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ABSTRACT

Skeletal muscle ischemia reperfusion injuries can occur with diseases, trauma and during surgical procedures.
Ischemia reperfusion injury is characterized by the production of oxygen free radicals leading to disturbances in
vasomotility and microvascular permeability. The objective was to evaluate effects of N-acetylcysteine as a
scavenger of radical oxygen species on the serum enzyme changes secondary to muscle ischemia reperfusion.
Twenty wistar male rats were divided randomly into two experimental groups: group ischemia-reperfusion (group I)
and group ischemia-reperfusion + N-acetylcysteine (group I1). After ketamine (50 mgkg™) and xylazine (10 mgkg™)
anesthesia, femoral artery was exposed and undergone 2h of ischemia, 24h of reperfusion. Rats that were treated
with N-acetylcysteine given intravenously at a dose of 150 mgkg-*, immediately before reperfusion. After 24h of
reperfusion, the blood samples were collected and submitted for evaluation of serum aspirate aminotransferase
(AST), alanine aminotransferase (ALT), creatine phosphokinase (CPK), lactate dehrdrogenase (LDH) values to
identify the ischemic damage occurring in the skeletal muscle tissue. Enzymatic parameters (CPK, AST, ALT and
LDH) measured for demonstrating ischemia induced muscle injuries were lower in the group receiving N-
acetylcysteine. In this study, N-acetylcysteine as an antioxidant substance was demonstrated to have protective
effects on acute ischemia and reperfusion injury of the skeletal musclein lower extremities.
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INTRODUCTION

Limb ischemia reperfusion injury is one of the moginmon types of injuries that occur in a varietyonditions

such as trauma, disease and surgery. The locatesndte consequences of limb ischemia and reperfugjary

continue to be a serious clinical problem for gahgascular surgeons. A variety of animal mode#ife, rabbit,
rat) have been used to mimic the clinical situatbmcute limb ischemia followed by reperfusion d@est potential
therapeutic interventions [1- 9]. These animal nti@ve provided strong evidence that an inflamnyatesponse
mediated by neutrophils, cytokines and reactivegexryspecies play a significant role in the pathegenof acute
ischemia reperfusion injury.

Several antioxidants like superoxide dismutasealas¢, mannitol, dimethyl sulfoxide, iloprost aridczaspartate
have proven to be efficient in attenuating the gearnn skeletal muscle ischemia reperfusion injiéy 11, 12].

N-acetylcysteine is particularly suitable for thiteauation of oxidant-mediated injury as it notyhlas a direct
antioxidant effect by means of free radical scausm@roperties but also replenishes depleted eeliglutathione
stores restoring intrinsic cellular antioxidantetefes [13, 14, 15, 16]. The widely accepted udé-aetylcysteine
in current clinical practice confers an additiomalvantage for its potential use in the context afpartment
syndrome, ischemia reperfusion injury or traumahastoxicity profile of the drug is well estableshand clinicians
already are experienced in its use.

This experimental study was performed in rats subgeto temporary clamping of the femoral arterjthvihe
purpose of evaluating effects of N-acetylcysteimetioe serum enzyme changes secondary to muscleniszh
reperfusion.

MATERIALS AND METHODS

All rats of the present research were cared acagrtth the norms of the Islamic Azad University Hacwf
Specialized Veterinary Sciences Tehran Iran laboyaif animal experimentations; this investigatioas approved
by the Committee of Ethics in Research with aninralslamic Azad University.

Twenty Wistar male rats weighing 250-300 g weredusethis study. All rats were kept at a constambm
temperature under standard conditions with foodwsatér ad libitum in individual plastic cages wibft bedding.
Animals were divided randomly into two experimergebups of ten rats each: group ischemia-repenfugiooup 1)
and group ischemia-reperfusion + N-acetylcystegmeup I1).

Anesthesia was induced using intramuscular ketarfifemgkg’) plus xylazine (10 mgkd. After induction of
anesthesia, the left hind limb was completely agbpAfter clipping, disinfecting and dropping (ugia sterile
technique), a skin incision was made on medialeserfof the left hind limb. After isolated the ferabartery and
vein from the surrounding structures, femoral grteas exposed and clamped with a mini bulldog fosc&efore
clamped the femoral artery, 250 IU heparin was aibtéred via the jugular vein to prevent clottidgl. animals
were undergone 2h of ischemia by occlusion femantalry with a vascular clamp and 24h of reperfusiets were
maintained in a dorsal recumbency and kept anéatidethroughout the duration of the ischemic perisdditional
doses were given as necessary to maintain anesithasing the experiment. Body temperature was ragiat with
a heating pad under anesthesia. In group Il N-&getieine (150 mgk‘b was injected intravenous immediately
before reperfusion. Following the ischemic peritite vascular forceps was removed and then surgit@alwas
routinely closed. After surgery, fluid losses weeplaced by intraperitoneal administration of 5rhivarm (37°C)
isotonic saline, and rats were returned to thajesawith food and water ad libitum during the répsion period.
The analgesic nalbuphine hydrochloride (2 mbkgas used via subcutaneous during observation time.

After 24h of reperfusion, the blood samples weréected from jugular vein and submitted for evaioatof serum
aspirate aminotransferase (AST), alanine aminokeesse (ALT), creatine phosphokinase (CPK), lactate
dehrdrogenase (LDH) values to identify the isched@mage occurring in the skeletal muscle tissue.

Statistical analyses were carried out using SP&t&ttal software (version 12.0). Results wereregped as the
mean +/- standard deviation. The Mann—Whitheyest. and Studentistest were employed to analyze two groups
consecutivelyP value < 0.05 was accepted as being statisticajlyifscant.
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RESULTS

All of rats tolerated operation and survived utft# final study period. Data belonging to AST, AIORPK and LDH
measurements from blood samples after reperfus@msheown in Table 1.

AST measurements of Group Il were significantly éswhan the measurements in Group |. ALT levelsewer
significantly higher in the group | when comparedhwthe group Il. CPK levels of Group Il were sificantly
lower than those of Group I. LDH levels obtaineahfrGroup Il were significantly lower than levels@roup I.

TABLE 1- Serum aspirate aminotransferase (AST), alaine aminotransferase (ALT), creatine phosphokinaséCPK), lactate
dehrdrogenase (LDH) concentrations (units/Liter).

Group N AST . ALT . CPK . LDH .
Mean+SD Mean+*SD Mean+SD Mean + SD
| 10 354.9+11.9 98+3.3 14154425 15394230

1l 10 189.5+5.8 52+2.55 811+248 412+80

" Thereis significant difference (P<0.05) between two groups.
DISCUSSION

It is well recognized that ischemia followed by egfsion in skeletal muscle represents an importintcal
problem in many vascular diseases, musculoskeletaima and orthopedic surgery. The use of a touetido
achieve ischemia is a common practice in orthopsdigery and bleeding of upper and lower limbs. Whe
orthopedic surgeons administer a tourniquet allgwor surgery under bloodless conditions, the retpe muscles
suffer from ischemia and following reperfusion [17]his harmful situation has been studied with rdge
functional [18] and metabolic [19, 20] alteratiansmuscle or focusing on the vascular bed [21, ZBkse studies
demonstrated that ischemia reperfusion injury @sratterized by the production of oxygen free rdditeading to
disturbances in vasomotility and microvascular peahility.

Various antioxidant therapies reportedly preverstatit organ and local skeletal muscle injury afsshemia
reperfusion injury [23, 24].

N-acetylcysteine is one such antioxidant [25, 26]clinical practice, N-acetylcysteine is used miity to reduce
hepatocyte injury after acetaminophen overdose. [RIFacetylcysteine also has been used as nephecfikat
prophylaxis before administration of radiographitravenous contrast in patients with renal impamm28]. It

protects lung epithelial cells against oxidant igjmediated by activated neutrophils in vitro agaiast pulmonary
oxygen toxicity in vivo [29]. N-acetylcysteine alseduces oxidative burst activity but enhances pbggsis in
rodent and human neutrophils [30]. N-acetylcystamaot simply an antioxidant drug. It acts as ataghione
precursor, as a chemical reductant of oxidizedghi&s a scavenger of radical oxygen species,vasadilator and
also improves microcirculation by restoring the rdased activity of endothelium-derived relaxingtéa@and may
have antiaggregan features [31].

We evaluated the effects of N-acetylcysteine odesitemuscle injury caused by ischemia reperfusijury to the
lower extremities. Ischemia caused by nontraumaticular clamping was maintained for 2h, followgd2dh of
reperfusion. At the end of the reperfusion pergi@letal muscle injury was assessed by enzymatanpeters.

It was also found that N-acetylcysteine adminigtret were associated with lower plasma LDH and Q&l€ls
compared to the ischemia reperfusion group. Tliferdince demonstrates a massive increase in miissle injury
occurred in the ischemia reperfusion group.

Both AST and ALT, which have typically been usednaarkers of liver pathology [32], are also foundniuiscle
and thus increases in their levels partly attridutelevels in muscle. The higher increases indlewymes largely
may be reflecting liver injury as a remote orgajuny Sagareet al showed that liver function deteriorated due to
limb ischemia reperfusion and that the extent ¢éderation corresponded to the ischemic period.[33

This study was designed to determine the poteotill-acetylcysteine to attenuate the reperfusigurynto skeletal
muscle after ischemia reperfusion by assessed atizyparameters.
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The biochemical parameters used were the serunmgladi aspirate aminotransferase, alanine amindieaee,
creatine phosphokinase, lactate dehrdrogenasegvthsrpossible to observe the level of injuryziames dictating
ischemia induced muscle injury were lower in raseiving N-acetylcysteine, which can be explaingdthe
protective features of the antioxidant effects edidétylcysteine molecule.

CONCLUSION

This study confirmed that temporary occlusion of femoral artery in rats leaded to serum enzymegds in
group |. N-acetylcysteine as an antioxidant sulzstamas demonstrated to have protective effectsoteaschemia
and reperfusion injury of the skeletal muscle wdo extremities.
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