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Abstract This study examined the preventive effects of
the local application of mitomycin C (MMC), 5-fluoro-
uracil (5-FU), and cyclosporine A (CsA) in minimizing
spinal epidural fibrosis in a rat laminectomy model. Thirty-
two 2-year-old male Wistar albino rats, each weighing
400 = 50 g, were divided into four equal groups: sham,
MMC, 5-FU, and CsA. Each rat underwent laminectomy at
the L5-L6 lumbar level. Cotton pads (4 x 4 mmz) soaked
with MMC (0.5 mg/ml), 5-FU (5 ml/mg), or CsA (5 mg/
ml) were placed on the exposed dura for 5 min. Thirty days
after surgery, the rats were killed and the epidural fibrosis,
fibroblast density, inflammatory cell density, and arachnoid
fibrosis were quantified. The epidural and arachnoid fib-
roses were reduced significantly in the treatment groups
compared to the sham group. Fibroblast cell density and
inflammatory cell density were decreased significantly in
the MMC and 5-FU groups, but were similar in the sham
and CsA groups. The decreased rate of epidural fibrosis
was promising. Further studies in humans are needed to
determine the short- and long-term complications of the
agents used here.
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Introduction

Postoperative epidural fibrosis is the deposition of fibrous
tissue in the epidural space, adjacent to the dura mater,
following surgical laminectomy. It is associated with an
increased complication rate in revision spine surgery,
particularly with the increased occurrence of dural tears,
nerve root injury, and bleeding [6, 19]. In addition, it has
been reported to be the cause of symptoms in 8-14% of
patients with failed back surgery syndrome (FBSS) [7, 28].

After establishing a correlation between epidural scars
and a poor clinical outcome following surgery, surgeons
and researchers have sought treatment strategies that
would prevent scar formation without compromising the
wound healing process [29]. Several materials have been
investigated, including Adcon-L®, fat graft, Gelfoam®,
Gore-Tex membrane, silastic, and sodium hyaluronate [1,
5, 13, 26, 40, 41]. Although a large variety of materials
implanted on the dura have achieved moderate success in
animal models, their clinical use is yet to be successful
[1, 10, 16, 22, 37, 41].

Mitomycin C (MMC) is an ankylosing chemotherapeu-
tic agent that potentially suppresses fibroblast proliferation
after surgery [15]. It has been used extensively to reduce
the scar formation associated with ophthalmologic and
otolaryngological surgery [9, 20, 30, 32, 43]. The local
application of MMC prevents epidural fibrosis in rat and
rabbit laminectomy models [12, 27].

5-Fluorouracil (5-FU) is a chemotherapeutic agent that
exerts its antiproliferative effect by antagonizing pyrimi-
dine metabolism. Experimentally, 5-FU is a very effective
inhibitor of fibroblast growth. In vitro and in vivo studies
demonstrate that a 5-min exposure results in growth arrest
and may have a long-lasting effect on cultured human
Tenon’s fibroblasts. 5-FU also specifically interferes with
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qualitative fibroblast functions. It decreased the mitotic rate
and thymidine uptake of healing corneal epithelium in an
experimental rabbit model. It also inhibited cell replication
during the S (DNA synthesis) and G2 (RNA synthesis)
phases [23].

Cyclosporine A (CsA) is an immunosuppressive agent
that is widely used to prevent rejection following organ or
bone marrow transplantation. There is growing evidence
that it also affects the biological functions of some non-
immune cell types [35]. CsA also inhibits fibroblast pro-
liferation in vitro in rabbit subconjunctival fibroblasts,
depending on the dose and duration of application [4].

This study examined the possible preventive effects of
MMC, 5-FU, and CsA in minimizing spinal epidural
fibrosis in a rat laminectomy model.

Materials and methods

Thirty-two 2-year-old male Wistar albino rats, each
weighing 400 + 50 g, were used in this study, which was
approved by the animal ethics committee of our medical
school (100/12, 09.09.2005).

The rats were divided into four equal groups: sham,
MMC, 5-FU, and CsA. Anaesthesia was induced with an
intraperitoneal application of ketamine (8 mg/100 g; Ecz-
acibasi, Istanbul, Turkey). Each rat underwent laminecto-
my at the L5-L6 lumbar levels. The lumbar area of each rat
was shaved, and the operative field was prepared in a
sterile manner using povidone—iodine solution. A dorsal
skin incision was made with a number-15 blade and con-
tinued down to the spinous process. The paraspinal muscles
were stripped away from the lamina and spinous process.
Under an operating microscope, laminectomies at L5 and
L6 were performed with a 1 mm rongeur. The ligaments at
L5-L6 were removed, and the underlying dura mater was
exposed for 4 x 4 mm? widening. Throughout the proce-
dure, haemostasis was maintained by irrigation with saline
and surgical gauze. Bipolar cautery, bone wax, Surgicel, or
other hemostatic materials were not used. When the lam-
inectomy site was free of active haemorrhage, it was irri-
gated with 10 ml of saline. To this point, the procedure was
the same for all rats. Subsequently, the rats were assigned
randomly to four groups of eight animals each. Cotton pads
(4 x 4 mm?) soaked with MMC (0.5 mg/ml), 5-FU (5 ml/
mg), or CsA (5 mg/ml) were applied on the exposed dura
for 5 min. Then, the soaked cotton wool was removed and
the laminectomy site was irrigated with 10 ml of saline to
wash off any leftover agent. In the fourth, sham group, the
exposed dura mater was only irrigated with 10 ml of saline
solution. In all groups, the fascia at the laminectomy site
was marked with 3/0 silk to facilitate the harvest of path-
ological specimens. The wound was then closed in layers
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using the same suture material in each animal. There were
no complications or adverse effects from the surgery or the
application of antifibrotic agents. No prophylactic antibi-
otics were used.

The rats were killed 30 days after surgery with a lethal
dose (100 mg/kg) of sodium pentobarbital. The lumbar
spine was removed en bloc with the paraspinal musculature
and fixed in 10% buffered formalin solution for 1 week and
then placed in decalcifying solution until complete decal-
cification. The laminectomy site was identified and four
2-mm-thick sections were obtained. Each section was
embedded in paraffin and serial sections (5 pm) were cut
with a microtome and stained with haematoxylin and eosin
(HE) for examination. All the sections were examined by a
pathologist (SC) who was blinded to the groups.

In the histopathological evaluation, epidural fibrosis,
fibroblast density, inflammatory cell density, and arachnoid
fibrosis were investigated.

Epidural fibrosis was graded based on the scheme
devised by He et al. [16]: Grade 0, the dura is free of scar
tissue; Grade 1, only thin fibrous bands are observed
between the scar tissue and dura; Grade 2, continuous
adherence is observed in less than two-thirds of the lamin-
ectomy defect; and Grade 3, scar tissue adherence is large,
affecting more than two-thirds of the laminectomy defect, or
the adherence extends to the nerve roots.

To quantify the epidural cell density (fibroblasts and
inflammatory cells) in the scar tissue, the cells in three
different areas (two borders and the centre of the lamin-
ectomy defect) were counted and the mean was calculated.
The fibroblast and inflammatory cell densities were graded
as follows: Grade 1, less than 100 fibroblasts/inflammatory
cells per x400 field; Grade 2, 100 to 150 fibroblasts/
inflammatory cells per X400 field; Grade 3, more than 150
fibroblasts/inflammatory cells per x400 field.

The presence and degree of arachnoid fibrosis were also
investigated and graded as O = absent, 1 = minimal,
2 = moderate, and 3 = severe.

Statistical analysis

The data were analysed using the Kruskal-Wallis non-
parametric test. The Mann—Whitney U test was used to
compare the data between groups. P < 0.05 was deemed
statistically significant. The statistical analysis was per-
formed using the Statistical Package for the Social Sci-
ences (SPSS), version 11.0.

Results

In all animals, the postoperative course was uneventful
except for a skin infection in one rat in the sham group.
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This superficial wound infection was controlled with
povidone—iodine, without using antibiotics. No sign of
neurological deficit or cerebrospinal leak was observed in
any rat.

The histological parameters for the groups are sum-
marised in Table 1. Grade 3 epidural fibrosis was observed
in all of the sham rats (Fig. 1). Epidural fibrosis was sig-
nificantly greater in the sham group than in all of the

Table 1 Histopathologic examination results of sham and treatment
groups

Groups  Epidural fibrosis Fibroblast

in dura mater

Inflammatory Arachnoidal
cell density cell density  fibrosis
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Sh2
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Sh4
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Sh8
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5-FU
5-FU1
5-FU2
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5-FU6
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Fig. 1 The arrow indicates increased fibrosis (Grade 3) in the dura in
sham, HE x40

Fig. 2 Grade O fibrosis in the dura, the dura is free of scar tissue, it
contains blood vessels only, HE x40

treatment groups (P = 0.000, P = 0.000, and P = 0.000 for
MMC, 5-FU, and CsA, respectively; Fig. 2). The arachnoid
fibrosis was Grade 3 in all of the sham rats. The arachnoid
fibrosis was significantly denser in the sham group than in
all of the treatment groups (P = 0.000, P = 0.000, and
P =0.000 for MMC, 5-FU, and CsA, respectively). The
fibroblast cell density was significantly lower in the MMC
and 5-FU groups compared with the sham group (Fig. 3),
whereas it was similar in CsA and sham groups (Fig. 4;
P =0.001, P = 0.005, and P = 0.065 for MMC, 5-FU, and
CsA, respectively). The inflammatory cell density was
significantly decreased in the MMC and 5-FU groups
compared with the sham group, whereas it was similar in
the CsA and sham groups (P = 0.002, P = 0.002, and
P =0.234 for MMC, 5-FU, and CsA, respectively).
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Fig. 3 Grade 1 fibroblast density, note the lower number of fibroblast
cells, HE x200

Fig. 4 Grade 3 fibroblast density, note the increased number of
fibroblast cells, HE x200

Discussion

Postoperative epidural fibrosis following lumbar disc sur-
gery significantly increases the hazards of revision spine
surgery and contributes to the occurrence of FBSS [38, 39].

The formation of epidural scar tissue following epidural
space surgery can vary. Epidural scar tissue often develops
following spinal surgery when epidural fat is replaced by a
haematoma. This haematoma is absorbed and replaced with
granulation tissue, which matures into dense fibrotic tissue
[25, 41]. Additional factors play a part in epidural fibrosis
and the related symptoms, including excessive bleeding,
excessive root tension, root anomalies, the use of sponges,
and foreign tissue reaction [8, 11, 17]. Dense epidural
fibrosis causes nerve root irritation, entrapment, restriction

@ Springer

of nerve root mobility, and direct dural compression [16,
33, 41], which is the main reason for back and leg pain.
Regardless of whether or not it is one of the important
causes of FBSS, the existence of epidural fibrosis is related
to a poorer surgical outcome and increased complication
rates in patients requiring reoperation [3, 21, 34].

Because of its relationship to FBSS and its association
with the increased complication rate in revision spine
surgery, many treatment strategies that might prevent epi-
dural fibrosis have been investigated. Methods include
microdiscectomy, anti-inflammatory medication, and the
use of biological or synthetic materials, including fat grafts
[14, 24, 25, 36], absorbable gelatine sponges, silastic
membrane [36], polylactic acid [31], polymethyl methac-
rylate, carboxymethylcellulose, sodium hyaluronate, and
Adcon-L [2, 16]. Most of these materials have been mod-
erately effective or ineffective [12, 27]. The studies that
reported effective outcomes were either not done in hu-
mans or involved small series. Despite intensive effort, no
drug or material is routinely used to prevent or decrease
epidural fibrosis following spinal surgery, which is the
procedure that neurosurgeons most commonly perform.

In this study, we examined the effects of the local
application of MMC, 5-FU, and CsA in reducing epidural
fibrosis in a rat laminectomy model. We postulated that
because the meninges, cornea, and sclera originate from
mesoderm, and MMC and 5-FU are effective at preventing
scar formation in ophthalmologic operations [12, 18, 23],
they might be useful for preventing epidural fibrosis. Al-
though there are no studies on the effect of CsA in pre-
venting epidural fibrosis, we postulated that it might also
inhibit fibroblasts via a similar mechanism.

In this study, epidural and arachnoid fibrosis was sig-
nificantly lower with MMC administration (Grade 0) than
in the sham group, although neither pathological feature
was inhibited completely. Similar results have been re-
ported with the local administration of 0.05 to 0.2 mg/ml
MMC [12, 27]. The administration of 0.01 mg/ml MMC
was found to be less effective than higher doses, although it
resulted in markedly less epidural fibrosis compared to the
sham group [27]. MMC might cause dose-related compli-
cations even after local application. Serious complications
associated with its use have been reported in ophthalmo-
logic surgery, including epithelial defects, delayed wound
healing, corneal perforation, necrotizing keratitis, and
persistent hypotonic maculopathy [20, 30, 32, 42].

There were significant decreases in fibroblast and
inflammatory cell density, which support the results of
Dogulu et al. [12]. Both 5-FU and MMC are antifibrotic
agents that have been used in glaucoma surgery to modu-
late wound healing and improve the surgical outcome.
These two agents were first used as adjuncts to trabecu-
lectomy in the early 1980s [44]. 5-FU is used to produce a
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controlled, scar-limited fistula in glaucoma filtration.
Experimentally, 5-FU has been a very effective inhibitor of
fibroblast growth.

The results in the 5-FU group were similar to those in the
MMC group, with 5-FU successfully preventing epidural
fibrosis and reducing fibroblast cell density. We found no
studies on the effect of 5-FU on epidural fibrosis in a
Medline search. Early findings regarding the antifibrotic
effects of 5-FU in glaucoma surgery were encouraging,
although the long-term results have been less convincing
when it is used in glaucoma filtration. Despite the initial
good results, trabeculectomies with 5-FU injections drift
towards failure over time [44]. As a result, the long-term
effects of the local application of 5-FU for preventing
epidural fibrosis need further investigation.

The CsA is a powerful immunosuppressive agent that is
widely used for preventing allograft rejection and treating
autoimmune diseases. Clinical and experimental data sug-
gest that it also acts on connective tissue [35]. We inves-
tigated the influence of CsA on fibrosis formation. To our
best knowledge, this is the first study to examine this topic.
Although CsA resulted in decreased epidural and arachnoid
fibrosis, it had no ability to prevent increases in the den-
sities of fibroblast and inflammatory cells.

Conclusion

In this study, the treatment groups showed promising de-
creases in the rate of epidural fibrosis. However, further
animal trials, safety studies, or long-term effective studies
are necessary before human trials should be considered.
Further studies should examine different dosages of drugs
to determine the short- and long-term complications and
their potential in clinical practice.
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