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ABSTRACT

AIM: To investigate the preventive effects of systemic honokiol and pentoxifylline treatments on epidural fibrosis (EF) in the 
experimental laminectomy model.   
MATERIAL and METHODS: Thirty-two rats were divided into four equal groups. Laminectomy was performed in all rats except for 
the control group. One group was kept as the negative control group. Moreover, 10 mg/kg pentoxifylline and 10 mg/kg honokiol 
were administered intraperitoneally for 5 days, respectively, to the other two groups. The rats were sacrificed after 4 weeks. The 
samples were examined biochemically in terms of oxidative stress and inflammation induced by tissue damage. Histopathological 
and immunohistochemical investigations were also performed to detect EF severity.
RESULTS: In honokiol and pentoxifylline groups compared with the negative control group, tumor necrosis factor-beta and 
interleukin-10 levels (indicating inflammation); myeloperoxidase, malondialdehyde, and hydroxyproline levels (indicating 
oxidative stress); and intercellular adhesion molecule levels (indicating fibrosis) were decreased. Histopathologically and 
immunohistochemically, EF was significantly reduced in the pentoxifylline and honokiol groups. Biochemical findings were consistent 
with the histopathological and immunohistochemical findings.
CONCLUSION: Both pentoxifylline and honokiol prevent EF formation. However, this effect is more pronounced in honokiol.
KEYWORDS: Oxidative stress, Cytokines, Epidural fibrosis, Honokiol, Pentoxifylline

ABBREVIATIONS: ANOVA: Analysis of variance, ARRIVE: Animal Research: Reporting of In Vivo Experiments, DAB: 
3,3’-Diaminobenzidine, DMSO: Dimetil sulphoxide, ELISA: Enzyme-linked immunosorbent assay, EF: Epidural Fibrosis, g: gram, 
HNK: Honokiol, HSD: Honestly significant difference, HYP: Hydroxyproline, ICAM-1: Intercellular adhesion molecule-1, IL-10: 
Interleukin-10, KCl: Potasium clorur, kg: Kilogram, L1: First lumbar vertebra, L4: Fourth lumbar vertebra, max: Maximum, MDA: 
Malondialdehyde, min: Minimum, mg: Miligram, MPO: Myeloperoxidase, PBS: Phosphate buffered saline, PNT: Pentoxifylline, 
ROS: Radical oxygen species, TNF-β: Tumor necrosis factor-beta, µL: Micro liter
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surgery syndrome (1,5). Many of the materials, including 
antineoplastic agents, Teflon membranes, gel foam, sodium 
hyaluronate, steroids, and others have been used in the 
literature to prevent EF (2,4,10,11,18,19,35). However, their 
clinical use has not yet been successful although their use 
has been successfully shown in animal models.

█   INTRODUCTION

Epidural fibrosis (EF), which develops after laminectomy 
and is characterized by excessive scar tissue, is one 
of the most important factors of surgical failure (9,17). 

Although it is accepted to be a natural process of wound 
healing, it is responsible for a considerable rate of failed back 
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Honokiol (HNK) is a phenylpropanoid molecule obtained from 
Magnolia officinalis (39). It has antioxidative, antineoplastic, 
anti-inflammatory, antimigratory, and antiangiogenetic 
properties (15,20,25,27,32,37). Due to all these features, 
honokiol has been thought to have the potential to have 
antifibrotic features. A study also exists that supports this idea 
and argues that it is successful in preventing renal fibrosis (7).

Pentoxifylline (PNT) is a methylxanthine derivative (28). It has 
anti-inflammatory effects leading to a decrease in neutrophil 
secretion and inhibition of the production of radical oxygen 
species (16). It also mediates the inhibition of thromboxane 
production, which is a stimulator of platelet aggregation, 
and also increases the collagenase activity (3). It has also 
been shown to reduce postoperative peritoneal fibrosis and 
adhesion formation (23).

The effects of systemic PNT administration on EF were 
examined before and was found to be successful (18). 
However, the effects of systemic HNK on EF have not been 
studied before until May 2016, which was the date that the 
current study was planned and commenced.

This study compared in experimental laminectomy model the 
effects of systemic HNK and PNT applications against EF.

█   MATERIAL and METHODS
Animals, Chemicals, and Experimental Set-up

The presented study was in compline with the Animal 
Research: Reporting of In Vivo Experiments guidelines and 
carried out following the UK Animals (Scientific Procedures) 
Act of 1986 and associated guidelines.

Pentoxifylline (CAS: 6493-05-6) and honokiol (CAS 35354-74-
6; Sigma-Aldrich, St. Louis, MO, USA) used in the study were 
dissolved in dimethyl sulphoxide (DMSO). After the approval 
of the University’s Local Ethics Committee (Date: 10.08.2016; 
No: 2016/08), 32 female Wistar albino rats (mean weight, 250 
g; min: 229 g, max: 265 g) were divided into four equal groups.

Group 1 was represented the control group. Thus, no surgical 
procedure was performed. All rats in the other three groups 
were anesthetized and intramuscularly administered with 
10 and 30 mg/kg Rompun and Ketalar, respectively. Total 
laminectomy (L1–L4 levels) was performed. The surgical area 
was closed without any additional procedure. In groups 3 and 
4, 500 µL of pentoxifylline (10 mg/kg) and 500 µL of honokiol 
(10 mg/kg) were intraperitoneally applied during the 5 days 
after surgery (When the study was planned and commenced in 
May 2016, no data were available for honokiol in the literature 
against EF. Thus, the honokiol dose was decided to be the 
same as the pentoxifylline dose for ease of comparison). Every 
injection dose contained 2.5 mg of honokiol or pentoxifylline 
in 500 µL because the mean weight of the rats was 250 g. In 
groups 1 and 2, 500 µL of DMSO was injected intraperitoneally 
during the 5 days after surgery to exclude both the injection-
induced stress on animals and also the effect of DMSO which 
was used as a solvent.

One hour before surgery, 50 mg/kg of ceftriaxone (Roche, 
Istanbul, Turkey) were intraperitoneally administered to 
all rats. Group 1 rats received a saline injection to exclude 
the injection-induced stress which may affect the oxidative 
stress markers used in the study. Consequently, rats were 
sacrificed by pentothal overdose after 4 weeks. Vertebrae 
matching the laminectomy site were removed en-block. The 
samples were taken for biochemical, histopathological, and 
immunohistochemical examinations.

Biochemical Examination

The tissue samples were removed from the freezer, brought 
to room temperature, then homogenized with three volumes 
of ice-cold 1.15% KCl. The levels of all biochemical 
parameters were measured in the supernatant obtained from 
centrifugation at 14,000 rpm. Lipid peroxidation was reflected 
by malondialdehyde (MDA) levels, which were measured by 
the method described by Ohkawa et al. (26).

The levels of cytokines [interleukin-10 (IL-10) and tumor 
necrosis factor-beta (TNF-β)], intercellular adhesion molecule 
(ICAM), hydroxyproline (HYP), and myeloperoxidase (MPO) 
in the tissue samples were measured in duplicate using 
commercially available solid-phase sandwich enzyme-linked 
immunosorbent assay rat kits (MyBioSource Company, San 
Diego, CA, USA) according to the manufacturer’s protocol.

Histopathological Examination

Samples were fixed in 10% buffered formalin for 2 days. They 
were then decalcified in 10% formic acid for 2 days. Three 
transverse sections (proximal, middle, and distal) of 2-mm 
thickness were taken from the laminectomy site and were 
placed in cassettes before washing in running water for 3 h. 
After routine follow-up (13 h), 4-µm thick sections were taken 
from the tissues embedded in paraffin blocks and routine 
hematoxylin and eosin and Masson trichrome stainings were 
performed. All samples in each group were systematically 
assessed using an Olympus DP20 microscope digital camera 
system attached to an Olympus BX51 (Olympus Corp., Tokyo, 
Japan) light microscope. Staging of fibrosis in the dura was 
performed following He et al. (13).

Immunohistochemical Examination

For the immunohistochemical investigation, 4-μm thick 
sections were obtained from the tissue paraffin blocks. The 
prepared sections were stained using osteopontin (OPN) 
antibody (prediluted polyclonal antibody, 1:100 dilution; 
ProteinTech, Chicago, IL, USA; catalog number: 25715-1-
AP) using the streptavidin–biotin–peroxidase and microwave 
antigen retrieval combination method. After washing with 
phosphate-buffered saline, the slides were stained with 
3,3′-diaminobenzidine chromogen (Glostrup, Denmark) 
for 7 min, followed by Mayer’s hematoxylin (Thermo Fisher 
Scientific, NY, USA) for 1 min for counterstaining. Human 
stomach adenocarcinoma tissue was accepted as the positive 
control.

Samples stained with anti-OPN antibodies were evaluated by 
Olympus BX51 light microscope at low magnifications (×40 
and ×100) and three different areas where the microvessel 
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density was the highest (hot spots) were selected. At ×400 
magnification, single endothelial cells stained brown or 
clusters of interconnected endothelial cells were considered 
as a countable microvessel whether they contained a lumen or 
not. Vessels containing muscular layers were not considered 
as neovasculature and were not taken into account during 
counting. The mean number of microvessels from the three 
areas was calculated and recorded as microvessel density 
and graded as grade 1, ≤3 microvessels; grade 2, 4–6 
microvessels; and grade 3, ≥7 microvessels (34).

Statistical Analysis

Kruskal–Wallis and post hoc multiple pairwise comparisons 
were performed because histopathological and immunohis-
tochemical data were ordinal. The Levene test was applied to 
determine homogeneity because the biochemical parameters 
were in a normal distribution with the Shapiro–Wilk test.

After one-way analysis of variance analysis, Tukey’s honest 
significance difference test was applied and that data was 
found to be nonhomogeneously distributed. Therefore, 
Tamhane’s T2 test, one of the post hoc tests, was performed. 
Moreover, p<0.05 was considered significant.

█   RESULTS
Biochemical Examination

All the examined oxidative and inflammatory parameters were 
significantly increased in the negative control group compared 
with the control group. The statistical difference between the 
two groups was significant for all parameters except for MPO.

All parameters were higher for the PNT group when the PNT 
group was compared with the control group. However, no 
statistically significant difference exists between groups.

All parameters were found to be lower in the PNT group 
when the PNT group was compared with the negative control 
group. Statistically, a significant difference exists in terms of 
HYP, MDA, and IL-10 for the PNT group, while no significant 
difference in terms of TNF-β, ICAM, and MPO exists.

When the HNK group was compared with the control group, 
HYP, IL-10, and TNF-β were higher in the HNK group, while 
ICAM, MPO, and MDA were lower. Moreover, no significant 
difference was found between the groups in terms of any 
parameters studied.

When the HNK group was compared with the negative 
control group, all the values of the HNK group in terms of all 
parameters studied were found to be lower than the negative 
control group. It was determined that a significant difference 
exists for all parameters between the groups.

All parameters for the HNK group except for HYP were 
lower compared with the PNT group when the HNK group 
was compared with the PNT group. Moreover, the statistical 
difference between the HNK and PNT groups was found only 
for MDA. No difference was found in terms of other parameters 
(The median, minimum, and maximum values of biochemical 
markers according to the groups are summarized in Table I, 
and statistical comparisons are shown in Table II).

The correlation assessment was performed for biochemical 
parameters in the negative control group. A negative correlation 
exists between the HYP and TNF-β (p=0.047, rho=−0.714) 
while IL-10 and TN-beta were positively correlated (p=0.028, 
rho=0.762).

Histopathological Examination

Grade 0 fibrosis was detected in all rats in the control group. 
In the negative control group, two and six rats were scored as 
grades 2 and 3 fibrosis, respectively. In the PNT group, two, 
five, and one rat had grades 1, 2, and 3 fibrosis, respectively. 
In the HNK group, grades 1 2 fibrosis was detected in five 
and three rats, respectively (Figure 1A–D). The results are 
summarized in Table III.

Statistical difference was significant when the HNK and 
negative control groups were compared (p=0.038). However, 
no significance exists between the PNT and negative control 
(p=1.000).

The HNK group was not statistically significant (p=0.202) 
when the control group was compared with the HNK and PNT 
groups. However, a statistical significance exists between the 
PNT and control groups (p=0.003).

Immunohistochemical Examination

OPN scores were determined as 1 in all rats in the control 
group. In the negative control group, osteopontin scores were 
2 and 3 in two and six rats, respectively. In the PNT group, six 
and two rats scored 2 and 3, respectively. In the HNK group, 
three rats scored 1 for OPN staining, while four and one rats 
scored 2 and 3 points, respectively (Figure 2A–D). The results 
are summarized in Table IV.

A statistical significance exists between the control and PNT 
groups in terms of OPN staining (p=0.006). No significance 
was noted in terms of control and HNK groups (p=0.600). 
Moreover, no significance was noted when the HNK and PNT 
were compared with each other (p=1.000; Table V).

█   DISCUSSION
The mechanisms underlying EF are complicated. Excessive 
accumulation of extracellular matrix components (e.g., 
collagen, fibronectin, dermatan sulfate) and a decrease in the 
cell density of the tissue result in EF (21,24).

The nucleus pulposus contains a high rate of phospholipase 
A2 and the structure of the annulus fibrosus is destructed 
during discectomy and initiates the EF development by the 
leaking of phospholipase A2 into the epidural space (30,31).

Opinions associate the development of EF to the surgical 
procedure itself and bleeding in the surgical site. Accordingly, 
the primary cause of EF is chemotactic factors released from 
the fragmented erythrocytes and platelets in the surgical site 
after laminectomy and the migration of fibroblasts from the 
paraspinal muscles. Adhesions develop secondary to the 
hyperplasia of the fibrous connective tissue. Fibroblasts, the 
main actors in tissue repair, are activated by inflammatory 
cytokines and growth factors and tries to repair local defects 
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Table I: Comparisons of Mean Values of Biochemical Markers 

Group Mean Minimum Maximum

ICAM-1

Control 0.887 0.596 1.167
Neg Control 2.114 1.515 2.917

PNT 1.426 0.788 2.669
HNK 0.832 0.147 1.159

HYP

Control 0.607 0.134 1.421
Neg Control 1.405 1.048 1.653

PNT 0.647 0.501 0.795
HNK 0.660 0.526 0.909

MPO

Control 2.038 1.786 2.447
Neg Control 2.454 2.048 3.104

PNT 2.223 1.599 2.931
HNK 1.807 1.644 2.032

MDA

Control 2.372 2.010 2.950
Neg Control 4.454 4.180 5.020

PNT 2.989 2.430 3.630
HNK 2.162 2.010 2.440

TNF-Beta

Control 26.850 18.70 37.30
Neg Control 38.462 33.60 42.80

PNT 28.500 16.30 41.80
HNK 26.912 19.40 38.50

IL-10

Control 41.55 31.65 54.08
Neg Control 76.72 45.29 94.18

PNT 47.121 43.20 52.09
HNK 40.829 38.06 43.54

ICAM-1: Intercellular adhesion molecule-1, TNF-β: Tumor necrosis factor-beta, IL-10: Interleukin-10, Neg Control: Negative Control, HNK: Ho-
nokiol, PNT: Pentoxifylline, HYP: Hydroxyproline, MPO: Myeloperoxidase, MDA: Malondialdehyde.

Figure 1: Fibrosis scoring of groups by Masson 
trichrome staining. A) Group 1 (control): a thin dura 
mater (arrows) is seen and no fibrosis is observed. 
Fibrosis score = 0. B) Group 2 (negative control): large 
fibrosis and dura adhesion are seen in >2/3 of the 
laminectomy defect (arrows). Fibrosis score = 3. 
C) Group 3 (pentoxifylline): fibrosis constitutes less 
than <2/3 of laminectomy defect (arrows). Fibrosis 
score = 2. D) Group 4 (honokiol): a tiny fibrous band 
is seen (arrows) between the dura mater and the scar 
tissue. Fibrosis score = 1. MS medulla spinalis; Masson 
trichrome, ×40).

A B

C D
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Table II: Statistical Comparisons of Groups in Terms of Biochemical Markers 
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ICAM-1 Hydroxyproline Myeloperoxidase

Ctrl
nCtrl 0.002 S

Ctrl
nCtrl 0.016 S

Ctrl
nCtrl 0.341 NS

PNT 0.167 NS PNT 1.000 NS PNT 1.000 NS
HNK 1.000 NS HNK 1.000 NS HNK 0.327 NS

nCtrl
Ctrl 0.002 S

nCtrl
Ctrl 0.016 S

nCtrl
Ctrl 0.341 NS

PNT 0.022 S PNT <0.001 S PNT 0.999 NS
HNK 0.005 S HNK <0.001 S HNK 0.032 S

PNT
Ctrl 0.167 NS

PNT
Ctrl 1.000 NS

PNT
Ctrl 1.000 NS

nCtrl 0.022 S nCtrl <0.001 S nCtrl 0.999 NS
HNK 0.572 NS HNK 1.000 NS HNK 0.605 NS

HNK
Ctrl 1.000 NS

HNK
Ctrl 1.000 NS

HNK
Ctrl 0.327 NS

nCtrl 0.005 S nCtrl <0.001 S NCtrl 0.032 S
PNT 0.572 NS PNT 1.000 NS PNT 0.605 NS

Malondialdehyde TNF-β IL-10

Ctrl
nCtrl <0.001 S

Ctrl
nCtrl 0.034 S

Ctrl
nCtrl 0.004 S

PNT 0.070 NS PNT 1.000 NS PNT 0.815 NS
HNK 0.975 NS HNK 1.000 NS HNK 1.000 NS

nCtrl
Ctrl <0.001 S

nCtrl
Ctrl 0.034 S

nCtrl
Ctrl 0.004 S

PNT <0.001 S PNT 0.340 NS PNT 0.019 S
HNK <0.001 S HNK 0.021 S HNK 0.006 S

PNT
Ctrl 0.070 NS

PNT
Ctrl 1.000 NS

PNT
Ctrl 0.815 NS

nCtrl <0.001 S nCtrl 0.340 NS nCtrl 0.019 S
HNK 0.002 S HNK 1.000 NS HNK 0.062 NS

HNK
Ctrl 0.975 NS

HNK
Ctrl 1.000 NS

HNK
Ctrl 1.000 NS

nCtrl <0.001 S nCtrl 0.021 S nCtrl 0.006 S
PNT 0.002 S PNT 1.000 NS PNT 0.062 NS

ICAM-1: Intercellular adhesion molecule-1, TNF-β: Tumor necrosis factor-beta, IL-10: Interleukin-10, nCrtl: Negative Control, Ctrl: Control,   
HNK: Honokiol, PNT: Pentoxifylline, S: Significant, NS: Non significant.

Table III: Fibrosis Degrees according to Groups 

Group Definition
Fibrosis Degree by  Masson trichrome

0 1 2 3
Group-1 Control 8 0 0 0
Group-2 Neg Control 0 0 2 6
Group-3 PNT 0 2 5 1
Group-4 HNK 0 5 3 0
Neg Control: Negative control, HNK: Honokiol, PNT: Pentoxifylline.
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activated by inflammatory factors, they produce collagen 
fibers and spread them around as part of the healing process. 
However, exaggerated inflammatory response and fibrotic 
process cause excessive deposition of local collagen. 
Consequently, excessive growth of scar tissue transformed 
from the fibrous tissue can cause compression of the dura 

in the vertebral lamina. Fibroblasts transform into fibrocytes 
with the production of collagen fibrils. Thus, scar tissue is 
formed from the fibrous connective tissue (5).

In brief, fibroblasts and inflammatory response play an 
important role in wound healing. Once fibroblasts are 

Table IV: Comparisons of Groups in Terms of Osteopontin Scores 

Group Definition
Osteopontin Score

1 2 3

Group-1 Control 8 0 0

Group-2 Negative Control 0 2 6

Group-3 PNT 0 6 2

Group-4 HNK 3 4 1

HNK: Honokiol, PNT: Pentoxifylline.

Table V: Comparisons of Groups in Terms of Fibrosis Scores and Osteopontin Stainings

Compared Groups p value for Fibrosis (p<0.05 significant) p value for OPN staining (p<0.05 significant)

Control-HNK 0.202 0.600

Control-PNT 0.003 0.006

Control-Negative Control <0.001 <0.001

HNK-Negative Control 0.038 0.143

PNT-Negative Control 1.000 1.000

HNK-PNT 1.000 1.000

HNK: Honokiol, PNT: Pentoxifylline. Statistically significant comparisons marked as bold.

Figure 2: Microvessel density of groups 
by osteopontin immunostaining. A) Group 
1 (control): no microvessel was seen in 
osteopontin staining. Score = 1. B) Group 
2 (negative control): numerous new vessel 
formation (arrows) were observed. Score 
= 3. C) Group 3 (pentoxifylline): scattered 
and medium-density microvessels (arrows) 
were observed. Score = 2. D) Group 4 
(honokiol): a small number of microvessel 
formations (arrows) were seen. Score = 
1. (It could not be indicated with arrows 
because no microvessel was seen in 
the control group.) For other groups, 
arrows are shown only in some (not all) 
microvessels (osteopontin ×100).

A B

C D
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statistically significant (Table II). The results were also coherent 
with the fibrosis degrees histopathologically detected (Tables 
III, IV, and V).

A significant decrease of oxidative stress markers in both the 
HNK and PNT groups suggested that both had antioxidant 
properties. However, this effect was more pronounced in 
HNK. The decrease in IL-10 and TNF-β levels detected in the 
PNT and HNK groups compared with the negative control 
group indicated that both had anti-inflammatory properties. 
The antioxidant and anti-inflammatory properties of both 
chemicals may have reduced EF formation by suppressing 
cytokine release that will occur in the damaged tissue.

HNK and PNT have potentials in EF prevention when 
systematically administered. Moreover, the knowledge about 
PNT was previously described in the literature (18). The present 
study also confirmed this claim and vice versa. However, the 
information about systemic HNK on preventing EF is new and 
unique.

█   CONCLUSION
Systemic administration of honokiol and pentoxifylline are 
capable to inhibit epidural fibrosis formation, but honokiol is 
superior to pentoxifylline.
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