
The Antifibrotic Effects of Plasminogen Activator Inhibitor-1 
Antagonists are Observed in Rats with Epidural Fibrosis

Following laminectomy, epidural fibrosis (EF) is a physiolog-
ical phenomenon that commonly happens during normal 

wound healing.[1] After surgery, excessive EF leads to recurrent 
complaints by stretching and compressing the nerve root.[2] 
Partial laminectomy is performed during lumbar disc hernia-
tion operations, and laminectomy is a commonly used surgi-
cal treatment for treating patients with spinal stenosis.[3] How-
ever, EF following laminectomy may result in back and leg 
discomfort that is unresponsive to therapy because of pres-

sure on the dura mater and nerve roots.[4] Reoperating in areas 
with significant fibrosis is also technically difficult and risky.[5] 
Although research has been done to identify antifibrotic med-
ications,[6-8] EF is still not consistently preventable or treatable. 
Increased extracellular matrix component deposition and re-
duced tissue cellularity are two mechanisms that contribute 
to the etiopathogenesis of EF.[9] The pathophysiology of EF is 
influenced by inflammation and any adhesions that develop 
as a result of the fibrotic process.[10]

Objectives: Epidural fibrosis occurs after laminectomy as part of the local repair mechanisms. Adhesion around the nervous tissue 
could cause pain and disability. In the current study, we investigated the possible antifibrotic effects of the plasminogen activator 
inhibitor‑1 (PAI-1) antagonists in a rat laminectomy model.
Methods: The rats were randomly assigned to the control, the TM5441, and the TM5484 groups (n=6 per group). In the control 
group, just a laminectomy was performed. In the treatment groups, intragastric administration of PAI-1 antagonists was done after 
skin closure. Epidural fibrosis was investigated macroscopically and histopathologically four weeks later.
Results: In the TM5441 and TM5484 groups, the macroscopic epidural fibrosis score was less than the control group (p<0.001 for 
both groups). Microscopic epidural fibrosis score was also decreased in the TM5441 and TM5484 groups (p>0.05 for both groups). 
Fibroblast cell density classification scores in the TM5441 and TM5484 groups were lower when compared to the control group 
(p>0.05 for both groups). Fibrosis thickness was lower in the TM5441 and TM5484 groups when compared to the control group 
(p<0.01 for both groups).
Conclusion: Plasminogen activator inhibitor‑1 antagonists could be a treatment alternative for the prevention of epidural fibrosis.
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Plasminogen activator inhibitor-1 (PAI-1), a significant en-
dogenous inhibitor of plasmin-mediated fibrinolysis, en-
courages the formation of clots after injury.[11] PAI-1 is found 
in adipose tissue, platelets, vascular endothelium, liver, 
neutrophils, astrocytes, and plasma.[12-15] Release of PAI-1 is 
induced by a variety of inflammatory mediators and stimu-
li.[16] Polymorphonuclear leukocytes and macrophages are 
chemoattracted to PAI-1.[17] PAI-1 antagonists have dem-
onstrated anti-inflammatory, antiapoptotic, and neuropro-
tective properties in animal models of neuroinflammation.
[11,18] Our study aimed to determine the antifibrotic effects 
of PAI-1 antagonists in the rat laminectomy-EF model.

Methods

Animals Used for Experiments
The local animal research ethics committee at the Universi-
ty of Health Sciences examined and approved every experi-
mental technique utilized in this study (20.11.2020, 06.07). 
The European Union Council Directive (86/609/EEC) and 
Helsinki Declaration were adhered to in this study. In the 
investigation, eighteen female Sprague Dawley rats weigh-
ing 150–250 g were employed. Every rat was housed in an 
environment with a 12-hour light cycle, sufficient humidity, 
and temperatures ranging from 22 to 25°C. Rats were ran-
domly assigned to three groups and allowed unrestricted 
access to food and water:

Laminectomy Group (n=6): The procedure for a lami-
nectomy used on the participants in this group is detailed 
below. The laminectomy was finished without giving the 
individuals in this group any topical or systemic treatment 
after ensuring sufficient site hemostasis. Subjects were sac-
rificed using the procedures outlined below on the 30th day 
after the operation.

TM5441 Group (n=6): After laminectomy, subjects in this 
group were administered intragastric 5 mg/kg TM5441. The 
dose was adjusted according to a previous study.[19] Sub-
jects were sacrificed using the procedures outlined below 
on the 30th day after the operation.

TM5484 Group (n=6): After laminectomy, subjects in this 
group were administered intragastric 5 mg/kg TM5484. The 
dose was adjusted according to a previous study.[19] Sub-
jects were sacrificed using the procedures outlined below 
on the 30th day after the operation.

Surgical Procedure
Before the procedure, 20 mg/kg of cephazolin was 
administered intramuscularly to avoid surgical site infections. 
To induce anesthesia, the rats were given intraperitoneal 
injections of 10 mg/kg xylazine (Rompun, Bayer, Türkiye) 
and 50 mg/kg ketamine (Ketalar, Parke Davis, Türkiye). The 

animals' body temperatures were maintained at 37°C by 
placing them on a heating pad and inserting a rectal probe. 
Laminectomy was performed at the L2 level, as described 
previously.[20] The rats had unrestricted access to food and 
drink for four weeks following surgery. After receiving a 50 
mg/kg intraperitoneal dose of ketamine (Ketalar, Parke Davis, 
Türkiye), the rats were cervically dislocated four weeks later. 
The first to third vertebrae were dissected to lumbar vertebrae 
and paravertebral structures.

Macroscopic Evaluation of Epidural Fibrosis
Before categorizing epidural fibrosis using the Rydell 
scale,[21] a neurological surgeon who was unfamiliar with 
the study groups carefully reopened the surgical sites for a 
macroscopic assessment. An increase in grade means more 
epidural fibrosis.

Histopathological Examination
To isolate the laminectomy area for histological analysis, the 
upper L1 to lower L3 levels of the spine were sliced axially. 
Hematoxylin and eosin (H&E, Shandon Harris Hematoxylin-
Eosin Y -UK) and Masson trichrome (Bio-Optica special stains 
kit, Milan, Italy) stainings were performed. Assessments were 
made on the degree of any inflammation, fibrosis, scar tis-
sue formation, and other histological alterations. Bozkurt et 
al.[8] proposed the parameters for the microscopic evaluation 
of EF in 2019. As the number of fibroblast cells increases, so 
does the fibroblast cell density grade.

Statistical Analysis
Data analysis was conducted using GraphPad Prism 8.0 
(GraphPad Software Inc., La Jolla, CA, USA). A Tukey posthoc 
test was used after a one-way analysis of variance to look at 
the differences between the groups. A p-value of 0.05 was 
the cutoff point for statistical significance.

Results

Wound Healing and Complications Related to the 
Procedure
No deaths, deficits, infections, hematomas, erythema, or 
cerebrospinal fluid leaks were discovered in experimental 
groups. 

Macroscopic Evaluation of Epidural Fibrosis
In the laminectomy group, severe epidural adhesions (n=4 
grade 3 and n=2 grade 2) were observed. Mild epidural adhe-
sions (n=2 grade 1, n=1 grade 2, n=3 grade 0) were observed 
in the TM5441 group and TM5484 group (n=3 grade 1, n=3 
grade 0). The epidural fibrosis severity score was decreased 
in the TM5441 and TM5484 groups when compared with the 
laminectomy group (p<0.001 for both comparisons) (Fig. 1).
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Histopathologic Assessment
Microscopic EF scores were decreased in the TM5441 and 
TM5484 groups when compared with the laminectomy 
group (p>0.05 for both comparisons). Fibroblast cell den-
sity classification scores were decreased in the TM5441 and 
TM5484 groups when compared with the laminectomy 
group (p>0.05 for both comparisons). Mean scores for fi-
brosis thickness were decreased in the TM5441 and TM5484 
groups when compared to the laminectomy group (p<0.01 
for both comparisons) (Table 1). Cartilage destruction was 
seen in 1 rat in the TM5484 group, and bone destruction 
was not seen in any rat (Fig. 2).

Discussion
During normal wound healing, fibrosis development is a 
physiological process that regularly takes place. Nonethe-
less, a variety of circumstances, both during and after lami-
nectomy, may lead to increased fibrosis.[22] Due to oxidative 
stress and inflammatory mediators brought on by surgical 
trauma and tissue damage, inflammatory cells penetrate the 

surgical field.[23] Local fibroblasts develop as a result of the 
cytokines released by these inflammatory cells. An exces-
sively high level of fibroblast proliferative activity and fibro-
blast stimulation results in the production of extracellular 
matrix components, including fibronectin and collagen.[24] 

Table 1. Microscopic evaluation results of experimental groups

	 Control	 TM5441	 TM5484

Epidural fibrosis grade	 Grade 2: n=3	 Grade 3: n=2	 Grade 1: n=1
	 Grade 3: n=3	 Grade 2: n=4	 Grade 2: n=3
			   Grade 3: n=2
Mean fibroblast grade	 Grade 3: n=2	 Grade 2: n=5	 Grade 2: n=5
	 Grade 2: n=4	 Grade 3: n=1	 Grade 3: n=1
Fibrosis thickness (mm)	 2.6±0.62	 1.5±0.27	 1.4±0.67
Cartilage destruction	 none	 none	 n=1
Bone destruction	 none	 none	 none
Foreign body reaction	 n=3	 n=3	 n=0
Mild chronic inflammation	 n=2	 n=1	 n=0

Figure 1. Macroscopic assessment of epidural fibrosis score of study 
groups. Data are presented as mean±SD. After laminectomy, severe 
epidural adhesions were observed in the laminectomy group. (a) 
Macroscopic epidural fibrosis score was decreased statistically sig-
nificantly in TM5441 and TM5484 groups when compared with the 
laminectomy group (***: p<0.001). (b) Fibrosis thickness was signifi-
cantly lowered in the TM5441 and TM5484 groups (**: p<0.01). L: Lo-
cal; Lam: Laminectomy.

a b

Figure 2. Representative photomicrograph of the epidural fibrosis 
analysis of the study groups. (a, b) In the control group, severe epi-
dural fibrosis is observed (Fibrosis score: 3). L: Laminae; F: Fibrosis; SC: 
Spinal Cord; Arrow: Dura Mater (a) hematoxylin and eosin: H&E, x40. 
(b) MT: Masson trichrome, x40. C-D: In the TM5441 group, moderate 
epidural fibrosis is observed (Fibrosis score: 2). L: Laminae; F: Fibro-
sis; SC: Spinal Cord; Arrow: Dura Mater. (c) H&E, x40, (d) MT, x40. (e, 
f) In the TM5484 group, mild epidural fibrosis is observed (Fibrosis 
score:1). L: Laminae, F: Fibrosis, SC: Spinal Cord, Arrow: Dura Mater. 
(e) H&E, x40, (f) MT, x40.
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These excessively generated substances change the natural 
tissue structure, which causes large amounts of scar tissue 
to grow and compresses neurological structures.[25] The pro-
duction of transforming growth factor-1 (TGF-1) is one of the 
key mechanisms that initiates the formation of EF.[24,26]

By squeezing the nerve root as a result of adhesive scar 
tissue, EF is a possible adverse effect of laminectomy that 
results in ongoing radicular pain and physical dysfunction.
[4] Surgical removal of EF has a poor success rate and 
considerable complication rates.[27,28] Pharmacological 
and other interventions to prevent EF have been tried.
[6-8,29-31] However, there is no clinical evidence for effective 
management of EF. Lumbar epidural steroid injection has 
a role in the management of chronic low back pain and 
radiculopathy that is seen in patients with lumbar EF.[32]

PAI-1 has a role in the fibrinolytic system and regulates 
vascular and tissue remodeling.[33] There is strong evidence 
that reduced extracellular matrix degradation causes ma-
trix buildup and that plasminogen activator/plasmin is a 
major regulator of extracellular matrix breakdown.[33] Plas-
min directly contributes to the disintegration of the extra-
cellular matrix.[33] Renal and pulmonary fibrosis are two of 
the known diseases where increased PAI-1 levels have a 
crucial role in pathophysiology.[34] PAI-1 antagonists have 
antioxidant, anti-inflammatory, and antioxidant properties.
[11,19] According to earlier research, TM5484 (a novel form 
of PAI-1 antagonist) inhibits microglia activation and mac-
rophage migration in an experimental multiple sclerosis 
model.[18]

Macroscopic assessment of EF showed that both PAI-1 
antagonists administration reduced EF formation. Moreover, 
fibrosis thickness scores were significantly lowered in PAI-
1 antagonist groups. Since PAI-1 antagonists have been 
demonstrated to reduce TGF-1, in addition to their well-
known antioxidant, anti-inflammatory, and anti-apoptotic 
effects, this study showed that PAI-1 antagonists may also 
have a therapeutic role for EF in a rat laminectomy model.

There are some limitations to this study. Due to the small 
number of subjects in each group, we may draw fewer 
conclusions. Increasing the sample size could provide 
more robust findings. Because biochemical tests were not 
conducted, our conclusions were likewise more limited. 
Including biochemical analyses, such as cytokine levels, 
inflammatory markers, or matrix metalloproteinases, 
would provide a better understanding of the antifibrotic 
mechanisms. The study does not evaluate the long-term 
efficacy of PAI-1 antagonists, leaving the durability of the 
treatment's effects uncertain. Introducing groups with 
varying doses of PAI-1 antagonists could help elucidate 
dose-dependent effects.

Conclusion
On a macroscopic and microscopic level, the PAI-1 antagonist, 
which is well known for its antioxidant and anti-inflammatory 
capabilities, inhibited the synthesis of EF. The outcomes of 
our investigation offer the first experimental proof of the EF-
protecting abilities of PAI-1 antagonists.

Disclosures

Ethics Committee Approval: The study was approved by the 
University of Health Sciences Türkiye Hamidiye Animal Research 
Local Ethics Committee (Date: 20.11.2020, No: 06.07).

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Funding Statement: None declared.

Authorship Contributions: Concept – P.K.B., B.G.; Design – P.K.B., 
B.G.; Supervision– P.K.B., B.G.; Fundings – J.H.; Materials – A.S., 
P.K.B.; Data Collection and/or Processing – P.K.B., A.S., J.H., A.B., 
B.G.; Analysis and/or Interpretation – P.K.B.; Literature Review – 
P.K.B.; Writing – P.K.B.; Critical Review – P.K.B., B.G.

Use of AI for Writing Assistance: The authors declared that no 
text or image produced by the AI was used in this work.

References
1.	 Geisler FH. Prevention of epidural fibrosis: current methodolo-

gies. Neurol Res 1999;21:9–22. [CrossRef ]

2.	 Tanriverdi O, Erdogan U, Tanik C, Yilmaz I, Gunaldi O, Adilay HU, 
et al. Impact of sorafenib on epidural fibrosis: an immunohisto-
chemical study. World J Clin Cases 2018;6:249–58. [CrossRef ]

3.	 Williams MG, Wafai AM, Podmore MD. Functional outcomes of 
laminectomy and laminotomy for the surgical management of 
lumbar spine stenosis. J Spine Surg 2017;3:580–6. [CrossRef ]

4.	 Ross JS, Robertson JT, Frederickson RC, Petrie JL, Obuchowski N, 
Modic MT, et al. Association between peridural scar and recur-
rent radicular pain after lumbar discectomy: magnetic resonance 
evaluation. ADCON-L European Study Group. Neurosurgery 
1996;38:855–61. [CrossRef ]

5.	 Song KS, Cho JH, Hong JY, Lee JH, Kang H, Ham DW, et al. Neu-
ropathic pain related with spinal disorders: a systematic review. 
Asian Spine J 2017;11:661–74. [CrossRef ]

6.	 Gürer B, Kahveci R, Gökçe EC, Ozevren H, Turkoglu E, Gökçe A. 
Evaluation of topical application and systemic administration 
of rosuvastatin in preventing epidural fibrosis in rats. Spine J 
2015;15:522–9. [CrossRef ]

7.	 Bozkurt H, Bozkurt EC, Ozpinar H, Arac D, Kaya I, Ozer H, et al. 
Comparison of the effects of contractubex gel and benzothiazole 
after topical application in an experimental model of epidural fi-
brosis in rats. World Neurosurg 2018;117:e403–10. [CrossRef ]

8.	 Bozkurt H, Kuru Bektaşoğlu P, Borekci A, Öztürk ÖÇ, Kertmen H, 
Eğilmez R, et al. Antifibrotic effect of boric acid in rats with epi-
dural fibrosis. World Neurosurg 2019;122:e989–94. [CrossRef ]



63Kuru Bektasoglu et al., Plasminogen Activator Inhibitor 1 Antagonists Prevent Epidural Fibrosis / doi: 10.14744/SEMB.2024.75301

9.	 Laurent GJ, Chambers RC, Hill MR, McAnulty RJ. Regulation of ma-
trix turnover: fibroblasts, forces, factors, and fibrosis. Biochem Soc 
Trans 2007;35:647–51. [CrossRef ]

10.	 Masopust V, Häckel M, Netuka D, Bradác O, Rokyta R, Vrabec M. 
Postoperative epidural fibrosis. Clin J Pain 2009;25:600–6. [CrossRef]

11.	 Griemert EV, Schwarzmaier SM, Hummel R, Gölz C, Yang D, Neu-
haus W, et al. Plasminogen activator inhibitor-1 augments dam-
age by impairing fibrinolysis after traumatic brain injury. Annals 
Neurol 2019;85:667–80. [CrossRef ]

12.	 Brogren H, Karlsson L, Andersson M, Wang L, Erlinge D, Jern S. 
Platelets synthesize large amounts of active plasminogen activa-
tor inhibitor 1. Blood 2004;104:3943–8. [CrossRef ]

13.	 Huang J, Sabater-Lleal M, Asselbergs FW, Tregouet D, Shin SY, 
Ding J, et al. Genome-wide association study for circulating 
levels of PAI-1 provides novel insights into its regulation. Blood 
2012;120:4873–81.

14.	 Hultman K, Blomstrand F, Nilsson M, Wilhelmsson U, Malmgren 
K, Pekny M, et al. Expression of plasminogen activator inhibitor-1 
and protease nexin-1 in human astrocytes: response to injury-
related factors. J Neurosci Res 2010;88:2441–9. [CrossRef ]

15.	 Simpson AJ, Booth NA, Moore NR, Bennett B. Distribution of 
plasminogen activator inhibitor (PAI-1) in tissues. J Clin Pathol 
1991;44:139–43. [CrossRef ]

16.	 Kang S, Tanaka T, Inoue H, Ono C, Hashimoto S, Kioi Y, et al. IL-6 
trans-signaling induces plasminogen activator inhibitor-1 from 
vascular endothelial cells in cytokine release syndrome. Proc Natl 
Acad Sci U S A 2020;117:22351–6. [CrossRef ]

17.	 Ichimura A, Matsumoto S, Suzuki S, Dan T, Yamaki S, Sato Y, et al. 
A small molecule inhibitor to plasminogen activator inhibitor 1 
inhibits macrophage migration. Arterioscler Thromb Vasc Biol 
2013;33:935–42. [CrossRef ]

18.	 Pelisch N, Dan T, Ichimura A, Sekiguchi H, Vaughan DE, C van Yper-
sele de Strihou, et al. Plasminogen activator inhibitor-1 antagonist 
TM5484 attenuates demyelination and axonal degeneration in a 
mice model of multiple sclerosis. PLoS One 2015;10:e0124510. 
[CrossRef ]

19.	 Kuru Bektaşoğlu P, Koyuncuoğlu T, Akbulut S, Akakın D, Eyüboğlu 
İP, Erzik C, et al. Neuroprotective effect of plasminogen activator 
inhibitor-1 antagonist in the rat model of mild traumatic brain 
injury. Inflammation 2021;44:2499–517. [CrossRef ]

20.	 Bektaşoğlu PK, Somay A, Hazneci J, Borekci A, Gürer B. Cinnam-
aldehyde has antifibrotic effects on rats with epidural fibrosis. 
World Neurosurg 2024;183:e395–400. [CrossRef ]

21.	 Rydell N. Decreased granulation tissue reaction after installment 

of hyaluronic acid. Acta Orthop Scand 1970;41:307–11. [CrossRef ]

22.	 Keane TJ, Horejs CM, Stevens MM. Scarring vs. functional healing: 
matrix-based strategies to regulate tissue repair. Adv Drug Deliv 
Rev 2018;129:407–19. [CrossRef ]

23.	 Cox N. The anti-inflammatory potential of quercetin and L-2-oxo-
thiazolidine-4-carboxylate (OTC) in developing scar tissue [mas-
ter’s thesis]. University of Saskatchewan; 2008.

24.	 Turkoglu E, Dinc C, Tuncer C, Oktay M, Serbes G, Sekerci Z. Use 
of decorin to prevent epidural fibrosis in a post-laminectomy rat 
model. Eur J Pharmacol 2014;724:86–91. [CrossRef ]

25.	 Bochaton-Piallat ML, Gabbiani G, Hinz B. The myofibroblast in 
wound healing and fibrosis: answered and unanswered ques-
tions. F1000Res 2016;5:752. [CrossRef ]

26.	 Zhu J, Li Y, Shen W, Qiao C, Ambrosio F, Lavasani M, et al. Rela-
tionships between transforming growth factor-beta1, myostatin, 
and decorin: implications for skeletal muscle fibrosis. J Biol Chem 
2007;282:25852–63. [CrossRef ]

27.	 Çırak M, Çağlar Okur S. Does ultrasound-guided facet joint injec-
tion reduce pain and improve mobility in patients with failed back 
surgery syndrome? Jt Dis Relat Surg 2020;31:564–70. [CrossRef]

28.	 Erbayraktar S, Acar F, Tekinsoy B, Acar U, Güner EM. Outcome 
analysis of reoperations after lumbar discectomies: a report of 22 
patients. Kobe J Med Sci 2002;48:33–41.

29.	 Denaro V, Di Martino A, Longo UG, Costa V, Papalia R, Forriol F, et 
al. Effectiveness of a mucolythic agent as a local adjuvant in revi-
sion lumbar spine surgery. Eur Spine J 2008;17:1752–6. [CrossRef ]

30.	 Makhchoune M, Collard X, Triffaux M, DE Witte O, Lubansu A. The 
utility of the CADISS® system in the dissection of epidural fibrosis 
in revision lumbar spine surgery (a case series). Ann Med Surg 
(Lond) 2022;83:104718. [CrossRef ]

31.	 Mohi Eldin MM, Abdel Razek NM. Epidural fibrosis after lumbar 
disc surgery: prevention and outcome evaluation. Asian Spine J 
2015;9:370–85. [CrossRef ]

32.	 Vaughan DE, De Taeye BM, Eren M. PAI-1 antagonists: predictable 
indications and unconventional applications. Curr Drug Targets 
2007;8:962–70. [CrossRef ]

33.	 Yuce I, Kahyaoglu O, Ataseven M, Cavusoglu H, Aydin Y. Diagno-
sis and treatment of transforaminal epidural steroid ınjection in 
lumbar spinal stenosis Sisli Etfal Hastan Tip Bul [Article in Turkish] 
2020;54:327–32. [CrossRef ]

34.	 Yasar Yildiz S, Kuru P, Toksoy Oner E, Agirbasli M. Functional stabil-
ity of plasminogen activator inhibitor-1. ScientificWorldJournal 
2014;2014:858293. [CrossRef ]


