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ABSTRACT

Aim: Postlaminectomy epidural fibrosis is implicated as a main case of failed
back surgery syndrome and associated with increased risk of complications
during revision surgery. 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.

Pirfenidone is a broad-spectrum anti-inflammatory and anti-fibrotic molecule
that has been shown to inhibit the fibrosis progression in patients with idiopathic
pulmonary fibrosis and animal models. Anti-fibrotic mechanism of pirfenidone
is associated with antagonism of activities mediated by TNF-a and TGF-B. In
present study, pirfenidone was studied to investigate its anti-fibrotic effects on
reducing epidural fibrosis after laminectomy in a rat model.

Methods: Thirty two Wistar albino rats were divided randomly into four equal
groups: control spongostan, systemic pirfenidone and local pirfenidone groups.
In all groups, total L3-L5 laminectomy was performed. At 4 weeks postsurgery,
the animals euthanized and their tissue samples at the laminectomy site were
assessed both immunohistochemistry of anti-IL-1, anti- TNF-a and anti-a-SMA
antibodies on epidural fibrosis of animal groups and histological evaluation
for; dura thickness, epidural fibrosis grading, scar tissue consistency and
inflammatory response grading and presence of arachnoid involvement. All
data was evaluated by statistically.

Results: Our data suggests that rats treated with pirfenidone at 4 weeks post-
laminectomy had less , dura thickness, epidural fibrosis, scar tissue consistency
and inflammatory response and arachnoidal involvement in comparison with
the control and spongostan groups. Pirfenidone treated groups show weaker
labeling for anti-IL-1, anti- TNF-a and anti-a-SMA antibodies than control and
spongostan groups. Moreover, the local applicaton of pirfenidone had shown
better results than systemic administration for all parameters.

Conclusion: The results of our study suggested that pirfenidone has anti-
fibrotic effects on epidural fibrosis, its effectiveness especially increased when
it is used locally.

Keywords: Laminectomy, epidural fibrosis, pirfenidone, immunohistochemistry
IL-1, TNF-a, a-SMA

Level of Evidence: Experimental animal study, Level-I|

INTRODUCTION

Laminectomy for treating spinal
disorders often results in formation
epidural fibrosis and it can lead to
failed back surgery syndrome and
persistent back and leg pain ®.
Epidural hematoma, epidural fat
accumulation and muscle invasion

induce fibroblasts activity thus,

formation of epidural fibrosis occur at
the laminectomy site after operation®.
Surgical methods and biological, non-
biological materials for the prevention
of epidural fibrosis have been studied
however clearly results has not been
obtained from this studies. Preventing
EF formation is considered the best

approach to manage this problem.
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During the last decades, studies have been focus on
inflammatory process and fibroblast apoptosis.

(PFD)  (5-methyl-1-phenyl-2-[1H]-
pyridone) has both anti-inflammatory and antifibrotic
effects, acting through the regulation of tumor necrosis
factor (TNF-a) and (TNF-p) pathways 1. Some studies
have shown that pirfenidone inhibits proliferation and
activation of fibroblasts so it inhibit the pathogenesis of
fibrosis 13?2, Pirfenidone has been used treatment of

Pirfenidone

idiopathic pulmonary fibrosis in some country. It’s efficacy
has been showed for Crohn’s disease and intestinal fibrosis

on the experimental studies 21,

In present study, pirfenidone was studied to investigate
its anti-fibrotic effects on reducing epidural fibrosis after
laminectomy in a rat model.

MATERIAL AND METHODS

Animals

Adult, male, 32 Wistar Albino rats (mean weight =
280g) 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 an laminectomy. Surgery was
conducted with the animals under general anesthesia
using xylazine (10 mg/kg, Rompun, Bayer, Turkey) and
ketamine hydrochloride (50 mg/kg, Ketalar, Parke Davis,
Turkey) administered intraperitoneal. Rats were placed
in the prone position. The lumbar area of the rat was
shaved. The surgical field was then prepared in a sterile
manner using povidone-iodine solution. The surgical
site was then draped in a standard fashion. All of the
operative procedures were performed carefully 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 L3-L5 levels and carried down to the spinous
process. The L5 lamina was identified by counting up
from the sacrum.

The lumbosacral fascia was then incised and the paraspinal
muscles were subperiosteally detached to expose laminae.
At the L3-L5 level total laminectomy 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. The laminectomy
site were treated with different agents. In control and

systemic drug administration groups, only laminectomy
was carried out. Following that, the dorsal spinous fascia
was reposed using absorbable suture, whereas the wounds
were closed in anatomical layers using the same suture
material ( prolen polypropylene sutures, Ethicon, Ethicon
endo — surgery, Inc., Cincinnati, OH, USA). There were
no complication, wound infections or ant adverse effect
s observed relevant to pirfenidone. The animals were
euthanized on the 4 weeks post operative day using
a lethal dose of pentobarbital (60 mg/kg, IE. Ulagay,
Istanbul, Turkey).

Experimental Groups

All rats were randomly divided into four 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.
Systemic (S) Pirfenidone group (n=8): Pirfenidone was
given 25 mg/kg/d via oral gavage. Local (L) Pirfenidone
group (n=8): 25 mg/kg/d pirfenidone was locally applied
with a spongostan soaked with 0,5 ml of the solution and
was left on the dura mater.

Tissue processing

The tissue samples at the laminectomy site were harvested
after the rats were euthanized. Specimens were fixed in
phosphate buffered 10% formalin for one week. Then
tissue washed in tap water and decalcified in 25% formic
acid for 3 days. Tissue were then washed in tap water
and this was followed by dehydration; immersion in 70%,
80%, 90% and 100% ethanol. After dehydration tissues
were cleared in xylene and embedded in paraffin wax.

Histological analysis
- Light Microscopic Evaluations

Sections were cut in 5 pm thickness using a microtome
(Leica RM 2125RT) and stained with Masson’s
trichrome. Slides were examined and photographed using
an Axio Scope-Al (Carl Zeiss, Germany) microscope
at x100 magnification. All sections were evaluated in a
blinded manner by the same histologist, who analyzed
dura thickness, epidural fibrosis, arachnoid involvement,
scar tissue consistency and inflammatory response

Dura thickness were measured using the Axiovision
software program at the three predetermined segments
that previously described by Cemil et al . Epidural
fibrosis was graded according to the method of He ez a/
® (Table-1).

The scar tissue consistency and inflammatory response
were graded using the scoring system proposed by
Miyamoto et al ©. These researchers used a 4-point

scoring system (Table -2).
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Involvement of the arachnoid layer with the presence of
arachnoidal adhesions to the dura mater was also noted.

Table-1. Epidural fibrosis grading table.

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. Scar tissue consistency and inflammatory
response grading table.

Explanation

0 loose connective tissue with small collagen
bundles, the presence of highly vascular
adipose tissue, with moderate macrophage and
inflammatory cell activity

Grade

1 connective tissue density, edges of defect with
evidence of new bone formation, and mild
macrophage and inflammatory cell activity.

2 dense connective tissue and/or fibrocartilage,
absence of adipose tissue, avascular tissue, and
absence of macrophage and inflammatory cell
activity

3 dense collagenous connective tissue, absence of
adipose tissue, avascular tissue, and absence of
macrophage and inflammatory cell activity

Immunohistochemistry

For immunohistochemistry analysis, sections were
deparaffinized and rehydrated by using xylen and a
graded series of ethanol, followed by 5 min washes in
phosphate buffered saline (PBS). Antigen retrieval was
performed in tripsin at 37°C for 30 min and washed
in PBS for 3x5 min. Afterwards, the sections were
incubated for 15 min in 1% H,O, in methanol to block
endogenous peroxidase activity, washed in PBS for 3x5
min, blocked at room temperature for 30 min by using
blocking solution (Histostain Plus Kit, 85-9043, USA)
and incubated in a humidified chamber 1 h at 37°C with
the primary antibodies anti - a-SMA (1:200;A5228
mouse monoclonal,Sigma  Aldrich), Anti-IL-1 f
(1:200, SC-7884 rabbit polyclonal,Santa Cruze), anti
TNF- o (1:200, SC-1350, goat polyclonal, Santa Cruz).
Sections were washed in PBS (3x5 min) and incubated
at room temperature for 1 h with the biotinylated

secondary antibodies (for anti- a-SMA and Anti-IL-1
B; Histostain Plus Kit, 85-9043, USA, and for TNF-q;
Vector Laboratories BA-5000). After a wash with PBS
(3x5 min), the sections were incubated with ready-to-
use streptavidin peroxidase at room temperature for 30
min and well rinsed with PBS. Colors were developed
with a DAB kit. The sections were then counterstained
with hematoxylin, dehydrated, and mounted. Negative
controls were prepared by substituting PBS for the
primary antibodies.

H-Score

The evaluation of the immunohistochemical labeling of
IL-1, TNF-a and a-SMA in samples from experimental
and control groups was performed using H-SCORE?.
Briefly, sections were evaluated using an Axioscope
microscope (Zeiss, Oberkochen, Germany). Three
randomly selected slides, each of five different fields at 200
x magnification, were evaluated for immunohistochemical
labeling of IL-1, TNF-a and a-SMA. The labeling was
scored in a semi quantitative fashion that included the
intensity of specific labeling in sections. The evaluations
were recorded as percentages of labeled cells of all types
in each of four intensity categories, denoted as 0 (no
labeling), 1+ (weak labeling but detectable above control),
2+ (distinct labeling) and 3+ (intense labeling). For each
tissue, an H-SCORE value was derived by summing the
percentages of cells that were labeled at each intensity
multiplied by the weighted intensity of the labeling:
H-SCORE=3Pi(i+1), where “i” is the intensity score
and Pi is the corresponding percentage of the cells. Two
observers blinded to the experimental groups performed
the H-SCORE evaluations, and the average score was
used.

Statistical analysis

All data were analyzed using SPSS for Windows version
11,5 (SPSS Inc.,Chicago, IL, USA) and statistically
significant values were defined as p < 0,05. The data
for dura thickness and H-score were reported as the
meanzstandard deviation (SD). Differences between
groups were calculated by the analysis of variance (one-
way ANOVA) and Bonferroni post hoc test.

A Fisher’s exact test was used to determine significant
difference in grades of epidural fibrosis, scar tissue
consistency and inflammatory response as well as the
presence of arachnoid involvement.

RESULTS

The mean thickness of the dura mater was different in
four groups (F (3,28) = 13,789 p<0,001). In control
group, the mean thickness of the dura mater was found
to be higher than the other three goups (respectively,
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p<0,001, p<0,001, p<0,05), however the difference
between the spongostan and S.Pirfenidone group were
not significant (p>0,05). The mean thickness of the dura
mater for L.Pirfenidone was significantly lower than
the other three group’s (respectively, p<0.001, p<0.05 ve
p<0.05).

There was a significant difference between the distribution
of groups in to epidural fibrosis grade categories (p=0.028).
Control group was mainly accumulated in grade 2 and 3.
There was mostly grade 1 in L.Pirfenidone group. (Fig
1, Table 3).

The scar tissue consistency and inflammatory response
grades in pirfenidone treatment groups were lower than
control and spongostan groups. All of the rats In L.
pirfenidone group were grade 1 (p<0.001) (Table-3).

Arachnoidal involvement was observed in 62.5% of
the rats in the control group, 37,5% of the rats in the
Spongostan group, 25% of the rats in S.Pirfenidone group
and the was no arachnoidal involvement in L.pirfenidone
group. The difference between the groups was slightly
non-significant (p=0,064).

The mean of the H-score for IL-1 was different in four
groups (F(3,28)= 25,651 p<0,001). In the control group,
the mean of the H-score was statistically significantly
higher than the other three groups ( respectively p<0,01,
p<0,001, p<0,001). There was no difference between
spongostan and S.pirfenidone groups (p>0,05). However
L. Pirfenidone group was significantly lower than
spongostan group (p<0,01). When S.pirfenidone and
L. Pirfenidone group was compared, the difference was

slightly non-significant. (p=0.055) (Fig 2-3, Table 3).

The mean of the H-score for TNF-a was different in
four groups (F(3,28)=9,508 p<0,001). There was no
significant difference between Control, Spongostan
and S.Pirfenidone groups (p>0,05 for all). The mean
of the H-score for TNF-o was significantly lower in
L.Pirfenidone group than the control and spongostan
groups (respectively p<0,01, p<0.01). There was no
significant  difference between L.Pirfenidone and
S.Pirfenidone groups (p>0,05) (Fig 2-3, Table-3).

The mean of the H-score for o —=SMA was different in
four groups (F(3,28)= 42,092 p<0,001). There was no
difference between control and spongostan groups and
means of both groups were significantly higher than the
S.Pirfenidone and L.Pirfenidone groups (p<0,001 for all).
There was no difference between S.Pirfenidone and L.
Pirfenidone groups. (p>0,05) (Fig 2-3, Table-3).

Figure-1. Representative micrograph of the rat dural
tube and epidural fibrosis 4 weeks following
laminectomy. a) Grade-1 epidural fibrosis is observed
in pirfenidone treatment groups. Dura mater is free
and Only thin fibrous band (arrow) is observed
between the fibrosis (F) and the dura. B: new bone
formation. b) Grade-2 epidural fibrosis in spongostan
group. Fibrosis that dense connective tissue covered
less than two-thirds of the laminectomy defect and
adhere to the dura mater (arrow). ¢) Grade 3 epidural
fibrosis is observed in control group. Epidural fibrosis
(F) that highly vascular loose connective tissue covered
more than two-thirds of the laminectomy defect and
adhered to dura mater (arrow). SC: spinal cord.
Masson's trichcrome x 100
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control

spongostan

L-pirfenidone

Figure-2. Immunohistochemistry of IL-1 (a, b, ¢, d), TNF-a (e, f, g, h) and a-SMA (i, j, k, I) on epidural fibrosis of
control, spongostan, S-pirfenidone and L-pirfenidone rats. The magnification was 200x.

250 ~
M Control = Spongostan  m S.Pirfenidone M L.Pirfenidone

IL-1 TNF-a o -SMA

Figure-3. The distribution of immunostaining intensity (H-score) in epidural fibrosis samples with anti-IL-1 ,anti-
TNF-a and anti a-SMA antibodies.
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Table-3. The scar tissue consistency and inflammatory response grades in pirfenidone treatment groups were
lower than control and spongostan groups. All of the rats In L. pirfenidone group were grade-1 (p<0.001).

Variables Control  Spongostan  S.Pirfenidone L.Pirfenidone P
Dura mater thickness, Mean+SD 23.5+4.4 16.7+4.7 16.8+3.67 11.1+1.9 <0.001
H Score Results, Mean+SD
1L-1 162.5+32.4  105.0+30.7 87.5+16.7 51.25+20.3 <0.001
TNF-a 193.8+59.7  195.062.1 141.2+45.5 93.75+33.8 0.001
a—-SMA 187.5+30.6  163.8+35.8 91.2+20.3 53.75+17.7 <0.001
Epidural Fibrosis, n (%)
Grade 1 0 (0%) 3 (37.5%) 5 (50%) 5 (62.5%)
Grade 2 2 (25%) 3 (37.5%) 1(12.5%) 3 (37.5%) 0.028
Grade 3 6 (75%) 2 (25%) 3 (37.5%) 0(0%)
Scar tissue consistency and inflammatory
response, n (%)
Grade 1 0 (0%) 2 (25%) 6 (75%) 8 (100%)
Grade 2 4 (50%) 4 (50%) 2 (25%) 0 (0%) <0.001
Grade 3 4 (50%) 2 (25%) 0 (0%) 0(0%)
Arachnoidal involvement, n(%)
Yes 5 (62.5%) 3 (37.5%) 2 (25%) 0 (0%) 0.064
No 3 (37.5%) 5 (62.5%) 6 (75%) 8 (100%)

SD, Standart Deviation

DISCUSSION

Laminectomy technics are widely used technics in spinal
disorders surgery and they often results in the formation
of epidural fibrosis, Epidural fibrosis is the major cause of
postoperative morbidities such as persistent low back pain
and disability ®. In an effort to find a solution to this
problem, numerous methods have been studied to prevent
EF by surgical methods and various biological agents.
Nevertheless, clinical results of these methods have
been limited because the effects were not as satisfactory
as expected. The new treatment methods should be

developed for prevent EF.

The new-targeted therapies of EF is against to
fibrosis mechanism. However, mechanism of fibrosis
formation is still unclear, a study has shown that after
lomber laminectomy epidural hematoma, epidural fat
accumulation and muscle invasion at the laminectomy site
plays important role in the formation of epidural fibrosis
@) Some reports have shown that fibroblast proliferation
was the main reasons for epidural fibrosis ©.

Additionally, the number of fibroblasts is considered
as a parameter for determining the density of epidural
fibrosis®. Another study suggested that activated
fibroblasts/myofibroblasts are critical effector cells

associated with the progression of fibrosis 7.

Pirfenidone (5-methyl-N-phenyl-2- (1H)-pyridone is
a drug with anti-fibrotic and anti-inflammatory effects.
Pirfenidone’s antifibrotic properties have shown in
various clinical and animal-based experimental studies ©.
Pirfenidone is first drug of choice for IPF. Pirfenidone has
been accepted for the treatment of idiopathic pulmonary
fibrosis in many countries and it is first drug of choice
tor IPF, now. Latest studies have shown that pirfenidone
has beneficial effect for Crohn’s disease and intestinal
fibrosis®™. Some animals studies have shown that
pirfenidone inhibit progression of fibrosis and prevent
the formation of fibrotic lesions on rat hepatic,pulmoner,
bladder, renal , cardiac cells 467922,

Pirfenidone has been shown to prevent the accumulation
of hydroxyproline, procollagen I and III, inflammatory
cells and transforming growth factor-beta TGF-p 10,
Pirfenidone exerts many effects, that is, a decrease in
fibroblast proliferation, reduction of TFG- stimulated
reactions, lowered levels of a myofibroblast marker alpha
smooth muscle actin (o-SMA) (9,

Proinflammatory cytokines for example tumor necrosis
factor TNF-q, interleukin IL.-1B and vascular endothelial
growth factor (VEGF) playing important roles in
inflammation process. Pirfenidone effect some pro-
inflammatory cytokines, including IL-1f, IL-6, IL-12,
IL17, and TNF-0. Suna at. All Show that treatment
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with pirfenidone reduce the expression of IL-1f, IL-6,
and IL-12 @, We showed that the H-score for IL-1 was
significantly lower in the L-pirfenidone group when
compared with spongostan group. Our study showed that
pirfenidone reduce the expression of IL-1.

Myofibroblast differentiation is important event of the
pathogenesis of fibrosis. a-SMA is specific marker
molecule of myofibroblast differentiation. In order
to evaluate the effects of pirfenidone, we evaluated

the expression of a-SMA. We showed that a-SMA

expression was significantly suppressed by pirfenidone.

TNF-a is potent activator of the intracellular signaling
molecules, it stimulates the proliferation of fibroblasts via
TGF-B1.The H-score for TNF-a was significantly lower
in L.Pirfenidone group than the control and spongostan

groups, in this study (respectively p<0,01, p<0.01).

The mean thickness of the dura mater for L.Pirfenidone,
the scar tissue consistency and inflammatory response
grades in pirfenidone treatment groups, epidural fibrosis
grade in pirfenidone groups were lower than other groups.

Histological and immunohistochemistry analysis
have showed that pirfenidone attenue EF in the

postlaminectomy rat model.
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