
  İnönü Üniversitesi Sağlık Bilimleri Dergisi 2018; 7 (1) : 18-22     ISSN:2146-6696 

Original Araştırma 

Inhibition of Epidural Fibrosis After Laminectomy Using Topical 
Aminoguanidine in A Rat Model 

Rat Modelinde Laminektomi Sonrası Epidural Fibrozisin Topikal Aminoguanidin 
Kullanılarak İnhibisyonu 

M. Arif Aladağ 

Inönü University, Medical School, Departments of Neurosurger, Malatya, Turkey 

Özet 
Amaç: Bu deneysel çalışmada, laminektomi sonrası epidural fibrozisin indüklenebilir nitrik oksit sentaz (iNOS) inhibitörü 
olan aminoguanidin topikal uygulanması ile önlenmesini araştırdık. 
Gereç ve Yöntem: Bu çalışmada her biri 10 rat içeren 3 grup oluşturuldu. kullandık. Tüm ratlarda lomber laminektomi 
yapıldı. Kontrol grubu (grup1) epidural mesafeye herhangi bir malzeme yerleştirilmeden kapatıldı. Spongostan ve 
spongostan artı aminoguanidin gruplarında epidural mesafeye, kapatmadan önce sırasıyla salin (0.9 % NAC) emdirilmiş 
spongostan ve aminoguanidin (50 mg/kg B. W.) emdirilmiş spongostan yerleştirildi. Bu hayvanların hepsi operasyondan 
sonraki 14. günde sakrifiye edildi. Her bir ratda histolojik olarak ektradural fibrozis ve kompresyon değerlendirildi. 
Sonuçlar: Spongostan artı aminoguanidin grubunda fibröz proliferasyon veya kompresyon yokken, kontrol ve spongostan 
gruplarında, sırasıyla belirgin ve orta derecede fibrozis ve kompresyon mevcuttu. 
Sonuç: Aminoguanidinin, laminektomi sonrası epidural fibrozis ve kompresyonun önlenmesinde ideal bir inhibitör 
olabileceği gösterildi. 
Anahtar Kelimeler: Rat, laminektomi, epidural fibrozis, aminoguanidin, spongostan. 

Abstract 
Aim: In this experimental study, we investigated prevention of epidural fibrosis following laminectomy with topical 
application of aminoguanidine, a selective inhibitor of inducible nitric oxide synthase (iNOS). 
Materials and Methods: We used 3 groups each containing 10 male wistar rats. All rats were made laminectomy in lumbar 
spine. The control group was closed without placing any material on the epidural space. In the spongostan and spongostan 
plus aminoguanidine, groups the saline (0.9 % NaCl) soaked spongastan and aminoguanidine (50 mg/kg B.W.) soaked 
spongostan were placed epidurally respectively before closing. All of these animals were sacrificied on the 14th days after 
operation. The extradural fibrosis and compression in every animal were evaluated by histological examinations.  
Results: While there was not any fibrous proliferation or compression in the group of spongostan plus aminoguanidine 
group. There were obvious and moderate extradural fibrosis and compression in the control and spongostan groups.  
Conclusion: It was suggested that aminoguanidine may be an ideal inhibitor in the prevention of epidural fibrosis and 
compression following laminectomy. 
Keywords: Rat, laminectomy, epidural fibrosis, aminoguanidine, spongostan.    

Introduction 

Epidural fibrosis is a natural consequence of the 
normal postlaminectomy and/or discectomy 
wound healing. But, this can lead to symptoms 
by compressing or tethering to the dural sac 
and/or to the nerve roots. In spite of decreasing 
rate of scar formation after lumbar or 
lumbosacral laminectomy and/or discectomy 
with advances in surgical techniques, it has 
often been reported that epidural fibrosis  still is 
the one of  common cause of postoperative low 
back and/or radicular pain, so-called the failed 
back surgery syndrome (1-14). 

Although many synthetic and biological 
materials to prevent postlaminectomy scarring 
or fibrosis have been used experimentally and 
clinically, there is not universal consent about 
these methods (15-27). On the other hand, the 

materials used to prevent postlaminectomy 
scarring, may also cause fibrosis themselves, 
because of foreign body reaction to them.  (26-
28). 

A short-lived free radical nitric oxide plays an 
important role in the healing of various types of 
wounds. Many experimental studies have shown 
that nitric oxide (NO)  produced by inducible 
nitric oxide synthases (iNOS) in  macrophages 
and other cells in wound in earlier stage of 
wound healing (6 to 24 hours after injury), and, 
iNOS expression is restricted to the period of the 
initial 24 to 72 hours after injury. It was 
revealed that NO produced by iNOS cause the 
collagen accumulation in earlier stage in acute 
wounds. NO production from iNOS and 
collagen accumulation decrease and almost 
finish in later stages (29-36). It also was shown 
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that inhibition of nitric oxide synthasis in 
wounds impaired the wound healing (35, 36). As 
these reasons we hypothesized that the basis of 
the epidural scarring begin early stage of 
wounding due to excessive iNOS and NO 
production. Therefore, in the current study, we 
used local aminoguanidine, a selective inhibitor 
of iNOS, to prevent epidural fibrosis. 

Materials and Methods 

The experiments were performed on 30 male 
Wistar rats ranging in weight from 225 to 250 g 
(mean weight 235 g) obtained from İnönü 
University, Animal Research Center. The rats 
were divided into three equal groups. One day 
before surgery, rats were let go hungry and 
pretreated with the antibiotic enrofloxacin 
(Baytril, 2.27 mg/kg sc; Bayer). Rats were 
anesthetized with intraperitoneal ketamine (60 
mg/kg) and xylazine (6 mg/kg) and placed on a 
heated surgical table to maintaine body 
temperature of the animal at 37°C during 
surgical experiment. Under sterile conditions 
and a surgical microscope, the total 
laminectomy was performed on the vertebrae 
L3-L5 to fully expose the Dura mater in all rats.  

The groups were as following: Group 1: Control 
(n=10); only a laminectomy was performed as 
described above. Group 2: Spongostan group 
(n=10); a Spongostan was soaked with saline 
solution and left on the Dura mater after 
laminectomy. Group 3: Spongostan plus 
aminoguanidine group (n=10); the 
aminoguanidine (50 mg/kg B.W.) soaked to 
spongostan andleft on the Dura mater after 
laminectomy. The wounds was closed with 
external sutures, and a topical antibiotic spray 
(Furazolidone aerosol powder) was applied to 
the external surface of the wound. The rats were 
allowed to recover on the heated table and 
closely observed for any signs of distress until 
awakening. The rats were observed about 
complications, wound infections, or any adverse 
effects observed relevant to aminoguanidine 
until they were sacrificed. 

On the 14th day of laminectomy, all rats were 
sacrificed and vertebrae L3-L5 were removed as 
en bloc in a manner that included the paraspinal 
muscles. The specimens were fixed in 4% 
paraformaldehyde for 1 week, and and then 
were decalcified for 5 days in 
EDTA/Hydrochloric acid solution. The 
laminectomy site was identified and 2 mm thick 
sections were obtained. Sections were embedded 
in paraffin and serial sections (5 μm) were cut 

with microtome and stained with Hematoxylin 
Eosin (HE) for histopathological examination.  

Histopathological study was performed on the 
transverse sections of laminectomized (L3-L5) 
areas for fibrosis by a pathologist. 

Results 

There was no complications, no wound 
infections, or any adverse effects observed 
relevant to aminoguanidine in rats. Overall 
histopathological results are shown in Figures 1-
3. In the control group, there was obvious
epidural fibrosis and compression. Epidural 
fibrosis almost covered the whole laminectomy 
defect and adhered to the underlying Dura 
mater. Moderate epidural fibrosis and 
compression were revealed in control 
spongostan group. In contrary, there was not any 
fibrous proliferation and compression in the 
spongostan plus aminoguanidine group. 

Figure 1. The control group (HE. x40).

Figure. 2. The spongostan group (HE. x40). 
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Figure 3. The spongostan plus aminoguanidine 
group (HE. x40). 

Discussion 
Epidural scarring and dural compression after 
laminectomy and/or discectomy causes

 compression to the dural sac and compression or 
traction to the nerve root which is probably the 
cause of recurrent low back and/or radicular 
pain (1, 2, 10, 11). On the other hand, the 
presence of scarring after laminectomy and/or 
discectomy makes the reoperation more 
difficult, and there is more risk of iatrogenic 
injury because of dural adhesion (3-5, 7-9, 11, 
14, 16, 26, 28). 
Although many synthetic and biological 
materials to prevent postlaminectomy scarring 
or fibrosis have been used experimentally and 
clinically, such as preclude spinal  membrane, 
ADCON-L, Gelfoam polyglactin 910 mesh, 
Vicryl mesh, Avitene, Silastic, atoulogous fat 
graft or chemicals like dexamethasone. There is 
not universal consent about any of the methods 
(15-27). On the other hand, it has been shown 
that these materials, used to prevent 
postlaminectomy scarring, may also cause 
scarring themselves, because of foreign body 
reaction. Also, hypertrophic epidural scarring 
and dural compression were observed in some 
cases despite the presence of autologous fat 
grafts (26-28).  
Many researchers reported that NO produced by 
iNOS has a very important role in early wound. 
Being a signal transducer, NO which is 
produced from l-arginine by iNOS, has a effect 
on wound healing as well. iNOS is frequently 
expressed in response to acute inflammatory 
stimuli after wounding. Expression or 
physiologic activity has been demonstrated in 
macrophages, lymphocytes, neutrophils, 
fibroblasts (29-34). Although the macrophage is 
the primary cell type implicated in iNOS activity 
and NO production during inflammation. 
Fibroblasts have also been shown to produce 

iNOS in the healing wound at a time that is 
coincidental with active collagen synthesis (31, 
37). Significant expression of iNOS in the 
wound in the initial 24 to 72 hours after 
wounding is important for regulation of collagen 
accumulation and acquisition of mechanical 
strength. In contrary, there is a restricted 
expression of iNOS in the late wounds. This is 
also important for wound remodeling. Thus, it is 
thought that the basis of epidural scarring and 
Dural adhesion results from extensive iNOS 
expression, occurred in the early wound (38-42).  
In a similar study, it was shown that the 
inhibition of wound nitric oxide synthase by 
iNOS inhibitors was paralleled by lowered 
accumulation of collagen in wounds (43).  

Aminoguanidine is a iNOS inhibitors (44). In 
our study, we used aminoguanidine as topically 
to prevent development of epidural fibrosis. 
Aminoguanidine was not any adverse effects on 
rats because of used locally and absorbed in 
short time. It was shown that there is not any 
fibrous proliferation or compression in the 
epidural space, in the topical aminoguanidine 
administrated group. In contrary there was 
obvious extradural fibrosis and compression in 
the control group.  

Our results suggested that aminoguanidine can 
use locally to prevent epidural scarring and 
compression without any adverse effect on host. 
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