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ABSTRACT 

AIm: The objective of this study was to investigate the effect of citicoline administration on epidural fibrosis which is a frequent complication 
of lumbar disc surgery with no effective treatment or preventive surgical technique.  

mATeRIAL and meTHods: Sixty Sprague-Dawley female rats undergoing L4-5 right hemilaminotomy and annular fenestration were 
arranged in three groups: rats in Group 1 (control group) and Group 2 (topical citicoline group) were applied 0,9% saline and 100 µM citicoline 
on surgical area, respectively, while rats in Group 3 (systemic citicoline group) received 600 µmol/kg citicoline intraperitoneally. Rats were 
sacrificed four weeks later and their vertebral colons were removed en bloc. Groups were evaluated according to histological criteria and 
results were compared using statistical tools.     

ResuLTs: Compared with control group, significantly less epidural fibrosis, dural adhesion, fibroblast cell density, foreign body reaction, and 
medulla spinalis retraction were observed in groups treated with topical and systemic citicoline (groups 2 and 3) (p<0,001). No significant 
difference was found with regard to measured parameters between two treatment groups (p>0,05).   

CoNCLusIoN: Our study demonstrates for the first time in the literature that citicoline may be effective for preventing postoperative epidural 
fibrosis. However, its mechanism of action and clinical effectiveness must be further investigated.       
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ÖZ 

AmAÇ: Çalışmamızın amacı, sitikolin uygulamasının henüz efektif bir tedavisi veya koruyucu bir cerrahi tekniği bulunmayan ve lomber disk 
cerrahisinin sık bir komplikasyonu olan epidural fibrozis üzerine etkisini incelemektir.  

yÖNTem ve GeReÇLeR: Sağ L4-5 hemilaminatomive anular fenestrasyonu yapılmış 60 Spraque Dawley dişi sıçan 3 gruba ayrıldı. Grup 1 (kontrol 
grubu) ve Grup 2 (topikal sitikolin grubu)’deki sıçanlara cerrahi alan üzerine sırasıyla 0,9% serum fizyolojik ve 100 µM sitikolin uygulanırken, 
Grup 3 (sistemik sitikolin grubu)’deki sıçanlara intraperitoneal yolla 600 µmol/kg sitikolin verildi. Sıçanlar 4 hafta sonra öldürüldü ve vertebral 
kolonları blok olarak çıkarıldı. Gruplar histolojik kriterlere göre değerlendirildi ve sonuçlar istatistiksel yöntemler kullanılarak karşılaştırıldı.       

BuLGuLAR: Topikal ve sistemik sitikolin ile tedavi edilen (Grup 2 ve 3) gruplarda kontrol grubuna kıyasla istatistiksel olarak daha az epidural 
fibrozis, dural yapışıklık, fibroblast hücre yoğunluğu, yabancı cisim reaksiyonu ve medulla spinalis retraksiyonu gözlendi (p<0,001). İncelenen 
parametreler bakımından iki tedavi grubu arasında anlamlı bir fark bulunmadı (p>0,05).   

soNuÇ: Çalışmamız literatürde ilk kez sitikolin’in postoperatif epidural fibrozisi önlemede efektif olabileceğini göstermiştir. Ancak sitikolinin 
etki mekanizmaları ve klinik etkinliği ilerideki çalışmalarla araştırılmalıdır.       
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Prevention of Epidural Fibrosis in Rats by local or 
Systemic Administration of Citicoline   
Sıçanlarda Lokal ve Sistemik Sitikolin Uygulanması ile Epidural 
Fibrozisin Önlenmesi  

InTRoduCTIon

Surgical dissection into the spinal canal is challenging during 
lumbar revision surgery in cases with epidural fibrosis since 
it increases such intraoperative complications as occurrence 
of dural tears, spinal nerve lesions, and local bleeding (3, 
34, 35, 39, 46).  Dense scar tissue increases the morbidity of 
subsequent operations to the same region (11, 26, 43, 45). 

Braverman et al., reported that repeated surgery for fibrosis 
had only a 30% to 35% success rate (9), whereas 15% to 20% 
of patients reported worsening of their symptoms (33).

Various surgical procedures including minimally invasive 
surgery with small incision, limited manipulations during 
surgery, proper hemostasis and removing foreign materials 
from epidural region, placing mechanical barriers within dura 
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and adjacent tissue have been proposed to reduce epidural 
fibrosis (3, 20, 37). In addition, numerous materials and drugs 
have been used experimentally and clinically to prevent 
epidural fibrosis (8, 10, 16, 18, 20, 22, 31, 32, 46, 56). However, 
epidural fibrosis still remains to be a major clinical problem in 
patients undergoing surgery for disc herniation.

Cytidine 5’-diphosphate choline (CDP-choline) is an endog-
enous intermediate in the biosynthesis of cell membrane 
phospholipids and exogenously-administered CDP-choline is 
referred to as citicoline (53). Experimental and clinical studies 
reported beneficial use of citicoline in neurodegenerative dis-
eases such as Alzheimer’s and Parkinson’s disease, in improv-
ing learning and memory, acute and chronic cerebrovascular 
diseases, traumatic brain injury and glaucoma (30, 47, 48).  

Data obtained in our previous studies on citicoline’s effects 
on promoting regeneration of peripheral nerves subjected 
to immediate section suturing type surgery and reducing 
postoperative scarring, and recent similar observations 
encouraged us to test citicoline in prevention of epidural 
fibrosis after lumbar disc surgery (6, 12, 36). Hence, the 
purpose of our study was to investigate local and systemic 
effectiveness of citicoline on epidural fibrosis in a rat model of 
laminotomy and discectomy.

MATeRIAl and MeTHodS

Rat population and Surgical Technique:

Our study was approved by the Animal Research Ethical 
Committee of Uludag University. We used 60 female Sprague-
Dawley rats weighing 200-250 grams. Each animal received 
one dose intramuscular (i.m.) injection of cephazolin sodium 
(20 mg/kg) for prophylaxis. Rats were anesthetized with 
ketamine hydrochloride (70 mg/kg; i.m.) (Ketalar, Pfizer-
Turkey, 2007) plus Xylazine hydrochloride (10 mg/kg; i.m.) 
(Rompun, Bayer, Turkey). After stabilizing rats on the operation 
table in prone position, the surgical site was brushed with 
ChlorHex-OL and sterilized with povidone-iodine solution. 
Bilateral paraspinal muscles were subperiosteally dissected 
following a lumbar midline incision. Under operation 
microscope (Opmi, CARL ZEISS, Germany) the L3–5 laminae 
were exposed and a right hemilaminectomy were performed 
at L-4 level using high-speed drill. Dura mater was exposed 
by removing epidural fat tissue. After finding disc space 
annular fenestration were performed by using 22G catheter. 
Hemostasis was maintained by irrigation with saline and 
surgical gauze throughout the surgical procedure. The 
hemilaminectomy site was marked with 4-0 vicryl in all rats 
and the layers were closed. Rats were divided into three 
groups. Group 1 (control group, n=20) underwent L4-5 right 
hemilaminotomy and annular fenestration, and spongostan 
soaked in 0,9% saline was applied to surgical area. In Group 
2 (topical citicoline group, n=20) spongostan soaked in 
citicoline (100 µM) was applied to surgical area locally after 
identical surgical procedure. In Group 3 (systemic citicoline 
group, n=20) citicoline was applied intraperitoneally at a dose 
of 600 µmol/kg after identical surgical procedure. 

Preparation of Specimens:

Four weeks after the surgery rats were killed by ether 
inhalation. For histopathologic studies, the lumbar spine 
including the surgical site was removed en bloc. The 
specimen was immersed into 10% buffered formalin solution. 
Each specimen was then decalcified in equal quantities of 
10% formic acid and 8% hydrochloric acid solution for 3 days. 
All specimens were then washed with tap water for 12 hours. 
Five ±m thick serial sections were cut from formalin-fixed 
paraffin-embedded tissues and stained with hematoxylin and 
eosin (HE) and Masson trichrome (MT).

Histopathological Evaluation:

All specimens were examined microscopically by the same 
investigator who was blinded to the study. The density of 
epidural fibrosis, dural adhesion, foreign body reaction, 
fibroblast cell density and medulla spinalis retraction were 
investigated. The density of epidural fibrosis, foreign body 
reaction, and medulla spinalis retraction were scored as 
absent (0), mild (1), moderate (2), or severe (3) as described 
previously (49) (Table I).

Dural adhesions were scored as follows: grade 0, the dura is 
free of scar tissue; grade 1, thin fibrous bands are observed 
between the dura and scar tissue; grade 2, continuous 
adherence is observed in less than two-thirds of the 
laminectomy defect; grade 3, adherence is observed in more 
than two-thirds of the laminectomy defect, or extends to the 
nerve roots as described previously (23) (Table II).

Grading of the fibroblast cell density was made as follows: 
grade 1, less than 100 fibroblast cells per 400x field; grade 
2, 100-150 fibroblast cells; grade 3, more than 150 fibroblast 
cells as described previously (24) (Table III).

Statistical analysis:

Statistical analyses were performed using SPSS 13.0 (Chicago, 
IL.) software. Median minimum and maximum values were 
granted for the density of epidural fibrosis, dural adhesion, 
foreign body reaction, fibroblast cell density and medulla 
spinalis retraction. Comparisons between groups were made 
using Kruskal Wallis test. In subgroup analysis, groups were 
compared in doubles using Mann- Whitney U test and p value 
<0.05 was considered statistically significant.

ReSulTS

Four rats died during the study: two of them due to anesthetic 
complications and the other two due to dural injury. These 4 
animals were replaced in order to achieve a constant number 
of rats in all three groups.   

All rats recovered without wound infection. Similarly, no signs 
of infection were noted in subcutaneous tissue, fascia, and 
paravertebral muscles. 

Group 1 (control group) showed dense epidural scar 
formation at laminectomy defects (Figure 1, 2A-C). Compared 
with group 1, significantly lower values were obtained with 
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regard to epidural scar formation (p<0,001 and p<0,001), 
dural adhesion (p<0,001 and p<0,001), fibroblast cell density 
(p<0,001 and p<0,001), foreign body reaction (p=0,021 
and p=0.013) and medulla spinalis retraction (p=0,043 and 
p=0.033) in group 2 (topical citicoline group) and group 
3 (systemic citicoline group), respectively. On the other 
hand, considering all parameters measured, no significant 
differences were found between topical citicoline (group 2) 
and systemic citicoline (group 3) groups (p>0,05). Grading 
scores of all parameters in three groups and comparative 
graphics of mean values are shown in Table IV and Figure 1, 
respectively.

dISCuSSIon

These data show that citicoline treatment significantly 
reduces epidural scar formation, dural adhesion, fibroblast 
cell density, foreign body reaction and medulla spinalis 
retraction in a rat model of laminotomy and discectomy. 
Similar beneficial effects are observed by either local or 
systemic administration.

Epidural fibrosis is usually observed post-spinal surgery as 
nonphysiological scar formation around the origin of the 
radicular sheath. It behaves as a reparative inflammation 
causing clinical problems of characteristic nature (5, 32, 51, 
52). Epidural fibrosis affects the normal neural dynamics of 
nerve root by producing adhesions tethering the nerve root 
to adjacent tissues. Root ischemia caused by tethering may 
be an important contributor to the generation of radicular 
pain (44). 

Table I: Scoring of the Density of Epidural Fibrosis, Foreign Body 
Reaction, and Medulla Spinalis Retraction

Grade 0 Absent
Grade 1 Mild
Grade 2 Moderate
Grade 3 Severe

Table II: Grading of the Extent of Dural Adhesions

Grade 0 The dura is free of scar tissue

Grade 1 Thin fibrous bands are observed between the 
dura and scar tissue

Grade 2 Continuous adherence is observed in less than 
two-thirds of the laminectomy defect

Grade 3
The adherence is observed in more than two-
thirds of the laminectomy defect, or extends to 
the nerve roots

Table III: Grading of the Fibroblast Cell Density

Grade 1 Less than 100 (400x)   
Grade 2 100 – 150 (400x)
Grade 3 More than 150  (400x)

Figure 1: Comparative graphics of mean values. The values in 
group 2 (topical citicoline group) and group 3 (systemic citicoline 
group) were significantly lower than those in group 1 (0,9% 
saline group). Significance levels between group 1 and 2 with 
regard to epidural fibrosis, dural adhesion, fibroblast cell density, 
foreign body reaction and medulla spinalis retraction were 
p<0,001, p<0,001, p<0,001, p<0,021, and p<0,043, respectively. 
Significance levels between group 1 and 3 with regard to 
epidural fibrosis, dural adhesion, fibroblast cell density, foreign 
body reaction and medulla spinalis retraction were p<0,001, 
p<0,001, p<0,001, p<0,013, and p<0,033 respectively. There were 
no significant differences between group 2 and 3 in terms of the 
measured parameters (p>0,05).

Discectomy (annular fenestration) was not performed in 
most experimental studies that evaluated postoperative scar 
formation, because of the belief that epidural fibrosis derived 
from posterior spinal muscles. However, it was reported that 
nucleus pulposus, which appears in peridural region due 
to annular fenestration, could take part in the formation of 
peridural fibrosis and in the etiology of pain by inflammatory 
immunological effects and by causing microvascular changes 
(43). Therefore, we used laminotomy and discectomy 
model in our study to investigate the effect of citicoline on 
postoperative scarring.

Attempts have been made for prevention of epidural fibrosis 
after lumbar disc surgery, and, to date, many materials have 
been used in this regard (3, 8, 22, 29). Despite encouraging 
results obtained in experimental studies, no mechanical 
or chemical intervention has proved to be beneficial in the 
clinical setting so far. Therefore, preventing post operative 
epidural fibrosis continues to be a clinical problem. 

Fat grafts were the first to be tested, and currently they 
are the most commonly used materials. Unfortunately, 
these grafts showed little benefit; they reduce tethering 
rather than preventing epidural fibrosis (22, 40). Numerous 
materials and strategies including low dose external beam 
radiation, a carbohydrate polymer, ADCON-L, non-steroidal 
anti inflammatory drugs (NSAID), anticancer agents such 
as mitomycin C, cyclosporin A, and 5-fluorouracil, topical 
trombolysis with recombinant tissue plasminogen activator 
(r-tPA), and seprafilm and interceed TC7 have been tested 
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for preventing epidural fibrosis, however, none of them have 
entered clinical use (8, 16, 18, 19, 21, 23, 29, 42, 46). Therefore, 
new studies are required in order to discover new materials or 
chemicals that could prevent epidural fibrosis. 

CDP-choline (cytidine 5’- diphosphocholine), is an 
endogenous intermediate in the biosynthesis of cell 
membrane phospholipids and exogenously-administered 
CDP-choline is referred to as citicoline (53). Citicoline and 
its metabolite choline serve as substrates for the synthesis 
of phosphatidylcholine, a primary component of neuronal 
membrane (2, 17, 53). Grouped with the B vitamins, choline 
is a trimethylated nitrogenous base that enters three 
major metabolic pathways: (1) phospholipid synthesis via 
phosphorylcholine; (2) acetylcholine synthesis; and (3) 
oxidation to betaine, which serves as a methyl donor (17).

Citicoline has been shown to exhibit beneficial effects in 
several neurological conditions. For example, citicoline 
improves neurological outcomes and reduces the volume of 
ischemic injury in patients with stroke (17, 41). In addition, 
citicoline reduces infarct size and decreases mortality in 

Figure 2: Representative images of Grade 
3 (A), Grade 2 (B) and Grade 1 (C) epidural 
fibrosis. Images on the left panel were 
obtained by Hemotoxylin-eosine (HE) 
staining and those on the right panel 
were obtained by Masson’s trichrome 
(MT) staining. eF: Epidural fibrosis,                            
lA: laminotomy area, dM: Dura mater,                
MS: Medulla spinalis.

hypotensive rats with subarachnoid hemorrhage and basilar 
artery occlusion (4).

The observed pathologies with regard to epidural fibrosis in 
the present rat laminotomy and discectomy model suggest 
the onset of inflammatory processes after the surgery. 
Hence, treatments targeting the inflammatory response 
might confer benefit in lumbar disc surgery. We found 
reduced scar formation accompanied by decreased dural 
adhesion, fibroblast cell density, foreign body reaction and 
medulla spinalis retraction following either local or systemic 
administration of citicoline in our study. The mechanism(s) 
whereby citicoline exhibits such effects are not yet known. 
However, evidence for possible citicoline mechanism of action 
has been provided in previous studies. For example, citicoline 
was reported to decrease phospholipase A2 stimulation 
thereby leading to blockade of generation of inflammatory 
prostaglandins and thromboxanes (1). 

Although these anti-inflammatory effects seem to have 
resulted from direct action of citicoline, it is also possible that 
choline metabolized from citicoline might have contributed 

A

B

C
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observations could have resulted from possible blockade 
of the inflammatory phase of scar formation by citicoline or 
its metabolite choline. These possible mechanisms are now 
being tested in our laboratory.        

ConCluSIonS

To the best of our knowledge, this is the first experimental 
study demonstrating prevention of epidural fibrosis by 
citicoline in a rat model of laminotomy and discectomy. 
Our present data show that citicoline effectively prevents 
epidural fibrosis by either local or systemic administration. 
Future studies are warranted in order to determine citicoline’s 
mechanisms of action on epidural fibrosis and to test its 
clinical efficiency. 

ReFeRenCeS

1.  Adibhatla RM, Hatcher JF: Citicoline decreases phospholipase 
A2 stimulation and hydroxyl radical generation in transient 
cerebral ischemia. J Neurosci Res 73:308-315, 2003

2.  Agut J, Lopez G.-Coviella I, Ortiz JA, Wurtman RJ: Oral cytidine 
5’-diphosphate choline administration to rats increases brain 
phospholipid levels. Ann NY Acad Sci 695:318-320, 1993

3.  Alkalay RN, Kim DH, Urry DW, Xu J, Parker TM, Glazer PA: 
Prevention of postlaminectomy epidural fibrosis using 
bioelastic materials. Spine 28:1659-1665, 2003

to the observed therapeutic effects. Recent studies 
demonstrated anti-inflammatory properties of cholinergic 
activation and the term “cholinergic antiinflammatory 
pathway” has been proposed (50). CDP-choline is a choline 
donor since part of exogenous CDP-choline is metabolized to 
choline (14, 54). While choline deficiency results in increased 
levels of proinflammatory cytokines such as TNF-α (25), 
parenteral choline administration attenuates endotoxin-
induced multiple organ injury and the elevation in circulating 
TNF-g levels (27). Since CDP-choline is a source of choline 
and its administration leads to initiation of responses in 
cholinergic nature (15, 28), it could be speculated that one 
mechanism by which CDP-choline ameliorates the severity of 
scar formation after lumbar disc surgery might be the action 
of choline that was released by citicoline breakdown on 
inflammatory processes. This hypothesis is further supported 
by evidence from a previous study in which we demonstrated 
beneficial effects of both citicoline and choline on reducing 
postoperative scarring in a rat model of peripheral nerve 
injury (6). In addition, reversal of mechanical hyperalgesia 
in carrageenan-induced inflammatory pain model after 
citicoline administration (7) was mediated in part by 
supraspinal α7-selective nicotinic ACh receptors which utilizes 
choline as a selective agonist (38). Therefore, our present 

Rat 
no

density of epidural 
fib. dural Adhesion Fibroblast Cell 

density
Foreign Body 

Reaction
Medulla Spinalis 

Retraction

Group
1

Group
2

Group
3

Group
1

Group
2

Group
3

Group
1

Group
2

Group
3

Group
1

Group
2

Group
3

Group
1

Group
2

Group
3

1 3 2 2 3 2 2 3 2 2 3 2 0 0 0 3
2 3 2 1 3 2 1 3 1 1 3 0 0 3 1 0
3 3 2 2 2 2 2 3 1 1 2 0 0 1 0 0
4 3 1 1 2 1 2 3 1 1 3 0 0 0 0 0
5 2 1 1 2 1 1 3 1 1 1 1 0 2 0 0
6 3 2 1 3 2 1 3 2 1 0 0 0 2 0 0
7 3 2 1 3 2 1 3 2 1 0 1 1 0 0 1
8 3 2 1 3 1 1 2 3 2 1 0 0 0 0 0
9 3 1 2 3 2 1 1 2 1 1 1 0 0 0 0

10 3 2 1 3 2 1 3 2 1 2 0 0 1 0 0
11 3 2 2 3 2 1 2 2 1 0 0 0 2 0 0
12 3 1 1 3 1 2 3 1 1 2 0 1 1 2 0
13 3 1 2 3 1 2 2 1 1 2 0 1 1 0 0
14 3 1 1 3 2 1 3 2 1 2 1 1 0 0 0
15 2 1 2 3 1 1 3 2 1 1 2 1 0 0 0
16 3 2 1 2 1 2 1 1 2 2 0 1 0 0 0
17 3 1 1 3 2 2 3 1 1 1 0 1 0 1 0
18 3 2 1 3 1 1 3 2 1 0 1 1 2 0 0
19 2 1 2 3 2 1 2 1 1 0 0 0 3 0 0
20 2 1 1 2 1 1 1 1 1 0 1 1 0 0 0

Table IV: Grading Scores of all Parameters in Three Groups



Turkish Neurosurgery 2012, Vol: 22, No: 5, 634-640 639

Savran M. et al: Prevention of Epidural Fibrosis in Rats 

18.  Dogan S, Taskapilioglu O, Sahin S, Korfali E: The effects of 
seprafilm and interceed TC7 on epidural fibrosis in a rat 
hemilaminectomy model.  Neurosurgery Q 19:190-195, 2009

19.  Einhaus SL, Robertson JT, Dohan FC Jr, Wujek JR, Ahmad S: 
Reduction of peridural fibrosis after lumbar laminotomy and 
discectomy in dogs by a resorbable gel (ADCON-L). Spine 
22:1440-1446, 1997

20.  Fritsch EW, Heisel J, Rupp S: The failed back surgery syndrome. 
Reasons, intraoperative findings and long term results. A 
report of 182 operative treatments. Spine 21:626-633, 1996

21.  Gerszten PC, Moossy, JJ, Flickinger JC, Gerszten K, Kalend A, 
Martinez AJ: Inhibition of peridural fibrosis after laminectomy 
using low-dose external beam radiation in a dog model. 
Neurosurgery 46:1478-1485, 2000

22.  Gorgulu A, Simsek O, Cobanoglu S, Imer M, Parsak T: The 
effect of epidural free fat graft on the outcome of lumbar disc 
surgery. Neurosurg Rev 27:181-184, 2004

23.  He Y, Revel M, Loty B: A quantitative model of post-
laminectomy scar formation. Effects of a nonsteroidal anti-
inflammatory drug. Spine 20:557-563, 1995

24.  Hinton JL Jr, Warejcka DJ, Mei Y, McLendon RE, Laurencin C, 
Lucas PA, Robinson JS Jr: Inhibition of epidural scar formation 
after lumbar laminectomy in the rat. Spine 20:564-570, 1995

25.  Holmes-McNary MQ, Baldwin AS Jr, Zeisel SH: Opposing 
regulation of choline deficiency-induced apoptosis by p53 
and nuclear factor jB. J Biol Chem 276:41197–41204, 2001

26.  Hoyland JA, Freemont AJ, Denton J, Thomas AMC, McMillan 
JJ, Jayson MIV: Retined surgical swab debris in post-
laminectomy arachnoiditis and peridural fibrosis. J Bone Joint 
Surg Br 70:659-662, 1988

27. Ilcol YO, Yilmaz Z, Ulus IH: Endotoxin alters serum-free choline 
and phospholipid-bound choline concentrations, and 
choline administration attenuates endotoxin-induced organ 
injury in dogs. Shock 24:288-293, 2005

28. Ilcol YO, Cansev M, Yilmaz MS, Hamurtekin E, Ulus IH: 
Peripheral administration of CDP-choline and its cholinergic 
metabolites increases serum insulin: Muscarinic and nicotinic 
acetylcholine receptors are both involved in their actions. 
Neurosci Lett 431:71-76, 2008

29.  Kemaloglu S, Ozkan U, Yilmaz F, Nas K, Gur A, Acemoglu H, 
Karasu H, Cakmak E: Prevention of spinal epidural fibrosis by 
recombinant tissue plasminogen activator in rats. Spinal Cord 
41:427-431, 2003

30.  Krupinski J, Ferrer I, Barrachina M, Secades JJ, Mercadal J, 
Lozano R: CDP-choline reduces pro-caspase and cleaved 
caspase-3 expression, nuclear DNA fragmentation, and 
specific PARP-cleaved products of caspase activation 
following middle cerebral artery occlusion in the rat. 
Neuropharmacology, 42: 846-854, 2002

31.  Liu S, Boutrand JP, Tadie M: Use of collagen-based sealant to 
prevent in vivo epidural adhesions in an adult rat laminectomy 
model. J Neurosurg 94: 61-67, 2001

32.  Lladó A, Guimerá J, Garcia F, Navarro A: Expanded 
polytetrafluoroethylene membrane for the prevention of 
peridural fibrosis after spinal surgery: An experimental study. 
Eur Spine J 8:138–143, 1999

4.  Alkan T, Kahveci N, Goren B, Korfali E, Ozluk K: Ischemic brain 
injury caused by interrupted versus uninterrupted occlusion 
in hypotensive rats with subarachnoid hemorrhage: 
Neuroprotective effects of citicoline. Arch Physiol Biochem 
109:161-167, 2001

5.  Asch HL, Lewis PJ, Moreland DB, Egnatchik JG, Yu YJ, Clabeaux 
DE, Hyland AH: Prospective multiple outcomes study of 
outpatient lumbar microdiscectomy: Should 75-80% success 
rates be the norm? J Neurosurg 96:34-44, 2002

6.  Aslan E, Kocaeli H, Bekar A, Tolunay S, Ulus IH: CDP-choline 
and its endogenous metabolites, cytidine and choline, 
promote the nerve regeneration and improve the functional 
recovery of injured rat sciatic nerves. Neurol Res  33:766-773, 
2011

7.  Bagdas D, Sonat FA, Hamurtekin E, Sonal S, Gurun MS: The 
antihyperalgesic effect of cytidine-5’-diphosphate-choline 
in neuropathic and inflammatory pain models. Behav 
Pharmacol 22:589-598, 2011

8.  Boyaci S, Bekar A, Kocaeli H, Doygun M, Tolunay S: The 
effectiveness of Adcon-L in preventing peridural fibrosis after 
the spinal surgery. Turk Norosirurji Dergisi 10:102-108, 2000

9.  Braverman DL, Slipman CW, Lendrow DA: Using gabapentin 
to treat failed back surgery syndrome caused by epidural 
fibrosis: A report of two cases. Arch Phys Med Rehabil 82:      
691-693, 2001

10.  Bulut G, Dogan S, Doygun M: The Effectiveness of omental 
greft in preventing epidural fibrosis after the spinal surgery: 
An experimental study. Uludag Universitesi Tip Fakultesi 
Dergisi 3:115-121, 2007

11.  Burton CV, Kirkaldy-Willis WH, Yong-Hing K, Heithoff KB: 
Causes of failure of surgery on the lumbar spine. Clin Orthop 
Relat Res 157:191-199, 1981 

12.  Caner B, Kafa IM, Bekar A, Kurt A, Karli N, Cansev M, Ulus 
IH: Intraperitoneal administration of CDP-choline or a 
combination of cytidine plus choline improves nerve 
regeneration and functional recovery in a rat model of sciatic 
nerve injury. Neurol Res (In Press)

13.  Cansev M: Uridine and cytidine in the brain: Their transport 
and utilization. Brain Res Rev 52: 389-397, 2006

14.  Cansev M, Yilmaz MS, Ilcol YO, Hamurtekin E, Ulus IH: 
Cardiovascular effects of CDP-choline and its metabolites: 
Involvement of peripheral autonomic nervous system. Eur J 
Pharmacol 577:129-142, 2007

15.  Cansev M, Ilcol YO, Yilmaz MS, Hamurtekin E, Ulus IH: Choline, 
CDP-choline or phosphocholine increases plasma glucagon 
in rats: Involvement of the peripheral autonomic nervous 
system. Eur J Pharmacol 589:315-322, 2008

16.  Cemil B, Tun K, Kaptanoglu E, Kaymaz F, Cevirgen B, Comert 
A, Tekdemir I: Use of pimecrolimus to prevent epidural 
fibrosis in a postlaminectomy rat model. Neurosurg Spine 11:                   
758-763, 2009

17.  Conant R, Schauss AG: Therapeutic applications of citicoline 
for stroke and cognitive dysfunction in the elderly: A review 
of the literature. Altern Med Rev 9:17-31, 2004



Turkish Neurosurgery 2012, Vol: 22, No: 5, 634-640640

Savran M. et al: Prevention of Epidural Fibrosis in Rats 

45. Ross JS, Zepp R, Modic MT: The postoperative lumbar spine: 
Enhanced MR evaluation of the intervertebral disk. AJNR Am 
J Neuroradiol 17:323-331, 1996

46. Sandoval MA, Hernandez-Vaquero D: Preventing peridural 
fibrosis with nonsteroidal anti-inflammatory drugs. Eur Spine 
J 17:451-455, 2008

47. Secades JJ: CDP-Choline: Update and review of its 
pharmacology and clinical use. Methods Find Exp Clin 
Pharmacol 24:1-53, 2002

48. Sobrado M, Lopez MG, Carceller F, Garcia AG, Roda JM: 
Combined nimodipine and citicoline reduce infarct size, 
attenuate apoptosis and increase bcl-2 expression after focal 
cerebral ischemia. Neuroscience, 118: 107-113, 2003

49.  Topsakal C, Akpolat N, Erol FS, Ozveren MF, Akdemir I, Kaplan 
M, Tiftikci M, Kilic N: Seprafilm superior to Gore-Tex in the 
prevention of peridural fibrosis. J Neurosurg 101:295-302, 
2004

50.  Tracey KJ: Physiology and immunology of the cholinergic 
antiinflammatory pathway. J Clin Invest 117:289-296, 2007

51.  Vogelsang JP, Finkenstaedt M, Vogelsang M, Markakis E: 
Recurrent pain after lumbar discectomy: The diagnostic value 
of peridural scar on MRI. Eur Spine J 8:475-479, 1999

52. Waguespack A, Schofferman J, Slosar P, Reynolds J: Etiology 
of long-term failures of lumbar spine surgery. Pain Med 3:         
18-22, 2002

53.  Weiss GB: Minireview. Metabolism and actions of CDP-choline 
as an endogenous compound and administered exogenously 
as citicoline. Life Sci 56:637–660, 1995

54.  Wurtman RJ, Regan M, Ulus I, Yu L: Effect of oral CDP-choline 
on plasma choline and uridine levels in humans. Biochem 
Pharmacol 60:989-992, 2000

55.  Wurtman RJ, Cansev M, Ulus IH: Choline and its products 
acetylcholine and phosphatidylcholine. In: Lajtha A, ed. 
Handbook of Neurochemistry and Molecular Neurobiology: 
Neural Lipids. Berlin Heidelberg: Springer-Verlag, 2009:          
443-501

56.  Yildiz KH, Gezen F, Is M, Cukur S, Dosoglu M: Mitomycin C, 
5-fluorouracil, and cyclosporin A prevent epidural fibrosis 
in an experimental laminectomy model. Eur Spine J 16:              
1525-1530, 2007

33.  Loupasis GA, Stamos K, Katonis PG, Sapkas G, Korres DS, 
Hartofilakidis G: Seven- to 20 – year outcome of lumbar 
discectomy. Spine 24:2313-2317, 1999

34.  Massie JB, Huang B, Malkmus S, Yaksh TL, Kim CW, Garfin SR, 
Akeson WH: A preclinical post laminectomy rat model mimics 
the human post laminectomy syndrome.  J Neurosci Methods 
137:283-289, 2004

35.  North RB, Campbell JN, Jams CS, Conover-Walker MK, Wang 
H, Piantadosi S, Rybock JD, Long DM: Failed back surgery 
syndrome: 5-year follow-up in 102 patients undergoing 
repeated operation. Neurosurgery 28:685-691, 1991

36.  Ozay R, Bekar A, Kocaeli H, Karli N, Filiz G, Ulus IH: Citicoline 
improves functional recovery, promotes nerve regeneration, 
and reduces postoperative scarring after peripheral nerve 
surgery in rats. Surg Neurol 68:615-622, 2007

37.  Ozer AF, Oktenoglu T, Sasani M, Bozkus H, Canbulat N, 
Karaarslan E, Sungurlu SF, Sarioglu AC: Preserving the 
ligamentum flavum in lumbar discectomy: A new technique 
that prevents scar tissue formation in the first 6 months 
postsurgery. Neurosurgery 59:126-133, 2006

38.  Papke RL, Bencherif M, Lippiello P: An evaluation of neuronal 
nicotinic acetylcholine receptor activation by quaternary 
nitrogen compounds indicates that choline is selective for 
the alpha 7 subtype. Neurosci Lett 213:201-204, 1996

39.  Pospiech J, Pajonk F, Stolke D: Epidural scar tissue formation 
after spinal surgery: An experimental study. Eur Spine 4:        
213-219, 1995

40.  Prusick VR, Lint DS, Bruder J: Cauda equina syndrome as a 
complication of free epidural fat-grafting. A report of two 
cases and a review of the literature. J Bone Joint Surg Am 
70:1256-1258, 1988

41.  Rao AM, Hatcher JF, Dempsey RJ: Lipid alterations in transient 
forebrain ischemia: Possible new mechanisms of CDP-choline 
neuroprotection. J Neurochem 75:2528-2535, 2000

42.  Richter HP, Kast E, Tomczak R, Besenfelder W, Gaus W: Results 
of applying ADCON-L gel after lumbar discectomy: The 
German ADCON-L study. J Neurosurg 95:179-189, 2001

43.  Robertson JT: Role of peridural fibrosis in the failed back: A 
review. Eur Spine J 5:2-6, 1996

44. Rodgers KE, Robertson JT, Espinoza T, Oppelt W, Cortese 
S, diZerega GS, Berg RA: Reduction of epidural fibrozis 
in lumbar surgery with Oxiplex adhesion barriers of 
carboxymethylcellulose and polyethylene oxide. Spine J 
3:277-283, 2003


