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It is still unknown whether glucocorticoid has certain effect on the HSP70 expression and structure, and 
function of the liver after traumatic shock, so in the present study, we investigated the effects of 
dexamethasone on heat shock protein 70 (HSP70) expression, liver structure and function in rats with 
traumatic shock. However, a hemorrhagic shock model was established by inducing bilateral femoral 
fractures in male Wistar rats. 20 mg/Kg dexamethasone was given by intraperitoneal injection, while 
shock occurred. A total of 72 adult male Wistar rats were randomly divided into 3 groups: Control group 
(n = 12), trauma group (n = 30), and dexamethasone followed by trauma shock group (n = 30). Hepatic 
HSP70, hepatic function, TNF–� and IL-6 were dynamically obtained at 0.5, 2, 4, 6 and 8 h after trauma. 
Liver histopathological changes were also observed. The expression of HSP70 in hepatic tissue was 
detected by western blot. In rats with trauma shock, HSP70 expression increased significantly 
compared with the control group, and peaked at 6 h after trauma. Hepatic TNF–� and IL-6, as well as 
serum alanine transferase (ALT) and total bilirubin (TB) were also elevated significantly, and peaked at 6 
and 8 h, respectively after trauma. Light microscopy revealed hepatic congestion with infiltration of 
inflammatory cells into hepatic sinusoid at 8 h in the trauma shock group. After dexamethasone 
treatment, expression of HSP70 increased significantly compared with the trauma shock group. Levels 
of TNF–� and IL-6, as well as ALT and TB also lowered after trauma, and hepatic congestion as well as 
hepatic degeneration was ameliorated, with minimal inflammatory infiltrates noted in the sinusoids. 
Dexamethasone may enhance expression of HSP70 in liver in a rodent model of hemorrhagic shock 
after trauma, and ameliorate hepatic secondary lesion. It is indicated that dexamethasone is correlated 
to HSP70 in the course of liver protection after traumatic shock.  
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INTRODUCTION 
 
Systemic inflammatory response syndrome (SIRS), 
multiple organ dysfunction syndrome (MODS) and even 
multiple organ failure (MOF) may occur after severe 
traumatic shock (O Brien et al., 2005). The liver plays an 
important role in the post-traumatic SIRS and MODS. 
Heat shock protein (HSP), also known as  stress  protein,  
 
 
 
*Corresponding author. E-mail: smith1966@yeah.net. Tel: 
+8623-68765115. 

can be activated by external stimulation. HSP plays a 
protective role against damage caused by stress factors 
(Kuboki et al., 2007; Song et al., 2007; Imao et al., 2006). 
It is still unknown whether glucocorticoid has certain 
effect on the HSP70 expression and structure, and 
function of the liver after traumatic shock. Therefore, in 
the present study, we established a model of bilateral 
femur fracture accompanied with hemorrhagic shock, and 
injected dexamethasone in the early stage of shock 
intraperitoneally. The mechanisms of HSP70 and 
dexamethasone in the anti-trauma effects  were  explored  



 
 
 
 
in this study. 
 
 
MATERIALS AND METHODS 
 
Ethics statement 
 
All animal experiments were approved by the Administrative 
Committee of Experimental Animal Care and Use of People's 
Liberation Army of China, and conformed to the National Institute of 
Health guidelines on the ethical use of animals. 
 
 
Experimental animals and grouping 
 
A total of 72 healthy male Wistar rats weighing 295 ± 55 g were 
recruited in our study, fasted and given free access to water before 
the experiment. The rats were randomly divided into the normal 
control group (n = 12), bilateral femur fracture accompanied with 
hemorrhagic shock group (trauma group, n = 30) and 
Dexamethasone treatment group (Dexamethasone group, n = 30). 
The samples were collected at 0.5, 2, 4, 6 and 8 h after trauma.  
 
 
Modeling of traumatic hemorrhagic shock  
  
After anesthesia (30 mg/kg) with 1.5 g/L sodium pentobarbital via 
intraperitoneal injection, the rat was fixed on the platform in a 
supine position. The middle of the bilateral femur fracture was 
broken. The right femoral arterial cannula was carried out for blood 
collection, and the pressure transmitter was linked by a three-way 
joint. The blood pressure was detected with polygraph. The blood 
pressure was maintained at 40 mmHg (1 mmHg = 0.133 Kpa), and 
the model of hemorrhagic shock after trauma was established.  
 
 
Intraperitoneal injection of dexamethasone 
 
20 mg/kg dexamethasone was injected intraperitoneally for 0 h after 
traumatic shock in the dexamethasone group, and the equal 
amount of normal saline was given in the normal control group.  
 
 
Western blot 
 
The rats were sacrificed 0.5, 2, 4, 6, 8 h after trauma. The liver 
tissues were obtained and HSP70 protein expression was 
examined with Western blot. The frozen tissues were pulverized by 
freeze-fracturing in liquid nitrogen 3 - 5 times and lysed in RIPA 
buffer (50 mM Tris-HCI, pH 7.5, 50 mM NaCI, 0.5% Triton X-100, 1 
mM EDTA, 10 mM Na pyrophosphate, 50 mM Na fluoride, 5 mM Na 
orthovanadate, 10 mM phenylmethylsulfonyl fluoride, 10 g/ml 
aprotinin, 10 g/ml leupeptin, and 10 g/ml pepstatin A). 
Homogenates were centrifuged (12000 rpm) at 4°C for 80 min to 
remove cellular debris. After 12.5% (w/v) sodium dodecyl sulfate-
polyacrylamide gel (SDS-PAGE) electrophoresis, all samples were 
electrophoretically transferred to polyvinylidene difluoride (PVDF) 
membranes (Bio-Rad Laboratories, Hercules, CA, USA). 
Nonspecific binding sites were blocked with 5% (w/v) BSA and 
0.01% (v/v) Tween-20 in Tris-buffered saline (TBS, pH 7.6) for 3 h 
at room temperature. The membrane was washed for 10 min with 
three changes of TBS, and the proteins on the membrane were 
incubated with 1:200 dilution of monoclonal antibody to HSP70 
(Santa Cruz, USA) overnight at 4°C. Membranes were washed for 
10 min with three changes of TBS, and then incubated with 
secondary antibodies conjugated to horseradish peroxidase (GAR-
AP, Zymed, USA) at room temperature for 3 h.  The  optical  density  
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(OD) of the expression product was detected with PECBIAS-6803 
image analyzer.  
 
 
ELISA 
 
TNF-� and IL-6 levels in the media were determined by ELISAusing 
anti-mouse TNF-� and anti-mouse IL-6 as capture antibodies and 
biotinylated anti-mouse TNF-� and biotinylated anti-mouse IL-6 as 
detection antibodies (eBioscience). Recombinant mouse TNF-� and 
IL-6 were used as standards (BioLegend). The total protein 
concentrations of the viable cell pellets were determined using Bio-
Rad Protein Assay reagent. Total amounts of TNF-� and IL-6 in 
media were normalized to the total protein amounts of the viable 
cell pellets. 
 
 
HE staining 
 
The liver tissues were obtained at each corresponding time point 
and fixed in 40 g/L paraformaldehyde. The tissues were 
progressively dehydrated with alcohol and xylene. The tissues were 
embedded with paraffin, and the slices were made for HE staining. 
The sections were observed under light microscope. The content of 
serum alanine aminotransferase (ALT) and total bilirubin (TB) were 
examined with an automatic biochemical analyzer. 
 
 
Statistical analysis  
 
All data were analyzed with SPSS12.0 software. The experimental 

data were expressed by mean ± standard deviation ( X  ± s). 
Paired t test was used to compare the results before and after 
treatment. Multi-group comparison was tested by analysis of 
variance. P < 0.05 was considered statistically significant.  
 
 
RESULTS  
 
HSP70 expression in liver tissue 
 
HSP70 expression was extremely low in the normal liver 
tissues. After the bilateral femur fracture was 
accompanied with hemorrhagic shock, the expression of 
HSP70 started in liver tissue, and then increased 
gradually with the extension of the phase. After 2 and 4 h 
injury, the expression HSP70 was 229.8 and 489.4% of 
the control, respectively. 8 h after injure, the expression 
HSP70 decreased, but still maintain at a high level, which 
was 425.5% of the normal control. After intraperitoneal 
injection of dexamethasone at 0 h after traumatic shock, 
HSP70 expression at each corresponding time points 
was significantly increased as compared with the 
traumatic shock group. HSP70 expression still reached 
the peak 6 h after trauma, which was 1210.4% of the 
normal control group. It was maintained at a very high 
level, 8 h after trauma. 2 - 8 h after trauma, it was 
significantly increased  as  compared  with  the  traumatic 
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Figure 1. HSP70 protein content in hepatic tissue after 
traumatic shock. 

 
 
 

 
 
Figure 2. HSP70 protein content in hepatic tissue after injecting 
dexamethasone. 1-6: control, 0.5, 2, 4, 6, 8h after trauma. 

 
 
 

Table 1. The changes of HSP70 protein content in hepatic tissue in rats ( X  ± s, n=6). 
 

Time after trauma (h) 
Groups Before 

trauma 0.5 2 4 6 8 
Trauma group 4.7 ± 0.5 6.0 ± 0.5 10.8 ± 1.1* 16.4 ± 1.9* 23.0 ± 1.7* 20.0 ± 1.4* 

 Dexamethasone group 4.8 ± 0.4 8.4 ± 0.8 28.7 ± 2.5*� 38.8 ± 2.9*� 58.1 ± 3.2*� 46.6 ± 3.1*� 
 

Note: Compared with the rats before trauma; *P < 0.01; Compared with the trauma group � P < 0.01. 
 
 
 

shock group (P < 0.01). The results were shown in 
Figures 1, 2 and Table 1.  
 
 
Pathological changes of liver 
 
Two hour after bilateral femur fracture was accompanied 
with hemorrhagic shock, liver cells showed cloudy 
swelling. 4 h after trauma, different degrees of 
albuminous   swelling,  loosened  cytoplasm,  eosinophilic 

cytoplasm and steatosis appeared. Scattered liver cell 
necrosis was focally distributed. 4 h after trauma, obvious 
congestion could be seen in the sinus hepaticus 
accompanied with a large number of lymphocytes, 
monocytes and neutrophil infiltration, and some scattered 
Kupffer cells could be seen on the wall. After intra-
peritoneal injection of dexamethasone, the congestion 
and swelling were significantly decreased 2 h after 
trauma. 4 h after trauma, the arrangement of the hepatic 
lobules   was    basically    normal,    and    the   liver   cell 
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Table 2. The changes of ALT and TB in blood serum in rats ( X ±s, n = 6). 
 

Time after trauma (h) 
Indexes Before 

trauma 0.5 2 4 6 8 
ALT(nmol-1.L-1)       
Trauma group 536.8 ± 60.0 552.6 ± 64.2 575.6 ± 65.2 640.6 ± 80.2* 720.6 ± 87.2* 830.6 ± 106.2* 
Dexamethasone group 520.2 ± 59.6 516.5 ± 58.6 506.1 ± 55.4 485.8 ± 51.7* � 425.2 ± 45.5* � 365.4 ± 40.8* � 
 
TB(mol/L) 

 
 

 
 

 
 

 
 

 
 

 
 

Trauma group 1.6 ± 0.2 2.5 ± 0.6 3.4 ± 0.9* 4.7 ± 1.1 * 6.5 ± 1.6* 8.8 ± 1.9* 
Dexamethasone group 1.7 ± 0.1 1.8 ± 0.4 1.9 ± 0.5 2.3 ± 0.6*� 3.0 ± 0.7*� 4.8 ± 0.8*� 

 

Note: Compared with the rats before trauma; *P < 0.01; Compared with the trauma group � P < 0.01. 
 
 
 

Table 3. The changes of TNF –�, IL-6 in hepatic tissue in rats (pg/ml) ( X ± s, n = 6). 
 

Time after trauma (h) 
Indexes Before 

trauma 0.5 2 4 6 8 
TNF–�       

Time after trauma 30.8 ± 1.8 34.9 ± 3.2 48.1 ± 3.3* 93.9 ± 5.3* 173.7 ± 12.1* 156.6 ± 12.9* 

Dexamethasone group 31.0 ± 2.9 35.4 ± 3.4 47.7 ± 5.7 55.9 ± 5.8*� 123.7 ± 9.5*� 112.7 ± 9.1*� 

 
IL-6 

 
 

 
 

 
 

 
 

 
 

 
 

Time after trauma 10.4 ±  0.7 12.8 ± 1.0 28.3 ± 1.6* 78.4 ± 5.2* 175.5 ± 12.5* 162.1± 8.2* 
Dexamethasone group 13.4 ±  1.2 16.5 ± 0.5 26.9 ± 2.3 52.5 ± 5.0*� 124.0 ± 8.4*� 104.6 ± 5.5*� 

 

Note: Compared with the rats before trauma; *P < 0.01; Compared with the trauma group � P < 0.01. 
 
 
 
degeneration was significantly decreased under light 
microscope. 6 - 8 h after trauma, only slight sinus 
hepaticus expansion and mild congestion could be seen. 
Moreover, only infiltration of a small number of 
lymphocytes and monocytes could be seen between liver 
sinusoids and liver cells cord, and there were no Kupffer 
cells or neutrophils on the wall.  
 
 
Liver functional and biochemical factors  
 
The expression levels of serum ALT and TB started 
increasing 2 h after bilateral femur fracture was 
accompanied with hemorrhagic shock. 4 - 8 h after 
hemorrhagic shock, the expression levels of serum ALT 
and TB were significantly increased as compared with the 
control group (P < 0.01). After Dexamethasone treatment, 
although, while the expression levels of serum ALT and 
TB increased, the increase degree was slow, with 
significant difference as compared with the traumatic 
group after 4 - 8 h (P < 0.01) (Table 2).  
 
 
Expressions of TNF-� and IL-6 in liver tissue 
 
The expression levels of serum TNF-� and IL-6 were low 
in normal rat serum. However, they were gradually 
increased after hemorrhagic shock and reached the peak 

after 6 h. They still maintained a high level 8 h after 
shock, which was significantly higher than the normal 
control group (P < 0.01). After dexamethasone treatment, 
the expression levels of TNF-� and IL-6 were rapidly 
reduced as compared with the hemorrhagic shock group, 
with significant difference at 4 - 8 h (P < 0.05) (Table 3).  
 
 
DISCUSSION 
 
Our results demonstrated that after bilateral femur 
fractures were accompanied with hemorrhagic shock, the 
liver cells showed cellular swelling and degeneration. The 
sinus hepaticus expansion and congestion appeared. 
The inflammatory cells, serum alanine aminotransferase, 
total bilirubin and inflammatory mediators were 
increased. It indicates that the secondary lesion occurred 
on both morphology and function. HSP70 expression was 
rapidly increased and maintained at a high level in the 
liver after wound shock. HSP70 is a stress protein, which 
plays an important role on protecting the body from 
excessive stress. Our study showed that HSP70 is 
involved  in  the  early liver  protection  during  the  wound 
shock. As an anti-inflammatory and anti-shock drug, 
Glucocorticosteroid (GC) has been applied in the septic 
shock and anaphylactic shock for nearly half of century. 
However, there is still controversy on the traumatic shock 
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and hemorrhagic shock. It has been shown that 
Dexamethasone could effectively inhibit the production of 
nitric oxide synthase induced by IL-1 and TNF-� and 
inhibit the leukopedesis and activation. It also could 
inhibit the release of the lysosomal hydrolase and prevent 
the damage of the tissues and organs from the sustained 
and uncontrolled inflammatory response and maintain the 
immune function of T lymphocytes, thereby reducing the 
tissue and cell damage (Li et al., 2005). Dexamethasone 
also could significantly improve the tissue oxygen tension 
of the internal organs (Sun et al., 2004). It has been 
reported that HSP70 expression increased in the 
myocardial cells of the rat with Dexamethasone 
treatment, suggesting that HSP72 is involved in the anti-
apoptotic effect of Dexamethasone (Zhuang et al., 2008). 
Some researchers successfully induced HSP72 with 
dexamethasone at the cell level and in vitro, which 
provided a new idea for the HSP72 inducement with low-
damage factors (Valen et al., 2000; Sun et al., 2000). 
Heat shock proteins can interfere the apoptosis through 
different pathways, thus inhibiting the apoptosis of cells, 
suggesting that Dexamethasone and heat shock proteins 
have a certain functional relationship on the cell damage.  

According to Fry in 1978, acute liver failure diagnostic 
criteria required that TB is higher than 34.2 �mol / L and 
ALT is 2 times higher than normal, which is widely used. 
As a result, we adopted TB and ALT as the indicators, 
reflecting liver injury. Our previous study confirmed that 
the glucocorticoid receptor (GR) in liver tissue was 
significantly reduced after serious traumatic shock, and 
the liver damage was more obvious after GR blocking 
(Luo et al., 2007). A high-dose Dexamethasone could 
significantly increase the GR expression in liver cell 
nuclei, indicating that high-dose Dexamethasone could 
further promote the activation and nuclear translocation 
of GR. GR has a protective effect on the liver cells, which 
may be one of the protective mechanisms of 
Dexamethasone on liver. HSP70 is a protective protein, 
which is normally located in cytoplasm and rapidly 
gathered into the cell nucleus or near to the nucleolus 
after stress. When the body returns to normal status, 
HSP70 returns to the cytoplasm through 
Depolymerization. Usually, GR combined with the 
molecular chaperones of HSP70 and is in the inactivation  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
status. Once it combines with GC, the molecular 
chaperones will dissociate from the GR and increase in 
the cytoplasm of liver cells, thus repairing the damage 
cells and regulating cell function ((Wong et al., 2004; 
Schimke et al., 2000), which may be one of the protective 
mechanisms of Dexamethasone on the liver during the 
traumatic shock.  
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