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ABSTRACT

AIM: To evaluate the potential neuroprotective effect of felbamate in a rat model of spinal cord ischemia-reperfusion injury.

MATERIAL and METHODS: Twenty-one male Wistar albino rats were randomly assigned to three groups (n=7 each): control,
ischemia, and felbamate-treated. Transient spinal cord ischemia was induced by abdominal aortic occlusion for 20 minutes, followed
by reperfusion. Felbamate was administered via a nasogastric tube immediately after reperfusion at a dose of 20 mg/kg. Twenty-
four hours after surgery, tissue caspase-3 levels were measured using an enzyme-linked immunosorbent assay, spinal cord sections
were evaluated histopathologically using a semiquantitative composite injury score, and neurological function was assessed using
the modified Tarlov scoring system.

RESULTS: Tissue caspase-3 levels differed significantly across the three groups (ANOVA, F=205.19, p<0.001). Compared with
the ischemia group, the felbamate-treated group displayed lower caspase-3 levels and reduced histopathological injury. Overall
histopathological injury scores also differed significantly across the groups (Kruskal-Wallis test, p<0.001). Scores were higher in
the ischemia group than in the control group and lower in the felbamate-treated group than in the ischemia group, although they
remained higher than those in the control group. Neurological outcomes followed the same pattern. Mean modified Tarlov scores
were 5.00 in the control group, 0.86 in the ischemia group, and 2.14 in the felbamate-treated group, with all pairwise comparisons
reaching statistical significance (p<0.001).

CONCLUSION: Felbamate was associated with reduced apoptosis-related signaling, less severe histopathological damage, and
improved early neurological function after experimental spinal cord ischemia-reperfusion injury.
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ABBREVIATIONS: ANOVA: Analysis of variance, ELISA: Enzyme-linked immunosorbent assay, GABA: Gamma-aminobutyric
acid, H&E: Hematoxylin and eosin, SCIRI: Spinal cord ischemia-reperfusion injury, HRP: Horseradish peroxidase, I/R: Ischemia-
reperfusion, IQR: Interquartile range, NMDA: N-methyl-D-aspartate, SD: Standard deviation
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B INTRODUCTION

The spinal cord, extending from the foramen magnum to
the filum terminale within the vertebral canal, plays a
critical role in transmitting neural signals between the
brain and the body while also serving as the anatomical origin
and conduit of spinal nerve roots (2). Spinal cord injury sec-
ondary to ischemia may occur in a variety of clinical settings,
including trauma, tumors, hemorrhage, and thoracoabdomi-
nal surgical procedures. Depending on the severity of injury,
sensory, motor, and autonomic dysfunction may develop.

Spinal cord injury may result not only from the initial ischemic
insult, but also from the subsequent reperfusion period, during
which restoration of blood flow leads to reoxygenation and
triggers a cascade of secondary injury mechanisms. Exces-
sive production of reactive oxygen species, excitotoxicity,
inflammation, and apoptosis all contribute to further tissue
damage during this phase, which is commonly referred to as
ischemia-reperfusion (I/R) injury (5).

Globally, the incidence of spinal cord injury has been report-
ed to range from 10.4 to 83 cases per million population, de-
pending on the underlying etiology and regional epidemiology
(18). Despite extensive investigation, there is still no universal-
ly accepted treatment strategy for spinal cord injury caused
by trauma, tumors, or related conditions (7). Neuroprotection
thus remains a major focus of experimental and translational
research, particularly in the setting of spinal cord I/R injury
(3,8,16).

Felbamate (2-phenyl-1,3-propanediol dicarbamate; Felba-
tol®, 600-mg tablet; Meda Pharma S.P.A.) is an antiepileptic
drug used as adjunctive therapy for partial seizures in adults
and children older than 12 years (13). Its pharmacological ef-
fects involve multiple mechanisms within the central nervous
system, most notably the inhibition of excitatory neurotrans-
mission through the blockade of pathways mediated by the
N-methyl-D-aspartate (NMDA) receptor, as well as additional
effects on gamma-aminobutyric acid (GABA)-mediated and
voltage-dependent signaling (13,14). Previous experimental
studies have suggested that felbamate may exert neuropro-
tective effects under hypoxic and traumatic conditions, rais-
ing the possibility that it may also attenuate I/R-related spinal
cord injury (23-25).

Apoptosis is one of the principal mechanisms contributing
to delayed neuronal injury after ischemia, and caspase-3 ac-
tivation is widely regarded as a reliable marker of apoptotic
cell death in experimental spinal cord injury models (6,17). In
addition to biochemical markers, histopathological alterations
and the assessment of neurological function provide import-
ant complementary evidence regarding the severity of tissue
injury and the extent of recovery after spinal cord ischemia.

The present study aims to evaluate the potential protective
effects of felbamate in a rat model of spinal cord I/R injury.
These effects were assessed biochemically through measur-
ing tissue caspase-3 levels, functionally through neurological
examination, and histopathologically through light microscop-
ic evaluation of spinal cord tissue.
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B MATERIAL and METHODS
Ethical Approval

All experimental procedures were approved by Nesa Exper-
imental Animal Ethics Committee (Approval No. 026, dated
January 5, 2024) and were conducted in accordance with the
European Communities Council Directive (2010/63/EU) on the
protection of animals used for scientific purposes.

Animals and Study Design

A total of 21 male Wistar albino rats weighing 280-300 g were
included in this experimental study. The animals were random-
ly allocated to three groups, with seven rats in each group.

Group | (control/sham group, n=7): Sham laparotomy was
performed without aortic occlusion or drug administration.
After euthanasia, an L2-L4 laminectomy was performed, and
normal spinal cord tissue samples were obtained.

Group Il (ischemia group, n=7): Transient spinal cord isch-
emia was induced through clamping the abdominal aorta for
20 minutes, after which the clip was removed to allow reper-
fusion.

Group lll (felbamate-treated group, n=7): After 20 minutes
of aortic occlusion and subsequent reperfusion, felbamate
was administered via a nasogastric tube as a single dose of 20
mg/kg. The dose was selected according to clinically relevant
antiepileptic dosing regimens.

Anesthesia, Surgical Procedure, and Postoperative Care

All surgical procedures were performed in accordance with
previously described experimental standards (29). The ani-
mals were housed under controlled environmental conditions
at 18-21°C with a 12-hour light-dark cycle, and they had free
access to standard chow and water.

Anesthesia was induced with intramuscular ketamine (70 mg/
kg; Ketalar, Parke Davis Eczacibasi, Turkiye) and xylazine (5
mg/kg; Rompun, Bayer, TUrkiye). An adequate depth of anes-
thesia and spontaneous respiration were maintained through-
out the procedure. Core body temperature was monitored us-
ing a digital rectal thermometer and maintained at 37°C with
heating pads.

Each rat was placed in the supine position and prepared un-
der aseptic conditions. Following skin antisepsis, a midline
abdominal incision of approximately 2 cm was made, and the
abdominal aorta was exposed through a transperitoneal ap-
proach. Heparin (150 U/kg; Nevparin, Mustafa Nevzat, Tiir-
kiye) was administered intravenously 5 minutes before aortic
clamping for anticoagulation.

Under an operating microscope, the abdominal aorta was oc-
cluded for 20 minutes approximately 1 cm distal to the ori-
gin of the renal arteries using an aneurysm clip with a closing
pressure of 70 g (Yasargil FE721; Aesculap, Germany). At the
end of the occlusion period, the clip was removed and reper-
fusion was confirmed visually by restoration of blood flow. Di-
rect spinal cord perfusion monitoring was not performed. The
abdominal wall was closed in layers using 2-0 silk sutures. In
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the felbamate-treated group, the drug was administered im-
mediately after clip removal via a nasogastric tube at a dose
of 20 mg/kg.

Two hours after surgery, once anesthesia had worn off and
spontaneous movements had resumed, neurological exam-
inations were performed. Thereafter, the animals were allowed
free access to food and water. In rats that developed neuro-
genic bladder dysfunction, Credé’s maneuver was performed
at least twice daily to ensure bladder emptying. Twenty-four
hours after surgery, all rats underwent repeat neurological
assessments and were subsequently euthanized with an in-
traperitoneal overdose of pentobarbital (200 mg/kg; Nembu-
tal, Oak Pharmaceuticals, Lake Forest, IL, USA). The exact
elapsed time between euthanasia and tissue harvesting was
not prospectively recorded in minutes; however, the L2-L4
spinal cord segments were harvested immediately after con-
firmation of euthanasia for biochemical and histopathological
analyses.

Measurement of Tissue Caspase-3 Levels

Tissue caspase-3 levels were measured using an en-
zyme-linked immunosorbent assay (ELISA) according to the
manufacturer’s instructions (Cusabio, Hubei, China; 6, 17).
This assay is based on a quantitative sandwich enzyme immu-
noassay technique. Briefly, standards and tissue samples were
added to microplate wells precoated with caspase-3-specific
antibodies, allowing the caspase-3 present in the samples to
bind to the immobilized antibodies. After removal of unbound
material, a biotin-conjugated caspase-3-specific detection
antibody was added, followed by the addition of avidin-con-
jugated horseradish peroxidase. After repeated washes, the
substrate solution was added, and color development pro-
ceeded in proportion to the amount of bound caspase-3. Op-
tical density was measured at 450 nm, and tissue caspase-3
concentrations were calculated using a calibration curve gen-
erated from standards of known concentration. Results were
expressed in ng/mL.

Histopathological Evaluation

For histopathological analysis, spinal cord specimens were
immersed in 10% neutral buffered formalin immediately upon
extraction, without any intervening storage or intentional de-
lay. Routine histological processing was initiated within 24
hours. The tissue specimens were then embedded in paraf-
fin, cut into 5-pm-thick sections, and stained with hematox-
ylin and eosin. Histopathological evaluation was performed
by a neuropathologist blinded to group allocation and the
study design. Five distinct fields within the gray matter were
examined using a 40x objective lens. A semiquantitative his-
topathological scoring system with scores ranging from 0 to
3 was used to grade tissue injury in all samples. The following
six parameters were assessed: hemorrhage, congestion, ede-
ma, necrosis, neuronal degeneration, and inflammatory cell
infiltration. Each parameter was scored as follows: 0—absent;
1—mild; 2—moderate; and 3—severe. For each animal, the
overall histopathological injury score was calculated as the
mean of the six parameter scores (9).

712 | Turk Neurosurg 36(5):710-717, 2026

Neurological Assessment

Hindlimb motor function was evaluated 24 hours after the pro-
cedure using the modified Tarlov scoring system (12,20,26;
Table I). All neurological examinations were performed by a
physician blinded to group allocation.

Statistical Analysis

Outcome assessments and statistical analyses were per-
formed by investigators blinded to group allocation. Statistical
analyses were performed using SPSS for Windows, version
11.5 (SPSS Inc., Chicago, IL, USA). Tissue caspase-3 lev-
els were expressed as the mean + standard deviation (SD)
and compared across the groups using one-way analysis of
variance (ANOVA), followed by Tukey’s honestly significant
difference test for post-hoc pairwise comparisons. Overall
histopathological injury scores were presented as median
(interquartile range [IQR]) and analyzed using the Kruskal-
Wallis test, followed by Conover’s nonparametric multiple
comparison test when an overall significant difference was
identified. Modified Tarlov scores were summarized descrip-
tively as mean + SD for consistency of presentation, whereas
between-group comparisons were performed using the Krus-
kal-Wallis test, followed by Conover’s nonparametric multiple
comparison test. A p-value<0.05 was considered statistically
significant.

B RESULTS
Tissue Caspase-3 Levels

Tissue caspase-3 levels differed significantly across the
study groups. The ischemia group showed a marked in-
crease in caspase-3 levels compared with the control group,
indicating enhanced apoptotic activity after SCIRI. In the fel-
bamate-treated group, caspase-3 levels were significantly
lower than in the ischemia group, but did not return to control
levels. One-way ANOVA demonstrated a significant overall
difference across the groups (F=205.19, p<0.001), and Tukey’s
post-hoc test confirmed significant differences between the
control and ischemia groups and between the ischemia and
felbamate-treated groups (p<0.001 for both comparisons;
Figure 1 and Table II).

Table I: Modified Tarlov Scoring System

Score Definition

0 Complete paraplegia; no hind-limb movement
1 Minor joint movements

2 Major joint movements

3 Able to stand

4 Able to walk

5 Able to climb a 20° inclined plane




Histopathological findings

Light microscopic examination of spinal cord sections from
the control group showed preserved, normal histological ar-
chitecture (Figure 2A). In the ischemia group, diffuse hem-
orrhage and marked congestion were observed in the gray
matter, together with extensive edema and necrosis involv-
ing both gray and white matter. Inflammatory cell infiltration,
including polymorphonuclear leukocytes, lymphocytes, and
plasma cells, was also present in the injured areas. Neuronal
pyknosis accompanied by cytoplasmic eosinophilia and loss
of normal cellular architecture was also evident in this group
(Figure 2B). In the felbamate-treated group, spinal cord tissue
was relatively preserved compared with the ischemia group,
with less pronounced hemorrhage, congestion, edema, ne-
crosis, and inflammatory cell infiltration (Figure 2C).

Caspase-3 Expression Across Experimental Groups

5.00

Caspase-3 Level

Felbamate

Control Ischemia

Figure 1: Tissue caspase-3 levels in the control, ischemia, and
felbamate-treated groups. Bars represent mean values, and error
bars indicate standard deviation (SD). Tissue caspase-3 concen-
trations were measured by enzyme-linked immunosorbent assay
and are expressed in ng/mL. Overall group differences were signif-
icant (one-way analysis of variance [ANOVA], F=205.19, p<0.001).
Tukey’s post-hoc test showed significantly higher caspase-3 lev-
els in the ischemia group than in the control group and significant-
ly lower levels in the felbamate-treated group than in the ischemia
group (p<0.001 for both comparisons).
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Overall histopathological injury scores differed significantly
across the three groups (Kruskal-Wallis test, p<0.001). They
were significantly higher in the ischemia group than in the
control group (p<0.001), while the felbamate-treated group
showed significantly lower scores than the ischemia group
(p<0.001). However, histopathological injury scores in the
felbamate-treated group remained significantly higher than
those in the control group (p=0.007; Figure 3 and Table II).

Neurological assessment

Neurological function was assessed 24 hours after the proce-
dure using the modified Tarlov scoring system. The mean mod-
ified Tarlov scores were 5.00 (SD, 0.00), 0.86 (SD, 0.69), and
2.14 (SD, 0.69) in the control, ischemia, and felbamate-treated
groups, respectively. Tarlov scores were significantly lower in
the ischemia group than in the control group (p<0.001). Scores
in the felbamate-treated group were significantly higher than
in the ischemia group (p<0.001), but remained significantly
lower than those of the control group (p<0.001; Figure 4 and
Table II).

N DISCUSSION

Spinal cord I/R injury (SCIRI) remains one of the most chal-
lenging forms of secondary neural injury because tissue dam-
age is driven not only by the initial interruption of blood flow,
but also by the complex cascade that follows reperfusion. In
clinical practice, this mechanism is particularly relevant during
thoracoabdominal aortic procedures, in which spinal cord
ischemia may result in severe and often irreversible neurologi-
cal deficits (4,19). Despite ongoing experimental work, no safe
and consistently effective therapy for SCIRI has yet been es-
tablished. Recent studies have further emphasized that SCIRI
is biologically complex and involves overlapping oxidative,
inflammatory, mitochondrial, and regulated cell death path-
ways, including apoptosis, PANoptosis-related signaling, and
recently described cuproptotic mechanisms (10,27,28).

In the present study, the rats treated with felbamate after
reperfusion showed lower tissue caspase-3 levels, less se-
vere histopathological damage, and better early neurological
function than the untreated ischemic animals. Taken together,
these findings suggest that felbamate may attenuate early tis-

Table II: Summary of Biochemical, Histopathological, and Neurological Outcomes

Outcome Control Ischemia Felbamate Pairwise comparisons
Control/Ischemia: p<0.001
Caspase-3 (ng/mL) 1.88+0.08 5.00+0.25 3.65+0.42 Ischemia/Felbamate: p<0.001
Control/ Felbamate: p<0.001
Overall histopathological 0.00 2.80 1.00 Control/lschemia: p<0.001
injury score (0.00-0.30)  (2.65-2.90)  (0.80-1.30) Ischemia/Felbamate: p<0.001
Jury ' ' ’ ' ’ ' Control/Felbamate: p=0.007
Control/Ischemia: p<0.001
Modified Tarlov Score 5.00+0.00 0.86+0.69 2.14+0.69 Ischemia/Felbamate: p<0.001

Control/Felbamate: p<0.001

ANOVA: Analysis of variance, IQR: Interquartile range, SD: Standard deviation.
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Figure 2: Representative hematoxylin and eosin (H&E)-stained
photomicrographs of spinal cord sections from the experimental
groups. All images were acquired using a 40x objective lens
and are presented at identical dimensions and scale. A) Control
group: preserved spinal cord architecture and normal-appearing
neurons. B) Ischemia group: marked histopathological injury on
an edematous background, including degenerative neurons (blue
arrows), hemorrhagic foci (orange arrows), and inflammatory cell
infiltration (green arrowheads). C) Felbamate-treated group: milder
histopathological injury, with a residual degenerative neuron
indicated by the blue arrow and fewer injury-related changes than
in the ischemia group. Scale bars=100 pm in all panels.
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felbamate-treated groups. Bars represent mean values, and er-
ror bars indicate standard deviation (SD). Mean Modified Tarlov
scores were 5.00 (SD, 0.00) in the control group, 0.86 (SD, 0.69) in
the ischemia group, and 2.14 (SD, 0.69) in the felbamate-treated
group. Higher scores indicate better hindlimb motor function.

sue damage in this rat model of SCIRI. Importantly, however,
the protective effect observed in the felbamate-treated group
was partial rather than complete, as neurological scores re-
mained below those of the control group and tissue injury was
reduced rather than abolished. This distinction is important,
because it places the findings within an appropriately cautious
translational framework without implying complete functional
recovery.

One of the most consistent findings in SCIRI is the contri-
bution of apoptosis to delayed neuronal loss. Caspase-3 re-
mains a biologically relevant marker in this setting, and both
early and more recent experimental studies support the rele-
vance of apoptosis-related signaling in spinal cord ischemic



injury (6,10,21). In the present study, the marked rise in tissue
caspase-3 levels in the ischemia group and their reduction af-
ter felbamate treatment are therefore compatible with an an-
ti-apoptotic effect. Although biologically plausible, this inter-
pretation should remain within the limits of the available data:
our findings demonstrate an association between felbamate
treatment and reduced caspase-3 levels rather than provid-
ing a complete mechanistic characterization of the apoptotic
pathway.

The pharmacological profile of felbamate provides a plausible
basis for this observation. Felbamate modulates excitatory
neurotransmission, particularly through NMDA receptor-me-
diated mechanisms, and may also influence gamma-amino-
butyric acid-mediated signaling (11,14). Although recent data
on the effects of felbamate in SCIRI are lacking, experimental
evidence from a rat model of traumatic brain injury suggests
that felbamate may exert broader neuroprotective effects be-
yond seizure control. In that study, felbamate was associated
with lower cytokine levels and less severe histological injury
(1). At the same time, translational caution remains warranted,
because more recent metabolic work has confirmed reactive
metabolite formation in a humanized liver model—a finding
relevant to the idiosyncratic toxicity historically associated
with felbamate in clinical practice (15). To our best knowledge,
however, felbamate has not been specifically investigated in a
contemporary SCIRI model. For this reason, direct compari-
sons with recent SCIRI-focused studies remain limited, and
the present findings should be interpreted as preliminary and
hypothesis-generating within this specific experimental con-
text.

The histopathological findings were consistent with the bio-
chemical data. Untreated ischemic animals demonstrated the
expected pattern of acute tissue injury, including hemorrhage,
congestion, edema, necrosis, inflammatory cell infiltration,
and neuronal pyknosis. By contrast, these changes were less
pronounced in the felbamate-treated group. Although histo-
pathology in this setting cannot establish a single dominant
mechanism, the overall pattern suggests that felbamate miti-
gated the structural consequences of I/R injury. The reduction
in the overall histopathological injury score further supports
this interpretation.

The neurological findings also deserve careful emphasis. The
ischemia group showed profound impairment on the modified
Tarlov scale, whereas the felbamate-treated group performed
significantly better. Nevertheless, neurological recovery in the
treated group remained incomplete relative to that in the sham
control group. Clinically, these findings indicate a measurable
early functional benefit without normalization of neurological
function. This distinction is important because experimental
therapies for spinal cord ischemia often demonstrate biolog-
ical or histological effects without corresponding functional
improvement; in the present study, the functional outcomes
were consistent with the biochemical and histological find-
ings.

Our findings should also be viewed alongside the broader
experimental literature on pharmacological neuroprotection
in SCIRI. In rabbit models of SCIRI, several pharmacologi-
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cal agents, including low-dose methotrexate, cerebrolysin,
and amantadine, have shown protective potential (9,21,22).
In a rabbit model of SCIRI, Tonge et al. reported that Cere-
brolysin treatment was associated with lower serum and tis-
sue levels of caspase-3, myeloperoxidase, malondialdehyde,
and xanthine oxidase; higher catalase levels; and improved
histopathological, ultrastructural, and neurological outcomes
(21). More recent mechanistic studies have further shown that
experimental interventions may attenuate neuronal death, re-
duce apoptosis-related signaling, and improve neurological
outcomes in SCIRI models (27,28). Against that background,
felbamate may be considered a candidate adjunct rather than
a definitive solution. The present study provides preliminary
experimental evidence that felbamate may favorably influence
early apoptosis-related, histopathological, and functional out-
comes of SCIRI.

Several limitations should be acknowledged. First, the sam-
ple size was small, which is common in exploratory animal
studies but nonetheless limits precision. Second, only a single
dose of felbamate and a single short-term assessment time
point were evaluated; the durability of the observed effect
therefore remains unknown. Third, direct spinal cord perfusion
monitoring was not performed. Because some degree of re-
sidual perfusion may have been maintained through collateral
vascular pathways despite abdominal aortic cross-clamping,
the severity of ischemia may have varied across animals. This
limitation should be considered when interpreting both the
degree of ischemic injury and the apparent magnitude of fel-
bamate-related protection. Fourth, although caspase-3 pro-
vided information as an apoptosis-related marker, the study
did not include a broader biochemical panel capable of di-
rectly characterizing oxidative stress, inflammatory signaling,
or alternative cell death pathways. Fifth, the histopathological
assessment supported the overall direction of effect, but the
research design does not permit detailed mechanistic reso-
lution. These limitations do not negate the findings, but they
do define the boundaries within which the results should be
interpreted.

In summary, the present study suggests that felbamate treat-
ment after reperfusion may reduce apoptosis-related signal-
ing, attenuate histopathological damage, and improve early
neurological outcomes in experimental SCIRI. The results
support a potential neuroprotective effect, but they should be
regarded as preliminary and hypothesis-generating. Further
studies using larger cohorts, multiple dosing strategies, longer
follow-up periods, and broader mechanistic analyses will be
needed before stronger conclusions can be drawn.

B CONCLUSION

In this experimental model of SCIRI, felbamate treatment af-
ter reperfusion was associated with lower tissue caspase-3
levels, less severe histopathological damage, and better ear-
ly neurological function than in untreated ischemic animals.
These findings suggest that felbamate may attenuate early
spinal cord injury in this setting and may represent a promising
neuroprotective candidate. Nevertheless, the observed bene-
fit was partial rather than complete, and the findings should
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therefore be interpreted with appropriate caution. According-
ly, this study should be regarded as preliminary and hypoth-
esis-generating. Further investigations with larger sample siz-
es, longer follow-up periods, different dosing strategies, and
broader mechanistic analyses are warranted to better define
the durability, biological basis, and translational relevance of
felbamate’s potential protective effects in SCIRI.

Declarations

Funding: This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
Availability of data and materials: The datasets used and/or ana-
lyzed during the current study are available from the corresponding
author on reasonable request.

Disclosure: The authors declare that they have no known competing
financial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Declaration of generative Al use: During the revision of this
manuscript, the authors used ChatGPT (OpenAl, GPT-5; accessed
July 2026) exclusively for English-language editing and for improving
typographical and formatting consistency in the text originally
prepared by the authors. The tool was not used to generate or modify
scientific content, draft original scientific text, perform or aid data
analysis, formulate scientific interpretations or conclusions, or create
or modify any figure, image, or other visual material. All scientific
content was generated and developed by the authors. The authors
critically reviewed and approved all language-editing and formatting
suggestions and take full responsibility for the accuracy, integrity, and
final content of the manuscript.

AUTHORSHIP CONTRIBUTION

Study conception and design: MEE, ERY, AEH

Data collection: MEE, MYH, EA, AA, EK

Analysis and interpretation of results: MEE, EY, JNN, ERY

Draft manuscript preparation: MEE

Critical revision of the article: ERY, AEH, EY, JNN, MYH, EA, AA,
EK

Other (study supervision, fundings, materials, etc...: ERY, AEH,
EA, AA

All authors (MEE, ERY, AEH, EY, MYH, JNN, EA, AA, EK) reviewed
the results and approved the final version of the manuscript.

B REFERENCES

1. Bayhan |, Turtay MG, Ciftci O, Cetin A, Basak N, Namik Oz-
tanir M, Oguzturk H, Gurbuz S, Guven T: Comparison of im-
munological, histological and oxidative effects of felbamate
and levetiracetam in traumatic brain injury. Eur Rev Med Phar-
macol Sci 24:7083-7091, 2020. https://doi.org/10.26355/eur-
rev_202006_21702

2. Bogduk N: Functional anatomy of the spine. Handb Clin Neu-
rol 136:675-688, 2016. https://doi.org/10.1016/b978-0-444-
53486-6.00032-6

3. Cassada DC, Gangemi JJ, Rieger JM, Linden J, Kaza AK,
Long SM, Kron IL, Tribble CG, Kern JA: Systemic adenos-
ine A2A agonist ameliorates ischemic reperfusion injury in
the rabbit spinal cord. Ann Thorac Surg 72:1245-1250, 2001.
https://doi.org/10.1016/s0003-4975(01)03057-0

716 | Turk Neurosurg 36(5):710-717, 2026

10.

11.

13.

14.

15.

16.

17.

Crawford ES, Crawford JL, Safi HJ, Coselli JS, Hess KR,
Brooks B, Norton HJ, Glaeser DH: Thoracoabdominal aortic
aneurysms: preoperative and intraoperative factors determin-
ing immediate and long-term results of operations in 605 pa-
tients. J Vasc Surg 3:389-404, 1986. https://doi.org/10.1067/
mva.1986.avs0030389

Ghincea CV, lkeno Y, Aftab M, Reece TB: Spinal Cord Pro-
tection for Thoracic Aortic Surgery: Bench to Bedside. Se-
min Thorac Cardiovasc Surg 31:713-720, 2019. https://doi.
org/10.1053/j.semtcvs.2019.02.025

Hayashi T, Sakurai M, Abe K, Sadahiro M, Tabayashi K, Itoya-
ma Y: Apoptosis of motor neurons with induction of caspases
in the spinal cord after ischemia. Stroke 29:1007-1012; dis-
cussion 1013, 1998. https://doi.org/10.1161/01.str.29.5.1007

Jug M, Komadina R, Wendt K, Pape HC, Bloemers F, Nau C:
Thoracolumbar spinal cord injury: management, techniques,
timing. Eur J Trauma Emerg Surg 50:1969-1975, 2024. https://
doi.org/10.1007/s00068-024-02595-8

Kanellopoulos GK, Kato H, Wu Y, Dougenis D, Mackey M,
Hsu CY, Kouchoukos NT: Neuronal cell death in the isch-
emic spinal cord: the effect of methylprednisolone. Ann Tho-
rac Surg 64:1279-1285; discussion 1286, 1997. https://doi.
org/10.1016/s0003-4975(97)00903-x

Kertmen H, Gurer B, Yilmaz ER, Sanli AM, Sorar M, Arikok AT,
Sargon MF, Kanat MA, Erguder Bl, Sekerci Z: The protective
effect of low-dose methotrexate on ischemia-reperfusion in-
jury of the rabbit spinal cord. Eur J Pharmacol 714:148-156,
2013. https://doi.org/10.1016/j.ejphar.2013.05.012

LanW, Lin J, LiuW, Wang F, Xie Y: Sulfiredoxin-1 protects spinal
cord neurons against oxidative stress in the oxygen-glucose
deprivation/reoxygenation model through the bax/cytochrome
c/caspase 3 apoptosis pathway. Neurosci Lett 744:135615,
2021. https://doi.org/10.1016/j.neulet.2020.135615

Lux A: The effectiveness of felbamate for drug-resistant infan-
tile spasms. Dev Med Child Neurol 62:541-542, 2020. https://
doi.org/10.1111/dmcn.14461

. Oztirk OC, Gurer B, Kertmen H, Bozkurt H, Kasim E, Kanat

MA, Arikdk AT, Erglder Bi, Sargon MF, Sekerci Z: Progester-
on’un tavsan spinal kord iskemi/reperfiizyon hasarinda néro-
protektif etkileri. Tirk Noérosir Derg 26:207-217, 2016.

Pellock JM: Felbamate. Epilepsia 40 Suppl 5:S57-62, 1999.
https://doi.org/10.1111/j.1528-1157.1999.tb00920.x
Rho JM, Donevan SD, Rogawski MA: Mechanism of action

of the anticonvulsant felbamate: opposing effects on N-meth-
yl-D-aspartate and gamma-aminobutyric acidA receptors.

Ann Neurol 35:229-234, 1994. https://doi.org/10.1002/
ana.410350216
Sato K, Sanoh S, Ishida Y, Tateno C, Ohta S, Kotake Y: As-

sessment of metabolic activation of felbamate in chimeric
mice with humanized liver in combination with in vitro met-
abolic assays. J Toxicol Sci 47:277-288, 2022. https://doi.
org/10.2131/jts.47.277

Sherrod BA, Porche K, Condie CK, Dailey AT: Pharmacologic
Therapy for Spinal Cord Injury. Clin Spine Surg 37:433-439,
2024. https://doi.org/10.1097/bsd.0000000000001695

Shi Y: Mechanisms of caspase activation and inhibition during
apoptosis. Mol Cell 9:459-470, 2002. https://doi.org/10.1016/
s1097-2765(02)00482-3



18.

19.

20.

21.

22.

23.

Singh A, Tetreault L, Kalsi-Ryan S, Nouri A, Fehlings MG:
Global prevalence and incidence of traumatic spinal cord in-
jury. Clin Epidemiol 6:309-331, 2014. https://doi.org/10.2147/
clep.S68889

Svensson LG, Crawford ES, Hess KR, Coselli JS, Safi HJ:
Experience with 1509 patients undergoing thoracoabdominal
aortic operations. J Vasc Surg 17:357-368; discussion 368-
370, 1993. https://doi.org/10.1016/0741-5214(93)90421-H

Tarlov IM, Klinger H, Vitale S: Spinal cord compression stud-
ies. |. Experimental techniques to produce acute and gradual
compression. AMA Arch Neurol Psychiatry 70:813-819, 1953.
https://doi.org/10.1001/archneurpsyc.1953.02320360128010

Tonge C, Bektasoglu PK, Gulmez A, Turkoglu ME, Arikok
AT, Erguder Bl, Gurer B, Kertmen H: Cerebrolysin Amelio-
ration of Spinal Cord Ischemia/ Reperfusion Injury in Rab-
bit Model. Turk Neurosurg 33:1017-1027, 2023. https://doi.
org/10.5137/1019-5149.Jtn.42362-22.6

Unluer C, Bektasoglu PK, Erguder BI, Arikok AT, Ermutlu I,
Gurer B, Kertmen H: Amantadine’s Neuroprotective Effects in
Rabbit Spinal Cord Ischemia/Reperfusion Model. Turk Neu-
rosurg 34:1133-1144, 2024. https://doi.org/10.5137/1019-
5149.Jtn.45875-23.3

Wallis RA, Panizzon KL: Felbamate neuroprotection against

CA1 traumatic neuronal injury. Eur J Pharmacol 294:475-482,
1995. https://doi.org/10.1016/0014-2999(95)00568-4

24.

25.

26.

27.

28.

29.

Emrahoglu ME. et al: Felbamate in Spinal Cord Injury

Wallis RA, Panizzon KL: Glycine reversal of felbamate hy-
poxic protection. Neuroreport 4:951-954, 1993. https://doi.
org/10.1097/00001756-199307000-00029

Wallis RA, Panizzon KL, Fairchild MD, Wasterlain CG: Protec-
tive effects of felbamate against hypoxia in the rat hippocam-
pal slice. Stroke 23:547-551, 1992. https://doi.org/10.1161/01.
str.23.4.547

Xiao W, Wen J, Huang YC, Yu BS: Development of a modified
model of spinal cord ischemia injury by selective ligation of
lumbar arteries in rabbits. Spinal Cord 55:1028-1032, 2017.
https://doi.org/10.1038/sc.2017.66

Xie L, Wu H, He Q, Shi W, Xiao X, Yu T: Spinal cord ischemia
reperfusion injury induces cuproptosis in neurons. Cell Biosci
15:120, 2025. https://doi.org/10.1186/s13578-025-01463-1

Xie L, Wu H, He Q, Shi W, Zhang J, Xiao X, Yu T: A slow-re-
leasing donor of hydrogen sulfide inhibits neuronal cell death
via anti-PANoptosis in rats with spinal cord ischemia-reper-
fusion injury. Cell Commun Signal 22:33, 2024. https://doi.
org/10.1186/s12964-023-01457-x

Yilmaz ER, Kertmen H, Dolgun H, Girer B, Sanli AM, Kanat
MA, Arikok AT, Bahsi SY, Erglder Bl, Sekerci Z: Effects of
darbepoetin-a in spinal cord ischemia-reperfusion injury in
the rabbit. Acta Neurochir (Wien) 154:1037-1043; discussion
1043-1044, 2012. https://doi.org/10.1007/s00701-012-1298-
0

Turk Neurosurg 36(5):710-717, 2026 | 717



