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Abstract

Background: Experimental studies have demonstrated that neurons keep dying in an unrecoverable and
non-regenerative pattern in following hours after primary mechanical injury to spinal cord. The cascade
of events which is called secondary injury is composed of vascular impairment, oedema, ischemia,
inflammation, exotoxicity, electrolyte imbalance, lipid peroxidation, free radicals, necrosis and apoptotic
cell death.

Aims: With clinical and histopathological tests, this study investigated the therapeutic effects of
etanercept-methotrexate combination which is an option in mono-therapy resistant rheumatological
diseases; but this combination has not been used on recovery processes in clip compression Spinal Cord
Injury (SCI) model yet.

Study design: Forty Spraque-Dawley rats were divided into five groups: group 1 (Sham-control), group
2 (SCI+2 ml saline intramuscular), group 3 (SCI+1.25 mg/kg etanercept), group 4 (SCI+0.5 mg/kg
methotrexate) and group 5 (SCI+1.25 mg/kg etanercept+0.5 mg/kg methotrexate).

Methods: Rats were evaluated 1%, 39, 5th and 10t days after SCI, clinically by Drummond and Moore
scale, under light microscopy and by Tunel test; after sacrification on 10t" day.

Results: Clinical and histopathological results of all treatment groups were found significantly better
than the results of the trauma group; also no superiority in the monotherapy groups, over each other,
was noted.

Conclusion: Combined-treatment group had a statistically significant better outcome in preventing
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apoptosis, but there was no difference according to the clinical results.

Keywords: Spinal cord injury, Etanercept, Methotrexate.

Introduction

Traumatic Spinal Cord Injury especially (SCI) effects young
group of individuals in developing countries; and creates
serious sociological, economical and physiological destructions
[1] Enhanced medical attendance can decrease patient
morbidity and mortality rates but pharmacotherapy studies-to
limit neuronal injury and to stimulate regeneration- still remain
limited [2]. Pathophysiology of spinal cord injury initiates with
primary mechanical injury which includes axonal, blood vessel
and cell membrane damage. In primary mechanical injury not
all axons routing through the cord are injured; there are still
remaining intact axons passing over the site of injury [3].
Those intact axons, which have survived the injury, are
significantly important in prognosis of the case, and they
constitute the major target to all pharmacotherapy options.
Experiments in animal models have demonstrated that even 5%
of axons to survive the injury may lead to regain the
neurological function or can preserve it [4,5].
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First reaction of human body to an injury or an infection is
particularly to be the inflammation. Although -early
inflammatory stages are not welcomed in neurotrauma they are
accepted to be in favour later on [6]. In inflammatory response
to SCI, neutrophils and microglial cells are known to be the
first elements to attend the early phase of events, according to
the results of the animal or human experiments [7-10]. Those
pilot cells are seen in the first 12-24 hours and disappear about
in 3-5 days [9]. The neutrophil accumulation and activation are
steered by many cytokines such as TNF-q, IL-1 and IL-6 [11].
Neutrophils do accompany to the modulation of the secondary
injury mechanisms via neutrophil proteases and reactive
oxygen molecules [12]. Minutes or even hours after SCI, those
cells are activated or transform into macrophages.
Macrophages add more to the destructive effects by releasing
pro-inflammatory cytokines, reactive oxygen radicals, nitrous
oxide and proteases [13]. They lead many biological substrates
to change in a pathological manner, like peroxidation of the
lipoid components of the oxidative stress cells. Results of
inflammation in early stages (ischemia, cell/tissue oedema,

2185



oxidative degradation, myelin degradation, necrosis and
apoptotic changes, e.g.) may end up with an increase in the
volume of the lesion [14]. Furthermore, they can give rise to
formation of a glial scar tissue, more likely to create an
infection protective environment; thence can hinder a
successful regeneration [15]. When those processes are taken
into account, depletion of neutrophils or depression of their
functions may derive neuro-protection and neurological
healing [16].

Etanercept inhibits TNF-a and neutrophil activation, and also
blocks cell membrane receptors. Due to these effects
Etanercept is used as a monotherapy agent in many
rheumatological diseases and spinal cord injury models
[17-22]. Methotrexate is also used as a monotherapy agent in
autoimmune, rheumatological diseases and spinal cord injury
modelled studies [23-26]. And efficient results have been
reported for both agents individually. Also, in the literature
Methotrexate-Etanercept combination is used successfully
especially in cases with mono-therapy resistant rheumatic
diseases [27,28]. But no study can be seen in the literature,
regarding methotrexate-etanercept as a combination therapy in
SCI. Hereby with this study of ours, we tried to figure out how
a synergistic effect can occur by the combination of etanercept-
methotrexate verses solely use of each agent.

Material and Methods

Experimental groups

The study was conducted in accordance with the Guide for the
Care and Use of Laboratory Animals published by the US
National Institutes of Health (NIH Publication no. 85-23,
revised 1996) and approved by the Institutional Animal Ethics
Committee at Abant Izzet Baysal University. Forty female and
adult Spraque Dawley rats were divided randomly into five
groups, weighing 250-300 g, eight rats in each:

Group 1: Control-Sham (only laminectomy).
Group 2: Trauma (SCI, 2 ml saline intraperitoneally (i.p)).

Group 3: Trauma+Etanercept (SCI, single dose of 1.25 mg/kg
etanercept, (Mustafa Nevzat, Istanbul, Turkey) injected i.p
immediately after SCI, spinal cord samples removed 10 day
after SCI).

Group 4: Trauma+MTX (SCI, single 0.5 mg/kg dose of MTX
(ready-to-use sterile solution, Kocak Farma, Istanbul, Turkey)
injected i.p immediately after SCI, spinal cord samples
removed 10 day after SCI).

Group 5: Trauma+MTX/Etanercept (SCI, single 0.5 mg/kg
dose of MTX [ready-to-use sterile solution, Kocak Farma,
Istanbul, Turkey)+single dose of 1.25 mg/kg Etanercept
injected i.p immediately after SCI, spinal cord samples
removed 10 day after SCI).
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Surgical procedure

Anaesthesia was achieved by intramuscular injection of 10
mg/kg xylazine (Bayer, Istanbul, Turkey) and 60 mg/kg
ketamine hydrochloride (Parke, Istanbul, Turkey) before the
surgery. With the rats in a prone position, a T6-T10 midline
skin incision was made. Three-level laminectomies (T7-T9)
were performed leaving the dura matter intact, and SCI was
produced by extradural compression of the spinal cord using an
aneurysm clip with a closing force of 24 g. After surgery, 1.0
cc of saline was administered subcutaneously to replace the
blood volume loss. In all of the injured groups, the spinal cord
was compressed for 1 min. Sham-injured animals were only
subjected to laminectomy. At the end of day 10, all rats were
sacrificed with deep anaesthesia.

Approximately 10 mm of spinal cord specimens from the level
between T7 and T9 were obtained from each rat, and in the
trauma groups the cord sample was divided 3 mm below the
epicenter of the injury site. The samples from the lower levels
of the spinal cord lesion (epicenter) were used for histological
and immunohistological analyses.

Neurological evaluation

Grading of motor disturbance: After SCI the hind limb
motor functions of the rats were evaluated once a day on days
1, 3, 5 and 10 by an independent observer, according to the
Drummond and Moore scale [29]. A score from 0 to 4 was
assigned to each animal as: O=paraplegic with no evidence of
lower extremity motor function; 1=poor lower extremity motor
function, flicker of movement, weak antigravity movement
only; 2=moderate lower extremity function with good
antigravity strength but inability to draw legs under body
and/or hop; 3=the ability to draw legs under body and hop, but
not normally; 4=normal motor function.

Histological evaluation

Light microscopy: Spinal cord biopsies were taken on the 10t
day. All the histological studies were performed in a blinded
fashion. Extensity of the necrosis was evaluated in three main
specimens which were collected 3 mm caudal to the epicenter
and specimens were analysed for 4 criteria established for
acute spinal cord injury by Black et al. [30], as: 1) White
matter degeneration, characterized by oedema, formation of
cysts, demyelination and infiltration of macrophages, cystic
necrosis and  cytoarchitectonic  disorganization;  2)
Haemorrhage in white or gray matter; 3) Neuronal loss,
sometimes with vacuolization and inflammatory infiltration in
gray matter; 4) Signs of hypoxic injury: nuclear retraction and
pyknosis, as well as intense eosinophilic staining of the
pericardium. Based on the described criteria, histological
alterations related to the intensity of necrosis were classified
semi-quantitatively into the following four categories after
scanning all slices: <1% of total scanned area: score 0; 1-24%
of total area: score 1; 25-49%: score 2; 50-74%: 3; and
finally>75%: score 4. This quantification was performed by
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one independent and experienced pathologist on three different
sections in a blinded manner.

Terminal deoxynucleotidyltransferase-mediated UTP
end labelling assay (TUNEL)

TUNEL assay was conducted by using a TUNEL detection kit
according to the manufacturer’s instruction (Apotag, HRP kit;
DBA srl). The site of the trauma on the spinal cord was
accepted as the "epicenter" and apoptotic cells in three
different main sections, which were collected 3 mm caudal to
the epicenter, were counted by an independent pathologist.

Statistical analysis

SPSS (Statistical Package for Social Sciences) for Windows
10.0 was used in the analysis. Since parameters had no regular
distribution, Kruskal Wallis test was used in comparisons of
quantitative data from groups. And Mann-Whitney U test was
preferred to detect the group which causes the difference.
When comparing the parameters within the groups, Wilcoxon
signed rank test was used. Results were evaluated in a 95%
confidence interval and the significance was accepted at the
level of p<0.05.

Results

Reduction in the body weights of the subjects before and after
the experiment was significant. After day 7 significant atrophy
in the lower extremity muscles was observed in the trauma
group, where as it was not prominent in the treatment groups.
After the sacrification of the subjects, macroscopic oedema and
haemorrhage was seen on extracted medulla spinalis structures.

Results

Neurological results

Grading of motor disturbance: On days 1, 3, 5 and 10 the
difference regarding the motor function scores between all
groups remains significant (p<0.05) (Table 1). In binary
comparison of the groups regarding the 1st day motor function
scores there is a significant difference between Sham group
and all other groups; and between trauma group and all
treatment groups. On the other hand when we look at the
groups that have been administered medication, no difference
was observed at all. When day 3 and day 5 motor function
scores are taken into account it was seen that only the
difference between the Sham group and group 3 (Etanercept)
was lost (p: 0.181; p>0.05); but all other scores remained same
as in the 1st day (Table 2). Also evaluation of the motor
function scores from day 10 revealed that the difference
between Sham group and group 3; and group 5 (Etanercept-
Methotrexate) were lost (p: 0.329, p: 0.59; p>0.05); but all
other scores remained the same as in day 1. According to the
motor function scores, recovery rates in group 3 (Etanercept)
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and group 5 (etanercept-methotrexate) were highest and this
finding was statistically significant. Also there was a
significant difference between group 2 (trauma) and all other
treatment groups, in favour of treatment groups regarding
recovery. But there was no significant difference between the
treatment groups in terms of recovery (Table 2, Graph 1).

Only in Group 3 (Ethanercept) a significant pattern of
difference on motor function scores was seen when results
from day 1 and 10 were compared by the Wilcoxon test applied
inside the same groups (p<0.05). All other in-group analyses
were not found to be significant (p>0.05).

Histological results

Light microscopy results: Luxol Fast Blue: Myelin structure
was observed by Luxol Fast Blue staining. In sham group,
myelin structure was clearly stained by Luxol Fast Blue in
white matter. A significant loss of myelin was observed in
injury group. Axonal swelling and vacuolization was
significant in injury group. In contrast, less myelin loss was
observed in Etanercept group. Axonal swelling and
vacuolization was seen minimal in etanercept group and
maximal in Etanercept-Methotrexate combined group.
Methotrexate group was seen similar with injury group
(Figures la-le).

Hematoxylin-Eozin: According to the Haematoxylin-Eosin
dye staining necrosis results on day 10, there was a significant
difference between all groups (p: 0.00; p<0.05) (Table 3).
There was a highly significant difference in binary comparison
according to the necrosis scores, between Group 1 (control-
Sham) and all other groups. When Group 2 was compared with
other groups it was noted that all groups had statistically
significance, in favour of treatment groups (p<0.05) (Table 4)
(Figures 2a-2e). Controversially monotherapy groups had a
significant difference in preventing necrosis when compared to
the combination group (p: 0.001; p: 0.001; p<0.05) (Tables 3
and 4).

Terminal deoxynucleotidyltransferase-mediated UTP
end labeling assay (TUNEL) results

Outcomes of TUNEL on day 10, pointed out that there was a
statistical difference in between all groups (p: 0.00; p<0.05)
(Table 3). When number apoptotic cells were compared in
binary groups on day 10, a significant difference between
Group 1 and all other groups was seen. Also when trauma and
monotherapy groups were compared, a significant difference in
favour of monotherapy groups was seen. But no statistical
significance has been shown in Group 3 (Etanercept) verses
Group 4 (Methotrexate) (p: 0.05; p>0.05) (Table 4) (Figures
3a-3e). In preventing the apoptosis etanercept-methotrexate
combination had a significant difference when compared with
the monotherapy groups (p: 0.008; p: 0.002; p<0.05) (Tables 3
and 4).
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Table 1. Comparison of the five groups on 1%, 3", 5" and 10" days regarding the motor function scores, by Kruskal-Wallis test (p<0.05).

Groups Sham Trauma Etanercept Methotrexate Etanercept+ Comparison of the
groups by Kruskal-
Methotrexate Wallis test
Mean St error Mean St error Mean St error Mean St error Mean St error P
MS-1 3.83 0.167 0.33 0.21 2 0.63 0.5 0.5 1.5 0.5 0.04
MS-3 3.83 0.167 0.33 0.21 2.33 0.76 0.5 0.5 1.88 0.64 0.005
MS-5 3.83 0.167 0.33 0.21 2.67 0.71 0.67 0.49 2.38 0.56 0.002
MS-10 4.0 0 0.33 0.51 3.2 1.34 1.17 1.16 2.38 1.76 0.04
Table 2. Binary comparison of the groups according to the motor Group 2 vs. 4 0.006 0.01
scores by Mann-Whitney-U test (p<0.05).
Group 2 vs. 5 0.013 0.002
Groups Motor Motor score Motor score Motor score Group 3 vs. 4 1 05
score 1 3 5 10
Group 3vs. 5 0.001 0.008
Group 1 vs. 2 0.002 0.002 0.002 0.002
Group 4 vs. 5 0.001 0.002
Group 1 vs. 3 0.006 0.07 0.181 0.329
Group 1 vs. 4 0.002 0.002 0.003 0.002
Group 1 vs. 5 0.021 0.026 0.03 0.059
Group 2 vs. 3 0.041 0.03 0.028 0.009
Group 2 vs. 4 0.043 0.045 0.042 0.024
Shamgrons, ettt | iyt soue o hene ey 2t dra
Group 2 vs. 5 0.031 0.012 0.03 0.048 e D
Luxol Fast Blue.
Group 3 vs. 4 0.093 0.071 0.44 0.36
Group 3vs. 5 0.783 0.685 0.546 0.435 »
Picture A sec fror
Methotesstertanrceptgroup e v
Group 4 vs. 5 0.2 0.098 0.066 0.228 vl anens con b seen (3 ol Fst

Table 3. Comparison of the results from necrosis and apoptosis scores
by Kruskal-Wallis test, on the 10" day (p<0.05).

Groups Necrosis score Apoptotic cells
Group 1 (sham) 0 0.33+0.21
Group 2 (Cord injury) 2.33+0.21 11.33+1.33
Group 3 (Etanercept) 1.17+0.17 4.67+0.56
Group 4 (Methotrexate) 1.17+0.17 6.5+0.67

Group 5 (Etanercept + 2.75+0.161 2.38+0.46
Methotrexate)

p 0.000 0.000

Table 4. Binary comparison of the results from necrosis and apoptosis
results of the groups on day 10, by Mann-Whitney-U test (p<0.05).

Groups Necrosis Number of apoptotic cells
Group 1 vs. 2 0.002 0.003
Group 1 vs. 3 0.001 0.003
Group 1 vs. 4 0.001 0.003
Group 1vs. 5 0.001 0.011
Group 2 vs. 3 0.006 0.004
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Figure 1. (a) A medulla spinalis section of the Sham group. Luxol fast
blue. (b). An image from the spinal cord injury group. Loss of tissue
integrity and oedema is seen on the lesion site. Vacuolized axonal
structures can be seen on the white matter. Luxol fast blue. (c). A
section from the etanercept group after the spinal cord injury.
Prominent vacuolization of the myelinized axons can be seen (—).
Luxol fast blue. (d). A section from the methotrexate group after
spinal cord injury. Prominent vacuolization of the myelinized axons
can be seen (—). Luxol fast blue. (e). A section from the methotrexate
+etanercept group after spinal cord injury. Prominent vacuolization
of the myelinized axons can be seen (—). Luxol fast blue.

Discussion

Studies have proved that reproduction of macrophages and
fibroblasts, their differentiations and functions are inhibited by
glucocorticoids which influence production and release of
IL-1, IL-6 and TNF-a [31-33]. Then animal studies to take the
results further, by proving that antagonizing TNF-a is a more
convenient treatment strategy, were also concluded [18]. At the
site of injury one hour after the SCI an important increase in
number of receptors, synthesis and secretion of TNF-o and
IL-1 is detected [34,35]. In animal study models anti TNF-a
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treatment is reported as an efficient treatment strategy [18].
TNF-a has some significant roles in other pathologies like
rheumatoid arthritis; and inhibiting TNF-a provides
improvement in the symptoms of rheumatoid arthritis [19].

Picture 2a: A section from the Sham group.
Hematoxilen-Eozin.

Picture 2b: An image from the spinal cord
injury group. Loss of tissue integrity, edema
and increase in number of inflammatory cells
is seen on the lesion site-core area.
Hematoxilen-Eozin.

5

| Picture 2e: A section from the
Methotrexate+Etanerceptgroup after spinal
* | cordinjury. It can be seen that lesion site-core
areais more limited (). Hematoxilen-Eozin.

i
Picture 2¢: A section from the Etanerceptgroup [ Picture 2d: A section from the Methotrexate

after the spinal cord injury. It can be seen that group after spinal cord injury. Hematoxilen-
lesion site-core area is more limited (-3). Eozin.
Hematoxilen-Eozin.

Figure 2. (a). A section from the sham group. Heamatocilen-Eozin.
(b). An image from the spinal cord injury group. Loss of tissue
integrity and oedema and increase in number of inflammatory celss is
seen on the lesion site-core area. Heamatoxilen-Eozin. (c). A section
from the etanercept group after the spinal cord injury. It can be seen
that lesion site-core area is more limied (—). Heamatoxilen-Eozin.
(d). A section from the methotrexate group after spinal cord injury.
Heamatoxilen-Eozin. (e). A section from the methotrexate+etanercept
group after spinal cord injury. It can be seen that lesion site-core area
is more limited (—). Heamatoxilen-Eozin.
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Graph 1. Comparison of the five groups on 1%, 3", 5" and 10" days
regarding the motor function scores, by Kruskal-Wallis test.

The main target to use a TNF-a antagonist is to eliminate the
excess levels of TNF-a in the circulation and at the site of
inflammation. Etanercept competitively inhibits TNF-a activity
and blocks interaction with cell membrane receptors. We also
see that etanercept is used to treat different diseases because of
its anti-inflammatory effects. There are several mono and
combination treatment trials on arthritic rats, proving its anti-
inflammatory effectiveness. There are several animal trials of
monomeric PEGylated type-I TNFR (PEG TNFRI), expressing
its effectiveness or its synergistic positive results together with
methotrexate, dexmedetomidine or indomethacin on rats with
arthritis [36,37]. Also different trials on animals showed
Etanercept to be effective in spinal cord injury. Genovese et al.
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figured out that post-inflammatory reaction is reduced and
motor functions are improved with etanercept treatment at the
dose of 5 mg/kg after SCI; the same group of investigators also
pointed out the advancement of this positive result with
etanercept-dexamethasone combination [17,20,21].
Additionally Etanercept treatment is showed to improve
neurological healing especially in the acute phase by Chi et al.
[22]; Chen et al. also showed it to reduce oligodendroglial and
neuronal apoptosis, and to fix extremity's locomotor function,
increase myelinisation [38]; as well Fatih et al. pointed out the
efficacy of Etanercept on clinical and neurophysiologic
recovery in partial spinal cord injury model [39]. In our study
when we look at the binary comparison of the groups (Mann-
Whitney U test), the recovery data of the spinal trauma group,
which underwent etanercept treatment, is significantly superior
verses trauma group; on both clinical (motor scores) and
histological bases (necrosis-apoptosis score). And this result
clearly endorses the neuro-protective effect of etanercept with
other trials in the literature [17,20-22,38-41].
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. i e
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Picture 3a: Apoptotic cellson a section from Plciure 3b: Increased number of apoptotic d e g Ll >
the Sham group. TUNEL. cellson a section from spinal cord injury e i
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P o
v, 8 » . e
T
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T, . . { I £ -
ARG r 3o twd ».oowr, |
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» g \ t |32 5% that the numer of apoptotic cells are fewer
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Figure 3. (a). Apoptotic cells on a section from the sham group.
TUNEL. (b). Increased number of apoptotic cells on a section from
spinal cord injury group can be seen (—). TUNEL. (c). On a section
from etanercept group it can be seen that the number of apoptotic
cells are fewer than the injury group (—). TUNEL. (d). On a section
from methotrexate group it can be seen that number of apoptotic cells
are fewer than the injury group (—). TUNEL. (e). On a section from
methotrexate+etanercept group it can be seen that number of
apoptotic cells are fewer than the injury group. TUNEL.

Methotrexate (MTX) is being used at low doses due to its
indirect immune suppressive effects in auto-immune diseases
such as Rheumatoid Arthritis (RA), psoriasis and allograft
reaction [23-25]. But high-dose MTX has anti-tumor activity in
different types of neoplasms; and is used to treat hydatiform
mole, meningeal leukaemia, advance-staged non-Hodgkin
lymphomas and other malignancies [42]. MTX may also have
additional effects on secondary injury mechanisms by such
routes of action like repressing purine/pyrimidine synthesis or
lymphocyte proliferation, neutrophil chemo taxis and
adherence; and provocating adenosine release, activating T-cell
apoptosis and decreasing blood immunoglobulin levels thus
inhibiting pro-inflammatory cytokine production [43].
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Secondary end point of this study is to expose the efficacy of
low-dose MTX treatment in preventing secondary injuries after
SCI. After a wide literature survey, we only came up with the
results of Sanli et al. experimental study for MTX's effects on
spinal cord injury [26]. According to this study MTX has a
relation with a decrease in early phase neutrophil infiltration
and correlated peroxidation of lipids. Therefore Sanli et al.
study claimed that MTX has an important neuro-protective
effect in the first 24-hour of the trauma. In our study, when we
look at the binary comparison of the groups (Mann-Whitney U
test) from the first day on, MTX group has a significant
difference in favour; both in clinical score (motor score) and
histopathologically. This result of our study is supportive to
Sanli et al. trial; and claims Methotrexate to be neuro-
protective [26].

On the other hand if we have a look at the binary comparison
of Methotrexate with Etanercept in our study groups (Mann-
Whitney U test), there is no significant difference both in
clinical (motor scores) and histopathological (necrosis-
apoptosis scores) aspects. Because of the intensity and
complexity of the inflammation process after SCI; targeting
only one point of the secondary injury cascade results with
failure in complete inhibition of the inflammation. Therapeutic
outcome of the concurrent application of methotrexate-
etanercept combination in SCI could not be assessed
previously. And this study is designed to understand if
etanercept-methotrexate combination in SCI; can result in a
synergistic effect, or not. In our study according to the
clinically evaluated motor score parameters, a significant
difference in favour of combination treatment group, was
observed between the trauma group and the combination
group. Regarding groups of methotrexate stand alone,
etanercept stand alone, and in methotrexate-ctanercept
combination group; there is no significant difference in motor
scores. According to the histopathological evaluations, only the
apoptosis scores were found to be statistically low in favour of
combination group. Controversially the necrosis scores were
very high in the combination group when compared with the
monotherapies.

Conclusion

We see that methotrexate-etanercept combination can only
depress apoptosis rates in a statistically significant manner
whereas this significance is not sufficient enough to carry out
the statistical difference in clinical results, not better than the
mono-therapies.
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