
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=iivs20

Journal of Investigative Surgery

ISSN: 0894-1939 (Print) 1521-0553 (Online) Journal homepage: https://www.tandfonline.com/loi/iivs20

N-Acetyl-Cysteine Improves Anastomotic Wound
Healing after Radiotherapy in Rats

Ebru Ofluoglu Demir, Guldeniz Karadeniz Cakmak, Hakan Bakkal,
Ummuhani Ozel Turkcu, Nilufer Kandemir, Ayse Semra Demir & Oge Tascılar

To cite this article: Ebru Ofluoglu Demir, Guldeniz Karadeniz Cakmak, Hakan Bakkal, Ummuhani
Ozel Turkcu, Nilufer Kandemir, Ayse Semra Demir & Oge Tascılar (2011) N-Acetyl-Cysteine
Improves Anastomotic Wound Healing after Radiotherapy in Rats, Journal of Investigative Surgery,
24:4, 151-158, DOI: 10.3109/08941939.2011.560237

To link to this article:  https://doi.org/10.3109/08941939.2011.560237

Published online: 15 Jun 2011.

Submit your article to this journal 

Article views: 206

View related articles 

Citing articles: 4 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=iivs20
https://www.tandfonline.com/loi/iivs20
https://www.tandfonline.com/action/showCitFormats?doi=10.3109/08941939.2011.560237
https://doi.org/10.3109/08941939.2011.560237
https://www.tandfonline.com/action/authorSubmission?journalCode=iivs20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=iivs20&show=instructions
https://www.tandfonline.com/doi/mlt/10.3109/08941939.2011.560237
https://www.tandfonline.com/doi/mlt/10.3109/08941939.2011.560237
https://www.tandfonline.com/doi/citedby/10.3109/08941939.2011.560237#tabModule
https://www.tandfonline.com/doi/citedby/10.3109/08941939.2011.560237#tabModule


Journal of Investigative Surgery, 24, 151–158, 2011
Copyright C© Informa Healthcare USA, Inc.
ISSN: 0894-1939 print / 1521-0553 online
DOI: 10.3109/08941939.2011.560237

ORIGINAL RESEARCH
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ABSTRACT

Aim: This study was designed to determine the effects of intraperitoneally or orally administered N-acetylcysteine
(NAC) on anastomotic healing of irradiated rats. Methods: Thirty-two male Wistar albino rats were randomized
into four groups containing 8 rats each: I; standard resection plus anastomosis, II; radiation plus standard resec-
tion plus anastomosis, III; radiation plus standard resection plus anastomosis plus oral NAC, IV; radiation plus
standard resection plus anastomosis plus intraperitoneal NAC. Four types of assessment were performed: burst-
ing pressure, hydroxiproline (OHP) content, histopathology, and biochemical evaluation, including serum mal-
ondialdehyde (MDA), advanced oxidation protein products (AOPP), reduced glutathione (GSH) and superoxide
dismutase (SOD) activities. Results: Group comparisons demonstrated that bursting pressure was significantly
higher in NAC treated rats. The mean tissue OHP concentration in the anastomotic tissue was significantly lower
in irradiated rats (group II) than in the other groups. NAC treatment caused increased activity of SOD and GSH.
In contrast, MDA levels were found to be decreased in groups III and IV. Histopathological analysis revealed
that NAC administration, either orally or intraperitoneally, leads to a better anastomotic healing in terms of
reepithelialization, perianastomotic fibrosis, ischemic necrosis, and muscle layer destruction. Conclusion: The
present study supports the hypothesis that NAC administration alleviates the negative effects of radiotherapy on
anastomotic healing. Nevertheless, the underlying mechanisms responsible for this protective effect is unknown
today.

Keywords: radiation; rat; anastomosis; n-acetylcysteine

INTRODUCTION

Currently, radiotherapy (RT) is used as a standard
protocol before surgery in patients with rectal cancer.
Neoadjuvant RT is associated with a significant de-
crease in local recurrence rate and prevents disease
dissemination from the local site, thereby improves
survival [1]. The other goals of neoadjuvant RT are to
convert unresectable tumors into operable ones and
to preserve anal sphincter mechanism. Nevertheless,
mounting evidence supports the idea that neoadjuvant
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RT is not a modality free of complication and morbidity
[1–3]. The adverse effects on anastomotic wound heal-
ing are the subject of various researches demonstrating
excessive fibrosis in anastomotic region, increased
leakage rates, and strictures. Anastomosis leakage is
a common, serious, and potentially life-threatening
complication following operations for colorectal can-
cer, leading to high morbidity and increased mortality.
Multiple factors may influence the healing of colon
anastomosis [4–7]. As the enthusiasm on neoadjuvant
RT accelerates rapidly, it becomes essential to develop
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strategies to prevent or reverse the adverse effects of
radiation injury. Consequently, the agents with the
potential of positive effect on anastomotic healing after
RT have been the subject of many studies for so long
[8, 9].

N-acetylcysteine (NAC), a precursor of reduced
glutathione (GSH), is a thiol containing small molecule
freely filterable with a ready access to intracellular
compartments, possesses antioxidant properties and
has been in clinical use primarily as a mucolytic
agent. It is being studied and utilized in conditions
characterized by decreased GSH or excessive oxidative
stress such as cancer species and other certain disease
processes [10–12]. As a consequence of its protective
activity, intraperitoneal, intravenous, and oral ad-
ministrations of NAC have been used extensively in
the clinical practice [13–15]. The cytoprotective and
antioxidant properties of NAC have been confirmed
in a wide spectrum of diseases. The literature high-
lights the positive outcome on ischemia/reperfusion
(I/R) injury, hepatotoxisity, nephrotoxicity, cardiotox-
isity, radiation damage, and even in psychiatry
[10, 16–20].

In the present study, we investigated the effects of
intraperitoneally or orally administered NAC on anas-
tomotic wound healing after RT.

MATERIALS AND METHOD

The surgical procedure, use of anesthesia, and an-
imal care methods in the experiments were consis-
tent with the guidelines in the National Institute of
Health’s Guide for the Care and Use of Laboratory
Animals (National Institutes of Health publication no.
86-23, revised 1985, Bethesda, MD, USA). The experi-
mental protocols were conducted with the approval of
the Animal Research Committee at Zonguldak Karael-
mas University, Zonguldak. Thirty-two male Wistar
albino rats weighing about 300 g were used in the
experiment. The animals were housed in wire bottom
cages at room temperature with a 12-hr light/dark cy-
cle. All animals had free access to a standard labo-
ratory diet and allowed water ad libitum only after
postoperative day 1. All animals were weighed be-
fore the administration of the drug, before the oper-
ation, and before the killing. The initial mean body
weight of each group was similar. Animals were as-
signed into four groups randomly, containing 8 rats
each: group I, standard resection plus anastomosis;
group II, RT plus resection plus anastomosis; group
III, RT plus resection plus anastomosis plus oral
300 mg/kg/d NAC; and group IV, radiation plus stan-
dard resection plus anastomosis plus 300 mg/kg/d
intraperitoneal NAC. All of the test subjects were sac-
rificed at postoperative day 4 by means of intracardiac
puncture.

Irradiation

RT was given 5 days before the operation in groups
II, III, and IV. The rats were lightly anesthetized
before irradiation using ketamine hydrochloride
50 mg/kg (Ketalar; Parke Davis, Eczacibasi, Istanbul,
Turkey) and xylazine 5 mg/kg (Rompun; Bayer AG,
Leverkusen, Germany). A single abdominal dose of 10
Gy RT was administered to the anesthetized rats using
a 6 MV linear accelerator with source axis distance
(SAD) technique. Irradiation target fields were 5 × 5
cm pelvic regions. The other parts of the abdomen
were spared by the use of lead shields. The source–axis
distance was 100 cm.

Surgical Procedures

Neither mechanical nor antibacterial bowel prepara-
tion was performed. After an overnight fast, all rats
were anesthetized by an intramuscular injection of ke-
tamine hydrochloride 50 mg/kg (Ketalar; Parke Davis)
and xylazine 5 mg/kg (Rompun; Bayer AG). Animals
were allowed to breathe spontaneously during the
surgery. A heating lamp was used to preserve the body
temperature at approximately 37◦C. To prevent postop-
erative dehydration, 5 ml Ringer’s lactate solution was
injected subcutaneously. The abdomen was shaved and
prepared with povidone–iodine, then sterile covers. A
midline laparotomy was performed and 1 cm of the
left colon was resected at the colorectal junction, 2 cm
proximal to the peritoneal reflection, in all rats. The fe-
cal content of the anastomotic ends were milked out. A
standardized end-to-end anastomosis was performed
with a single layer interrupted inverting sutures of
6/0 polypropylene (6–0 monofilament polypropylene;
Prolene, Ethicon, UK). All anastomosis included eight
equidistant stitches. The laparotomy was closed with
continuous 3/0 silk sutures (3–0 silk, Dogsan, TR). All
anastomosis were created by the same surgeon who
was experienced with the technique, and buprenor-
phine, as an analgesic with a dose of 0.01 mg/kg, was
adminitered subcutanously twice daily after the surgi-
cal procedure to all animal subjects.

Drug Administration

Rats in all four groups were allowed to feed since the
first 24 hr. NAC (asist, Hüsnü Arsan ilaç, Istanbul,
Turkey) was administered in a dose of 300 mg/kg by
mouth with the use of a 4-F fine gavage catheter once
per day in group III. The same dose was injected into
peritoneal cavity in group IV daily. In the study groups,
drug administration started 1 week before anastomo-
sis and was maintained throughout the study. In the
control groups, only the same volume of normal saline
was administered during the entire period of this study.
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Dose selection was based on the results of previous
studies [21–23].

Assessment of Anastomosis

On postoperative day 4, all animals were weighed and
anesthetized again and subjected to relaparotomy. Rats
were sacrificed by means of a cardiac puncture and
blood aspiration directly from heart. Four types of eval-
uation were performed as follows:

Measurement of Anastomotic Bursting Pressure
Anastomotic strength was measured in vivo by
determining the bursting pressure. A catheter was in-
serted through the anastomosis per rectum. The lu-
men of the colon was cleaned of fecal content by
gentle washout with saline. Without disturbing the ad-
hesions, the wound was isolated by ligation of each
anastomotic end with a 0 silk, 2 cm proximal and dis-
tal to the anastomosis line. The distal catheter was
connected via a pressure transducer (Abbott Single
Transpact, USA) to monitor (Petas, KMA 800 S/N 1894,
Turkey). The colon was filled with a continuous flow
of physiological saline at a rate of 4 ml/min using an
infusion pump (Abbott LC 5000 infuser). The pressure
in the bowel was monitored during injection, and the
bursting pressure (mmHg) was recorded as the maxi-
mum pressure achieved during the injection phase. The
site of rupture (within or outside the anastomotic line)
was noted. After bursting, a 2-cm segment of the colon
including the anastomosis was resected, transected
longitudinally, and rinsed with saline to remove in-
testinal contents. One third of this sample was fixed
in 10% formalin for histopathological examination. The
remaining two thirds, wrapped in aluminum foil, was
kept in a biochemistry laboratory for tissue hydrox-
iproline (OHP) measuring.

Measurement of OHP Level
After weighting, tissue samples were frozen,
lyophilized, and pulverized. Twenty-five microliter
samples taken from hydrolyzation were lyophilized,
and soluted in 1 ml 50% (v/v) isopropyl alcohol.
Chloramine-T was added to these samples 10 min
later. Then, they were incubated for 90 min at 50◦C
after adding 1 ml Erlich’s reagent. A change in
color after the reaction was evaluated under 560-nm
wavelength spectrophotometer. Under the same con-
ditions, OHP standards with 0.2, 0.4, 0.6, 0.8, 1.2, and
1.6 µg were also studied. Sample concentrations were
calculated with the help of a standard curve; results
were calculated as µg/mg tissue [24].

Histopathological Analysis

A segment of each anastomotic ring was removed for
histological examination and fixed in 10% formalde-

TABLE 1 Chiu scale of mucosal ischemia [25]

Grade Definition

0 Normal mucosal villi
1 Development of subepithelial Gruenhagen’s space,

usually at the apex of the villus, often with capillary
congestion

2 Extension of the subepithelial space with moderate
lifting of epithelial layer from the lamina propria

3 Massive epithelial lifting down the sides of villi, a few
tips may be denuded

4 Denuded villi with lamina propria and dilated
capillaries exposed

5 Digestion and disintegration of lamina propria;
hemorrhage and ulceration

hyde. The samples for histology were dehydrated and
embedded in paraffin. From all paraffin blocks, 5-lm
sections were cut, and staining was performed with
hematoxylin and eosin. Perianastomotic colonic seg-
ments were sampled for examination by an expert
pathologist blinded to experimental groups. Ten speci-
mens were analyzed per group. Five high power fields
were evaluated in per anastomotic region. Mucosal is-
chemia was graded following the scale proposed by
Chiu et al. [25] (Table 1). Histological changes of anas-
tomotic wound healing, granulation tissue develop-
ment, local inflammatory response, and neovascular-
ization were determined according to Houdart et al.
and Hutschenreiter et al. parameters as modified by
Garcia et al. [26–28] (Table 2).

Biochemical Analysis

The blood samples were centrifuged, and the serum
was separated and stored at −80◦C until the processing
stage. The serum samples were used in order to deter-
mine blood values of GSH, malondialdehyde (MDA),
advanced oxidation protein products (AOPP), and su-
peroxide dismutase (SOD).

Assay for GSH Concentrations

GSH, a multifunctional intracellular nonenzymatic an-
tioxidant, is critically important for detoxifying an
array of toxic substances, including peroxide com-
pounds, and other free radical generating molecules.
The GSH concentrations of the serum were measured
using the method described by Ellman [29]. The results
were expressed as µmol/l.

Assay for MDA Concentrations

The serum MDA assay was performed as described
by Yoshioka et al. [30]. MDA, a product of lipid

C© 2011 Informa Healthcare USA, Inc.
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TABLE 2 Parameters of histological changes of anastomotic wound healing, granulation tissue development, and local inflammatory
response [26–28]

1. Mucosal anastomotic reepithelialization
Grade 0 Absence of epithelialization on the anastomotic line
Grade 1 Incomplete coating of the anastomotic wound with a

single layer of cells
Grade 2 Complete coating of the anastomotic wound with a

single layer of cells
Grade 3 Complete reepithelialization with glandular

epithelium

2. Inflammatory granuloma and granulation tissue formation
Inflammatory cell presence Neovascularization Fibroblasts Fibrosis formation

Grade 1 Absence Absence Absence Absence
Grade 2 Slight Slight Slight Slight
Grade 3 Mild Mild Mild Mild
Grade 4 Intense Intense Intense Intense

3. Muscle layer destruction
Ischemic necrosis Muscle layer continuity Inflammatory infiltration

Grade 1 Absence Complete interruption Absence
Grade 2 Slight Muscle synechia Slight
Grade 3 Mild Complete restitution Mild
Grade 4 – – Intense

4. Anastomotic wound inflammatory infiltration
Neutrophils Lymphocytes Histiocytes Giant cells

Grade 1 Absence Absence Absence Absence
Grade 2 Slight Slight Slight Slight
Grade 3 Mild Mild Mild Mild
Grade 4 Intense Intense Intense Intense

peroxidation, reacts with thiobarbituric acid under
acidic conditions at 95◦C to form a pink-colored com-
plex with an absorbance maximum at 532 nm. The re-
sults were expressed as nmol/ml.

Assay for AOPP Concentrations

The products of the oxidative modification of proteins
are known as AOPP. The serum AOPP assay was per-
formed by modification of Witko-Sarsat’s method [31].
The results were expressed as µmol/l of chloramine-T
equivalents.

Assay for SOD Activity

SOD is an important enzyme in the neutralization of
free oxygen radicals. SOD activity was measured in
serum samples as previously described by Sun et al.
[32]. The principle of the method is based on the in-
hibition of nitroblue-tetrazolium (NBT) reduction by
the xanthine–xanthine oxidase system as a superoxide
generator. One unit of SOD was defined as the enzyme
amount causing 50% inhibition in the NBT reduction
rate. The results were expressed as U/ml.

Statistical Analysis

Statistical analysis was performed using the SPSS ver-
sion 11.5 software package (SPSS, Chicago, USA). The
data were expressed as mean ± standard error of mean.
ANOVA and Tukey’s post hoc test were used to analyze
statistical differences between the groups for bursting
pressure, OHP, histopathological, and biochemical pa-
rameters. Probability values less than 0.05 were ac-
cepted as significant.

RESULTS

Surgical Morbidity and Mortality

All animals from both the study and control groups
survived throughout the experimental procedure. Nei-
ther anastomotic leakage nor septic complications were
observed. Table 3 demonstrates the group results of
bursting pressure and anastomotic OHP content.

Bursting Pressure and OHP Levels

The mean ± standard error of the mean (SEM) burst-
ing pressure was found to be significantly higher in
animals of the NAC-treated groups than in those of
the groups I and II (p < .05). The mean ± SEM bursting
pressures were determined to be higher in group I
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TABLE 3 Anastomotic busting pressure and hydroxyproline results in irradiated rats after anastomosis; Results are
expressed as mean ± SEM

Groups Busting pressure (mmHg) Hydroxyproline (µg/mg tissue)

Group I (n = 8) 82.42 ± 2.44 0.44 ± 0.04
Group II (n = 8) 68.38 ± 14.24 0.61 ± 0.02
Group III (n = 8) 154.75 ± 12.71a,b 1.03 ± 0.045a,b

Group IV (n = 8) 192.71 ± 14.89a,b 1.12 ± 0.08a,b

p < .05 was considered as statistically significant.
aCompared with group II (p < .05).
bCompared with group I (p < .05).

when compared to group II, but without statistical
significance. For all anastomosis, bursting occurred at
the suture line in all groups. The mean anastomotic
tissue HP concentrations were statistically different
between the groups with or without NAC treatment.
In accordance with bursting pressures, anastomotic
HP content was found to be significantly increased in
the NAC-treated rats compared to rats in groups I and
II (p < .05). The results are given in Table 3.

Biochemical Analysis

Group comparisons revealed that serum GSH and
SOD levels were determined to be significantly in-
creased in both groups of animals treated with NAC
with respect to groups I and II (p < .05). Furthermore,
serum MDA concentration, a measure of the level
of lipid peroxidation, was found to be significantly
decreased in the NAC-treated rats when compared to
group II (p < .05). The comparison in terms of MDA
levels following RT revealed a statistically significant
increase when compared to group I. Moreover, SOD
and GSH levels were also determined to be decreased
after RT. The comparison in terms of GSH, MDA, SOD,
and AOPP levels between the NAC-treated groups
revealed nothing statistically significant (p > .05). The
results are given in Table 4.

Histopathological Analysis

The results of mucosal ischemia grading scores accord-
ing to the Chiu scale revealed no statistically signifi-

cant difference between groups (p > .05). Nevertheless,
ischemia scores were found to be highest in group II
and lowest in group I and group IV, that might be due
to the protective effect of intraperitoneally adminis-
tered NAC. Anastomotic healing examination accord-
ing to the modified Houdart and Hutschenreiter scale
revealed no statistically significant differences in neo-
vascularization and fibroblast scores among all groups
(p > .05). Perianastomotic fibrosis scores were found
to be significantly increased in group II, as expected.
Both perianastomotic fibrosis and reepithelialization
scores were determined to be significantly improved
in group IV when compared to groups I and II. The
scores of ischemic necrosis and inflammatory infiltra-
tion to muscle layer were higher in group II than in
groups I, III, and IV, revealing the positive effect of
NAC administration (p < .05). Moreover, muscle layer
continuity scores were found to be significantly en-
hanced in groups III and IV (p < .05). Anastomotic
wound inflammatory infiltration scores in terms of in-
flammatory cell presence in the granulation tissue were
found to be significantly increased in group II, and re-
duced in group IV (p < .05). There was also evidence
of significantly higher neutrophil presence in the anas-
tomotic wound of the group II compared to groups I,
III, and IV (p < .05). Histological changes after NAC
administration showed a significantly lower lympho-
cyte infiltration, decreased histiocyte infiltration and
reduced presence of giant cells in the treatment group
when compared to irradiated anastomosis, revealing
reduced granuloma formation. Finally, NAC treatment
either intraperitoneally or orally revealed a remark-
able, but not significant, tendency toward enhanced
neovascularization.

TABLE 4 SOD activities, GSH, MDA, and AOPP levels in the serum of irradiated rats after anastomosis; Results are expressed
as mean ± SEM

Groups SOD (U/ml) GSH (µmol/l) MDA (nmol/ml) AOPP (µmol/l)

Group I (n = 8) 12.61 ± 0.99 0.26 ± 0.02 12.25 ± 0.25 32.25 ± 4.31
Group II (n = 8) 10.60 ± 0.69 0.16 ± 0.01 23.20 ± 4.11b 17.20 ± 1.49b

Group III (n = 8) 17.83 ± 1.28a,b 0.42 ± 0.02a,b 13.71 ± 0.74a 18.57 ± 1.28b

Group IV (n = 8) 20.46 ± 1.31a,b 0.43 ± 0.04a,b 14.33 ± 2.06a 16.00 ± 1.10b

p < .05 was considered as statistically significant.
aCompared with group II (p < .05).
bCompared with group I (p < .05).

C© 2011 Informa Healthcare USA, Inc.
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DISCUSSION

Anastomotic leakage in the colorectal surgery remains
as a major problem due to its high morbidity and
mortality rates [4]. Mounting evidence suggests that
disruption of normal wound healing independent of
the nature of insult causes anastomotic problems. Mul-
tiple factors including surgical technique, the patient’s
age, associated chronic diseases (diabetes mellitus,
chronic renal failure), ischemia, RT, and many other
factors may influence the healing of colon anastomosis
[8, 9].

RT has been widely accepted and frequently used in
the treatment of rectal cancer recently. This approach
is associated with a significant decrease in local recur-
rence rate and increase overall survival [2, 3]. However,
reports with high rates of anastomotic complications
are an impending catastrophe following preoperative
RT [1–3]. As a result, agents with the potential of posi-
tive effect on the anastomotic healing that might over-
come the deleterious mechanisms of RT have been the
subject of many studies currently [4, 8, 9]. In the present
study the deleterious effects of RT on anastomotic heal-
ing were verified by the histopathological, biochemical,
and bursting pressure results, when compared to non-
radiated anastomosis.

The hypothesis of the present study was that NAC, a
precursor of GSH, in addition to its antioxidant effects,
could improve adverse effects of irradiation in an ex-
perimental model of anastomotic healing. The present
study was designed to investigate the beneficial effects
of NAC, in terms of oxidant/antioxidant status, burst-
ing pressures, and histopathologic analysis in anasto-
motic healing of irradiated rats. Kabali et al. [21] re-
ported that orally and intraperitoneally administered
NAC improved OHP levels in the wound edges and
increased bursting pressure of ischemic colonic anas-
tomosis. Nevertheless, the effect on irradiated anasto-
mosis has yet to be investigated.

Wound healing is an active harmonic process
possessing various phases of which should follow a
predictable sequence in order to reestablish optimal
tissue integrity. Any factor, external or internal, al-
tering the exact timeline and cell population during
healing period may lead to disastrous consequences.
We constructed left colonic anastomosis, because
lower colorectal surgery is more prone to complica-
tions due to fecal load and technical difficulties and
the consequences are more troublesome. Moreover, the
addition of RT to experimental protocol simulates the
scenario in rectal cancer patients. Two processes are
of paramount importance in achieving uncomplicated
anastomotic healing, one of which is submucosal
collagen metabolism to restore anastomotic strength
and the other is the reconstruction of mucosal integrity
to prevent leakage. In the present study, anastomotic
strength was evaluated by means of two parameters
namely, bursting pressure and anastomotic OHP

content four days after the creation of anastomosis in
irradiated rats. OHP is the most abundant aminoacid
in the collagen formation. Therefore, we determined
the OHP content in the anastomotic tissue by means of
a parameter of collagen synthesis and wound healing.
Both anastomotic bursting pressures and the OHP
contents in the NAC-treated rats were determined to
be significantly increased when compared to standard
and irradiated anastomosis. NAC treatment, both
orally and intraperitoneally demonstrated a signif-
icant improvement in both parameters. Moreover,
histopathologic examination confirmed the protective
action of NAC in terms of increased mucosal reepithe-
lialization, enhanced collagen deposition, decreased
muscle layer destruction, reduced perianastomotic
fibrosis, together with declined ischemic necrosis and
inflammatory infiltration.

Experimental research and initial clinical obser-
vations indicate NAC might be useful in the treat-
ment of I/R injury in various grounds. In a study by
Kabali et al. NAC administration significantly pre-
vented the effects of I/R injury on colonic anastomoses
in a rat model [21]. The protective effect of NAC on ox-
idative stress has previously been shown in many in-
vestigations related to I/R injury in many tissues and
this protective effect was reported to arise from its ac-
tion as a direct free-radical scavenger [16, 17]. Previ-
ous studies demonstrated the antioxidant properties of
NAC against I/R injury by measuring MDA and an-
tioxidant enzymes in the tissue and plasma [33–38].
Radiation has been known to increase the amount of
free radicals, causing oxidative stress in the healthy tis-
sue. Oxidative damage has long been investigated as
an adjunct in impaired wound healing, which is one
of the most accused reasons of anastomotic leakage.
NAC has been used successfully as an agent capable
of protecting tissues from radiation damage [18, 19].
Pretreatment with NAC offers protection against γ -
radiation induced cellular injury [39]. Many studies of
radiation have shown effects on MDA levels. Monsour
et al. [40] demonstrated the antioxidant properties of
NAC against radiation damage in hepatic tissue in rat
and stated that NAC administration to rats caused aug-
mentation of the activities of hepatic glutathione per-
oxidase (GPx) and SOD and reduction of MDA levels.
Pretreatment with NAC also showed a significant de-
crease in the levels of total nitrate/nitrite (NO(x)) and
DNA damage. Several reports indicated that NAC may
have a radioprotective effect against radiation-induced
genotoxicity and cytotoxicity [41]. It was reported that
radioprotection observed with NAC is attributed to the
inhibition of lipid peroxidation, increase in the endoge-
nous antioxidative defense enzymes and the reduction
in DNA fragmentation [40]. Kilciksiz et al. [42] mea-
sured the levels of some biochemical parameters (GSH,
MDA, MPO) of radiation-induced oxidative stress in
serum and the liver homogenate, and showed that
the administration of NAC stimulates the antioxidant
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enzyme activities, inhibits MDA, and enhances the bac-
tericidal activity of neutrophil by increasing induced
MPO activity under radiation-induced oxidative stress.
In the current study, MDA, AOPP, GSH levels, and SOD
activities were used as oxidative stress markers. The
biochemical analysis demonstrated that antioxidant
treatment with either oral or intraperitoneal NAC pre-
vents lipid peroxidation, which is one of the important
indexes of radiation injury to the tissue. In accordance
with the literature, MDA levels predicting lipid peroxi-
dation was found to be significantly decreased and an-
tioxidant parameters including GSH and SOD activity
were determined to be increased in NAC-treated rats,
revealing further evidence of NAC against oxidative
damage due to RT in anastomotic repair. The compar-
ison in terms of AOPP levels revealed no statistically
significant difference between NAC-treated rats.

NAC is an agent with diverse biological and
physiological effects, including antioxidant action,
bronchosecrolytic activity, antidote in paracetamol
poisoning, vasodilatatory, antinephrotoxic, and radio-
protective properties. The present study highlights
the protective effects of NAC against radiation injury
in anastomotic wound healing, independent of the
administration route, for the first time in literature.
The biochemical, histopathological, and morpholog-
ical analysis consistent with the bursting pressure
data confirmed that NAC administration alleviates
some of the deleterious effects of radiation. Since the
precise cellular mechanisms by which NAC enhances
anastomotic wound healing in irradiated rats remains
obscure currently, inhibition of radiation-induced
fibrosis, reduction of lipid peroxidation, generation
of collagen synthesis, inhibition of overinflamma-
tion, and restriction of oxidative injury seem to be of
paramount importance. In this respect, further research
is required to elucidate the precise cellular mechanisms
by which NAC offers these protective functions.

Declaration of Interest: The authors report no conflict
of interest. The authors alone are responsible for the
content and writing of this paper.

NOMENCLATURE

NAC N-acetylcysteine
RT radiotherapy
MDA malondialdehyde
OHP hydroxyproline
AOPP Advanced oxidation protein products
SOD Superoxide dismutase
GSH reduced glutathione
I/R ischemia/reperfusion
BP bursting pressure
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