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ABSTRACT

AIM: To investigate the efficacy of locally applied batimastat after laminectomy in preventing postoperative epidural fibrosis.   
MATERIAL and METHODS: Thirty-two Wistar albino male rats weighing 200–250 g were used. The rats were assigned to four 
different groups (I-Control group, II-sham group, III-Laminectomy+Batimastat group, and IV-Laminectomy+SpongostanTM group). 
The rats were euthanized 28 days after surgery before TNF-α, IL6, IL-1β, IL10, TGF-β1, and MMP9 gene expression levels of tissue 
in the surgical area were determined with qPCR. TNF-α, IL6, and IL10 protein levels were also measured in both tissue and plasma. 
In addition, the surgical area was evaluated by histopathological and immunohistochemical methods.
RESULTS: TNF-α, IL6, and IL-1β gene expression levels were higher in the batimastat group than in the control group. Whereas 
IL10 gene expression levels increased about two-fold in the sham and SpongostanTM groups, in the batimastat group, it was similar 
to that in the control group. TGF-β1 gene expression was three-fold higher in the sham group but was similar to that in the control 
group in both batimastat and SpongostanTM groups. MMP9 gene expression levels significantly decreased only in the batimastat 
group. In addition, fibrosis score, fibroblast cell count, inflammatory cell count, and CD105 expression decreased in the batimastat 
group relative to the control. 
CONCLUSION: Molecular and pathological examination results suggested that batimastat is an effective agent in reducing the 
occurrence of epidural fibrosis after laminectomy.
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after FBSS, and the success rates decrease to 30% in the 
second, 15% in the third, and 5% in the fourth of the recurrent 
surgeries (12).

EF is a regenerative process characterized by the formation 
of extradural fibrous tissue after spinal surgery (5,17). In this 
process, tension and/or compression occurs on the nerve roots 
and/or dura mater, and as a result of this histopathological 
condition, permanent back/low back pain and leg pain may 

█   INTRODUCTION

Epidural fibrosis (EF) is a major cause of postlaminectomy 
syndrome or “failed back surgery syndrome” (FBSS), 
which may occur after spinal surgical interventions (42). 

It reduces the quality of life, and is characterized by persistent 
back/low back pain and radicular leg pain (42). FBSS develops 
in 4 to 50% of cases after lumbar spinal surgery (40). Spinal 
surgical interventions are repeated to improve symptoms 
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occur (4,8,25). It was first defined as laminectomy membrane 
by LaRocca and Macnab in 1974 (15).

Fibrosis is a primary connective tissue lesion characterized 
by an increase in fibrillar extracellular matrix components in 
the tissue or organ. Matrix metalloproteinases (MMPs) are 
a large group of proteases that regulate the turnover of the 
extracellular matrix (33). The most important factor in the 
development of EF is the excessive deposition of extracellular 
matrix elements and the resultant decreased tissue cellularity 
(16,27,29,35). Metalloproteinase also mediate many 
diseases such as cancer, atheroma, arthritis, atherosclerosis, 
aneurysms, nephritis, tissue ulcers, and fibrosis. Therefore, 
metalloproteinase inhibitors play an important role in alleviating 
pathological effects (34).

EF is a complex process in which inflammation and fibrosis 
progress together. Various cytokines and growth factors play 
a role in the initiation and progression of fibrosis (27,34,49). 
Production of the transforming growth factor-ß1 (TGF-ß1) is 
one of the important factors in the development of EF (45). 
Interleukin 1-beta (IL-1β) is a cytokine that plays important 
roles in inflammation and fibrosis. This cytokine is produced 
by activated monocytes, macrophages, and dendritic cells. 
Interleukin 1-beta induces the production of cytokines such 
as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-
6), and proteases such as MMPs, which are mainly associated 
with proliferation of fibroblasts (33). Interleukin 1-beta and 
IL-6 contribute to regulation of proliferation and extracellular 
synthesis of fibroblasts (18). MMPs play an important role 
in the remodeling process of connective tissue in both 
physiological and pathological conditions and in the regulation 
of the extracellular matrix cycle in fibrotic tissues (14,17,20). 
MMPs are effective in inflammatory cell infiltration, smooth 
muscle cell migration and proliferation, collagen production, 
and fibroblast contraction. Specifically, TGF-ß1, which is 
a profibrotic agent, is converted from its precursor form to 
its active form through MMP-2, MMP-3, MMP-9, MMP-13, 
MMP-30 (22). MMP-9 increases the inflammatory response 
and fibrosis (14).

Therapeutic effects of many agents have been investigated in 
studies on EF. Batimastat, also known as BB-94 and used in 
the treatment of cancer, is a synthetic MMP enzyme inhibitor 
that inhibits the activities of most MMPs (11,34). Batimastat 
has a collagen-like backbone that facilitates binding to 
the active site of MMP. It potently and specifically inhibits 
MMPs (44), and like other MMP inhibitors, has a potent anti-
angiogenic activity (1,23,41). Batimastat is not preferred for 
systemic use due to a multiplicity of its side effects and low 
solubility. Thus, it is used by injecting into body cavities (2,31).

Many previous studies have tried to elucidate the mechanism 
of formation of EF and potential treatment options. However, 
no study has, so far, looked at effects of batimastat on 
EF. Therefore, this study aimed to investigate the effects 
of batimastat, a synthetic MMP enzyme inhibitor, on the 
formation of EF at molecular, immunohistochemical, and 
histopathological levels.

█   MATERIAL and METHODS
This in vivo study was approved by the Hatay Mustafa 
Kemal University (HMKU) Animal Experiments Local Ethics 
Committee (dated 19/02/2020 and decision no: 2020/02-9). 
Thirty-two rats obtained from HMKU Experimental Research 
Application and Research Center were divided into four 
groups and the living conditions in the routine program of the 
unit were provided. The rats were housed at 22°C ± 2°C room 
temperature under 12-hour night and 12-hour day conditions. 
Food and water were provided ad libitum. Before starting 
the experimental treatments, the animals were adapted 
to the environment for one week. Groups were formed in 
such a way that there was no significant difference in mean 
body weight of the rats to be used in the study (200–250 
g). The animals were divided into the following four groups. 
Group I (Control group): the rats in this group received no 
treatment; they were housed in the routine conditions of 
the unit. II. Sham group: The rats in this group underwent 
laminectomy, and they received no treatment afterwards. 
Group III (Laminectomy+Batimastat group): local batimastat 
(30 mg/kg, BB-94, Cat no: MBS384336, MYBIOSOURCE) 
was administered to rats in this group after laminectomy (43). 
Group IV (Laminectomy+SpongostanTM group): the rats in this 
group underwent laminectomy and received 2 ml/kg saline-
impregnated SpongostanTM (27). In all groups, intracardiac 
blood was collected for analysis under anesthesia on the 28th 
day after the surgical procedure, and the rats were sacrified. 
Tissue samples were taken from the surgical area.

Anesthesia and Surgical Procedure

For general anesthesia, 10 mg/kg Xylazine hydrochloride (ip) 
and 50 mg/kg Ketamine hydrochloride (ip) were administered 
to the rats in all groups that would undergo surgical 
procedure. The surgical field of the rats was shaved and the 
area was disinfected with povidone iodine. We performed 
a midline skin incision on L3-L5 before we dissected the 
paravertebral muscles and reached the laminae of L3-L5. 
We performed total laminectomy at the L3 level using the 
operating microscope ensuring that the total laminectomy did 
not compromise the integrity of the dura mater (Figure 1). After 
the procedure, we applied sterilized local batimastat (30 mg/
kg) to the batimastat group, 2 ml/kg of saline-impregnated 
SpongostanTM to the SpongostanTM group, and closed the 
area with 4/0 polypropylene surgical thread.

Molecular Analysis, RNA Isolation, and cDNA Synthesis

After blood samples were centrifuged at 3000 xg for 10 min, 
plasma samples were transferred into 1.5 ml nuclease-free 
tubes and stored at −86°C until protein analysis. Tissues 
taken after euthanasia were transferred to nuclease-free 
tubes and quickly frozen in liquid nitrogen. The samples 
were stored at −86°C until molecular analysis. Total RNA 
isolation from samples was performed using the modified 
Trizol method (32). For this purpose, approximately 50 mg of 
tissue from each sample was homogenized in 1 ml of Trizol. 
The total RNAs obtained after trizol-chloroform-isopropyl 
alcohol and ethyl alcohol steps were diluted using 30 to 100 
µl of nuclease-free water depending on the pellet size. The 
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purity and concentration of the isolated total RNA for each 
sample were measured with a nucleic acid meter (Merinton 
SMA 1000). In addition, the quality of RNA was checked using 
electrophoresis at 100V and 25 min. The RNA isolation was 
reperformed for the inappropriate samples.

Possible DNA contamination in the samples was eliminated 
through DNA digestion (DNase I, RNase free, ThermoFishcer 
Scientific, USA). We performed cDNA synthesis following 
the protocol in the high capacity cDNA synthesis kit 

(ThermoFischer Scientfic, USA). Thermo-cylce reaction 
conditions for cDNA synthesis were set as follows: 60 min at 
42°C, 5 min at 25°C, and 5 min at 70°C. After the reaction, the 
volume of each cDNA sample was made up to a final volume 
of 200 µL and the samples were stored at −86°C until gene 
expression analysis.

qPCR Application and Gene Expression Analyzes

Gene expression levels of TNF-α, IL6, IL-1β, IL10, TGF-1β 
and MMP9 in the samples were determined using qPCR 
(Rotorgene Qiagen, USA). After 10 min of denaturation, the 
qPCR protocol was set as follows: 40 cycles at 95°C for 15 
seconds and at 60°C for 60 s. A kit containing SYBR Green 
dye was used for amplification (Power SYBR Green PCR 
Master Mix, ThermoFisher Scientific, USA). ACTB and PPIA 
housekeeping genes indicated in Table I were used for internal 
control.

ELISA Application

The TNF-α, IL6, and IL10 protein levels in tissue and plasma 
samples were determined by ELISA method. After the tissues 
stored at −86°C were homogenized in Phosphate Buffered 
Saline (PBS), total protein analyzes were performed according 
to the Lowry method (19). Levels of related proteins were 
measured using rat specific ELISA kits (Bioassay Technology 
Laboratory, China, E0764Ra, E0135Ra, E0108Ra). Finally, the 
content of targeted proteins in tissues was calculated as ng/
mg protein.

Histopathological Examination

After euthanasia, the vertebrae, paraspinal muscles, and 
epidural scar tissue in the operative field were removed and 

Figure 1: Laminectomy performed at L3 level.

Table I. Forward and Reverse Sequences of Target and Housekeeping Genes

Genes Forward and Reverse Primer Sequences Reference

PPIA F: 5’-CAGACAAAGTTCCAAAGACAGCA-3’
R: 5’-CACCCTGGCACATGAATCCT-3’ Dos Santos et al. (9).

ACTB F: 5’-GCAGGAGTACGATGAGTCCG-3’
R: 5’- ACGCAGCTCAGTAACAGTCC-3’ Ozkan and Kerman (26).

TNF-α F:5’-ACTGAACTTCGGGGTGATCG-3’
R: 5’-GCTTGGTGGTTTGCTACGAC-3’ *

IL6 F:5’-CTCTCCGCAAGAGACTTCCA-3’
R: 5’-TCTCCTCTCCGGACTTGTGAA-3’ *

IL-1β F:5′-ACAAGGAGAGACAAGCAACGAC-3′ 
R: 5′-TCTTCTTTGGGTATTGTTTGGG-3′ Castro et al. (3).

IL10 F:5’-TTGAACCACCCGGCATCTAC-3’
R: 5’-CCAAGGAGTTGCTCCCGTTA-3’ *.

MMP9 F: 5’-CTGTATGGTCGTGGCTCTAAAC-3’
R: 5’-GAGGTGCAGTGGGACACATAG-3’ Yin et al. (47). 

TGF-β1 F:5’-TGACGTCACTGGAGTTGTCC-3’
R: 5’-CCTCGACGTTTGGGACTGAT-3’ *

*: Designed by the authors.
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█   RESULTS
In the postoperative period, no infection was observed in the 
skin, subcutaneous, and laminectomy areas in any rat.

Gene Expression Results

Purity (1.90 ± 0.02) and concentration (430.62 ± 37.19 ng/µl) 
values of isolated RNAs were suitable for cDNA conversion 
and gene expression analyzes. There were significant differ-
ences in the expression levels of the genes whose activity was 
investigated in this study (Table II). The TNF-α gene expres-
sion levels showed three-fold upregulation in all sham, bati-
mastat, and SpongostanTM groups compared to the control 
group (p<0.05). The IL6 gene was approximately three-fold 
upregulated in the sham gropu, and the batimastat group was 
two-fold upregulated in the batimastat group compared to the 
control (p<0.05). IL6 gene expression levels in the Spongos-
tanTM group were similar to those in the control group. There 
was significant increase in the IL-1β gene expression levels 
in all experimental groups. The highest upregulation for this 
gene was in the batimastat group with approximately five-fold 
upregulation (p<0.05). The IL10 gene expression levels were 
upregulated approximately two-fold in the sham and Spon-
gostanTM groups, whereas they were similar in the batimastat 
and control groups. TGF-β1 gene was expressed three-fold 
more in the sham group than in the control. TGF-β1 gene ex-
pression levels in both batimastat and SpongostanTM groups 
were similar to those in the control group. MMP9 gene expres-
sion levels were downregulated only in the batimastat group 
compared to the control (p<0.05).

ELISA Results

Targeted protein levels were detected with ELISA. Whereas 
tissue TNF-α protein levels were similar in the sham and 
batimastat group and significantly higher than in the control 
group (p<0.01), the SpongostanTM group was at similar levels 
to the control and other experimental groups. The highest IL6 
protein levels were recorded in the sham group. IL6 levels 
closest to those of the control group were in the SpongostanTM 
group. The highest levels of IL10 were recorded in the 
batimastat group but the levels in the sham and SpongostanTM 
groups were similar to those in both the control and batimastat 
group. 

The TNF-α, IL6, and IL10 levels recorded in the plasma and 
tissue in the groups were as follows (Table III, IV): whereas 
plasma IL10 protein levels were similar between the groups, 
the sham group had the highest TNF-α and IL6 levels (p<0.05). 
However, TNF-α and IL6 levels in the other groups were similar 
to those in the control group (Table IV).

Histopathological and Immunohistochemical Results

Scoring of histopathological and immunohistochemical results 
is presented in Table V. In the histopathological examination, 
the spinal cord and its surroundings were in normal histological 
structure in the control group. In the sham group, adhesions 
formed almost completely between the connective tissue of 
the laminectomy region and the dura mater in most of the 
rats, and the fibrosis score was at Grade 3 (Figure 2A, 2B). 
Fibroblast and inflammatory cell infiltration were at Grade 1 in 

fixed in 10% buffered formalin before they were decalcified in 
an equal amount of 8% Hidrojen klorür (HCl) and 8% formic 
acid solution for one day. According to routine methods, after 
alcohol and xylol series, they were embedded in paraffin and 
the sections taken at 5 μm intervals were deparaffinized in 
xylol. After passing through 100, 96, 80, and 70 alcohol series, 
they were stained with Hematoxylin-Eosin (H&E). In addition, 
Masson’s trichrome staining was performed for connective 
tissue. After examining under a light microscope (Olympus 
CX31), microphotographs (Olympus DP12) were taken.

The grade of fibrosis tissue was evaluated as follows: Grade 
0 means no scar tissue in the dura mater; Grade I means thin 
fibrous bands between the scar tissue and the dura mater; 
Grade II means adhesions in <2/3 of the laminectomy defect; 
Grade III means extensive scar tissue affecting >2/3 of the 
laminectomy defect (13).

Fibroblast and inflammatory cell counts were determined 
based on the average of a total of three areas in each sample, 
including one area at the center of the laminectomy and 
two areas at the margins. The grading system for fibroblast 
and inflammatory cell counts was as follows: Grade I, <100 
fibroblasts/inflammatory cells per 400x area; Grade II, 400 × 
100-150 fibroblasts/inflammatory cells per area; Grade III: 400 
× >150 fibroblasts/inflammatory cells per area (46).

Immunohistochemical Examination

To detect CD105 expression in tissues, the Avidin Biotin Per-
oxidase Complex technique was performed following the 
standard procedure prescribed in the commercial kit (Sen-
siTek HRP, ScyTek Laboratories, Logan, UT). The anti-CD105 
antibody [8A1] (ab230925) (60 min/45˚) (dilution ratio 1/50) was 
used as a primary antibody. A 3% H2O2 methanol solution was 
used to block endogenous peroxidase activity. Proteinase K 
was used for antigen retrieval (Abcam, ab64220) and PBS was 
applied to the tissues as a negative control. 3,3’-diaminoben-
zidine tetrahydrochloride (DAB, ScyTek Laboratories, Logan, 
UT) was used as chromogen. For background staining, Harris 
hematoxylin was applied. Immunohistochemical grading was 
made following instructions in Erdogan et al. (10) and Yilmaz 
et al. (46).

Each slide was graded according to the number of vessels in 
each hotspot as follows: ≤3 corresponds to Grade 1; 3 to 6 
corresponds to Grade 2; ≥7 corresponds to Grade 3. Vessels 
with a muscle layer were not considered as newly formed 
vessels and were not included in the count. The mean number 
of vessels in the three hotspots for each slide was defined as 
the microvessel density in each animal (10,46).

Statistical Analysis

One-way analysis of variance (ANOVA) used to test for 
significant differences in protein levels between treatment 
groups. The Tukey post-hoc test was used to perform 
pairwise comparisons of protein levels. Gene expression 
results were analyzed following the method reported by Livak 
and Schimitgen (18). Geometic means of housekeeping genes 
were calculated and the results were shown as fold change. P 
< 0.05 was considered significant.
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Table IV: Plasma Levels of Target Proteins in Groups (ng/ml)

Protein Control Sham Batimastat SpongostanTM p

TNF-α 23.82 ± 1.57b 33.61 ± 2.40a 29.25 ± 3.16ab 25.12 ± 2.29ab <0.05

IL6 3.27 ± 0.17b 3.75 ± 0.14a 3.23 ± 0.18b 3.69 ± 0.14ab <0.05

IL10 57.64 ± 2.12 56.01 ± 1.91 54.95 ± 1.49 59.35 ± 2.32 -
a, b, c: Different letters on the same lines indicate significant difference between groups.

Table II: Gene expression results (Mean±SEM)

Genes Control Sham Batimastat SpongostanTM

TNF-α 1.00 ± 0.43 2.38 ± 0.42* 2.79 ± 0.56* 2.80 ± 0.43*

IL6 1.00 ± 0.21 3.15 ± 0.80* 1.99 ± 0.31* 1.14 ± 0.16

IL-1β 1.00 ± 0.23 2.36 ± 0.26** 5.64 ± 1.68* 1.71 ± 0.08*

IL10 1.00 ± 0.17 1.80 ± 0.18* 1.88 ± 0.37 1.98 ± 0.34*

TGF-β1 1.00 ± 0.33 2.92 ± 0.70* 1.49 ± 0.38 1.66 ± 0.11

MMP9 1.00 ± 0.27 2.01 ± 1.06 0.44 ± 0.09* 1.87 ± 0.72

*: p<0.05, **: p<0.01, Results are given as fold change compared with the control group.

Table III: Tissue Levels of Target Proteins in Groups (ng/mg protein)

Protein Control Sham Batimastat SpongostanTM p

TNF-α 20.66 ± 1.88b 31.79 ± 2.53a 30.91 ± 1.97a 28.98 ± 2.45a,b <0.01

IL6 1.63 ± 0.19c 3.25 ± 0.30a 2.59 ± 0.09a,b 2.16 ± 0.17b,c <0.001

IL10 35.00 ± 2.35b 39.81 ± 3.15a,b 44.09 ± 1.56a 38.07 ± 1.23a,b <0.05
a, b, c: Different letters on the same lines indicate significant difference between groups.

Table V: Grading of Epidural Fibrosis Based on Fibrosis Score, Fibroblast and Inflammatory Cell Counts and CD105 by 
Immunohistochemistry

Control Sham Batimastat SpongostanTM

Fibrosis score

Grade 0
Grade 1
Grade 2
Grade 3

8
0
0
0

0
0
2
6

0
1
3
4

0
2
2
4

Fibroblast count
Grade 1
Grade 2
Grade 3

8
0
0

4
3
1

8
0
0

8
0
0

Inflammatory Cell Count
Grade 1
Grade 2
Grade 3

8
0
0

6
2
0

8
0
0

8
0
0

CD105
Grade 1
Grade 2
Grade 3

8
0
0

0
0
8

2
4
2

0
4
4
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systemic inhibition of MMPs may lead to harmful side effects 
(14). They further reported that the agents should be used 
only by targeting the affected tissues in order to avoid side 
effects. Intravenous and oral administration of batimastat is 
not recommended as it may have serious side effects (31). 
Based on these findings, batimastat was applied locally in this 
study.

Wojtowicz-Praga et al. reported that batimastat remained at 
effective doses in plasma for a long time (4 weeks) in phase-1 
cancer studies (44), whereas Parsons et al. reported that this 
period was up to 6 weeks in phase I/II cancer studies (28).
Macaulay et al. reported batimastat in the plasma 1 hour after 
intrapleural administration, reaching a peak value between 4 
hours and 1 week, and a longer persistence in the plasma 
(21). Rajpal et al.  reported that EF begins within 2–3 weeks 
(30). In the light of this information, the effects of batimastat 
on the formation of EF after a 4-week period were examined 
in this study.

Batimastat limits fibrosis (6,14). Robert et al. reported that 
the use of MMP inhibitors can be a therapeutic strategy (33), 
especially in the prevention of remodeling and fibrosis, and 
the interest in this is becoming increasingly important. Based 

most animals in this group, but Grade 2 and Grade 3 in some 
animals (Figure 2C). In the batimastat and SpongostanTM 
groups, fibrosis, fibroblast, and inflammatory cell infiltration 
density decreased (Figure 2D).

Using CD105 antibody immunohistochemically, angiogenesis 
developed in fibrosis was examined. Grade 3 positivity was 
noted in all animals in the sham group (Figure 3A, 3B). On 
the other hand, in the batimastat and SpongostanTM groups, 
it was at Grade 1 or Grade 2 in some of them, and Grade 3 in 
others.

█   DISCUSSION
Medical treatments and revision surgeries due to EF after 
spinal surgery cause serious socio-economic problems. Many 
experimental and clinical studies are are in progress and many 
potential agents are being tested to clarify the pathogenesis 
of this clinical phenomenon and to treat it (30,36,38). In this 
study, batimastat, a broad-spectrum MMP inhibitor, was used 
to prevent EF after laminectomy.

Kumar et al. reported that some MMPs also play critical roles 
in some physiological processes and that long-term and 

Figure 2: Histopathological examination 
of tissue sections. A) Grade III fibrosis 
(arrows); Adhesions more than two thirds 
of the laminectomy defect and spinal 
cord (star) in sham group, HE, x40. 
B) Grade III fibrosis (arrows) and spinal 
cord (star) in sham group, Masson’s 
trichrome, x100. C) Grade II fibroblasts 
(stars) and inflammatory cells (arrows) 
in sham group, HE, x100. D) Grade II 
fibrosis (arrowheads); Adhesions less 
than two thirds of the laminectomy defect 
(arrows) and spinal cord (star) in group III 
(Lam+Bat), HE, x100.

Figure 3: Immunohistochemical 
staining for CD105. A) Grade III; CD105 
stained vessels (arrows) in Grade III 
fibrosis in sham group, x100. B) Higher 
magnification of CD105 stained vessels 
(arrows) in Grade III fibrosis in sham 
group, x400.

A B

C D

A B
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CD105 is a membrane glycoprotein that regulates the signaling 
of TGF-β1 and is commonly used to determine microvessel 
density proportional to fibrosis in tumors. Previous studies 
have reported that the CD105 marker plays a key role in renal 
and hepatic fibrosis and therefore can be used in the diagnosis 
of EF (10,38). In this study, CD105 level was at Grade 3 in all 
rats in the sham group. CD105 level was Grade 1 in two rats, 
Grade 2 in four rats, and Grade 3 in two rats in the bastimastat 
group. Only Grade 2 and Grade 3 rats were detected in the 
SpongostanTM group. These findings indicate that batimastat 
reduces CD105 levels and EF development more effectively 
than SpongostanTM.

█   CONCLUSION
In this study, the development of EF in all rats in the sham group 
was evaluated by fibrosis score, fibroblast count, inflammatory 
cell count, and CD105. EF was lower in batimastat group than 
in the sham group. Among the markers used to assess the 
degree of EF, fibrosis score, fibroblast and inflammatory cell 
count, and CD105 expression results were consistent.

Intraperitoneal use of batimastat causes some side effects 
such as pulmonary embolism, respiratory failure, weakness, 
vomiting, diarrhea, and edema formation in the legs (28). In 
this study, although batimastat was applied locally, the ELISA 
application results in tissue and plasma were similar, indicating 
that the applied agent reached effective levels in plasma as 
well (Table III, IV). In addition, in this study, no side effects 
were encountered after local application of batimastat in rats. 
These findings show that local applications are as effective 
as systemic applications, and side effects may be fewer and 
less severe.

In conclusion, batimastat is a potential effector without any 
side effects for reducing EF after laminectomy. To the best of 
our knowledge, this is the first study to investigate the efficacy 
of batimastat in EF. Because of the limited study in this area 
with batimastat, further research is needed with different 
exposure time and doses after laminectomy operations.
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on these findings, this study investigated the effectiveness of 
batimastat, one of the MMP inhibitors, in the prevention of EF.

Parsons et al. stated that intraperitoneally administered 
batimastat in phase I/II cancer studies caused abdominal pain 
and that this might be the result of an inflammatory response 
to batimastat (28). Wojtowicz-Praga et al. reported one case 
of chemical peritonitis in their study (44). High levels of 
proinflammatory cytokines TNF-α, IL-1ß, and IL6 in this study 
also support that batimastat may cause an inflammatory 
response. Moore et al. reported that batimastat reduces aortic 
wall inflammation and this may be independent of TNF-α (24). 
In this study, TNF-α was high both at the gene and protein 
levels.

MMP-9 is associated with angiogenesis, and batimastat 
is a potent MMP inhibitor (7,39). MMP-9 is secreted by 
epithelial cells, fibroblasts, polymorphonuclear leukocytes, 
granulocytes, neutrophils, macrophages, T cells, osteoblasts, 
dendritic cells, and keratinocytes (7). Kumar et al. found 
that genetic ablation of MMP-9 significantly reduced the 
inflammatory response and fibrosis (14). In another study, 
they reported that batimastat significantly downregulated the 
MMP-9 gene (48). In this study, batimastat downregulated the 
MMP-9 gene (Table II, p<0.05). These findings, suggest that 
batimastat gives more effective results than SpongostanTM in 
reducing inflammation and fibrosis.

In studies on EF, fibrosis density and lesions such as inflamma-
tory cell infiltration were evaluated histopathologically (27,37). 
In our study, fibrosis score, fibroblast count and inflammatory 
cell infiltration density were graded histopathologically. Histo-
pathological examination showed that batimastat decreased 
the number of inflammatory cells, which is its mode of anti-in-
flammatory activity. On the other hand, molecular analyzes 
showed that the batimastat group increased significantly the 
IL10 gene, which plays an essential role in anti-inflammato-
ry response (Table III, p<0.05). These findings suggest that 
batimastat is a more effective anti-inflammatory agent than 
SpongostanTM.

MMPs play an important role in the remodeling of connective 
tissue and in the regulation of the extracellular matrix cycle 
in fibrotic tissue in both physiological and pathological 
conditions (17,20). Various cytokines and growth factors 
released from inflammatory cells are effective in the initiation 
and progression of fibrosis (42,49). In a previous study, it 
was reported that batimastat reduced pulmonary fibrosis 
independent of TGF- β1 (6). Contrary to these views, Yaman et 
al. emphasized that TGF-β1 production is one of the important 
factors in the development of EF (45). Song et al. also reported 
an important role of TGF-β1 in the development of fibrosis and 
observed a decrease in EF with the decrease in TGF-β1 (36). 
In this study, TGF-ß1 level was significantly higher in the sham 
group than in the control (p<0.05). Batimastat downregulated 
the TGF-ß1 gene. Considering that TGF-β1 increases fibrosis 
formation, it may be argued that batimastat contributes more 
to the reduction of EF than SpongostanTM.
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