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Abstract: This study aims to observe the changes of myocardial injuries after the firearm wound-induced intestinal 
perforation in porcine abdomen. 42 healthy Landrace piglets were randomly divided into the control group and the 
injury group, which was then subdivided into the post-injury 1 h, 2 h, 4 h, 8 h, 12 h and 24 h subgroup. the LDH, 
CK and CK-MB levels of each group, as well as the plasma endotoxin, were determined and compared. The plasma 
endotoxin levels of the experimental groups were significantly higher than the control group, and the light micro-
scope observation revealed that the 8 h, 12 h and 24 h subgroup appeared the gradually-aggravated myocardial 
cell edema and degeneration; the electron microscope revealed that the 4 h, 8 h, 12 h and 24 h subgroup appeared 
the mitochondrial swelling and dissolution gradually; the serum levels of LDH, CK and CK-MB of each experimental 
group were higher than the control group. The abdominal firearm wound-induced intestinal perforation would lead 
to the damaged changes of myocardial morphology and enzymes, which would aggravate as time went along.
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Introduction

The abdominal firearm wound has the charac-
teristic of high intestinal perforation rate and 
high multiple organ dysfunction syndrome 
(MODS) rate [1], the intestinal barrier dysfunc-
tion is the important cause of MODS, the bacte-
rial translocation and enterogenic infection 
would induce the release of a variety inflamma-
tory mediators, resulting in the injuries of 
remote organs [2]. The heart is the arteriove-
nous connection and the cardiovascular power 
pump, as well as the key organ of MODS-caused 
death [3]. There has not been reported about 
the changes of cardiac functions and morphol-
ogy after the abdominal intestinal firearm 
wound at home and in aboard. This study was 
based on the established model of abdominal 
intestinal firearm wound [4], and then the post-
injury myocardial morphology and enzymes 
changes were observed, aiming to explore its 
variation, and providing the theoretical basis 
towards the treatment of abdominal intestinal 
firearm wound.

Materials and methods

Experimental animals and grouping

42 healthy Landrace piglets were provided by 
the People’s Liberation Army, 2-3 months old, 
with the body weight as (31.20 ± 1.40) kg, and 
without gender restriction. The animals were 
randomly divided into seven groups: the control 
group (CG), and the post- injury 1 h, 2 h, 4 h, 8 
h, 12 h and 24 h group, with 6 piglets in each 
group. This study was carried out in strict accor-
dance with the recommendations in the Guide 
for the Care and Use of Laboratory Animals of 
the National Institutes of Health. The animal 
use protocol has been reviewed and approved 
by the Institutional Animal Care and Use 
Committee (IACUC) of Xinxiang Medical College 
(Permit Number: 20060828001). 

Firearms parameters

54 military pistol, with 7.62 mm handgun bullet, 
and calibrated by the professional institute: the 
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initial velocity was 430-435 m/s, with the pro-
jectile weight as 5.5 g, and the impact energy 
was 508.48-520.37J.

Environment

The experiment was carried out at room tem-
perature, and the animals were sent back to 
the lab within 15 min after the injury. The room 
temperature and the animal laboratory environ-
ments were: temperature 22-24°C, relative 
humidity 50%-60%.

Experimental abdominal gunshot injury

Before the injury, the animals were convention-
ally fasted for 12 h, while they could freely 
access to water. After intramuscularly anesthe-
tized with 5% ketamine hydrochloride injection 
(20 mg/kg) (Gutian Pharmaceutical Group, 
Fujian, China) and 0.05% atropine sulfate injec-
tion (0.04 mg/kg) (Tianjin Pharmaceutical 
Group, Tianjin, China), the pig was hung on the 
porch of Gobi military firing range with the nor-
mal walking positions, with the 4 limbs droop-

ing naturally to completely expose the abdo-
men, the shooting point was marked in the non-
hair area of the right abdominal plica lower 
edge, 2 cm away behind the navel level, a pro-
fessional shooter aimed at the point 30 cm 
from the porcine lateral abdominal wall, and 
shot the projectile vertically into the right 
abdominal wall, and the projectile was with-
drew from the left corresponding position 
(Figure 1). The animals were transported back 
to the lab by truck within 15 min after the injury, 
and free for the glucose saline. Except for the 
injury, the control group were performed the 
same steps with the injured groups.

Determination of biochemical indicators and 
endotoxin

The piglets of the injured groups were sampled 
the venous blood from the porcine ear vein at 
the post-injury 1 h, 2 h, 4 h, 8 h, 12 h and 24 h, 
while the control group was immediately sam-
pled the blood when sent back to the lab. 
Certain part of blood sample was stood for 30 
min, followed by the centrifugation, and then 
the Toshiba automatic biochemical analyzer 
was used to detect the serum levels of LDH, CK 
and CK-MB. The other part of blood sample 
was placed into the pyrogen-free heparin-coat-
ed tube for the centrifugation to extract the 
plasma, which was then placed into the pyro-
gen-free tube and stored at -80°C for the endo-
toxin detection. The detection was performed 
with the tachypleus amebocyte lysate (TAL) 
method, and operated according to the instruc-
tions. The TAL reagent was provided by the 
Xiamen TAL reagent industrial (Chinese 
Horseshoe Crab Reagent Manufactory, CO., 
Ltd., Xiamen, China).

Histopathological observation

The control group was performed the thoracot-
omy immediately after the blood sampling, 
while the injured groups were performed the 
thoracotomy at the corresponding time points, 
the apical myocardial tissues of each group 
were obtained, fixed with 10% neutral formalin, 
and performed the conventional paraffin sec-
tion. After HE staining, the myocardial tissue 
changes were observed under the light 
microscope.

Electron microscopic observation

The myocardial tissues were immediately fixed 
with glutaraldehyde, then the fixed specimen 

Figure 1. Exit of the abdominal trajectory.

Figure 2. Intestinal multiple perforations.
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was cut into 1 × 1 × 1 mm3 size; after per-
formed the ultrathin section, the ultrastructural 
changes of myocardial tissues were observed 
by the electron microscopy.

Statistical analysis

The experimental data were expressed as 
_
x  ± 

s, and SPSS13.0 software was used for the 
data processing, the analysis of variance 
(ANOVA) and Newman-Keuls test were per-
formed, with P < 0.05 considered as statistical 
significance.

Results

Animal’s survival and laparotomic investiga-
tion

The animals of the control group, the 1 h, 2 h, 4 
h and 12 h subgroup all survived, while the 8 h 
and 24 h subgroup died 1 animal, respectively. 
All the animals were performed the laparotomy 
at the corresponding time points, and the explo-
ration showed that no active bleeding and rup-
ture of parenchymal organs, there existed 
about 50-300 ml yellow, light red to red bloody 
exudate intraperitoneally, and 2-9 sites of 
intestinal perforation rupture occurred at the 
primary injury area, with or without the mesen-
teric rupture at the edge of small intestine, 

there would exist 0-3 sites of perforation or rup-
ture in the colon, accompanied with such intes-
tinal contents as feces or pus moss, hematoma 
on the surface, the perforated intestinal wall 
would be valgus, with some necrosis (Figure 2). 
While in the 8 h, 12 h and 24 h subgroup, the 
animals’ abdominal pressure might be higher, 
the smell was much more obvious, and the peri-
tonitis was much heavier. The sites of intestinal 
perforation of each group exhibited no signifi-
cant difference by the analysis of variance 
(Table 1), thus the injury of each group could be 
considered as consistent.

Changes of serum enzymes and plasma endo-
toxin

The serum levels of LDH, CK and CK-MB gradu-
ally increased along with the time after injury, 
and were all higher than the control group (P < 
0.01), among which the indexes of the 1 h and 
2 h group increased faster, while those of the 4 
h, 8 h and 12 h group increased slower, but still 
exhibited a continuous gradual upward trend, 
the indexes of te 24 h group increased rapidly 
again. The plasma endotoxin of each experi-
mental group was higher than the control 
group, and reached the peak 8 h after the inju-
ry, which still maintained at the peak level value 
12 h after the injury (P < 0.05) (Table 2; Figure 
3).

Table 1. Comparison of intestinal perforation sites of each group ( 
_
x± s)

Group N Intestinal perforation sites Colonic perforation sites Total perforation sites
1 h 6 5.00 ± 2.28 1.33 ± 1.21 6.33 ± 2.80
2 h 6 5.33 ± 2.42 1.67 ± 1.03 6.50 ± 3.33
4 h 6 6.00 ± 2.37 1.50 ± 1.05 7.50 ± 1.76
8 h 6 4.80 ± 2.59 1.40 ± 1.14 6.20 ± 2.16
12 h 6 6.00 ± 1.79 1.33 ± 1.03 7.33 ± 2.50
24 h 5 5.40 ± 2.30 1.60 ± 1.14 7.00 ± 2.55
Note: The intergroup comparisons of intestinal perforation sites aomng the experimental groups P > 0.05.

Table 2. Comparison of LDH, CK, CK-MB and Endotoxin levels at different times after injury
N LDH (u/L) CK (u/L) CK-MB Endotoxin (EU/ml)

CG 6 369.33 ± 37.76a 398.83 ± 39.74a 673.55 ± 14.30a 0.135 ± 0.029
1 h 6 501.17 ± 43.00a 1089.17 ± 112.86a 789.17 ± 32.03a 0.274 ± 0.034
2 h 6 655.83 ± 67.52 1657.33 ± 106.89a 936.17 ± 82.57 0.352 ± 0.063
4 h 6 708.00 ± 51.79b 1808.50 ± 131.30c 959.00 ± 103.54b 0.474 ± 0.070
8 h 5 742.80 ± 48.96b 2123.80 ± 155.35a 1121.40 ± 72.56b 0.627 ± 0.083
12 h 6 804.83 ± 68.54b 2308.67 ± 194.28c 1174 ± 125.15b 0.612 ± 0.067
24 h 5 1099.8 ± 80.67a 4 002 ± 213.45a 2035.8 ± 199.97a 0.537 ± 0.046
Note: aP < 0.01, Compared with each experimental group, bP > 0.05, compared with the previous time point of the same group, 
cP < 0.05, compared with the previous time point of the same group.
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Morphological changes

The appearances of the control group and the 1 
h, 2 h and 4 h group were normal, under the 
light microscope, the myocardial cells were 
arranged in neat rows, with the consistent 
staining, and the arterial and venous endothe-
lia were integrated. While in the 8 h, 12 h and 
24 h group, the myocardium exhibited the pro-
gressively-aggravated widening of muscle bun-
dle gaps, the myocardial cells exhibited the 
edema and eosinophilic changes, while no sig-
nificant inflammatory cell infiltration and myo-
cardial necrosis (Figure 3).

Ultrastructural changes

The myocardial cells of the control group, the 1 
h and 2 h group: the sarcomeres were clear, the 
myofibrils were arranged neatly, the bright and 
dark bands were legible and recognizable, and 
the myocardial mitochondria were abundant 
inside the cytoplasm, which were larger and 

much more regularly arranged among the myo-
fibrils. The 4 h, 8 h, 12 h and 24 h group exhib-
ited the progressive focal dissolution of myo-
cardial filaments, swelled mitochondria, focal 
cavitations, the myofibrils dissolved or disap-
peared flakily, and some mitochondria exhibit-
ed the flocculent dissolution and degeneration. 
(Figure 4).

Discussion

The heart is mainly composed of myocardium, 
which are the connection of arteries and veins 
and the “power pump” of the cardiovascular 
system. Through the normal operation of heart, 
the blood circulation is promoted normally, thus 
completing the body’s material transportation 
and continuous metabolism, achieving the 
humoral regulation, and maintaining the rela-
tively constant physicochemical characteristics 
of internal environment. The cardiac function 
disorder would lead to the destruction of inter-
nal environment, even threatening the life [5, 
6].

The abdominal firearm wound-caused intesti-
nal perforation would not be limited to the dam-
aged intestine itself, it would also cause the 
long-period effects, the blood which contained 
a lot of toxins and inflammatory cytokines 
would cause the serious injuries of the distant 
organs [7, 8].

In this study, the structural and functional dam-
ages caused by the abdominal firearm wound 
were observed through the animal experi-
ments. The intestinal mucosa with full physio-
logical functions would constitute the barrier 
against the intestinal bacteria and endotoxin.

Under the stress conditions such as trauma 
and infection, the visceral blood flow would 
reduce, especially the intestinal mucosa blood 
supply would be firstly involved, the oxygen sat-
uration would thus reduce, resulting the hypox-
ia -induced intestinal mucosal injury, and the 
intestinal barrier functions would then be weak-
ened or damaged, a lot of bacteria and LPS 
could thus invade the blood circulation via the 
portal vein and mesenteric lymph system, caus-
ing the enterogenic LPS-emia and bacterial 
translocation [9, 10].

The experiments focused on the changes of 
cardiac injuries after abdominal firearm wound-
causes intestinal perforations, providing the 

Figure 3. Light microscope observation of the myo-
cardial cells of the 12 h group (×400).

Figure 4. Electron microscope observation of the 
myocardial cells of the 4 h group (×5000).
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experimental basis for the further mechanism 
study of the secondary cardiac injury, as well as 
the prevention and treatment of MODS.

Our experiments showed that, 2 hours after the 
injury, such cardiac enzymes as LDH, CK and 
CK-MB increased rapidly, which might because 
of the acute damages caused by the stress, 
intestinal barrier damages and the long-dis-
tance effect of the firearm wound, the levels of 
LDH, CK and CK-MB rapidly increased within 2 
h after the wound; 4 h, 8 h and 12 h after the 
injury, the levels of LDH, CK and CK-MB 
increased steadily, with slower increasing rate; 
while 24 h after the injury, LDH, CK and CK-MB 
increased rapidly again, reaching the peak 
value, the reason of this phenomenon might 
because the sepsis occurred, which was 
caused by the intestinal perforation-induced 
abdominal infection, based on the original 
acute injury, a lot of LPS entered the blood via 
the portal vein, which would induce the large 
amount generation of intracellular TNF-α, IL-6 
and other inflammatory mediators [11, 12].

The impacts of abdominal firearm wound 
towards the heart were mainly expressed in the 
following areas: 1) the trauma caused the tran-
sient myocardial ischemia-reperfusion, thus 
causing the minor damage of cardiac struc-
tures; 2) the sepsis process existed the high 
power cycle, resulting in the increases of wall 
tension and ventricular filling pressure, thereby 
damaging the myocardial cells; 3) the sepsis 
might cause the myocardial cell damages 
directly or through the actions of inflammatory 
cytokines.

LPS and these inflammatory cytokines might 
directly damage the cardiac cells and their 
ultrastructures, damage the cell membranes, 
interfere the ion transportation, and damage 
the mitochondria [13-16]. LPS could also 
increase the apoptotic activity, promote the 
myocardial stunning, so that the number of 
functional myocardial cells would reduce [17, 
18]. 24 h after the injury, the increasing rates of 
LDH, CK and CK-MB were slightly different, but 
the overall trend was rising, which was basically 
consistent with the gradually increased endo-
toxin after the injury, and it was also consistent 
with the trend of gradually increased cardiac 
structural damages.

Although the mechanisms of cardiac injury 
after the abdominal firearm wound-induced 

intestinal perforation still needed the further 
study, this experiment had exhibited the post-
injury changes of cardiac structures and func-
tions, and prompted that it would be really nec-
essary to take the appropriate protective mea-
sures against heart damage as early as 
possible.

The intestinal perforation might cause the 
changes of cardiac functions and morphology, 
which would aggravate with the time’s going on, 
and it might also be one of the factors that led 
to the high incidence rate of abdominal firearm 
wound-caused MODS.

Mastering the mechanism of cardiac injury 
caused by the abdominal firearm wound-
induced intestinal perforation might provide 
the appropriate measures to prevent and treat 
the myocardial injuries, as well as the theoreti-
cal basis for the protection and treatment of 
cardiac dysfunction.
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