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EFFECTS OF ETOFENAMATE AND
METHYLPREDNISOLONE ON SPINAL CORD INJURY

ETOFENAMATE VE METHYLPREDNISOLONE’ UN OMURILIK HASARINA ETKISI

Burak KAZANCI', Uygur ER?, Hakan SABUNCUOGLU?, Bulent GUCLU*

SUMMARY

This study evaluates the effects of etofenamate on secondary
damage following a spinal cord injury and compares the
effects with those of methylprednisolone. A total of 31 male
Wistar-Albino rats were used. A weight-drop model was
utilized for the experimental spinal cord injury and a 50g-cm
impact was applied on the spinal cord. Rats were randomly
assigned to one of the three study arms (saline, etofenamate
20 mg/kg, methylprednisolone 30 mg/kg). At the sixth hour of
injury electrophysiological evaluations were conducted under
anesthesia, and then rats were sacrificed for histopathology.
Hematoxylin and eosin staining were applied to the specimens
and evaluated under light microscopy. Etofenamate revealed
more beneficial results in histopathological evaluations when
compared with methylprednisolone, but these favorable
results have not been confirmed by electrophysiological
measurements. Etofenamate may be a promising agent in the
medical treatment of spinal cord injury.

Keywords: Etofenamate, methylprednisolone, spinal cord
injury, anti-inflammatory

Level of Evidence: Level Il, Experimental clinical study

INTRODUCTION:

Spinal cord injury (SCI) is an untreatable traumatic
condition that predominantly affects young males
mostly in the second and third decades of life with an
increasing annual incidence of 15-40 cases per million
(16,39). Lifelong treatment and rehabilitation needs
of patients along with the social and psychological
problems constitute a major burden on both families
and healthcare systems (16).

The pathophysiology of SCI has two main stages
(31). The initial primary mechanical trauma results in
deterioration of vasculature and cellular membranes
of the spinal cord and edema (10,37). These lesions
are followed by biochemical and metabolic conse-
quences of primary injury that are called secondary

OZET

Bu calisma omurilik hasarini izleyen ikincil olaylar tizerine eto-
fenamate’in etkisini degerlendirmek ve bu etkiyi metilpredni-
zolon etkisi ile karsilastirmak amaciyla yapilmistir. Toplam 31
erkek Wistar-Albino sican kullanilmistir. 50g-cm etkili agirhk
disiirme modeli deneysel omurilik hasari olusturmak icin kul-
lanilimistir. Sicanlar t¢ ¢alisma koluna randomize olarak ayril-
mislardir (saline, etofenamate 20 mg/kg, metilprednizolon 30
mg/kg). Hasarin 6.saatinde anestezi altinda elektrofizyolojik
degderlendirme yapilmis ve sonra histopatolojik inceleme icin
sicanlar feda edilmistir. Hematoksilin-eozin boyamasi ile isik
mikroskopu altinda degerlendirilmistir. Etofenamate, metilp-
rednizolon ile karsilastirildiginda histopatolojik olarak daha
faydali bulunmustur, fakat bu durum elektrofizyolojik olarak
dogrulanamamistir. Etofenamate omurilik hasarinin tedavisin-
de Gimit verici olabilir.

Anahtar sozciikler: Etofenamat, metilprednizolon, omurilik
hasari, antienflamatuvar

Kanit Diizeyi: Deneysel calisma, Diizey Il

degenerative processes and include microvascular
lesions, intracellular calcium increase, inflammation,
electrolyte imbalance, lipid peroxidation, free radical
formation, excitotoxicity by glutamate and apopto-
sis (10,15,23,26,29,38). The secondary processes be-
gin immediately after primary damage and may last
for several weeks to expand the area of destruction
proportional to the impact of the primary traumatic
injury (38).

The events in secondary processes are a chain in a
continuum that trigger each other. When the integrity
of the spinal vasculature has deteriorated, the occur-
ring microhemorrhages cause accumulation of vaso-
active amines and hypoxia (33,42). Subsequent neu-
ronal injury is related to the release of excess amounts
of glutamate which results in calcium influx into the
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neurons and activation of ryanodine receptors in
endoplasmic reticulum to release additional intracel-
lular calcium that activates the apoptotic pathways
(2,13,15,26-27,29,33,35,37). Another leg of the events
during these steps is inflammation. The blood-brain
barrier permits the migration of neutrophils and
macrophages to the injury field for the clearance of
debris, but meanwhile these cells release proteases
and free oxygen radicals causing neuronal death by
membrane damage (25).

Current medical treatments of SCls aim to protect
the neuronal structures against the secondary mech-
anisms of injury (17-18). The most comprehensively
evaluated pharmacological agent is methylpredniso-
lone. Early application of this agent on experimen-
tal animal SCI models has produced beneficial out-
comes, but debates on its efficacy remain (1,11,32).
This study aims in particular to evaluate the effects
of etofenamate, a derivative of N-phenylanthranilic
acid, which is an anti-inflammatory agent, by com-
paring the outcomes with methylprednisolone in an
animal model of SCI. Etofenamate exerts its effects
over inhibition of prostaglandin synthesis by inhibit-
ing cyclooxygenase. Plasma half-life after parenteral
administration is about two hours and urine half-lives
vary from 15 to 24 hours (12). The hypothesis of this
study is that etofenamate may be an option in the
medical treatment of SCls, depending on the long
duration of effect in the organism and its anti-inflam-
matory properties.

MATERIAL AND METHODS

A total of 31 male Wistar-Albino rats of 220-270gr
were included in three study arms randomly. After an
experimental SCl in all rats, Group 1 (n=10) received
0.9% saline intraperitoneally (ip), Group 2 (n=11) re-
ceived 20mg/kg etofenamate ip, and Group 3 (n=10)
received 30mg/kg methylprednisolone ip.

Experimental SCIl model:

A weight-drop model was used for SCI. After over-
night fasting, and following a xylazine HCI (12 mg/
kg) and ketamine (75 mg/kg) anesthesia, a dorsal
laminectomy was applied at T7-8 level. A 10gr pin at
0.3mm diameter was dropped directly on the spinal
cord from a 5cm height (50 g.cm) through a tube. Af-
ter the SCI, rats took the predetermined medications,
or saline, in the study groups mentioned above.

Electrophysiological evaluations:

Spinal evoked potentials (SEP) and motor evoked
potentials (MEP) were evaluated under xylazine and
ketamine anesthesia at the postoperative sixth hour.
For SEP measurements, an active electrode was
placed close to the sciatic nerve between the major

trochanter and the sciatic ischium, and a recording
electrode was placed proximal (T5-6) and then distal
(T9-10) to the trauma. The sciatic nerve was stimu-
lated at submaximal level with THz frequency. Stimu-
lus time was 0.1 milliseconds and the stimulus was
increased until apparent contraction in the left rear
paw. Artifact rejection levels were 500uV and 50uV in
distal and proximal trauma fields respectively, rejec-
tion initiation time was 2 milliseconds, stimulus type
was single, stimulus repetition time was 2 pulsations
per second, amplifier range was 2.5mV, filter was 3Hz-
3kHz and sensitivity was 29uV for monitor and 5uV
for store. A mean of 250 recordings was calculated for
each subject, and the distances between the active
electrodes and the stimulus electrode was recorded
(mm). Qualitative evaluations of damaged potentials
in posttraumatic SEP measurements were performed
according to the modified scales of Zileli et al. (43) and
Schramm et al. (28) Quantitative evaluations included
latency (ms) and amplitude (uV) measurements.

For the MEP recordings, a supramaximal stimulus
was applied (maximum 100 mA, 1 ms) in proximal
and distal trauma regions. An active electrode was
placed on the gastrocnemius muscle and a reference
electrode was placed on the Achilles tendon. Ampli-
tude (mV), latency (ms), and velocity (distance be-
tween proximal and distal electrodes/negative peak
latency difference; AX/AL; mm/ms) were calculated.

Histopathology:

Following the electrophysiological evaluations
under anesthesia, rats were sacrificed, and approxi-
mately 2cm of spinal cord segment was dissected
and fixed in 10% formalin solution. After the paraf-
fin blocking, 4-6 micron sections were stained in
hematoxylin-eosin and evaluated by light micros-
copy. A histopathologist, who was blinded to the
intervention evaluated the specimens according to
Ivan-Damjanov criteria, and reported the petechial
hemorrhages, disseminated hemorrhages, grey and
white matter patterns, edema, necrosis, and cystic
degeneration (9,34).

Ethical statement:

The ethical committees of Ankara Diskapi Yildirim
Beyazit Research and Training Hospital of Ministry of
Health, and Veterinary Faculty of Ankara University
approved this study.

Statistical Analysis:

Descriptive analysis for numerical variables was
presented by mean and standard deviation. The
quantitative measurements were compared by one-
way analysis of variances (ANOVA), and the qualita-
tive measurements were compared by Kruskal-Wallis
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test between the study groups. SPSS for Windows
10.0.1 software was used for the analyses. A type | er-
ror of 5% was regarded as the level of statistical sig-
nificance in the analyses.

RESULTS:
Electrophysiological findings:

Findings in the electrophysiological evaluations
are presented in Table 1. The qualitative assessments
of SEP findings according to Zileli et al. (43) and Sch-
ramm et al. (28) modified scales reveal that damage
scores were lower in fields proximal to the trauma in
all groups, but the differences regarding qualitative
SEP evaluations in proximal and distal regions did not
significantly differ between the study groups (p>0.05,
for all). Nevertheless, in the proximal field evaluations,
Group 3 had the most favorable results, and Group 2
had the lowest scores, and distal field evaluations re-
vealed that groups were similar.

The quantitative SEP evaluations performed on
the subjects reflected a normal response or morpho-
logical change in the qualitative assessments. In dis-
tal regions, initial latency was longer in Group 3, main
negative potential (MNP) peak latency was longer in
Group 2, and MNP amplitude was higher in Group
1. In proximal regions, initial latency was longer in
Group 2, MNP peak latency was longer in Group 1,
and MNP amplitude was higher in Group 3. However,
the comparisons between study groups did not re-
veal any significant differences (p>0.05, for all).

MEP evaluations included proximal and distal
amplitudes and velocities. The findings reveal that
proximal amplitude and velocity values were higher
in methylprednisolone group but without statistical
significance (p>0.05, for all). Also, distal amplitude
values were higher in Group 2 without statistical sig-
nificance (p>0.05).

Histopathology findings:

The histopathological findings are summarized
in Figures 1, 2 and 3. When all the findings are con-
sidered together, it can be observed that petechial
bleeding was present in all subjects. Widespread
hemorrhage was not observed in Group 2, and was
significantly lower in Group 3 than Group 1. Severe
loss in the arrangement of grey and white matter was
observed in Group 1, but it was lower in Group 2 and
3. Likewise, edema and necrosis were significant in
Group 1, but lower in Group 2 and 3. Cystic degenera-
tion was significant in Group 1, rare in Group 3, but
not observed in Group 2. As a conclusion, Group 2
(etofenamate) were found to be protected from ede-
ma and hemorrhage.

DISCUSSION:

This is the first study evaluating the efficacy of
etofenamate in traumatic SCl, compared with the
well-established methylprednisolone application.
The results reveal that etofenamate successfully pro-
tected the spinal cord histologically from the effects
of secondary damage mechanisms following trauma.

Table-1. Electrophysiological findings of the study groups.

Group 1 (saline) Group 2 Group? p
(etofenamate) (methylprednisolone)

Qualitative SEP
Distal levels 44x1.1 3.7+14 4.8+0.4 >0.05
Proximal levels 3.3+24 1.6£2.1 3.8+1.8 >0.05
Quantitative SEP
Distal initial latency (ms) 0.9+0.2 0.9+0.1 0.9+0.1 >0.05
Distal MNP peak latency (ms) 2.6+£0.9 2.7£0.9 2.5+0.6 >0.05
Distal MNP amplitude (1) 81.4+70 25.0+12.7 56.1+67.8 >0.05
Proximal initial latency (ms) 0.9+0.2 1.1+£0.3 0.9+0.01 >0.05
Proximal MNP peak latency (ms) 2.9+0.9 2.4+0.3 2.5+0.4 >0.05
Proximal MNP amplitude (uV) 7.3+6.9 6.1+£5.2 14.5£14.2 >0.05
MEP
Distal amplitude (mV) 6.4+1.8 7.6+3.2 6.8+1.9 >0.05
Proximal amplitude (mV) 4.6+2.7 5.9+3.9 6.8+1.6 >0.05
Velocity (mm/ms) 59.8+39.9 65.0+16.5 75.4+21.8 >0.05

SEP, Spinal evoked potentials; MEP, Motor evoked potentials; MNP, Main negative potential
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Figure-1. Histopathology findings of Group 1 (saline): grey and white matter pattern loss; widespread hemorrhages
and congestion; apparent vascular thrombus formation; apparent edema and cystic degeneration. (A) Widespread hemor-

rhage, distortion in white and grey matter (H&E, x32). (B) Hemorrhage, necrosis, and cystic degeneration (H&E, x400). Level
2-3 damage according to lvan-Damjanov Criteria.

Figure-2. Histopathology findings of Group 2 (etofenamate): minimal loss in grey and white matter pattern; focal hem-
orrhage and congestion; no thrombus formation; minimum edema, no cystic degeneration. (A) Focal hemorrhage, no

edema, necrosis, or distortion (H&E, x32). (B) Congestion and isolated cellular necrosis (H&E, x400). Level 1 damage accord-
ing to Ivan-Damjanov Criteria.

Figure-3. Histopathology findings of Group 3 (methylprednisolone): mild loss in grey and white matter pattern; wide-
spread hemorrhages and congestion; minimum edema, and cystic degeneration. (A) Focal hemorrhage and necrosis, sepa-

ration of grey and white matter, minimum necrosis (H&E, x32). (B) Congestion, and isolated cellular necrosis (H&E, x400).
Level 1-2 damage according to Ivan-Damjanov Criteria.
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Likewise, methylprednisolone also exerted a protec-
tive effect against the secondary damage process,
but the protective effect was lower than etofenamate.

The histological assessments showed the protec-
tive effects of etofenamate, but these findings could
not be replicated in electrophysiological evaluations.
Nevertheless, qualitative SEP and MEP findings re-
vealed that methylprednisolone was more effective
than etofenamate in the protection of the neuronal
functions, but this finding did not reach statistical sig-
nificance.

A substantial number of studies show the efficacy
of methylprednisolone in SCI. In many of these stud-
ies, favorable results were achieved in animal models
of SCl, especially when the medication was initiated
in early stages of the injury (11,32). The promising ef-
ficacy of methylprednisolone on SCl in experimental
models led to the development of NASCIS (National
Acute Spinal Cord Injury Study). Up to now three
large-scale clinical trials were conducted. In NASCIS-
I, high-dose and standard dose methylprednisolone
were compared, but no difference was found regard-
ing neurological improvement. NASCIS-Il empha-
sized the early administration of methylprednisolone
in the first eight hours after injury (6). Finally, NASCIS-
Ill recommended prolonged maintenance treatment
(48 hours) when the initial intervention is delayed af-
ter the first three hours (three to eight hours) (8).

In 2002, American Association of Neurological
Surgeons/Congress of Neurological Surgeons Joint
Section on Disorders of the Spine and Peripheral
Nerves published the first guidelines for the manage-
ment of acute SCI. Through the years, the guidelines
were revised and in 2013 the latest revised version
was published (36). The current guidelines comment
on the use of methylprednisolone extensively, and
report that the randomized controlled trials which
produced Class | data on the topic had many flaws in
design and interpretation of the results (5,7-8). As a
consequence, the previous Class | evidence data were
downgraded to Class lll in the recent guidelines. The
mainstay for this was explained as the results being
based on post-hoc analyses and statistical correc-
tions were not used in the methodology.

It is likely that the debate about the administra-
tion of methylprednisolone will continue. Meanwhile,
novel therapeutic agents are being evaluated in the
treatment of SCI. Some of them are Trilazad, uric acid,
melatonin, methylene blue, mexilitine, thiopental,
B-glucan, N-acetylcysteine, and erythropoietin (3-
4,14,19-22,24,30,40-41). All of these agents showed
beneficial results in SCI, mainly by exerting antioxi-
dant effects. In this study we have evaluated the ef-
ficacy of etofenamate on the SCI. This anti-inflamma-
tory agent inhibits the synthesis of prostoglandines,
release of bradykinin, histamine, and lisosomal en-
zymes, and the hyaluronidase activity. Favorable re-
sults were obtained in histopathological evaluations
in the etofenamate group in our study.

The early histopathological changes after SCI in-
clude widespread extravasation of erythrocytes and
neutrophils (41). The light microscopic assessments
reveal that bleeding was significantly lower in the
etofenamate group when compared with the control
and methylprednisolone groups. The continuum of
the histopathological changes includes deteriora-
tions in neuronal and supporting glial tissues (24), but
again, in the etofenamate group, we have observed
that the cystic degeneration and necrosis were lower.
These results showed the neuroprotective effects of
etofenamate in an experimental SCI model.

Our study had some limitations. First, we did not
perform a neurological examination. Second, our
histopathological findings did not correlate with the
electrophysiological findings. This discrepancy raises
the question of whether histopathology is related to
clinical outcomes or not. Also six hours of interven-
tion may not be enough for the effects of the drugs
administered. This may also explain the discrepancy
between histopathology and electrophysiology. Lon-
ger administrations of the drugs may provide more
beneficial outcomes.

Our findings regarding the beneficial effects of
etofenamate in SCl need further investigation by
randomized clinical trials, but preliminary results are
promising.
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