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ABSTRACT

Background/Aims: This study evaluated the effects of N-acetylcysteine as a scavenger of radical oxygen species on 
liver injury as a remote organ after skeletal muscle ischemia reperfusion.
Materials and Methods: Twenty male Wistar rats were allocated randomly into two experimental groups: isch-
emia reperfusion (I/R) and ischemia reperfusion + N-acetylcysteine (I/R+NAC). All animals were undergone 2h of 
ischemia by occlusion femoral artery and 24h of reperfusion. Rats that were treated with N-acetylcysteine given 
intravenously at a dose of 150 mg/kg, immediately before reperfusion. Serum levels of aspartate aminotransfer-
ase (AST), and alanine aminotransferase (ALT) were measured. Livers were harvested for histopathological and 
biochemical studies. Liver tissue malondialdehyde (MDA), glutathione (GSH) and myeloperoxidase (MPO) activity 
were assayed.
Results: The ALT and AST values were significantly lower in I/R+NAC group. Hepatic MDA level and MPO activity 
were significantly increased in I/R group. The levels of GSH in liver tissue were significantly depressed by ischemia 
reperfusion. Liver histopathologic study in I/R group showed enlarged sinusoids, sinusoidal congestion, cytoplas-
mic vacuolation, cellular degenerative changes and necrosis. Histopathologically, there was a significant difference 
between two groups. 
Conclusion: Histopatological and biochemical results have shown that N-acetylcysteine was able to protect liver 
from skeletal muscle ischemia reperfusion injury.
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INTRODUCTION
Ischemia reperfusion injury describes the clinically 
prevalent finding that tissue ischemia with inadequate 
oxygen supply followed by reperfusion initiates a wide 
and complex array of inflammatory responses that may 
cause damage to the affected tissues or remote organs 
(1). A devastating consequence of tissue reperfusion is 
the development of damage in organs uninvolved in 
the initial ischemic insult. Multiple organ dysfunction 
syndrome, is the leading cause of death in patients and 
is a documented consequence of liver (2,3), gut (4,5), 
skeletal muscle (6) and aortic occlusion reperfusion 

(7,8) and circulatory shock. Conditions under which 

transient ischemia damage is encountered include the 
different forms of acute vascular occlusions with the re-
spective reperfusion strategies but also routine surgical 
procedures and major trauma or shock (1).

Several mechanisms have been offered to describe the 
ischemia reperfusion injuries in affected tissues and re-
mote organs; however, most attention has focused on 
the role of oxidants and leukocyte activation (9,10).

N-acetylcysteine is a small molecule that made from 
the amino acid cysteine joined to an acetyl group. N-
acetylcysteine is a source of sulfhydryl groups and is 
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converted in the body into metabolites capable of stimulat-
ing glutathione synthesis, promoting detoxification, and act-
ing directly as a free radical scavenger (11-13). Based on these 
features, N-acetylcysteine is widely used in clinical practice as 
an antioxidant.

In previous studies, administered N-acetylcysteine was shown 
to protect against ischemia reperfusion injuries in affected tis-
sues and remote organ after skeletal muscle ischemia reperfu-
sion and it was suggested that this protective effect may be 
due to its ability to scavenge free radicals (14-17). However, the 
protective effect of N-acetylcysteine on liver from skeletal mus-
cle ischemia reperfusion injury was not studied to date.

In this present study, the protective effect of N-acetylcysteine 
on liver as a remote organ damage after transient skeletal mus-
cle ischemia was examined by assessing functional, histologi-
cal and biochemical changes in rat model.

MATERIALS AND METHODS 
All animal experiments were conducted according to the 
guidelines provided by the animal committee of the Azad Uni-
versity and was carried out in accordance with guidelines for 
use of laboratory animals.

Twenty male Wistar rats weighing 250-300 g were used in this 
study. All rats were kept at a constant room temperature under 
standard conditions with food and water ad libitum. Animals 
were allocated randomly into two experimental groups: group 
ischemia reperfusion (I/R) and group ischemia reperfusion plus 
N-acetylcysteine (I/R+NAC). 

Anesthesia was induced using intramuscular ketamine (50 mg/
kg) plus xylazine (10 mg/kg). After induction of anesthesia, the 
left hind limb was prepared for sterile surgery. A skin incision 
was made on medial surface of the left hind limb. Femoral 
artery was isolated from the surrounding structures and was 
clamped with a mini bulldog forceps for 2 hours.

Before clamping of the femoral artery, 250 IU heparin was ad-
ministered via the jugular vein to prevent clotting. 

Rats were maintained in dorsal recumbence and kept anesthe-
tized with additional doses injection (if necessary) throughout 
the duration of the ischemic period. Body temperature was 
maintained with a heating pad under anesthesia. In I/R+NAC 
group, N-acetylcysteine (150 mg/kg) was injected intravenous-
ly immediately before reperfusion. Following the ischemic pe-
riod, the vascular forceps was removed and then surgical site 
was routinely closed with nylon 3/0 threads in two layers. Fluid 
losses were replaced by intraperitonealy administration of 5 
ml of warm (37˚C) isotonic saline. Rats were returned to their 
cages with food and water ad libitum during the reperfusion 
period. The analgesic nalbuphine hydrochloride (2 mg/kg SC) 

was used during observation time.

After 24h of reperfusion, the blood samples were collected 
from jugular vein and submitted for evaluation of serum as-
partate aminotransferase (AST) and alanine aminotransferase 
(ALT) values to assess liver functions. The serum levels of AST 
and ALT were measured with an OLYMPUS AU1000 automatic 
analyzer (AusBio Laboratories Co., Ltd. Beijing, China). Rats were 
euthanized with an overdose of pentobarbital injection (300 
mg/kg IP) and liver harvested rapidly for histopathological and 
biochemical analysis. Small pieces of liver tissue were placed 
in 10% formalin solution and processed routinely by embed-
ding in paraffin then tissues were sectioned in 5 μm pieces and 
stained with Hematoxylin-Eosin stain. 

Grading of severity of liver injury was carried out by a patholo-
gist who was blinded to the experiment and data. Hepatic inju-
ry was graded into four grades as follows: grade 0, no evidence 
of injury; grade 1, mild injury consisting of cytoplasmic vacu-
olation and focal nuclear pyknosis; grade 2, moderate to severe 
injury with extensive nuclear pyknosis, cytoplasmic hypereo-
sinophilia, and loss of intercellular borders; and grade 3, severe 
necrosis with disintegration of hepatic cords, hemorrhage, and 
neutrophil infiltration (18). A total of five slides from each liver 
sample were randomly screened and the mean was accepted 
as the representative value of the sample. 

The remaining hepatic tissue samples were stored at -70 ˚C. Af-
terwards, tissue malondialdehyde (MDA) levels, an end product 
of lipid peroxidation, glutathione (GSH), a key antioxidant, and 
tissue-associated myeloperoxidase (MPO) activity, as indirect evi-
dence of neutrophil infiltration, were measured in these samples.

The MDA levels were assayed for products of lipid peroxidation 
as described by Sener et al (19) and expressed as nmol MDA/g 
tissue. GSH was analyzed spectrophotometrically which was 
based on the use of Ellman’s reagent (20). Results were ex-
pressed µmol GSH/g tissue. MPO activity was measured in liver 
tissue in a procedure similar to that documented by Hillegas et 
al (21). MPO activity was expressed as U/g tissue.

The Mann-Whitney U-test and T-test were employed to analyze 
two groups consecutively. Values of P < 0.05 were considered 
as statistically significant. Statistical analyses were carried out 
using SPSS statistical software (version 16.0).

RESULTS
All rats well tolerated operation and survived until the final 
study period. Data belonging to AST and ALT measurements 
from blood samples are shown in Table 1. AST and ALT levels 
were significantly higher (p<0.05) in the I/R group when com-
pared with the I/R+NAC group. 

The histopathological evaluations of the liver sections from 
two groups are shown in Table II. In the liver sections of I/R 
group cellular degenerative changes were intense, sinusoidal 
congestion, enlarged sinusoids, cytoplasmic vacuolation and 
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necrosis were observed (Figure 1). Group I/R+NAC represent 
well preserved liver hepatocytes and sinusoids. No congestion 
is noticed in sinusoids (Figure 2). Histopathologic examination 

confirmed the extent of liver changes in the I/R+NAC group 
were significantly lower (p<0.05) than I/R group.

Hepatic MDA level and MPO activity were significantly in-
creased in I/R group (Figures 3 and 4). The levels of GSH in liver 
tissue were significantly depressed by ischemia reperfusion 
(Figure 5).
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Group	 n	 AST (Mean±SD*)	 ALT (Mean±SD*)

I	 10	 354.9±11.9	 98±3.3

II	 10	 189.5±5.8	 52±2.55

* There is significant difference (p=.000) between two groups.

Table 1. Serum aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) concentrations (units/Liter)

Figure 1. Light microscopic view of liver tissues from IR group showing 
loss of arrangement and necrosis (magnification of 10×10, H&E staining).

Figure 3. The malondialdehyde (MDA) levels of liver tissues. Extent of lipid 
peroxidation estimated as MDA. p=.000.

Figure 5. The glutathione (GSH) levels of liver tissues. p=.000.

Figure 2. Light microscopic view of liver tissues from IR+NAC group 
showing well-preserved liver parenchyme (magnification of 10×10, H&E 
staining).

Figure 4. The myeloperoxidase (MPO) activity in hepatic tissues. p=.000.

Group	 N	 Mean±SD*

I	 10	 2.4±0.51

II	 10	 0.6±0.51

* There is significant difference (p=.000) between two groups.

Table 2. Scores of liver histological changes
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DISCUSSION
Ischemia reperfusion injury is a critical and fatal problem at the 
case of obstruction diseases. Ischemia reperfusion injuries not 
only affect local tissue but also result in life-threatening dam-
age to remote organs. 

The various orthopedic conditions in which extremity ischemia 
can occur include arterial clamping during surgery, use of a tour-
niquet during a limb operation and constriction of a limb under 
wreckage in a disaster. For recovery, blood reperfusion of the 
limb is inevitably required. Many researchers have investigated 
the mechanisms and treatments of ischemia reperfusion injury 
(22). Previous studies suggest that reperfusion following ischemia 
stimulates production of reactive oxygen species and triggers the 
participation of neutrophils causing an inflammatory reaction 
(22,23). In a normal situation, superoxide dismutase, which con-
verts superoxide into hydrogen peroxide, acts to prevent super-
oxide from damaging tissue (23), but in reperfusion injury, these 
natural defenses may be overcome and hydrogen peroxide is con-
verted into the hydroxyl radical, which can damage to the biologi-
cal molecules including amino acids, nucleic acids and membrane 
transport proteins (24). The most important damage caused by 
oxygen free radicals is owing to lipid peroxidation, which results in 
cell structural and functional alterations (25).

Several methods have been used to define the role of netro-
phils in reperfusion tissue injury. MPO plays a fundamental role 
in oxidant production by netrophils. Neutrophils are a poten-
tial source of oxygen free radicals (26). Grisham et al. (27) have 
examined the influence of ischemia reperfusion on neutrophil 
fluxes in cat intestinal mucosa using tissue-associated MPO 
activity. In this study N-acetylcysteine inhibited MPO activity 
which was increased by ischemia reperfusion.

Glutathione provides major protection in oxidative injury by par-
ticipating in the cellular defense systems against oxidative dam-
age (28). GSH scavenges O2

- and protects protein thiol groups 
from oxidation. The present study showed depletion of liver tis-
sue GSH which was restored by N-acetylcysteine treatment. 

In this study skeletal muscle ischemia reperfusion caused 
significant increases in liver tissue MDA which is products of 
lipid peroxidation. N-acetylcysteine treatment abolished the 
increase in MDA, probably in part by scavenging the very reac-
tive hydroxyl radicals.

Experimental animal studies have demonstrated the efficacy 
of antioxidant therapy in attenuating or preventing ischemia 
reperfusion injury, including the use melatonin, vitamin E, su-
peroxide dismutase, catalase, mannitol, allopurinol, iron chelat-
ing compounds, angiotensin- converting enzyme inhibitors, 
calcium channel antagonists or N-acetylcysteine (14,15,29).

N-acetylcysteine is a simple water soluble molecule that contains 
a sulfhydryl residue. It has been approved for the prevention of 

hepatic damage following acetaminophen poisoning (30). This 
documented effect has been attributed to the restoration of in-
tracellular glutathione levels (31,32), required for detoxification of 
toxic metabolites of acetaminophen-derived. N-acetylcysteine 
also may attenuate the course of hepatorenal syndrome, a renal 
vasoconstrictive response of indeterminate nature that develops 
during advanced liver failure. This effect, shown in experimental 
settings (33) and in a preliminary clinical report (34), could imply 
a better preservation of liver function.

In this study liver was examined to assess remote organ injury 
after skeletal muscle ischemia reperfusion. Both ALT and AST, 
which have been used as markers of liver pathology (35), are 
also found in skeletal muscle and thus increases in their values 
may be attributed to levels in skeletal muscle, rather than to 
liver injury alone (36). The liver histological changes suggested 
that increases in these enzymes reflect hepatic injury. Sagara 
et al. (37) showed that liver function deteriorated due to limb 
ischemia reperfusion and that the extent of deterioration cor-
responded to the time period of ischemia. 

In an experimental study Nagasaki et al. (38) showed that N-
acetylcysteine prevented hepatic injury after liver ischemia re-
perfusion. Sener et al related administration of melatonin and 
N-acetylcysteine prevented hepatic malfunction and inhibited 
the oxidative stress and accumulation of neutrophils in the 
damaged hepatic tissue, these agents appear to play a cyto-
protective role in liver insulted by ischemia reperfusion (19). In 
this study, our data demonstrate that N-acetylcysteine signifi-
cantly decreases the severity of liver injury after skeletal muscle 
ischemia reperfusion in rats.

In conclusion, this study confirmed that transient ischemia in skel-
etal muscle leaded to liver functional and histological changes in 
I/R group. However, administration of the N-acetylcysteine treat-
ment significantly decreased hepatic injury induced by skeletal 
muscle ischemia reperfusion according to our histological and 
biological findings. These results suggest the possibility of clini-
cal application of N-acetylcysteine on hepatic injury induced by 
ischemia reperfusion. In future studies, different dosages and al-
ternate time protocols of N-acetylcysteine administration should 
be investigated.

Conflict of Interest: No conflict of interest was declared by the aut-
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