and plays an important 
role in cell proliferation, apoptosis, and gene 
expression [25, 26]. LIMK is a class of kinases 
involved in the regulation of the actin skeleton, 
which phosphorylates Cofilin, an actin-depoly-
merizing protein, which is inhibited by phos-
phorylation of LIMK. Phosphorylation of LIMK 
by ROCK enhances its inhibition of Cofilin-
mediated actin skeleton depolymerization and 
increases the number of actin skeletons. ROCK 
also activates and regulates other downstream 
substrates, such as addiction, ERM protein 
complex, GFAP, and NF-L [27], which play differ-
ent roles in cells. The result of this study showed 
that pantoprazole treatment significantly inhib-
ited the levels of RHOA/ROCK in three panto-
prazole-treated groups in a dose-dependent 
manner in the LG, MC, and HG groups, indicat-
ing that a higher concentration of pantoprazole 
has a stronger inhibitory effect on the lung and 
kidney damage.

Conclusion

To conclude, it is the first report to investigate 
the effect of pantoprazole on acute lung and 
kidney injury with sepsis. Pantoprazole can 
improve the symptoms of acute lung and kidney 
injury in septic rats, which suggested that pan-
toprazole might be used to guide the treatment 
of sepsis. 
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