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Abstract: Trauma hemorrhagic shock is a common and critical disease, which induces multiple organ failure, es-
pecially of the liver, when combined with fracture. However, no effective trauma hemorrhagic liver injury model 
that mimics the real-life condition has been developed so far. This study aims to develop an effective trauma 
hemorrhagic liver injury model based on a fracture and hemorrhage approach. The levels of the following proteins 
were determined by the enzyme-linked immunosorbent assay (ELISA) in our fracture and hemorrhage-based mod-
el system: serum alanine transaminase (ALT), aspartate aminotransferase (AST), inflammatory cytokines such as 
interleukin-1β, interleukin-6, and tumor necrosis factor-α, chemokines such as C-C motif ligand 2, C-C motif ligand 
5, C-C motif ligand 13, and C-X-C motif ligand 2. Pathological changes in the liver and the numbers of CD45+ cells 
and polymorphic nuclear neutrophils (PMNs) in the liver parenchyma were analyzed by hematoxylin-eosin stain-
ing, periodic acid-Schiff staining, and flow cytometry, respectively. As expected, the serum levels of ALT and AST 
increased significantly with trauma time and peaked at 16 hrs post-trauma. Similarly, the levels of the inflammatory 
cytokines also increased significantly with trauma time, and peaked after 8 hrs or 16 hrs of trauma. Analysis of 
hepatic morphology at the time-point when the trauma was inflicted and at later time-points post-trauma, revealed 
invasion of inflammatory cells, formation of hyperchromatic nuclei, and presence of loose and irregular acinus and 
vacuolus; the phenotype was most severe at 16 hrs post-trauma. The number of CD45+ cells and PMNs increased 
significantly with trauma time and peaked after 16 hrs of trauma. These observations indicated that the trauma 
hemorrhagic liver injury model was successfully established and that it could provide an effective system to study 
the mechanisms of trauma hemorrhagic liver injury.
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Introduction

Trauma hemorrhagic shock (THS) is one of the 
most common and critical illnesses that is 
characterized by multiple organ failure (MOF) 
[1-3]. It is a shock complication caused by 
severe trauma and is accompanied by acute 
circulatory insufficiency, hypovolemia, hypox-
emia, low-flow tissue perfusion, organ injuries, 
microcirculatory disturbances, and cellular 
hypoxia [4-6]. Traumatic hemorrhage causes 
oxygen deficiency that may perturb the micro-
circulation of the body and induce hypoxia in 
case of excessive bleeding, which may further 
lead to metabolic acidosis, coagulation dys-
function, and hypothermia [7-10]. In the 
absence of immediate medical intervention, 
the course of the illness could rapidly worsen 

and cause fatalities [11, 12]. In the early stages 
of THS, the generation of certain cytokines trig-
gers inflammatory reactions, which promotes 
wound healing; however, excessive amounts of 
cytokines may enhance local reaction and 
aggravate the cascade effect of systemic 
inflammatory response syndrome (SIRS) and 
precipitate the multiple organ dysfunction syn-
drome (MODS), such as in the case of liver inju-
ry [13-16].

Trauma hemorrhage-induced liver injury is a 
severe illness that is characterized by immune 
cell aggregation and invasion, such as polymor-
phic nuclear neutrophils (PMNs), mononuclear 
cells, and dendritic cells [17, 18], as well as by 
the production of several inflammatory cyto-
kines such as interleukin-1β (IL-1β), interleu-
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kin-6 (IL-6), tumor necrosis factor-α (TNF-α), 
and chemokines such as  C-C motif ligand 2 
(CCL2), C-C motif ligand 5 (CCL5), C-C motif 
ligand 13 (CCL13), and C-X-C motif ligand 2 
(CXCL2) [19-22]. If excess PMNs are not elimi-
nated via apoptosis, numerous reactive oxygen 
species and free radicals are released that 
aggravate the inflammatory reaction, and final-
ly lead to SIRS, MODS, and even MOF; however, 
the mechanism of this pathway is still unknown 
[23-25]. Based on this hypothesis, several ani-
mal models of THS were established; however, 
the fracture-based trauma hemorrhagic liver 
injury model has not yet been reported [26, 
27]. In the clinic, trauma hemorrhage is often 
combined with fracture, and the immunoreac-
tion accompanying the fracture has similarity to 
that of hemorrhage. Therefore, the fracture 
injury model has been widely used for studying 
immunoreactions in trauma hemorrhagic ani-
mals [28]. As expected, levels of inflammatory 
cytokines and the numbers of CD45+ cells and 
PMNs increased significantly, which indicated 
that the trauma hemorrhagic liver injury model 
was successfully established and could be 
used for simulating liver injury. This model 
exhibits a significant application value for 
studying the mechanisms of liver injury.

Materials and methods

Animals 

A total of 64 Wistar (male, 260-300 g) rats 
were purchased and raised in the Chinese PLA 
General Hospital Animal Center at the house 
temperature of 25 ± 2°C, humidity of 40-60%, 
and a 12 hrs light/dark cycle. The animals were 
randomly divided into 8 groups of 8 rats each, 
and animals in each group were inflicted with 
trauma for 0 hrs, 1 hrs, 2 hrs, 4 hrs, 8 hrs, 16 
hrs, 24 hrs, and 48 hrs. All the animal experi-
ments were approved by the Institutional 
Animal Care and Use Committee of the Chinese 
PLA General Hospital and conformed to the cur-
rent guidelines for the Care and Use of 
Laboratory Animals published by the U.S. 
National Institutes of Health (NIH Publication 
No. 85-23, revised 1996).

Establishment of rat traumatic hemorrhagic 
liver injury model

An acute mechanical injury method was used 
to establish the rat traumatic hemorrhagic liver 
injury model. Briefly, after one week of adaptive 

feeding, the rats were anesthetized by intraper-
itoneal injection of sodium pentobarbital (80 
mg/kg) and thereafter, the animals were fixed. 
Subsequently, a number 22 arteriovenous 
indwelling needle was used to perform cathe-
terization of the cervical artery and vein and 
heparin sodium (25 U/mL) was administered 
for anticoagulation. Blood pressure was moni-
tored by a two channel physiological recorder 
(type LMS2B) till a stable blood pressure of 80 
mm-100 mmHg was observed for at least 10 
min, after which the left leg was fixed on the 
chassis of a man-made bracket and 300 g iron 
was allowed to fall freely from a height of 25 cm 
to cause a comminuted fracture in the middle 
of the femur. During the 30 min of artery intu-
bation and rapid bleeding, blood pressure was 
monitored; when the blood pressure dropped 
to 40-50 mmHg and was maintained at that 
value for 1 h, two times the volume of liquids 
was rapidly reinfused at a speed of 20 ml/hrs, 
including autologous anti-coagulated blood and 
ringer. Thereafter, the skin was sutured back 
after disinfection, and the animals were sub-
jected to regulated feeding. Subsequently, the 
rats were killed by dislocation and the whole 
blood and liver were collected for further 
analysis.

Measurement of alanine transaminase (ALT) 
and aspartate aminotransferase (AST) levels in 
rat serum

The rat whole blood was incubated for 30 min 
at room temperature and centrifuged at 4°C, 
4,000 rpm for 10 min to collect the serum sam-
ple. Subsequently, the levels of serum ALT and 
AST were detected by the rat serum enzyme-
linked immunosorbent assay (ELISA) kit (ALT 
ELISA kit, ZKP-160515011, ZEKEBIO, Jiangsu, 
China) and the rat serum AST ELISA kit (ZKP-
160516034, ZEKEBIO, Jiangsu, China) accord-
ing to the manufacturer’s instructions. Data 
was recorded at 450 nm using a microplate 
reader during 15 min and analyzed by the SPSS 
software (version 21.0, http://spss.en.softonic.
com/; Chicago, IL, USA). Histogram analysis 
was done by the Origin 9.5 software (http://
www.originlab.com/).

Measurement of levels of inflammatory factors 
in rat liver

A total of 50 μg of the collected liver tissue was 
rapidly frozen in liquid nitrogen, homogenized in 
a tissue grinder, and centrifuged at 12,000 rpm 
at 4°C for 15 min. The supernatant was col-
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lected and the amounts of IL-1β, IL-6, TNF-α, 
CCL2, CCL5, CCL13, and CXCL2 were detected 
by rat IL-1β ELISA kit (ZKP-1604001, ZEKEBIO, 
Jiangsu, China), rat IL-6 ELISA kit (ZKP-
1604001, ZEKEBIO, Jiangsu, China), rat TNF-α 
ELISA kit (ZKP-1604001, ZEKEBIO, Jiangsu, 
China), rat CCL2 ELISA kit (ZKP-1604003, 
ZEKEBIO, Jiangsu, China), rat CCL5 ELISA kit 
(ZKP-1604003, ZEKEBIO, Jiangsu, China), rat 
CCL13 ELISA kit (ZKP-1604003, ZEKEBIO, 
Jiangsu, China), and rat CXCL2 ELISA kit (ZKP-
1604005, ZEKEBIO, Jiangsu, China) according 
to the manufacturer’s instructions. Data was 
recorded at 450 nm using a microplate reader 
during 15 min, and analyzed by the SPSS soft-
ware (version 21.0, http://spss.en.softonic.
com/; Chicago, IL, USA). Histogram analysis 
was performed using the Origin 9.5 software 
(http://www.originlab.com/).

Hematoxylin and eosin (H&E) staining

The liver was fixed and sliced to perform H&E 
staining as described below. The slides were 
slightly over-stained with hematoxylin for 
approximately 3 to 5 min and the excess stain 
was removed with tap water. The slides were 
differentiated and destained for few seconds in 
acidic alcohol until they appeared red, after 
which they were briefly rinsed with tap water to 
remove the acid. Bicarbonate was applied for 
approximately 2 min, until the nuclei were visi-
bly distinct in blue color. The hematoxylin-
stained slides were rinsed with tap water for 3 
min, then placed in 70% ethanol and finally in 
eosin for 2 min. Thereafter, the slides were 
washed thrice with hesin of 95% ethanol for 5 
min and transferred to the first absolute etha-
nol wash of the clearing series. After staining, 
images were captured using a microscope con-
nected to a CCD camera.

Periodic acid-Schiff (PAS) staining

The liver was fixed and sliced to perform PAS 
staining as follows. The tissue samples on the 
slide were oxidized with periodic acid for 
approximately 15 min, excess stain was 
removed with tap water, and the samples were 
stained with Schiff reagent for 15 min. 
Thereafter, the slides were washed thrice with 
sulfinic acid, followed by three washes with dis-
tilled water, and restained with hematoxylin. 
After staining, images were captured using a 
microscope connected to a CCD camera.

Quantitation of CD45+ cell and PMN numbers 
in liver parenchymal cells by flow cytometry

The liver tissue (100 mg) was digested with 
trypsin and screened through a 200-mu cell 
sieve. The liver parenchymal cells were sepa-
rated by density gradient centrifugation using 
Percoll reagent, and diluted to 2 × 106 cells/
mL. 1 mL cells were aspirated and centrifuged 
at 2,000 rpm for 5 min followed by three wash-
es with cold phosphate buffer saline (PBS). The 
cell pellet was resuspended in 200 μL PBS and 
labeled with anti-CD45-FITC antibody (for esti-
mating the number of CD45+ cells) and anti-
CD11b-FITC and anti-Gr-1-PE antibodies (to 
identify PMNs in the liver parenchymal cells) at 
4°C for 30 min according to the manufacturer’s 
instructions. Labeled cells were centrifuged at 
2,000 rpm for 5 min and were carefully resus-
pended in 200 μL PBS for detection by flow 
cytometry.

Statistical analysis

All data are expressed as the mean ± standard 
deviation (SD). Statistical analysis was per-
formed with one-way ANOVA using the SPSS 
software (version 21.0, http://spss.en.softonic.
com/; Chicago, IL, USA), and Student’s t-tests 
were performed in a group of two samples. P < 
0.05 and P < 0.01 were considered to indicate 
significant differences and highly significant dif-
ferences, respectively.

Results

Serum ALT and AST levels were significantly 
increased by trauma, with a peak at 16 hrs 
post-trauma

On comparison with the levels at 0 hrs of trau-
ma, the serum ALT levels increased with trau-
ma time, with a peak at 16 hrs post-trauma, 
and a slight decrease after 48 hrs of trauma (*: 
P < 0.05; **: P < 0.01) (Table 1). Similarly, the 

Table 1. Changes in serum levels of ALT and 
AST at different time-points of trauma 
Groups ALT (U/L) AST (U/L)
0 hrs 25.40 ± 3.40 45.80 ± 3.80
1 hrs 27.00 ± 4.90* 50.80 ± 8.70*

2 hrs 49.00 ± 18.60** 73.60 ± 17.40**

4 hrs 430.00 ± 100.80** 524.00 ± 121.80**

8 hrs 3439.00 ± 308.50** 3620.00 ± 614.50**

16 hrs 6048.00 ± 346.40** 6344.00 ± 582.00**

24 hrs 4942.00 ± 255.10** 5051.00 ± 451.60**

48 hrs 3814.00 ± 448.10** 4061.00 ± 587.70**

Note: *: P < 0.05; **: P < 0.01.
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serum AST level also increased with trauma 
time, peaked at 16 hrs post-trauma, and 
decreased slightly after 48 hrs of trauma (*: P 
< 0.05; **: P < 0.01).

Levels of liver inflammatory cytokines in-
creased significantly after trauma, with a peak 
at 16 hrs post-trauma

On comparison with the levels at 0 hrs of trau-
ma, the serum level of IL-1β increased signifi-
cantly with trauma time, reached a peak at 8 
hrs post-trauma, and decreased slightly decr- 
eased after 48 hrs of trauma (*: P < 0.05, **: P 

< 0.01) (Table 2). Similarly, on comparison with 
the levels at 0 hr of trauma, the serum levels of 
IL-6, TNF-α, CCL2, CCL5, CCL13, and CXCL2 
increased significantly with trauma time, with 
peaks at 8 hrs or 16 hrs post-trauma, and 
decreased slightly after 48 hrs of trauma (*: P 
< 0.05, **: P < 0.01).

Trauma triggered an inflammatory response in 
the liver and severely damaged hepatic mor-
phology 

Figure 1 shows that at 0 hrs of trauma, the liver 
cells were tightly distributed with regular aci-

Table 2. Assay levels of inflammatory cytokines in liver 

Parameters
Inflammatory cytokines (Mean ± SD, pg/ml)

IL-1β IL-6 TNF-α CCL2 CCL5 CCL13 CXCL2
0 hrs 5.70 ± 0.56 0.96 ± 0.21 36.11 ± 3.02 1.94 ± 0.44 38.40 ± 5.94 19.20 ± 2.77 36.80 ± 3.27

1 hrs 9.06 ± 0.42* 1.22 ± 0.46* 40.26 ± 3.57 4.28 ± 0.95* 47.00 ± 2.12* 24.00 ± 3.16* 83.80 ± 11.50**

2 hrs 16.59 ± 1.81** 1.82 ± 0.32** 46.48 ± 7.65* 12.28 ± 0.79** 52.40 ± 2.88** 26.20 ± 6.14** 147.60 ± 5.98**

4 hrs 23.21 ± 2.94** 7.32 ± 2.07** 66.38 ± 7.72** 38.54 ± 2.68** 101.80 ± 5.59** 63.60 ± 3.36** 316.00 ± 13.02**

8 hrs 15.68 ± 0.97** 22.58 ± 2.03** 55.63 ± 5.06** 41.36 ± 2.21** 150.20 ± 11.30** 71.60 ± 5.68** 263.40 ± 16.47**

16 hrs 11.10 ± 1.08* 30.14 ± 2.19** 48.86 ± 2.21** 32.28 ± 2.30** 206.00 ± 9.62** 151.00 ± 16.46** 206.20 ± 12.19**

24 hrs 6.31 ± 1.71 10.90 ± 0.81** 41.14 ± 4.67* 23.86 ± 1.75** 105.20 ± 9.88** 105.80 ± 4.27** 157.20 ± 9.26**

48 hrs 5.63 ± 0.83 6.48 ± 1.16** 34.68 ± 7.96 15.76 ± 2.43** 129.60 ± 8.26** 83.20 ± 10.92** 163.00 ± 12.17**

Note: *: P < 0.05; **: P < 0.01.

Figure 1. Analysis of liver mor-
phology and structure by hema-
toxylin and eosin (H&E) staining. 
The images indicate that the 
structure of the liver tissue was 
loose and severely damaged due 
to progression of trauma (*: P < 
0.05, **: P < 0.01, when com-
pared to 0 hr of trauma).
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Figure 2. Quantitation of the number of CD45+ cells in the liver parenchyma by flow cytometry and histogram analysis. A. The number of CD45+ cells in the liver 
parenchyma was assayed by flow cytometry; B. Histogram analysis of the number of CD45+ cells in the liver parenchyma. The image indicates that the number of 
CD45+ cells in the liver parenchyma increased with trauma time and peaked after 16 hrs of trauma (*: P < 0.05, **: P < 0.01, when compared to 0 hr of trauma).
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nus, no hyeprchromatic nuclei or invasion of 
inflammatory cells. However, with increase in 
trauma time, liver cells showed signs of severe 
damage as seen by increase in inflammatory 
cell invasion, formation of hyperchromatic 
nuclei, and the occurrence of loose and irregu-
lar acinus and vacuolus, especially after 16 hrs 
of trauma.

CD45+ cell number increased significantly with 
trauma, with peaks at 16 hrs and 24 hrs post-
trauma

Compared to that at 0 hrs of trauma, the num-
ber of CD45+ cells in the liver parenchyma 
increased significantly after 4 hrs of trauma 
and reached maxima 16 hrs and 24 hrs post-
trauma (*: P < 0.05, **: P < 0.01) (Figure 2A 
and 2B). 

Number of PMNs in the liver increased with 
trauma 

As shown in Figure 3, liver cells stained bright 
red at 16 hrs and 24 hrs post-trauma, which 
indicated that the number of PMNs in liver 

parenchyma had increased. Similarly, flow 
cytometry (Figure 4A and 4B) showed that com-
pared to the number at 0 hrs of trauma, the 
number of PMNs increased significantly after 4 
hrs of trauma, reached a maxima after 16 hrs 
of trauma, and decreased slightly at 48 hrs 
post-trauma (*: P < 0.05, **: P < 0.01).

Discussion 

In this study, rat trauma hemorrhagic liver inju-
ry model was successfully established, which 
was accompanied by an inflammatory reaction 
and immunoreaction; this was marked by sig-
nificant increases in serum levels of ALT and 
AST, hepatic levels of inflammatory cytokines 
(IL-1β, IL-6, TNF-α, CCL2, CCL5, CCL13, and 
CXCL2), numbers of CD45+ cells and PMNs, 
inflammatory cell invasion, formation of hyper-
chromatic nuclei, and occurrence of loose and 
irregular acinus and vacuolus of the liver tissue. 
Overall, our results indicated that the rat trau-
ma hemorrhagic liver injury model could be 
used for simulation and evaluation of clinical 
liver injury.

Figure 3. Periodic acid-Schiff 
(PAS) staining to determine 
the number of PMNs in the liv-
er parenchyma. The images in-
dicate that the liver cells were 
stained bright red after 16 hrs 
and 24 hrs of trauma.



Rat trauma hemorrhagic liver injury model

7346 Int J Clin Exp Pathol 2017;10(7):7340-7349

Figure 4. Quantitation of the number of PMNs in liver parenchyma by flow cytometry and histogram analysis. A. The number of PMNs in the liver parenchyma was 
assayed by flow cytometry; B. Histogram analysis of the number of PMNs in the liver parenchyma. The image indicates that the number of PMNs in the liver paren-
chyma increased with trauma time and peaked after 16 hrs of trauma (*: P < 0.05, **: P < 0.01, when compared to 0 hr of trauma). 
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THS adversely affects the social life of the 
afflicted due to the high disability and lethality 
associated with it, and it has been become one 
of the leading causes of death globally [1, 2, 
10]. After trauma, acute circulatory insufficien-
cy occurs within the tissue, resulting in isch-
emia and hypoxia [1, 9, 29]. THS is generally 
accompanied by inflammation and immune dis-
order, which may cause serious systemic 
inflammation, including SIRS and MODS, and 
damage to distal vital organs [10, 30, 31]. 
Several groups have established trauma hem-
orrhagic animal models to study the mecha-
nism of trauma hemorrhage and to seek a suit-
able treatment measures for controlling the ill-
ness and reducing mortality [1, 32-34]. 
However, the fracture-based trauma hemor-
rhagic liver injury model is still not reported. 
Fracture, combined with hemorrhage to estab-
lish a trauma hemorrhagic liver injury model, 
has several advantages. For example, it is a 
stable system that does not require any expen-
sive device, the bleeding volume is easy to 
monitor, and the conditions are similar to those 
of clinical cases of trauma hemorrhages.

Serum levels of ALT and AST are two important 
indexes for assessing liver function. Here, we 
evaluated the extent of liver injury by determin-
ing the levels of ALT and AST, which significantly 
increased with trauma time, peaked at 16 hrs 
post-trauma, and decreased slightly after 48 
hrs of trauma, indicating that with prolonged 
trauma, liver injury first increased maximally, 
followed by a moderate decrease. We hypothe-
sized that levels of inflammatory cytokines may 
be altered with liver injury. As expected, the lev-
els of IL-1β, IL-6, TNF-α, CCL2, CCL5, CCL13, 
and CXCL2 increased significantly with trauma 
time and reached a peak at 8 hrs or 16 hrs 
post-trauma, indicating that inflammatory  
reactions had occurred in the fraction-induced 
hemorrhage of liver. 

The activity of the immune system is significant-
ly altered with the aggravation of clinical THS. 
For example, levels of PMNs, mononuclear 
cells, and dendritic cell increase in THS [17, 18]. 
In this study, the numbers of CD45+ cells and 
PMNs, quantitated by flow cytometry, increased 
significantly with trauma time and reached a 
peak at 16 hrs post-trauma. This indicates that 
after trauma infliction, the immune cell popula-
tion increased locally to provide tolerance 
towards the injury-induced inflammation, which 

simulated the immune reaction of the body in 
response to trauma hemorrhage-induced liver 
injury. With longer duration of the trauma, the 
liver cells exhibited morphological changes 
such as invasion of inflammatory cells, forma-
tion of hyperchromatic nuclei, and occurrence 
of loose and irregular acinus and vacuolus, 
thereby indicating that after the fraction-
induced hemorrhage, the morphology and 
structure of the hepatic tissue had changed sig-
nificantly. Taken together, our results under-
score the effectiveness of this model in mim-
icking clinical cases of liver injury. However, few 
points are critical for successfully utilizing our 
model system. First, the rat bleeding volume 
has to be accurately monitored to maintain the 
low blood pressure and second, the entire 
operation has to be performed under sterile 
conditions.
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