
Antifibrotic Efficacy of Topical Tranexamic Acid: 
Macroscopic and Molecular Evidence in a Rabbit 
Model of Epidural Fibrosis

Introduction
Laminectomy is a widely performed procedure for spinal 
canal decompression, yet postoperative epidural fibrosis 
(EF) remains a significant complication, posing ongoing 
challenges for surgeons. EF is characterized by excessive 
scar tissue formation within the epidural space, which can 
invade the neural canal, leading to dura mater and nerve 
root compression and tethering (1,2). This undesirable 
healing process is a major contributor of failed back 
surgery syndrome, a life-altering condition marked by 
persistent or recurring lumbar pain despite surgical 
intervention, affecting 10% to 40% of patients undergoing 
lumbar spinal surgery (3-5). For decades, preventing EF 
has been a critical area of research. Various studies have 
investigated different pharmacological agents, surgical 
techniques, and interpositional barriers (1,3,6). However, 
despite extensive efforts, a definitive solution remains 
elusive.

The healing process of a laminectomy begins with a 
hematoma that occupies the laminectomy defect and 
contacts adjacent epaxial muscles (7). Inflammatory 

and pro-fibrotic cytokines released in the epidural 
hemorrhagic collection lead to excessive proliferation 
and differentiation of local fibroblasts and subsequent 
extracellular matrix overproduction, resulting in epidural 
scar tissue formation (8,9). TGF-β, a key cytokine, plays 
a central role in this process, with its excessive activity 
strongly linked to increased epidural scarring and 
adhesion (10,11). Based on the etiopathogenesis of EF, 
reducing epidural hematoma volume and inflammatory 
processes, as well as inhibiting cytokines such as TGF-β, 
are hypothesized to be effective strategies for preventing 
the formation of EF (8-13).

Tranexamic acid (TXA), an antifibrinolytic drug, 
reduces bleeding by inhibiting plasminogen activation, 
thereby preventing blood clot lysis (14). Additionally, 
by inhibiting plasmin, TXA decreases the production of 
kinins and other pro-inflammatory peptides that increase 
vascular permeability (15). Plasmin promotes TGF-β 
activation (16), and studies have shown that TXA, as a 
plasmin inhibitor, can inhibit TGF-β activation, with 
some suggesting it may also suppress its expression 
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(17,18). TXA effectively reduces perioperative bleeding 
and the need for blood transfusions in various surgeries, 
including cardiac, orthopedic, and spinal procedures, both 
intravenously and topically (14,19). Recently, topical TXA 
has gained attention among neurosurgeons, with reviews 
indicating its efficacy in reducing perioperative bleeding 
in spinal surgeries (20,21).

Therefore, based on the etiopathogenesis of EF, we 
hypothesize that intraoperative topical TXA, with its 
proven hemostatic properties in spinal procedures, 
could reduce postoperative epidural hematoma and 
limit the release and activation of cytokines such as 
TGF-β, potentially serving as an effective strategy for EF 
prevention.

We aimed to evaluate the effect of topical TXA in 
preventing EF in a rabbit model six weeks post-surgery 
through macroscopic adhesion assessment, inflammatory 
cell count, collagen and vessel density measurement, 
and immunohistochemical analysis of VEGF and 
TGF-β expression. Previous studies have explored TXA’s 
effectiveness in reducing EF in rat models, with only two 
published studies (22,23). However, this study is the first 
to investigate TXA’s impact on EF in a rabbit model and 
the first to assess in vivo macroscopic adhesion, collagen 
density, and TGF-β and VEGF expression in this context. 
These findings represent a significant step toward 
understanding TXA’s potential for EF prevention and 
provide novel insights into its therapeutic applications.

Materials and Methods
Animals
For this study, 26 adult male New Zealand White rabbits 
(Razi Institute, Karaj, Iran) with an average weight of 2 
± 0.4 kg were used. The rabbits were housed individually 
in suspended cages and randomly divided into two 
groups: the control (saline) group and the treatment 
(topical TXA) group. The anesthetic regimen for all 
subjects included 10% ketamine (Alfasan Inc., Utrecht-
Netherlands) at 50 mg/kg and 2% xylazine (Alfasan Inc., 
Utrecht-Netherlands) at 20 mg/kg.

Surgical Procedure
The rabbits were positioned prone, and the back area from 
the thoracic to the sacral region was clipped, sterilized 

with povidone-iodine, and draped. A midline incision 
was created between the L2 and L5 vertebrae. The fascia 
was incised to reveal the tips of the spinous processes. 
The paraspinal muscles were separated from the spinous 
processes and the laminae of L3 and L4 in a subperiosteal 
manner and retracted bilaterally using Gelpi retractors. 
The exposed spinous processes were excised using a 
rongeur, followed by a two-level laminectomy at L3-L4 
performed with a power burr and a 1 mm Kerrison punch, 
resulting in a defect of approximately 5 × 10 mm². The 
ligamentum flavum and dural fat were carefully removed 
to expose the clean dura for the entire length of the L3-L4 
laminectomy (Figure 1). After irrigating the defect with 
sterile saline and achieving satisfactory hemostasis, 5 mL 
of saline solution was applied to the paraspinal muscles 
and laminectomy defect in the control group (n=9), while 
the treatment group (n=9) received 5 mL of 100 mg/
mL TXA solution in the same area. To eliminate bias, 
the operating surgeon was blinded to the rabbit group 
assignments and the type of solution used. The muscles, 
fascia, and skin were then sutured in the usual manner. No 
complications, such as dural tears, lacerations, or spinal 
cord bleeding, occurred during any of the procedures.

All rabbits received a prophylactic intramuscular 
injection of enrofloxacin (HIPRALONA Enro-I, Hipra, 
Girona, Spain) at a dosage of 15 mg/kg, administered 
30 minutes before surgery and then again at 24 and 48 
hours post-surgery. Postoperative pain was managed with 
intramuscular tramadol injections (10 mg/kg) every 8 
hours for 24 hours.

Macroscopic Assessment
At six weeks post-operation, macroscopic evaluations of 
epidural adhesions were performed. To ensure unbiased 
selection, four rabbits from each group were randomly 
chosen using a number-based random selection tool. 
The selected rabbits were then coded by an independent 

 ► TXA is widely used to reduce surgical bleeding and has 
shown potential anti-fibrotic effects in experimental 
models.

 ► In this experimental rabbit model of laminectomy, topical 
TXA application led to lower macroscopic adhesion 
grades, decreased collagen density, and suppressed TGF-β 
expression.

 ► These findings suggest a therapeutic potential for 
intraoperative topical TXA as a simple, low-cost strategy 
for preventing epidural fibrosis.

Key Messages

Figure 1. Intraoperative Image of L3-L4 Laminectomy in Rabbits.
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researcher not involved in the evaluation. Two professional 
pathologists, blinded to the coded assignments, assessed 
the degree of epidural adhesions at L3-L4 using the Rydell 
standard (24) as follows: Grade 0, epidural scar tissue was 
not adherent to the dura mater. Grade 1, epidural scar 
tissue was adherent to the dura mater, but easily dissected. 
Grade 2, epidural scar tissue was adherent to the dura 
mater but could be dissected with difficulty without 
disrupting the dura mater. Grade 3, epidural scar tissue 
was firmly adherent to the dura mater and could not be 
dissected. Inter-rater reliability was assured through 
weighted Cohen’s kappa, and in cases of disagreement, a 
consensus was reached through discussion.

Histological and Immunohistochemical Analysis
The remaining 18 rabbits were humanely euthanized with 
a lethal dose of intramuscular ketamine (200 mg/kg) and 
xylazine (40 mg/kg). The spinal columns from L2 to L5, 
along with adjacent muscles, were removed en bloc and 
fixed in 10% neutral buffered formalin for one week, 
followed by decalcification in an EDTA/hydrochloric 
acid solution for six weeks. After decalcification, an 
independent researcher not involved in the evaluation 
coded the specimens to ensure blinding. The laminectomy 
area, including the L3-L4 segment, was then dehydrated, 
embedded in paraffin, and sectioned into 3-5 μm thick 
cross-sectional slices, which were stained with H&E 
and Masson’s trichrome. Histopathological analyses 
were performed using a semi-automated image system 
consisting of a computer equipped with image analysis 
software (ImageJ, National Institutes of Health, Bethesda, 
MD, USA) and a high-resolution color monitor. 
Quantitative evaluation of epidural scar tissue post-
laminectomy included measuring: 1) the number of 
inflammatory cells in the scar tissue at the laminectomy 
site (cells per mm²), 2) collagen density (percentage per 
mm²), and 3) blood vessel density (microvessels per mm²). 
Two professional pathologists independently conducted 
all assessments, with inter-rater reliability evaluated using 
the intraclass correlation coefficient (ICC). Final values 
were calculated by averaging the measurements from both 
raters.

For the evaluation of TGF-β and VEGF expression, 
immunoreactivity was assessed under light microscopy 
using a semi-quantitative scoring system based on the 
percentage of TGF-β and VEGF positive cells (25), as 
described in Table 1.

Statistical Analysis
Data analysis was performed using SPSS for Windows, 
version 25 (SPSS, Inc., Chicago, IL, USA). Inter-rater 
reliability for continuous variables was assessed using 
the ICC, based on a two-way random-effects model with 
absolute agreement. For macroscopic adhesion grading, 
inter-rater agreement was evaluated using the weighted 
Cohen’s kappa statistic. The normality of continuous 

variables was assessed using the Shapiro‒Wilk test, and 
variance homogeneity was checked with the Levene test. 
Student’s t-test was employed to compare mean variables 
(inflammatory cell count, new vessel density, collagen 
density) between experimental and control groups, as 
variances were homogeneous. The Mann-Whitney U test 
was used to analyze macroscopic assessment between the 
two groups. The chi-square test was applied to examine 
relationships and compare qualitative indicators (TGF-β, 
VEGF expression) between groups.

Results
All animals remained in good health following surgery, 
with no instances of infection or mortality. They were 
housed individually in cages with unlimited access to food 
and water. Additionally, the rabbits were not immobilized 
and remained ambulatory throughout the postoperative 
period.

Macroscopic Assessment of Epidural Scar Adhesion
In the laminectomy sites of the control group, severe and 
dense epidural scar adhesions were observed, making 
dissection attempts risky due to potential bleeding, dura 
mater disruption, or nerve root injury. Complete re-
exposure of the dura mater was not feasible. In contrast, 
rabbits treated with TXA exhibited significantly softer and 
less extensive epidural scar adhesions, facilitating easier 
dissection and highlighting the ameliorative effect of 
TXA. Inter-rater reliability for the macroscopic evaluation 
was assessed using weighted Cohen’s kappa, revealing 
substantial agreement between the two pathologists 
(quadratic weighted κ = 0.68, p = 0.046). Discrepancies 
between raters were resolved through discussion, and the 
final agreed-upon adhesion grades (Table 2) were used 
for group comparisons, which revealed a statistically 
significant reduction in the TXA group (P = 0.047).

Histological Analysis

Table 1. Scoring System for Expression of TGF-β and VEGF Based on IHC 
Positivity

Score Results

0 None 

1 <5%

2 Involvement 5%-25%

3 >25%-50%

4 >50%

Table 2. Grades of Epidural Scar Adhesion in Rabbits, According to Rydell 
Standard

Group
Grade

0 1 2 3

Control 0 0 1 3

TXA 0 2 2 0
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Inflammatory Cell Count
The inter-rater reliability for inflammatory cell count 
showed an ICC of 0.985 (95% CI, 0.961–0.994), indicating 
excellent agreement. At six weeks postoperatively, the 
number of inflammatory cells was not significantly 
different between the two groups (P = 0.12), although the 
mean count was lower in the TXA group (217 cells/mm²) 
compared to the control group (291 cells/mm²).

Vessel Density
The inter-rater reliability for vessel density measurements 
showed an ICC of 0.862 (95% CI, 0.631–0.949), indicating 
good agreement. There was no statistically significant 
difference in mean vessel density between the TXA group 
(22.78/mm²) and the control group (23.11/mm²) (P = 
0.916), suggesting that TXA treatment had no significant 
effect on vessel density.
 
Collagen Density
The inter-rater reliability for collagen density 
measurements showed an ICC of 0.883 (95% CI, 0.694–
0.956), indicating good agreement. The mean collagen 
density was 26.1%/mm² in the TXA group and 36.3%/
mm² in the control group, demonstrating a statistically 
significant reduction in collagen density following 
TXA treatment (P = 0.012) (Figure 2). Since collagen 
concentration increases during fibrosis, this suggests that 
TXA reduced epidural adhesion and fibrosis after surgery.

Immunohistochemical Analysis
TGF-β Expression
The percentage of TGF-β positive cells was significantly 
lower in the TXA-treated group compared to the control 
group (Figure 3A, B). In the TXA group, 2 rabbits exhibited 
grade 1 TGF-β expression, while 7 exhibited grade 2. In 
contrast, the control group had 3 rabbits with grade 2 
TGF-β expression, 4 with grade 3, and 2 with grade 4. A 
statistically significant reduction in TGF-β expression was 
observed in the TXA group (P = 0.022).

VEGF Expression
The percentage of VEGF positive cells did not differ 

significantly between the groups (Figure 3C, D). In the 
TXA group, 5 rabbits exhibited grade 2 VEGF, while 4 
exhibited grade 3. Similarly, in the control group, 4 rabbits 
exhibited grade 2 VEGF expression, and 5 exhibited 
grade 3. The difference in VEGF expression between the 
TXA and control groups was not statistically significant 
(P = 0.637).

Discussion
This study evaluated the effect of topical TXA on EF 
formation in a rabbit post-laminectomy model. Our 
findings indicate that TXA has an anti-fibrotic effect, 
demonstrated by reduced macroscopic epidural adhesion, 
decreased collagen density, and lower TGF-β expression 
in histopathological evaluations.

Erdogan et al (22) were the first to investigate TXA’s 
efficacy in preventing EF, reporting reduced epidural 
adhesion scores, fibroblast cell density, inflammation, and 
microvessel density in TXA-treated rats. Similarly, our 
study observed decreased epidural adhesions, supporting 
their findings. However, unlike Erdogan et al, we did not 
find statistically significant differences in inflammatory 
cell and vessel densities. These discrepancies may stem 
from differences in evaluation methods. Erdogan et al 
used a semi-quantitative approach, assessing specific 
areas at 400x magnification, while our study employed a 
more comprehensive analysis of a larger scar tissue area 
(1 mm²). This broader approach may capture a wider 
range of cellular and vascular changes but could overlook 
localized alterations, potentially explaining the observed 
discrepancies.

Circi et al (23) also evaluated TXA’s efficacy in rats using 
a qualitative grading system for scar tissue characteristics, 

Figure 2. Photomicrographs of epidural scar tissue at laminectomy sites in 
rabbits, stained with Masson trichrome to analyze collagen density. The 
collagen density in sections from TXA-treated rabbits (A) was significantly 
lower than that in sections from the control group (B). SC: Spinal Cord, Black 
arrow: Dura mater, EF: Epidural Fibrosis

Figure 3. Photomicrographs of immunohistochemical staining depicting the 
expression of studied markers in epidural scar tissue of rabbits. (A) TGF-β 
expression in a TXA-treated rabbit, showing significantly lower staining 
compared to (B) TGF-β expression in a control group rabbit. (C) VEGF 
expression in a TXA-treated rabbit, and (D) VEGF expression in a control 
group rabbit, indicating no significant difference in expression levels. Black 
arrow: Dura mater.
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including inflammation, vascular proliferation, and 
epidural adhesion. Similar to our findings, they reported 
no significant differences in inflammation and vascular 
proliferation between the topical TXA and control groups. 
Although they observed lower adhesion grades in the 
TXA group, the difference was not statistically significant. 
In contrast, our study demonstrated significant reductions 
in macroscopic adhesion grades and collagen density in 
TXA-treated rabbits.

These discrepancies may stem from the dose of topical 
TXA application. The total dose and concentration used 
in the present study have proven effective in previous 
research. Specifically, the topical application of 5 mL of 
TXA at 100 mg/mL in the abdominal cavity of rabbits has 
been shown to safely reduce postsurgical intra-abdominal 
fibrotic adhesions (26). Wiseman et al reported an inverse 
correlation between TXA’s dose and the incidence or 
severity of fibrotic adhesions, identifying 100 mg/mL as 
the most effective concentration (27). Additionally, an 
in vitro study found that TXA concentrations of 50 mg/
mL and 100 mg/mL inhibited fibroblast proliferation, 
collagen secretion, and cell adhesion, while lower doses 
lacked these effects, indicating a dose-dependent response 
(28). These findings align with the present study, which 
also demonstrated reduced macroscopic adhesion and 
collagen concentration in TXA-treated rabbits.

Circi et al reported using a total of 30 mg of TXA but did 
not specify the concentration or volume of the solution, 
leaving this aspect of their study unclear. Previous research 
has identified 300 mg/kg as the maximum effective dose 
for hemorrhage control in rodents (29), far exceeding the 
dose used by Circi et al. Moreover, studies indicate that 
TXA’s antifibrinolytic efficacy is dose-dependent, with 
higher doses reducing blood loss more effectively (14). 
Based on this, we hypothesize that the dose used in our 
study may have contributed to the more pronounced 
effects observed.

Our study is the first to evaluate the TXA’s impact on 
TGF-β expression in epidural scar tissue, demonstrating 
lower TGF-β levels in the TXA-treated rabbits. Previous 
research has shown that TGF-β levels decrease alongside 
EF reduction (30), consistent with our findings of reduced 
collagen density and adhesion grades in the TXA group. 
These results further indicate that topical TXA effectively 
mitigated the fibrotic response and suppressed TGF-β 
expression. 

TGF-β, a key cytokine in fibrosis, is secreted in two 
stages within the wound microenvironment: first by 
platelets during blood clotting and later during plasmin-
mediated clot lysis (31). TXA may affect both stages 
by controlling perioperative bleeding and potentially 
reducing the population of platelets, the primary source of 
TGF-β. Additionally, by inhibiting plasmin, TXA prevents 
clot lysis and the subsequent release of retained TGF-β. 
This dual mechanism suggests that TXA’s hemostatic 
effect may simultaneously reduce TGF-β levels and 

epidural hematoma volume.
In addition to inhibiting TGF-β secretion, TXA may 

also affect its activation. Plasmin promotes the activation 
of TGF-β (16), and since TXA primarily inhibits plasmin, 
it may suppress TGF-β activation in vivo (17,18). Given the 
proposed positive feedback loop in TGF-β autostimulation 
(12,32), inhibiting its activation may reduce both its active 
form and overall expression. Hiramoto et al. demonstrated 
that TXA treatment suppressed plasmin activity and 
lowered plasma levels of TGF-β in aging mice (18). 
Similarly, Suzuki et al. found that TXA not only reduced 
TGF-β activation but also unexpectedly decreased its 
mRNA expression (17). This suggests that topical TXA, 
by inhibiting the activation of TGF-β in the early stages 
of the inflammatory phase, could trigger suppressive 
changes in TGF-β-mediated pathological processes that 
can persist into later stages. However, as this is the first 
study to examine these effects in the context of EF, further 
research is needed.

Several studies have successfully reduced experimental 
scarring by inhibiting TGF-β with topical agents (33-
36). Ding et al (13) demonstrated that exogenous TGF-β 
promotes fibroblast proliferation in a dose-dependent 
manner, while Decorin, a TGF-β inhibitor, significantly 
reduced collagen deposition and epidural adhesion based 
on Rydell classification. Similarly, intraoperative topical 
administration of pirfenidone, which inhibits TGF-β 
production and TGF-β pathways, resulted in reduced 
adhesions and lower collagen density (36). These findings 
are consistent with our study, where TXA-treated rabbits 
exhibited lower collagen density and adhesion grades.

Limitations of the Study
While this study offers valuable insights into the potential 
effects of topical TXA on fibrosis prevention, certain 
limitations should be acknowledged. One limitation is 
the relatively small sample size. Although it was sufficient 
to detect key differences in fibrosis severity, it may have 
limited the statistical power to identify more subtle 
histological and molecular changes, such as inflammatory 
cell count and vessel density. Future studies with larger 
sample sizes are warranted to confirm and expand 
upon these findings, providing a more comprehensive 
understanding of TXA’s effects on EF.

This study used a single postoperative time point of 
6 weeks, a period commonly adopted in EF research as 
it represents an optimal window to evaluate scar tissue 
formation before significant bone regeneration, thereby 
minimizing potential confounding factors (37,38). While 
beneficial for generating preliminary data on the short-
term efficacy of TXA, additional follow-up assessments 
in future studies will be essential to better understand its 
long-term effects and safety in spinal surgery.

Although studies on systemic absorption of topically 
applied TXA remain limited, available evidence generally 
indicates minimal absorption, with some studies reporting 
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undetectable levels (39-41). However, the possibility of 
some degree of absorption cannot be entirely ruled out. 
Moreover, most existing data are based on single time-
point measurements, which limits the ability to determine 
peak concentrations and precluding a comprehensive 
pharmacokinetic evaluation. Future studies should 
incorporate serial blood sampling and pharmacokinetic 
modeling to better characterize systemic exposure 
following topical TXA application.

Despite TXA’s widespread use to reduce perioperative 
bleeding, no consensus exists regarding the optimal route 
of administration or dosing regimen, whether systemic 
or topical (23,42). Experimental studies have employed a 
wide range of doses across various surgical contexts. To 
our knowledge, this is the first study to evaluate the use of 
TXA in spinal procedures in a rabbit model. The selected 
dose was based on evidence from previous experimental 
models in other surgical fields (26,27), as no established 
guidelines exist for spinal applications in rabbits.

While our findings suggest potential efficacy at this 
dose, without comparing multiple concentrations, it 
remains uncertain whether lower or higher doses might 
offer improved efficacy or reduced risk. Future studies 
exploring dose–response relationships will be crucial for 
better defining the therapeutic window and identifying 
optimal dosing strategies that offer the most favorable 
balance between anti-fibrotic efficacy and safety. 

This study focused primarily on histological and 
molecular outcomes, and the assessment of neurological 
function was not within the scope of our research 
objectives. Incorporating behavioral and neurological 
evaluations in future studies would enhance clinical 
relevance by allowing better correlation between 
histological changes and functional outcomes.

While TGF-β and VEGF were analyzed due to their well-
established roles in extracellular matrix deposition and 
angiogenesis, future studies incorporating a broader panel 
of fibrosis-related cytokines such as TNF-α, MMPs, and 
PDGF could further clarify the mechanisms underlying 
TXA’s potential anti-fibrotic effects. 

Although the rabbit model is widely used in EF research, 
anatomical and physiological differences from humans 
may limit direct clinical translation. Variations in spinal 
biomechanics, tissue healing, and drug metabolism could 
affect outcomes. Future studies in larger animal models 
or clinical trials are necessary to validate these findings in 
more clinically relevant settings.

Conclusion
This study provides novel evidence for the antifibrotic 
efficacy of topical TXA in the context of EF. Our results 
demonstrated significant reductions in macroscopic 
adhesion grades, collagen density, and TGF-β expression 
in the TXA-treated group. These findings enhance our 
understanding of TXA’s potential therapeutic mechanisms. 
Future research should aim to optimize dosing strategies, 

investigate additional fibrosis-related pathways, and 
evaluate the broader applicability of TXA in preventing 
post-surgical fibrosis and improving patient outcomes.
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