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The authors aim to investigate protective effects of fasciotomy against ischemia reperfusion injury of skeletal muscle in rabbit and
to compare the treatment effects of prereperfusion + fasciotomy and fasciotomy + postreperfusion against ischemia reperfusion
injury of skeletal muscle. 24 healthy male Japanese white rabbits were randomly divided into 3 groups, and 4 hours’ ischemia
was established in these rabbits through surgery. Six hours’ reperfusion was performed in group A; reperfusion + postfasciotomy
was performed in group B; and prefasciotomy + reperfusion was performed in group C. Result showed that prefasciotomy and
postfasciotomy could protect skeletal muscle against ischemia reperfusion injury, reduced MDA (malondialdehyde) expression,
MPO (myeloperoxidase) expression, and apoptosis of muscle in the reperfused areas, increased Bcl-2 expression, and decreased
Bax expression. The MDA and MPO levels in group B and group C were significantly lower than those in group A, and MDA
andMPO levels in group C were significantly lower than those in group B. Prefasciotomy and postfasciotomy could protect against
ischemia reperfusion injury in skeletal muscle.The protective effects of prefasciotomy against ischemia reperfusion injury are better
than postfasciotomy.

1. Introduction

With the accelerated development of productive forces and
transportation, the occurrence of severed extremity increased
obviously.The severed upper extremity is a dangerous trauma
for orthopedics because the severed limb has much muscle
tissue and limited time to tolerate ischemia. The replantation
of severed upper extremity has great risk, and the functional
recovery is not satisfactory [1, 2]. With prolonging the time
of limb ischemia, the released oxygen free radicals increased
after reperfusion [3]. Recovery of blood flow after reperfusion
cannot improve the function of themuscle cells but will cause
serious injury [4]. In clinicalwork, trauma, arterial embolism,
primary thrombosis, artery transplantation, replantation,
compartment syndrome, and longtime application of tourni-
quet all could cause serious skeletal muscle ischemia and
subsequent reperfusion injury, which affects the survival of
patients with severed extremity and even cause limb amputa-
tion [5–7].

Some progress has been made in recent studies about
the reperfusion injury after limb ischemia. Scholars proposed
some methods and suggestions in the prevention and treat-
ment of reperfusion injury after ischemia of skeletal muscle,
but they are rarely used in the current clinical treatment
[8–10]. Current proposed prevention mechanism/methods
about reperfusion injury of skeletal muscle ischemia are
exogenous protection method and the induced endogenous
mechanism in body. Exogenous protective methods are
mainly using drugs to prevent and treat reperfusion injury.
Murry et al. [11] proposed the endogenous protection mech-
anisms of ischemia reperfusion injury through the study of
ischemic preconditioning: the tissues could tolerate or atten-
uate relative longtime ischemia reperfusion injury after sev-
eral times of transient ischemia. The protective effect of this
endogenous mechanism in body has been confirmed in
human and different species of animals. A study demon-
strated that three times’ repeated 10 minutes of ischemia fol-
lowed by reperfusion for 10 minutes can significantly reduce
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the subsequent ischemia reperfusion injury induced by long-
time ischemia. The protective effect of ischemic precondi-
tioning is correlated with the frequency of ischemic precon-
ditioning, but the reasonable time interval and effective man-
agement cycle number of the pretreatment have not yet been
determined [12, 13]. The pathophysiology of ischemic pre-
conditioning for skeletal muscle might be due to improving
impaired electron transport chain and oxidative phosphory-
lation in ischemic skeletal muscle [14]. The supposed molec-
ular mechanism of tissue protection of ischemic postcondi-
tioning involved the inhibition of opening of mitochondrial
permeability transition pores (mPTP) [15]. Previous studies
also demonstrated that postconditioning could decrease sys-
temic inflammatory response (TNF-𝛼) and cause a marked
reduction in reperfusion-related organ dysfunctions (lungs
and kidneys) in a model of partial ischemia using infrarenal
aortic clamping [16].

Reperfusion injury after serious limb ischemia can cause
severe edema in tissues, increase bone compartment pressure,
increase the necrosis of muscle, and influence functional
recovery. And fasciotomy can effectively alleviate ischemia
reperfusion injury of limb. Some researcher proposed that
fasciotomy can be performed in severe limb ischemia replan-
tation and vascular anastomosis surgery. Routine forearm
fasciotomy was performed in the upper arm replantation of
our surgery. Oxygen free radicals with high activity and cyto-
toxicity damage cell through lipid peroxidation in ischemia
reperfusion injury of skeletal muscle [17, 18]. The determi-
nation of MDA (malondialdehyde) can indirectly reflect the
level of oxygen radicals. The neutrophils of white blood cells
play important roles in ischemia reperfusion injury of skeletal
muscle. MPO (myeloperoxidase) is a blood protein which
exists in neutrophil azurophilic granules and macrophage
cells; level ofMPO could reflect the infiltration degree of neu-
trophils in damage zone of tissue. In this study, we established
severed extremity in rabbit and compared the apoptosis
degree of skeletal muscle after ischemia reperfusion treated
by prefasciotomy and postfasciotomy, to provide useful refer-
ence for the prevention and treatment of reperfusion injury of
skeletal muscle.

2. Methods

2.1. Animal Preparation. Male adult Japanese white rabbits
(SPF level), weighing 2000 grams–2250 grams, were pur-
chased from experimental animal center of Military Medical
Science Academy of the People’s Liberation Army. After
being fed for 2 weeks, 24 rabbits were randomly divided
into 3 groups with 8 in each group: group A: ischemia
reperfusion group, 4 hours’ ischemia following 6 hours’
reperfusion in rabbits; group B: reperfusion + postfasciotomy
group, where fasciotomy was performed after 0.5 hours’
perfusion in ischemic rabbits, then following another 5.5
hours’ reperfusion; and groupC: prefasciotomy+ reperfusion
group, where fasciotomy was performed 0.5 hours before the
end of 4 hours’ ischemia followed by 6 hours’ reperfusion.
The detailed grouping and sample collected time points are
listed in Figure 1. The experiment protocol was reviewed and

approved by the Animal Management Committee of Tianjin
Hospital.

2.2. Ischemia Reperfusion Injury Model of Skeletal Muscle.
Rabbits were anaesthetized by 0.5% pentobarbital intraperi-
toneally with dose of 50mg/kg body weight. After the suc-
cessful anesthesia, rabbits were fixed on the board in a supine
position. The central skin slightly above left posterior thigh
of rabbit was cut horizontally after disinfection (Figure 2(a)).
All the rear thigh muscles to rabbit femoral shaft were cut off.
The sciatic nerve was also cut off. The muscle and skin of the
rear femoral shaft were completely cut off and then sutured
in situ.

The rabbit was put on dorsal position. The upper skin
of the thigh middle was cut horizontally until the rear
thigh. The 1/3 femoral vein of left thigh was separated and
protected under the operating microscope. All the muscle
and femoral nerves of left thigh were transected. The muscle
of anterior thigh was sutured in situ. Only femoral vein and
bone scaffold of the left thigh were connected with rabbit
body connection. The femoral arteriovenous vascular was
clamped (Figure 2(b)) and clamped location was changed
every hour to avoid longtime compression of vascular wall
caused by vascular injury. Intraperitoneal anesthesia was
performed 4 hours after ischemia.The incision of left anterior
thigh was cut and vascular clamp was removed.The postpro-
cessing operations were performed and the blood recovery
was observed under surgical microscope. The incision was
sutured after the recovery of artery blood flow.

2.3. Measurement of Malondialdehyde (MDA) and Myeloper-
oxidase (MPO). 1ml venous blood in rabbit’s right thigh
(without operation thigh)was extracted after 1 hour’s reperfu-
sion.The bloodwas put still for 1 hour and then centrifuged at
2500 rpm for 15min. The serum was preserved in the −70∘C.
The skeletal muscle samples in the tibialis anterior muscle of
front limb leg (Figure 2(c)) were harvested at the same time
point after animal was anaesthetized again. Levels of MDA
and MPO were determined by double antibody sandwich
method. Briefly, purified rabbit MDA/MPO antibodies were
coated onto a microplate, the standard and test samples;
MDA and MPO were added to micropores coated with
rabbit monoclonal antibody, connected with horseradish
peroxidase (HRP) labeled MDA/MPO antibody, washed,
and colored by 3,3,5,5-tetramethylbenzidine (TMB). The
absorbance value (OD value) in the 450 nm wavelength was
measured. The standard curve was drawn to calculate the
sample concentration of MDA/MPO in rabbits (MDA/MPO
Kit, Jiancheng Biotech, Nanjing, CHN); results are expressed
as nmol/ml (MDA) and U/L (MPO).

2.4. Measurement of Muscle Death Degree. The succinic
dehydrogenase is inactive and cannot separate hydrogen
binding with tetrazolium salts and coloring. The survival
and death of muscle tissue can be distinguished according
to the color. The rabbits were sacrificed by decapitation
after 6 hours’ reperfusion, gastrocnemius at the severed
limb was cut completely (Figure 2(d)). The fresh resected
specimens of gastrocnemius were frozen at −20∘C for 30



BioMed Research International 3

B

A

C

Reperfusion

MDA and MPO sample collection

Animal was sacri�ced and gastrocnemius was cut

Ischemia of le� 
posterior thigh (4 hours)

posterior thigh (4 hours)

1 hour

6 hours

Ischemia of le�
posterior thigh Fasciotomy MDA and MPO sample collection

Animal was sacri�ced and gastrocnemius was cut

ReperfusionIschemia (4 hours)

3.5 hours 1 hour

6 hours

Fasciotomy

MDA and MPO sample collection

Animal was sacri�ced and gastrocnemius was cut

Reperfusion

Ischemia of le� 1 hour

6 hours

0.5 hour

Figure 1: The flowchart of experiment.
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Figure 2: Ischemia reperfusion injury model and reperfusion preparations in rabbit. (a) Exposure of femoral artery and vein; (b) clamping
of femoral artery and vein; (c) exposure of musculi hippicus; (d) exposure of gastrocnemius muscles.

minutes and cut into 6 equal pieces along with the long
axis of gastrocnemius muscle. The muscle piece was cultured
in 0.05% NBT (nitro blue tetrazolium) solution (nitroblue
tetrazolium + 0.2% TRIS buffer at PH7.4) at 37∘C for 30
minutes. The survived muscle shows purple blue color, while

the inactivated muscle tissue shows red color. The stained
muscle tissuewas photographedwith a digital camera directly
and analyzed by Image-pro express 10 software (Cybernetics
Media, Inc.). The percentage of death muscle equals red area
of muscle/total area of muscle in 6 muscle pieces.
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Figure 3: Death degree of skeletal muscle: the survival and death of muscle tissue can be distinguished according to the color. (a) Resected
muscles in each group. (b) Comparison results of death degree after image analysis.

2.5. Detection of Cell Apoptosis. 1/4 of proximal gastroc-
nemius tissue was collected, fixed by formaldehyde, made
transparent by dimethylbenzene, and embedded in paraffin
routinely to prepare serial sections of 5𝜇m. Routine hema-
toxylin and eosin (HE) staining was performed to observe
the apoptosis of cells. The apoptosis of skeletal muscle cells
was measured by TUNEI method. BI 2000 medical image
analysis software (Techman Software Ltd., Chengdu, CHN)
was used to analyze gastrocnemius muscle tissue. Six visions
were selected randomly in each slice at lowmagnification; the
average absorbance of each slice was calculated and obtained.
Positive reacting nuclei in 100 randomly selected cells were
calculated.

2.6. Bax and Bcl-2 Expression. Both Bax and Bcl-2 are
important apoptosis mediators but play opposite roles. Bax
is proapoptotic and BCL-2 is considered as antiapoptosis
mediators. In the current study, expressions of Bax and
Bcl-2 were determined by immunohistochemistry method.
Briefly, sections were dewaxed. Muscle sections were then
incubated with the primary antibodies overnight at 4∘C.
Primary antibodies included rabbit polyclonal antibody to
Bcl-2 and rabbit monoclonal antibody to Bax from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). The antibodies
were used at dilutions of 1 : 50 for Bcl-2 and Bax. Then, the
sections were incubated with two-step immunohistochem-
istry detection reagent (PV6001 and PV6002; Zhongshan
Golden Bridge, Beijing, China) at 37∘C for 30 minutes.
A positive brown color appeared in the slices after 3,39-
diaminobenzidine colorization. According to the distribution
of positive cells in each section, we selected 5 different visions
and calculated the average absorbance value of Bax and
Bc1-2 using Image-Pro Plus image analysis system (Media
Cybernetics, Rockville, MD, USA).

2.7. Statistical Analysis. All obtained data were analyzed by
SPSS11.0 statistical analysis software package (IBM, Chicago,
IL, USA). The experimental data were expressed as mean
± standard deviation. Wilcoxon rank sum test was used for

2-group comparison; ANOVAwas used for multigroup com-
parison. 𝑝 < 0.05 was considered as statistically significant.

3. Results

3.1. Death Degree of Skeletal Muscle. The survival and death
of muscle tissue can be distinguished according to the
color (Figure 3(a)). Compared with rabbits which received
ischemia reperfusion (group A), the death degree of skeletal
muscle in reperfusion + postfasciotomy group (group B) and
prefasciotomy + reperfusion group (group C) was alleviated
greatly (𝑝 = 0.0082 and 0.0032, resp., compared with
group A). The death of skeletal muscle was slightly alleviated
in group C compared with group B but has no statistical
difference (𝑝 = 0.1002, Figure 3(b)).

3.2. Apoptosis Degree of Skeletal Muscle Cell. TUNEI staining
showed that apoptotic nuclei were brown, with irregular
shape. The apoptotic nuclei size is not consistent. While the
nuclei of normal cells were counterstained with hematoxylin
blue, the nucleus is relatively large with regular shape and
uniform size. In addition, HE staining (Figure 4(a)) showed
that the gap between apoptotic cells increased significantly
in ischemia reperfusion (group A), while the gaps were
significantly deceased in reperfusion + postfasciotomy group
(group B) and prefasciotomy + reperfusion group (group C)
(𝑝 = 0.0098 and 0.0021 resp., compared with group A). The
gap was relatively tight in group C compared with group
B, which demonstrated that the apoptosis rate of skeletal
muscle cell was lower in group C compared with group B.
However, comparison of absorbance value showed that there
was no statistical different between the 2 groups (𝑝 = 0.0604,
Figure 4(b)).

3.3. Expression of MDA and MPO. The expressions of MDA
and MPO in serum and skeletal muscle were significantly
higher in reperfusion + postfasciotomy group (group B)
and prefasciotomy + reperfusion group (group C) compared
with ischemia reperfusion group (group A) (all 𝑝 < 0.05,
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Figure 4: Apoptosis degree of skeletal muscle cell. (a) HE staining in each group. (b) Absorbance value comparison in each group. ∗∗𝑝 < 0.01,
compared with group A.
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Figure 5: Expression of MDA and MPO. (a) MDA and (b) MPO. ∗𝑝 < 0.05, ∗∗𝑝 < 0.01, compared with group A. #𝑝 < 0.05, compared with
group B.

Figure 5(a)). In addition, the expressed MDA in serum and
skeletal muscle were significantly higher in prefasciotomy
+ reperfusion group (group C) than reperfusion + postfas-
ciotomy group (group B) (𝑝 = 0.049 in muscle and 𝑝 =

0.0154 in serum, resp.).The expressions ofMPO in serumand
skeletal muscle (Figure 5(b)) were also decreased furtherly in
group C when compared with group B (𝑝 = 0.044 in muscle
and 𝑝 = 0.0396 in serum, resp.).
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Figure 6: Expression of Bax and Bcl-2 in skeletal muscle by immunohistochemistry analysis. (a) Expression of Bax. (b) Expression of Bcl-2.
∗𝑝 < 0.05, ∗∗𝑝 < 0.01, compared with group A.

3.4. Expression of Bax and Bcl-2 in Skeletal Muscle. Compar-
ison of integrated optical density in immunohistochemistry
section showed that expression of Bax was significantly
lower in reperfusion + postfasciotomy group (group B) and
prefasciotomy + reperfusion group (group C) compared with
ischemia reperfusion group (group A) (𝑝 = 0.0144 and
0.0002, resp., compared with group A), and the expression
was lower in group C compared with group B but has no
statistical difference (𝑝 = 0.0895, Figure 6(a)).The expression
of Bcl-2 was significantly higher in reperfusion + postfas-
ciotomy group (group B) and prefasciotomy + reperfusion
group (group C) compared with ischemia reperfusion group
(group A) (𝑝 = 0.0432 and 0.0324, resp., compared with

groupA), and the expressionwas higher in groupC compared
with group B but has no statistical difference (𝑝 = 0.064,
Figure 6(b)).

4. Discussions

Survival of tissue and organ depends on adequate blood
supply. As long as it is for a certain period of time and degree,
ischemia is bound to cause tissue damage. It is generally
believed that the organ and tissue can survive and can
recover completely after reperfusion as long as no irreversible
damage was caused by ischemia. However, researches in
recent years demonstrate that tissue and organ did not show
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obvious function disorder after a certain period of time
of ischemia (hypoxia), while the blood reperfusion (reoxy-
genation) causes obvious function disorder and incurred
irreversible changes. For some cells have serious ischemic
injury, reperfusion did not reduce injury or recovery function
but accelerated cell death.

In this study, we used an ischemia reperfusion injury
model of rabbit’s thigh to compare the alleviation of prefas-
ciotomy and postfasciotomy in reperfusion injury. Porcine
latissimus dorsi flap reperfusion model [19, 20] was com-
monly used for limb skeletal muscle ischemia reperfusion
injury. However, the preparation of this model is complex,
and the cost is relatively high. The cost of rat model
of ischemia reperfusion injury in limb skeletal muscle is
relatively low. Some researchers proposed adopting open
surgery and blocking abdominal aorta or iliac artery at the
beginning to block blood flow from abdominal aorta or
arteria iliaca communis [21]. And some researcher proposed
separating the femoral vein or femoral artery from the groin
and blocking blooding flow of branch vessel using rubber
tourniquet ligation and using the noninvasive vascular clamp
on the femoral artery and vein to block blood flow [22].
We adopted the 2 animals’ model at the preexperimental
stage. However, the circulation of branch blood in lower
limb muscle of the 2 animals is rich, and the produced
pressure of rubber tourniquet is limited. We only observed
limited injury of muscle and changes of serum enzyme after
4 hours of ischemic following reperfusion, and we did not
find necrosis of muscle tissue. Saita et al. [23] prepared an
ischemia reperfusion injury of skeletal muscle model in rat,
but the operation is complicated and especially needs cutting
thigh bone and fixating it. In this experiment, we improved
the animal model, preserved the continuity of bone scaffold,
cut off all the connection of skin, muscles, and nerves, and
blocked the femoral vein and we could observe the necrosis
of animal limb skeletalmuscle, and the experimental protocol
is more simple.

Zhao et al. [24] found that the myocardium of dog
did not cause apoptosis in 7 hours’ ischemia, while the
myocardium showed obvious apoptosis after 1-hour ischemia
and reperfusion for 6 hours. Myocardial cell apoptosis occurs
only during reperfusion. Gottlieb et al. [25] found that 5
minutes of ischemia and then reperfusion for 4 hours and
only 30minutes and 4 or 5 hours of ischemia in isolated rabbit
heart model all did not incur cardiac cell apoptosis, while 30
minutes of ischemia and 4 hours’ reperfusion caused signif-
icant apoptosis of myocardial cell. These researches indicate
that apoptosis is not only associated with ischemia and reper-
fusion, but also relevant to a certain time of ischemia plus
reperfusion. Skeletal muscle is the most sensitive body tissue
to ischemia. The general tolerant ischemic time of skeletal
muscle is up to 4 hours. The nerve gets irreversible injury 8
hours after ischemia.The time is 13 hours for fat and 24 hours
for skins.The time could be up to 4 days in bones.Thedamage
on skeletal muscle ischemia reperfusion is the key part of
limb injury, and the severity of skeletal muscle injury directly
determines the severity of body’s ischemia reperfusion injury.

With the prolonged time of ischemia, the changes of
microcirculation lead to tissue permeability increasing and

increased the swelling of tissue. The occurrence of ischemia
reperfusion injury during limb replantation surgery will
lead to tissue edema, increasing bone compartment pressure
and compressing vascular nerve, and even cause muscle
necrosis, infection, or limb necrosis. Prophylactic fasciotomy
can relieve the compartment pressure, thereby effectively
reducing ischemia reperfusion injury. As a product of lipid
peroxidation, MDA reflect the level of oxygen radicals.
Fasciotomy could reduce the infiltration of neutrophils in
the injured tissue and reduced MDA means the lipid per-
oxidation activity is reduced, the production of lipid free
radical is reduced, and the damage of oxidation product
and oxidant mediated product is reduced. MPO is most
abundantly expressed in neutrophil granulocytes (a subtype
of white blood cells). MPO is a lysosomal protein stored in
azurophilic granules of the neutrophil and released into the
extracellular space during degranulation [26]. In this exper-
iment, we demonstrated that fasciotomy could reduce the
regional infiltration of neutrophils (MPO) and oxygen free
radical (MDA) level in ischemic reperfusion injured muscle.
Fasciotomy before the reperfusion has relative better effect
compared with fasciotomy performed after the reperfusion.

Mitochondria play an important role in the survival and
death of cells. Through reducing free radicals and regulating
Bax and Bcl-2 expression, the opening of mitochondrial
permeability transition pore could be regulated [27]. Oxygen
free radicals directly cause structural damage of cells or
opening of the mitochondrial permeability transition pore
in ischemia reperfusion injury [28]. Fasciotomy, as an inter-
vention for skeletal muscle ischemia reperfusion injury, can
significantly reduce regional perfusion lipid oxidation degree
and concentration of Ca2+ in mitochondrial. In this study,
we found that the expression of Bax decreased and Bcl-2
increased significantly after fasciotomy, which demonstrate
the effectiveness of fasciotomy for ischemia reperfusion
injury.

5. Conclusion

In clinical work, we found that the swelling degree of muscle
which received fasciotomy after reperfusion was obviously
higher than fasciotomy performed before reperfusion in limb
replantation. Partial limb’s muscle even cannot be sutured
because of severe muscle swelling when fasciotomy was
performed after reperfusion. Suture or skin grafting can only
be performed after swelling was alleviated after operation.
Therefore, simply attributing different effects of the 2 inter-
ventionmethods with the different ischemic time is not suffi-
cient; the precise mechanism of the 2 intervention methods
remains unclear. We speculate that the expandable tissue
volumes for skeletal muscle are different in the 2 methods at
the moment of limb blood suppling recovered, the perfusion
pressures of blood are different, and the perfusion pressure
reduced after fasciotomy before reperfusion.This could result
in part of reason causing the difference; however, the acting
mechanism of instant high flow perfusion remains to be
further studied and explored. In conclusion, our research
demonstrates that prefasciotomy or postfasciotomy could
protect ischemia reperfusion injury in skeletal muscle. The
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protective effects of prefasciotomy against ischemia reper-
fusion injury are better than postfasciotomy for reperfusion
injury. The mechanism of prefasciotomy on ischemia reper-
fusion injury remains to be further studied.
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