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ABSTRACT
Aim: The development of epidural fibrosis after laminectomy lead to 
postoperative morbidities, persistent radicular pain and failed back syndrome. 
Various materials or drugs have been used to inhibit formation of epidural 
fibrosis and reduce the compressive effect on neural structures. Nevertheless, the 
effects are not satisfied. NAC has mucolytic, antioxidant and anti-inflammatory 
effect. The aim of this study was to evaluate the effect of NAC on spinal epidural 
fibrosis in the post-laminectomy rat model.
Methods: Twenty-four albino rats were divided randomly into three equal 
groups: control, spongostan and Local NAC. Each animal underwent a 
laminectomy. Local NAC group (n=8): 100mg/kg was locally applied with a 
spongostan soaked with 0,5 ml of the solution and was left on the dura mater.  
At 4 weeks post surgery, the animals euthanized and their tissue samples at 
the laminectomy site were assessed histological evaluation for dura thickness, 
epidural fibrosis grading,  inflammatory response grading and presence of 
arachnoidal involvement. All data were evaluated by statistically.
Results: Epidural fibrosis were observed significant lower  in the NAC group 
when compared  with control group (p= 0.001) . Inflamattory cell density was 
significant lower  in the NAC group when compared with control and spongostan 
group(p=0.001 and p=0.015, respectively). Arachnoidal involvement was not 
observed in NAC group. The differences between all groups weren’t statistically 
significant for dura thickness and fibloblastic density (p=0.162 and p=0.056, 
respectively, Kruskal Wallis test)
Conclusion: The results of our study suggested that NAC has anti-fibrotic 
effects on epidural fibrosis in the post-laminectomy rat model.
Keywords: NAC, Laminectomy, Epidural fibrosis, Histopathology
Level of Evidence: Experimental animal study, Level II

INTRODUCTION
Laminectomy is widespread treatment 
for spinal disorders. The development 
of epidural fibrosis after laminectomy 
lead to postoperative morbidities, 
persistent radicular pain and failed 
back syndrome (16). Fibrosis is taking 
the place of epidural fat with fibrotic 
tissue, which binds the dura mater 
and the nerve roots to the anterior 
and posterior of vertebral structures (5). 
Epidural fibrosis leads to difficulties 
in   revision surgery because of that 
iatrogenic nerve root injury or dura 
mater tear may   seen highyl in 
revision surgeries. Various biological 

or nonbiological materials were 
used to prevent epidural fibrosis but 
satisfactory results havent achivied, 
yet. Because of that preventing, the 
occurrence of Epidural fibrosis is 
still a great problem for surgeons and 
patients.

N-Acetylcysteine (NAC) is a thiol-
containing radical scavenger and 
glutathione precursor. NAC has 
mucolytic, antioxidant and anti-
inflammatory effect ( 3,14). 

Some previous studies have indicated 
that NAC has beneficial effects in 
clinical conditions which free radicals 
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are involved, and it has been reported to attenuate 
pulmonary fibrosis, liver fibrosis and skin fibrosis in 
experimental studies ( 4,10,21-22).

The aim of this study was to evaluate the effect of NAC 
on spinal epidural fibrosis in the post-laminectomy rat 
model.

MATERIAL AND METHODS

Animals 
Adult, male, 24 Wistar Albino rats weighing 250-
350g were used for this study. The experimental part 
of the study was conducted at the Ankara Training and 
Research Hospital laboratory after obtaining consent 
from the Ankara Training and Research Hospital Animal 
Experiments Local Ethics Committee. All subjects were 
kept under stable and standard environmental conditions 
during the experiment and were fed on standard animal 
food and water. 

Operative procedure
Each animal underwent a laminectomy. Surgery was 
conducted with the animals under general anesthesia 
using xylazine (10 mg/kg, Rompun, Bayer, and Turkey) 
and ketamine hydrochloride (50 mg/kg, Ketalar, Parke 
Davis, Turkey) administered intraperitoneally. The rats 
were placed in the prone position. The lumbar area of the 
rat was shaved then prepared in a sterile manner using 
povidone-iodine solution.  All of the operative procedures 
were performed using a surgical microscope (Zeiss 
OPMI- Carl  Zeiss  Meditec Company, Oberkochen, 
Germany) by the same surgeon (YG). A longitudinal 
mid-line skin incision was made over the L1-L3 levels 
and carried down to the spinous process. 

At the L1-L3 level total laminectmy was performed. The 
ligamentum flavum and epidural fat were removed. The 
dura mater was fully exposed and the hemostasis was 
obtained by using cotton sheet. After the application of 
the topical agents, the wounds were closed in anatomical 
layers using the same 4-0 Prolene polypropylene sutures 
(Ethicon; Ethicon Endo-Surgery, Inc., Cincinnati, OH, 
USA). There were no complication, wound infections 
or ant adverse effect s observed relevent to NAC. The 
animals were euthanized on the 4 weeks postoperative 
day using a lethal dose of pentobarbital (60 mg/kg, IE. 
Ulagay, Istanbul, Turkey).  

Experimental Groups: All rats were randomly divided 
into three groups . 
Control group (n=8): only laminectomy was performed 
without treatment;
Spongostan group (n=8): a spongostan (Ethicon Endo-
Surgery, Inc.) soaked with 2cc/kg saline solution and was 
left on the dura mater after laminectomy. 

Local Nac  group (n=8): 100mg/kg was locally applied 
with a spongostan soaked with 0,5 ml of the solution and 
was left on the dura mater. 

Histopathological Evaluation
Vertebral columns were fixed 10% buffered formalin for 
1 week, and then were decalcified for 5 days in Biocal 
C solution. The laminectomy site was identified and 
four 2-mmthick sections were obtained. Sections were 
embedded in parafin and serial sections (5µm) were cut 
with microtome and stained with Hematoxylin Eosin 
(HE) and Massom Trichrome (MT). A pathologist 
under the Nikon Eclipse 80i light microscope as 
regards dural thickness and epidural fibrosis evaluated 
all laminectomized spine sections in a blinded manner. 
Quantitative morphometric analysis was performed on 
sections using the Nikon Nis Elements D 3.1 Digital 
Analyzing System. Epidural fibrosis was evaluated as 
described by He and colleagues (6) (Table-1).  Fibroblast 
cell density was evaluated as described by Sen and 
colleagues (15) (Table-2). 

Table-1. Epidural fibrosis grading table. (He at all.)

Grade Explanation

0 Dura mater was free of scar tissue

1 Only thin fibrosis bands between the scar tissues 
and the dura mater were observed.

2 Continuous adhesion was observed but made up 
less than two-thirds of the laminectomy defect

3 Scar adhesion was large and involved more than 
two-thirds of the laminectomy defect, and/or 
extended to the nerve roots.

Table-2. Fibroblast cell density scoring system.

Grade Cell density

Grade 1 <100 cells in each area at x400

Grade 2 100-150 cells in each area at x400

Grade 3 >150 cells in each area at x400

Statistical analysis
All data were  analyzed using SPSS for Windows version 
11.5 (SPSS, Inc., Chicago, IL, USA). The Shapiro 
Wilk test was used to determine if the distributions of 
continuous variables were normal. The nonparametric 
Kruskal Wallis test was used to compare differences in 
groups, the Mann Whitney U Test was used to determine  
the differences between subgroups. The presence of 
arachnoidal involvement was analyzed using a likelihood 
ratio test. A p value less than 0.05 was considered 
statistically significant.
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RESULTS
There was not seen any rat  mortality  related to 
study. There was no case with neurologic deficits or 
cerebrospinal leak in any of the rats. All animals were 
ambulatory during the study.

The mean thickness of dura were 0.024 mm in NAC 
group, 0,025 mm in spongostan group and 0,028 mm in 
control group. The differences between all groups weren’t 
statistically significant for dura thickness and fibloblastic 
density (p=0.162 and p=0.056, respectively, Kruskal 
Wallis test) (Figure.1-A, 1-C,Table-3).

Figure-1. (A) Comparison of dural thickness among groups. The horizontal lines in the middle of each box indicate 
the median, whereas the top and bottom borders of the box mark the 25th and 75th percentiles, respectively. The 
whiskers above and below the box mark the maximum and minumum dural thickness. (B) Comparison of epidural 
fibrosis grades among groups. The horizontal lines in the middle of each box indicate the median, whereas the top 
and bottom borders of the box mark the 25th and 75th percentiles, respectively. The whiskers above and below 
the box mark the maximum and minumum epidural fibrosis grades. Asterisks represent extreme cases.                             
(C) Comparison of fibroblastic density grades among groups. The horizontal lines in the middle of each box 
indicate the median, whereas the top and bottom borders of the box mark the 25th and 75th percentiles, 
respectively. The whiskers above and below the box mark the maximum and minumum fibroblastic density grades. 
(D) Comparison of inflamattory cell density grades among groups. The horizontal lines in the middle of each box 
indicate the median, whereas the top and bottom borders of the box mark the 25th and 75th percentiles, 
respectively. The whiskers above and below the box mark the maximum and minumum inflamattory cell density 
grades. Asterisks represent extreme cases. (E) Comparison of arachnoidal involvement among groups. The light 
bars indicate the ratio of arachnoidal involvement negative within each group, the prevalence of arachnoidal 
involvement positive was shown as solid bars. 
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In NAC group, Grade-1 and Grade-2 epidural fibrosis 
were observed in in equal rate (% 50). In spongostan 
group, Grade-1, Grade-2 and Grade-3 epidural fibrosis 
were found in % 25, % 25 and % 50 of the rats, respectively. 
Grade-2 and Grade-3 epidural fibrosis were observed in 
% 12.5 and % 87.5 of the rats, respectively in the control 
group. 

The difference between the spongostan and both the 
NAC and control group wasn’t statistically significant 
(p=0.74 and p=0.095, respectively). Statistically significant 
difference was determined between the NAC and control 
group (p= 0.001) (Figure-1.B, Table-3). 

In NAC group, Grade-1 and Grade-2  inflamattory cell 
density were observed in % 12.5 and %87.5 of the rats, 
respectively. Grade-1 and Grade-2 were observed in % 
25 and % 75 of the rats, respectively in spongostan gorup.  

In control group, Grade 2 and Grade 3 inflamattory cell 
density was detected in equal rate (% 50). When the 
grade of the control group was compared with NAC 
and spongostan groups, the differences were statistically 
significant (p=0.001 and p=0.015, respectively). The 
difference between the NAC and spongostan group 
was also statistically significant (p=0.015) (Figure-1.D, 
Table-3).

Arachnoidal involvement was not observed in NAC 
group. A few rats in the spongostan group (% 50) and 
control group (% 62.5) demonstrated arachnoidal 
involvement. The differences between the NAC and both 
control and spongostan group was statistically significant 
(p=0.009 and p=0.025). There was not statistically 
difference between the spongostan and the control graphy 
up (p=0.626) (Figure-1E, Table-3). 

Figure-2. Photomicrographs of the study (Masson’s 
Trichrome, x40 objective) (A) Grade-3 epidural fibrosis 
(EF) from Control group. EF covered the whole 
laminectomy defect and adhered to the underlying 
Dura mater (black arrow). Grade 3 fibrosis is observed 
in most of the specimens in Control group.               
(B) Grade-2 epidural fibrosis specimen from 
Spongostan group. Epidural fibrosis adhered the 
underlying Dura (black arrow) and covered less than 
two-thirds of the laminectomy defect. (C) In the NAC  
group Grade-1 fibrosis is adherent to the underlying 
Dura (black arrow) without direct contact to the 
medulla spinalis (MS).
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Table-3. Result of Statistical analysis

Variables Control Spongostan NAC P value1

Dural thickness 28.03 (22.40-35.29) 26.60 (20.08-32.79) 22.40 (19.08-28.96) 0.162
Epidural fibrosis 3 (2-3)b 3 (1-3) 2 (1-2)b 0.003
Fibroblastic density 2 2 (1-2) 2 (1-2) 0.056
Inflammatory cell density 3 (2-3)b,c 2 (1-2)a,c 1 (1-2)a,b 0.001
Arachnoid involvement 5/3b 4/4a 0/8a,b 0.028

Data were represented as median (25-75 percentile).
1 Kruskal-Wallis test
a NAC group versus the spongostan group (p<0.05)
b NAC group versus the control group (p<0.01)
c Spongostan group versus the control group (p=0.015)

DISCUSSION
Postoperative fibrosis is a expected outcome of surgical 
wound healing and it arise from the disrupted intervertebral 
disc and muscles in the surgical wound (8,20). This fibrotic 
tissue may extend to epidural space when laminectomy 
performed. The development of epidural fibrosis after 
laminectomy lead to postoperative morbidities, persistent 
radicular pain and failed back syndrome (16). Radicular 
pain is caused by leading compression or tethering the 
nerve roots and movement of vertebral column increased 
stretch so the pain is intensified ( 1,19). The best solution to 
this problem is preventing EF formation. 

Some mechanisms have been aimed to explain the 
presence of post-laminectomy EF. LaRocca and colleagues 
have suggested that fibrosis originates from the posterior 
invasion of fibroblasts, extending from the erector spinae 
muscle to the dura and then growing into the haematoma 

(9). Holtz at all. have suggested  that   the fibrosis formation  
and separation of fibrin are prevented  by a physical barrier 
and inhibition of fibroblast proliferation (7). 

A lot of drugs and agents have been studied to prevent 
EF, but experiments showed that they still have some 
limitations before clinical use.

NAC has mucolytic, antioxidant and anti-inflammatory 
effect.  NAC acts as a cysteine precursor for the synthesis 
of glutathione (GSH), it changes intracellular GSH 
levels and increasing the antioxidant protection of the 
cells (12). Reactive oxygen species (ROS) include the 
superoxide anion (O2−), hydrogen peroxide (H2O2), 
and hydroxyl radicals (OH). The high ROS levels induce 
oxidative stress and inflict cell damage. NAC inhibit ROS 
production trough anjiotensin-2 blocage and increasing 
the antioxidant protection of the cells.  It may help 
reduce the inflammation process. NAC suppresses the EF 
through antioxidant and antiinflamatuar effect (18). 

We have hypothesized that   NAC   may have preventive 
effects on epidural fibrosis via anti-inflammatory and 
antioxidant effects. We have showed that epidural 

fibrosis was significantly lower in the NAC group when 
we compare with the Control group. Inflamattory cell 
density and arachnoidal involvement were lower in the 
NAC group when we compared with the control and 
Spongostan group. These are important evidence for our 
hypothesis.  

There are some studies in the litrature which explain 
NAC attenue fibrosis   in different experimental study.   
NAC decrease interstitial fibrosis, indicating that ROS 
elimination effectively slowed the progression of renal 
fibrosis in mice (18). Administration of oral NAC increased 
intracellular and extracellular glutathione levels so 
NAC therapy may be delay idiopatic pulmoner fibrosis 
progression (13). Liu at all.  have showed that  NAC  blocked 
hyperglycemia promoted induced cardiac fibroblast 
proliferation and myofibroblast differentiation on mice. 
(Cong Liu) Several studies have shown that NAC could 
be used for the treatment of pulmonary fibrosis, liver 
fibrosis, and skin fibrosis (4,10,21-22) .

As a results of a macroscopic scoring system, histological 
evaluation showed that NAC suppressed the EF in rats. 
Our finding first demonstrated the beneficial effect of 
topical application of NAC in laminectomy models. 
Nevertheless, the efficacy of this agent should be further 
explored in additional experimental and clinical studies.
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