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Abstract: Endoplasmic reticulum (ER) stress has been increasingly recognized to have an important role in various 
liver diseases. Sepsis-induced multi-organ failure remains to have a high mortality rate, and the liver plays a central 
pathophysiological role. This study aims to explore whether ER stress is involved in liver injury in septic rats. Sepsis 
was induced via cecal ligation and puncture (CLP). Rats were randomly divided into five groups as follows: sham, 
CLP 2 h, CLP 6 h, CLP 12 h, and CLP 24 h. They were monitored to record body weight (BW) and liver weight changes 
for every time point after surgery. The levels of alanine aminotransferase (ALT) and aspartate aminotransferase 
(AST) were detected via colorimetric activity assays. In addition, the morphological changes of the liver tissue were 
evaluated by staining the sections with hematoxylin and eosin and observing under light microscopy. The levels of 
glucose-regulated protein 78 (GRP78), CCAAT/enhancer-binding protein homologous protein (CHOP), and cleaved 
caspase-12 were detected via Western blot analysis. Apoptosis was detected via terminal deoxynucleotidyl transfer-
ase dUTP nick-end labeling (TUNEL) method. The results showed that septic rat serums ALT and AST were increased, 
with the increase being more obvious in the CLP 24 h group. In addition, septic rats appeared to have histopathologi-
cal abnormalities in the liver. The liver weight and index increased after CLP. No differences were noted in the BW 
between septic groups. The level of GRP78, CHOP, and cleaved caspase-12 were upregulated after CLP. However, 
CHOP and caspase-12 were induced later than GRP78. The density of TUNEL-positive apoptotic hepatocytes was 
significantly increased after 12 h and 24 h CLP. It indicates that the unfolded protein response occurred in the early 
stage of sepsis-induced liver damage. The ER stress-mediated apoptosis signal pathway is among the mechanisms 
of septic liver injury and may be a target in clinical prevention and therapy of sepsis-induced liver injury.
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Introduction

Sepsis is a serious public health issue with sig-
nificant morbidity and mortality rates [1, 2]. It 
can evolve to multiple organ dysfunction syn-
drome (MODS), whose severity accounts for a 
high mortality rate. During sepsis, liver injury is 
one of the MODS components and is usually 
associated with a poor prognosis [3, 4]. Alth- 
ough significant progress on understanding the 
pathophysiology of sepsis has been made over 
the past decade, the mechanisms of sepsis-
induced liver injury remain poorly understood. 
Thus, further exploring the mechanism of liver 
injury associated with sepsis is important.

Recently, endoplasmic reticulum (ER) stress 
has received growing attention because it 

causes pathologically relevant apoptosis and is 
associated with various diseases, including 
central nervous system, kidney, and cardiovas-
cular diseases and diabetes [5-8]. ER stress 
also has been demonstrated in cecal ligation 
and puncture (CLP) model of sepsis. Ma et al. 
[9] found that ER stress contributes to abnor-
mal lymphocyte apoptosis during sepsis in 
mice. Zhang et al. [10] have shown that the ER 
stress markers, namely, GRP94, CHOP, and 
caspase-12, were upregulated in the hearts of 
septic rats, also suggesting that inhibition of ER 
stress protected the myocardial function from 
ER stress-induced apoptosis in rats. However, 
whether ER stress-induced apoptosis affects 
the liver of septic rats is unknown. Thus, our 
study aimed to expound the role of ER stress 
pathway in CLP-induced liver injury. 
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Material and methods

Animals

The study was approved by the Animal Ethics 
Committee in Shihezi University, School of 
Medicine, Shihezi, China. All experimental pro-
cedures in this study complied with the National 
Institutes of Health guidelines. Adult Sprague-
Dawley rats weighing 220-260 g were obtained 
from the Animal Center of Xinjiang Medical 
University (Urumqi). Rats were housed individu-
ally in cages under standard conditions at 22°C 
and a 12-h light/dark cycle with food and water 
available ad libitum. 

Cecal ligation and puncture

The animals were subjected to CLP as previ-
ously described [11]. Rats were anesthetized 
with sodium pentobarbital (50 mg/kg) given 
intraperitoneally, and a 2 cm ventral midline 
abdominal incision was performed. Then, the 
cecum was exposed, ligated just distal to the 
ileocecal valve to avoid intestinal obstruction, 
punctured twice with an 18-gauge needle, and 
returned to the abdominal cavity. The incision 
was then closed in layers. Sham-operated ani-
mals (i.e. control animals) underwent the same 
procedure with the exception that the cecum 
was neither ligated nor punctured. The rats 
were resuscitated with 30 ml/kg body weight 
(BW) normal saline subcutaneously immediate-
ly after surgery. They were then returned to 
their cages with free access to food and water.  

Plasma and tissue collection

Blood was collected into EDTA-containing tubes 
(30 HL of 0.5 M EDTA) that were then placed on 
ice temporarily for at least 30 min and centri-
fuged at 4°C at 1 000 g for 10 min. The plasma 
supernatant was aliquoted for later analysis. 
Liver tissues were collected after brief portal 
vein perfusion and were either immediately fro-
zen in dry ice and then stored at -80°C for fur-
ther analysis or placed in 10% formalin over-
night and then transferred to 70% ethanol for 
paraffin embedding and tissue slide prepara-
tion for histology and analysis.

Measurement of liver index and function

Liver weight/body weight ratios indicating fluid 
accumulation were measured as indexes of 
liver injury. Each group of rats was weighed 
before decapitation, and the liver was separat-

ed and weighed after decapitation. The liver 
indexes were then calculated.

Liver function was assessed by quantifying 
plasma levels of alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) 
using colorimetric activity assays (Roche 
Diagnostic Ltd, Germany).

Histopathological observations

The liver tissue section was stained via hema-
toxylin eosin. Based on the liver injury scoring 
standard as previously described [12], the his-
tological slides were blindly read by two experi-
enced pathologists.

Western blotting

Approximately 40 mg of frozen liver tissue was 
homogenized in lysis buffer (Pierce, Rockford, 
IL, USA); the homogenate was centrifuged at 
12,000 g for 30 min at -4°C, and the pellet was 
discarded. Protein concentration was deter-
mined using bicinchoninic acid method. Equal 
amounts of protein (30 µg) were separated 
using 10%-12% sodium dodecyl sulfate-poly-
acrylamide gels and transferred to polyvinyli-
dene difluoride membranes (Beyotime, Shang- 
hai, China). The membranes were blocked in 
5% nonfat milk for 2 h at room temperature and 
then incubated with rabbit Bip polyclonal  
antibodies (1:1000, #3183, Cell Signaling Te- 
chnology, USA), rabbit caspase-12 polyclonal 
antibodies (1:1000, bs-1105R, BiOSS, Beijing), 
and mouse Anti-CHOP antibody (1:1000, ab- 
114119, Abcam, USA) overnight at 4°C. The 
membranes were incubated with HRP-labeled 
goat anti-rabbit IgG (1:20000, ZB-2301, ZSGB-
BIO, Beijing) or goat anti-mouse IgG (1:20000, 
ZB-2305, ZSGB-BIO, Beijing) for 1 h at room 
temperature. The membranes were then was- 
hed in TBST for 5×10 min. A chemiluminescent 
peroxidase substrate (Thermo Fisher Scientific, 
USA) was applied according to the manufactur-
er’s instruction, and the membranes were 
exposed to X-ray film. The densities of bands on 
Western blot were analyzed using the Image J 
software (National Institutes of Health, Beth- 
esda, MD).

Terminal deoxynucleotidyl transferase dUTP 
nick-end labeling (TUNEL)

TUNEL calorimetric assay (Roche, Mannheim 
Germany) was performed according to the 
product protocol. Eight fields at ×200 were ran-
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domly selected, and the number of TUNEL-
positive cell was calculated. 

Statistical analysis

All data were analyzed with SPSS 17.0 software 
package (SPSS, Chicago, IL). The results in our 
study are expressed as means ± SD and com-
pared via one-way analysis of variance (ANOVA) 
and Student-Newman-Keuls test for multiple 
group analysis. Significance was accepted at 
P<0.05.

Results

Liver weight, body weight, and liver index 
changes

Figure 1 shows the liver weight, body weight, 
and liver index changes in the five groups. The 
liver weight and liver index were analyzed via 
one-way ANOVA and Student-Newman-Keuls 
method. The normal control group’s liver weight 
was (6.09 ± 0.40) g, compared with the control 
group, liver weight were significantly increased 

Figure 1. The change of rat weight (A), liver weight (B) 
and liver index (C) 2, 6, 12 and 24 h after CLP. Sham, 
sham-operated rats; CLP, rats subjected to cecal li-
gation and puncture. Data are presented as means 
± SD (n=8) and compared by one-way ANOVA and 
Student-Newman-Keuls method: *P<0.05 VS. the 
control group; #P<0.05 VS. CLP 2 h group; ΔP<0.05 
VS. CLP 6 h group; ☆P<0.05 VS. CLP 12 h group.

Figure 2. Serum transaminase level 2, 6, 12 and 24 
h after CLP. Sham, sham-operated rats; CLP, rats 
subjected to cecal ligation and puncture. A. Serum 
alanine transaminase (ALT) concentration 2 h after 
sham surgery and 2, 6,12 and 24 h after CLP. B. Se-
rum aspartate transaminase (AST) concentration 2 
h after sham surgery and 2, 6, 12 and 24 h after 
CLP. Data are presented as means ± SD (n=8) and 
compared by one-way ANOVA and Student -New-
man-Keuls method: *P<0.05 VS. the control group; 
#P<0.05 VS. CLP 2 h group; ΔP<0.05 VS. CLP 6 h 
group; ☆P<0.05 VS. CLP 12 h group.
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in the CLP 6 h, CLP 12 h, and CLP 24 h groups 
(CLP 6 h, 7.41 ± 0.55 g; CLP 12 h, 8.53 ± 0.56 
g; CLP 24 h, 9.59 ± 1.08 g), the difference was 
statistically significant (P<0.05, Figure 1B). The 
sham group’s liver index was (2.57 ± 0.20)%, 
and the liver index of the rat was increased to 
(3.06 ± 0.19)% rapidly at CLP 6 h. it was (3.44 
± 0.28)% 12 hours later. And it reached the 
peak (3.92 ± 0.23)% 24 hours later, the dif- 
ference was statistically significant (P<0.05, 
Figure 1C). However, no significant differences 
were observed in the body weights of the sham 
group and the CLP groups (Figure 1A).

Liver injury in sepsis

Liver injury occurred after CLP (Figures 2 and 
3). At CLP 6 h, CLP 12 h, and CLP 24 h groups, 
compare with sham group (ALT, 52.38 ± 3.38 
U/l; AST, 253.75 ± 14.82 U/l), both serum ALT 
(CLP 6 h, 87.75 ± 8.96 U/l; CLP 12 h, 136.63 ± 
16.92 U/l; CLP 24 h,161.50 ± 13.83 U/l) and 
AST (CLP 6 h, 445.5 ± 30.50 U/l; CLP 12 h, 
650.75 ± 27.80 U/l; CLP 24 h, 930.38 ± 28.45 
U/l) were elevated (P<0.05, Figure 2), and his-
tological examination of the tissue revealed 
injury (Figure 3). The rat liver in the sham group 
was normal as well as glycogen distribution in 
hepatocytes, and no evidence suggested hepa-
tocyte swelling or neutrophil and macrophage 
infiltration. At CLP 6 h, a small amount of swol-
len hepatocyte and minimal periportal neutro-
phil and macrophage infiltration were noted in 
the liver. At CLP 12 h, the liver showed lightly 
dyed nucleus or obscure nucleus partial hepa-
tocytes, slight periportal neutrophil, and macro-

phage infiltration. At CLP 24 h, the liver showed 
vacuolar degeneration or ballooning degenera-
tion of partial hepatocytes and severe peripor-
tal neutrophil and macrophage infiltration. 

ER stress is triggered in the liver in progres-
sion in sepsis

Western Blot showed that the relative expres-
sion levels of the protein were normalized with 
β-actin. The expression level of GRP78 protein 
was significantly increased after CLP 2 h, and 
reached the peak at CLP 6 h, However, at CLP 
12 h, the level of GRP78 protein decreased sig-
nificantly, however, it was still significantly high-
er than the base value, and the difference was 
statistically significant (F=62.71, P<0.05, Fig- 
ure 4A and 4B). As indicated in Figure 4C and 
4D, the expression of CHOP protein was up-
regulated after CLP 12 h, and increased with 
the time of injury, the difference was statisti-
cally significant (F=156.36, P<0.05). As shown 
in Figure 4E and 4F, the expression of cleaved 
caspase-12 protein was significantly increased 
at 12 h after CLP in vehicle-treated animals, 
and increased with the time of injury (F=48.95, 
P<0.05).

Photomicrographs of TUNEL-stained sections 
in hepatic tissue

As shown in Figure 5, apoptotic cells with 
shrunken cytoplasm and pyknotic nuclei (arr- 
ows) were significantly increased after CLP 6 h, 
and increased with the time of injury, the differ-
ence was statistically significant (F=107.48, 

Figure 3. Histological liver injury af-
ter CLP. Sham, sham-operated rats; 
CLP, rats subjected to cecal ligation 
and puncture. Typical histology is 
presented 2 h post sham surgery, 2 
h, 6 h, 12 and 24 h post CLP. The 
panels are ×20 original magnifica-
tion. Visualization with a confocal 
microscope. (Scale bar =50 μm).
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P<0.05). The results of semiquantitative scor-
ing of TUNEL-positive cells were in line with the 
morphological changes.

Discussion

Sepsis complicated with MODS is the primary 
cause of death in intensive care units. The inci-
dence rate of liver dysfunction in sepsis pa- 
tients was 34.7% and is associated with poor 
prognosis [1, 4]. Our study found that the rats 
had liver impairment following polymicrobial 
infection (CLP), which is consistent with the 
results of previous study [13]. During sepsis, 
several factors, such as bacterial toxins, inflam-
matory factors, and malnutrition, can lead to 
liver damage. However, clinical studies found 
that, in view of the above mechanism, existing 
treatment is not effective in relieving liver da- 
mage. Identifying the mechanisms involved in 

P78), also known as binding immunoglobulin 
protein, is among the ER chaperone proteins. 
Under normal circumstances, it combines with 
three ER-localized protein sensors, namely, 
PERK, ATF6, and IRE-1. However, if unfolded 
proteins accumulate in the ER lumen, then the 
GPR78 dissociates from the ER stress trans-
ducers to combine unfolded proteins, leading 
to their activation and triggering the ER stress 
response (UPR). As such, the accumulation of 
unfolded or misfolded proteins in the ER is 
reduced, restoring the normal ER function. 
Therefore, it is a hallmark for ER stress [18-20]. 
In the present study, compared with sham-
operated control rats, GRP78 expression in the 
liver of septic CLP rats was increased, indicat-
ing the occurrence of ER stress and UPR, which 
is aimed to recover ER homeostasis and 
increase hepatocyte survival.

Figure 4. Endoplasmic reticulum (ER) stress occurs in liver after CLP. A rep-
resentative Western blot from three experiments demonstrating that as the 
extension of the CLP molding time the protein levels of glucose-regulated 
protein 78 (GRP78) (A), CCAAT/enhancer binding protein homologous pro-
tein (CHOP) (C) and cleaved caspase-12 (E) were increased in liver. (B) 
GRP78 Protein level, (D) CHOP Protein level, (F) cleaved caspase-12 Protein 
level. Data are presented as means ± SD (n=3) and compared by one-way 
ANOVA and Student-Newman-Keuls method: *P<0.05 VS. the control group; 
#P<0.05 VS. CLP 2 h group.

septic liver injury is important 
because it may provide new 
therapeutic targets and lead 
to implementation of effective 
treatment.

ER is among the most impor-
tant organelles in mammalian 
cells. It is very sensitive to 
changes in the environment 
inside and outside the cell. ER 
stress is induced by a variety 
of factors, including ischemia, 
hypoxia, calcium ion erosion, 
and oxidative stress and is a 
result of the accumulation of 
unfolded or misfolded pro-
teins in the ER. To respond to 
this stress, cells activate an 
adaptive pathway of unfolded 
protein response (UPR) to 
restore the normal ER func-
tion. However, if ER stress per-
sists or is aggravated, adapta-
tion starts to fail and apopto- 
sis occurs [14]. Previous stud-
ies have demonstrated that 
ER stress is closely related to 
a variety of liver disease [15-
17]. However, the mecha-
nisms associated with septic 
liver injury still remain unclear.

The chaperone protein gluco-
se-regulated protein 78 (GR- 
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ER stress is an adaptive response in regulating 
cellular responses, however, if the stress is per-
sistent and cannot be resolved, then signaling 
switches from pro-survival to pro-apoptotic. 
CHOP is a key molecule involved in ER stress-
mediated apoptosis [21]. In normal cells, CHOP 
expression is low, but it is markedly elevated 
under ER stress. Previous studies found that 
CHOP overexpression promotes apoptosis, whe- 
reas CHOP deficiency indicates resistance to 
ER stress-induced apoptosis [22-24]. CHOP 
induction indicates that ER began promoting 
apoptosis. In the current study, we found that 
the number of apoptotic hepatocytes was sig-
nificantly increased in septic rats, and the level 
of CHOP was increased significantly in CLP 
groups. These results indicate that CHOP is cru-
cial in mediating pathways of ER stress-induced 
apoptotic cell death in the liver of septic rats. In 
addition, murine caspase-12, which is a mem-
ber of the caspase family, has been reported to 
play an important role in ER-stress mediated 

cell death [25, 26]. Morishima et al. [27] found 
that caspase-12 activation is not dependent on 
mitochondrial or any death receptor activation, 
and its activation triggers the ER-specific cas-
pase cascade that leads to apoptotic death.  
In the present study, our data show that the  
level of cleaved caspase-12 was significantly 
increased in the septic group, indicating that it 
plays an important role in ER stress-mediated 
cell death in liver from the CLP rats. Collectively, 
the induction of CHOP and caspase-12 strongly 
suggested that because of the insufficiency  
of the cellular protective mechanisms, the 
ER-mediated pro-apoptotic response drove the 
hepatocytes toward death. A previous study 
showed that CHOP deletion ameliorated liver 
injury and improved cellular function [28]. 
Another study found that inhibition of cas-
pase-12 reduced the thapsigargin-induced cell 
death [29]. In the present study, results show a 
good correlation between apoptotic hepato-
cytes and liver injury. Given that CHOP and cas-

Figure 5. Photomicrographs of terminal deoxy-
nucleotidyl transferase dUTP nick-end labeling 
(TUNEL)-stained sections (A) and semiquantita-
tive scoring of TUNEL-positive cells (B) in liver. 
Scale bar =50 μm. Arrows denoted characteris-
tic morphology of apoptotic cells with pyknotic 
nuclei and shrunken cytoplasm. Data are pre-
sented means ± SD (n=8) and compared by 
one-way ANOVA and Student-Newman-Keuls 
method: *P﹤0.05 VS. the control group; #P<0.05 
VS. CLP 2 h group; ΔP<0.05 VS. CLP 6 h group; 
☆P<0.05 VS. CLP 12 h group.
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pase-12 have important roles in ER-stress 
mediated cell death, we demonstrated that ER 
stress-induced hepatocyte apoptosis may ac- 
celerate septic liver injury.

Sepsis is an extremely complex disorder involv-
ing activation of numerous intersecting cas-
cades. Thus, multiple pathways of cell death 
may be involved in liver injury of sepsis. The 
present findings indicate that activation of the 
ER-mediated apoptotic pathway is at least par-
tially responsible for the extensive hepatocyte 
apoptosis in sepsis. However, whether a cross 
talk exists between these pathways and the 
relative importance of the ER stress-mediated 
pathway in sepsis-induced liver injury need to 
be elucidated in further studies. Our results are 
obtained from animal experiments, whereas 
the clinical context is considerably more com-
plex. We cannot translate our result into 
humans, but we are interested in that to explore 
new therapeutic targets.

In conclusion, our result shows that ER stress 
pathway is involved in septic-induced liver inju-
ry. In addition, ER stress-induced cell apoptosis 
is involved in hepatocyte apoptosis in rats with 
CLP surgery. Further investigation of this mech-
anism may lead to effective intervention in this 
pathway to prevent liver injury induced by 
sepsis.
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