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Effects of low-dose methotrexate in spinal cord injury in rats
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BACKGROUND
This study was designed to evaluate the possible protective 
effects of low-dose methotrexate in the spinal cord injury 
(SCI) in rats.

METHODS
Thirty-seven Wistar albino rats were used in the present 
study. Except for the animals of the Sham group, all ani-
mals were divided into two main groups, which were used 
in acute and subacute stage investigations. Then, thora-
cal laminectomy was performed, and except for the Sham 
group, SCI was induced using a temporary aneurysm clip. 
After clip compression, the experimental material (metho-
trexate or methylprednisolone) was administered intraperi-
toneally, except in the Sham and Control groups. Then, the 
spinal cords were removed to evaluate the SCI histopatho-
logically and biochemically at the scheduled date.

RESULTS
Neither experimental material was shown to reduce the 
histopathological grade in either stage of SCI. Low-dose 
methotrexate was shown to decrease lipid peroxidation 
levels only in the subacute stage of SCI. However, meth-
ylprednisolone and low-dose methotrexate could not de-
crease or block myeloperoxidase enzyme activation in ei-
ther stage of SCI.

CONCLUSION
Low-dose methotrexate was effective in reducing the lipid 
peroxidation levels in the subacute stage of SCI, although 
histopathological evaluation results and myeloperoxidase 
levels of all groups did not support this finding at either 
stage.
Key Words: Low-dose methotrexate; methylprednisolone; spinal 
cord injury.

AMAÇ
Bu çalışma, düşük doz metotreksatın sıçanlarda oluşturulan 
omurilik yaralanması üzerindeki olası koruyucu etkilerini 
incelemek amacıyla yapıldı.

GEREÇ VE YÖNTEM
Otuz yedi adet Wistar albino sıçan üzerinde torakal lami-
nektomi uygulandı ve sham grubu hariç tüm hayvanlarda 
geçici anevrizma klibi kullanılarak omurilik travması oluş-
turuldu. Akut ve subakut dönemde travmanın etkilerini 
incelemek amacıyla sham grubundaki hayvanlar dışındaki 
diğer hayvanlar iki ana gruba ayrıldı. Travma sonrası sham 
ve kontrol grupları hariç tüm hayvanlara ilgili deneysel ilaç 
(metotreksat veya metilprednisolon) periton içine verildi. 
Hayvanların omurilikleri travmanın histolojik ve biyokim-
yasal etkilerini incelemek amacıyla çıkarıldı.

BULGULAR
Her iki deneysel materyalin de omurilik travmasının her-
hangi bir evresinde histopatalojik düzeyde belirgin düzel-
tici etkisinin olmadığı gözlendi. Travmanın gözlenen su-
bakut evresinde metotreksatın lipit peroksidasyon düzeyini 
azaltmada metilprednisolona göre belirgin üstünlüğe sahip 
olduğu saptandı. Ancak, akut ve subakut dönemlerde her 
iki ajanın da miyeloperoksidasyon düzeyleri üzerinde etkili 
olmadığı saptandı.

SONUÇ
Düşük doz metotreksatın sıçanlarda oluşturulan omurilik 
yaralanmasının subakut döneminde gelişen lipit peroksi-
dasyon düzeyleri üzerinde azaltıcı etkisi olduğu ancak mi-
yeloperoksidasyon aktiviteleri ve histopatolojik evre bul-
guları üzerinde etkili olmadığı saptanmıştır.
Anahtar Sözcükler: Düşük doz metotreksat; metilprednisolon; 
omurilik yaralanması.
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Many reports in the literature have explained that 
some biochemical and inflammatory reactions, called 
secondary cord damage, develop due to the primary 
effects of spinal cord injury (SCI) and promote the oc-
currence of edema and hemorrhage during the acute 
stage. This response includes vascular permeability, 
excessive release of glutamate and aspartate, intracel-
lular calcium overload, activation of the arachidonic 
acid cascade, induction of lipid peroxidation (LPO), 
and activation of resident glial cells. These events 
precede infiltration by large numbers of inflammatory 
cells such as neutrophils and macrophages, which can 
destroy the neurons and sheath of axons by releasing 
excessive amount of cytokines, cytotoxic substances 
(such as superoxide anion, chloride anion, hydroxyl 
radicals), and tumor necrosis factor-alpha (TNF-α).[1,2] 
Additionally, microglia can also produce superoxide 
and nitric oxide when they are exposed to oxidative 
stress. Today, it has been accepted that the critical step 
for the acute treatment of SCI is to reduce these cyto-
kines by blocking the infiltration of these inflamma-
tory cells into the injured spinal cord, as it will reduce 
secondary cord damage.[1]

Recently, low-dose methotrexate (MTX) has be-
come the mainstay in the treatment of some inflamma-
tory diseases such as rheumatoid arthritis.[3,4] Chron-
stein et al.[3] showed that low-dose MTX can inhibit 
both proliferation of lymphocytes in an inflammatory 
exudate and reduce the destructive capacity of the 
leukocytes that do arrive at the inflammation site. 
Although its exact mechanism of action has not been 
clarified yet, low-dose MTX promotes extracellular 
adenosine accumulation at the inflammation sites. Ad-
enosine, which interacts with its receptors (adenosine 
A2 receptor) in stimulated inflammatory cells, inhibits 
some cytokines such as interleukin (IL)-1, IL-4, IL-
13, interferon (IFN)-gamma, leukotrienes released by 
neutrophils (but not macrophages), and granulocyte 
macrophage colony-stimulating factor. Adenosine 
also inhibits the superoxide, nitric oxide and TNF-α 
released by monocytes and macrophages.[5] Addition-
ally, adenosine has cytoprotective effects resulting 
from inhibition of the toxic oxygen metabolites that 
are generated from the adhesion of stimulated neutro-
phils to the endothelium.[3,6]

Based on all these results, this preliminary study 
was designed to investigate the possible neuroprotec-
tive effects of low-dose MTX in the secondary dam-
age of SCI in rats.

MATERIALS AND METHODS
Materials
This experimental study was performed in accor-

dance with the guidelines for the use of laboratory ani-
mal subjects in a research setting by the Ethical Com-

mittee of Kırıkkale University (Number: 11/204).
Methotrexate (MTX; Methotrexate DBL, Hospira 

Australia PYY Ltd., Mulgrave, Victoria, Australia) 
and methylprednisolone (MP; Depo-Medrol®, Phar-
macia & Upjohn Company, Kalamazoo, USA) were 
used in this study. The density of Methotrexate DBL 
is 25 mg/ml, and the intraperitoneal LD50 of Metho-
trexate DBL is 6 mg/kg in rats. The density of Depo-
Medrol® is 40 mg/ml, and the intraperitoneal LD50 of 
Depo-Medrol® is 1 g/kg in rats. 

Thirty-seven Wistar albino rats weighing 250-350 
g were used in this study. Except for the animals of the 
Sham group (n=5), all animals were divided into two 
main groups randomly, which were used in the acute 
(72 hours after SCI) and subacute (5 days after SCI) 
stage investigations of SCI. Then, each main group 
was also divided into three subgroups as described 
below. Neither clip compression nor experimental ma-
terial administration was performed to the animals of 
the Sham group. 

The acute stage groups were divided into three sub-
groups randomly as follows:

- Control-A group (no chemical material was in-
fused; n=5)

- MP-A group (methylprednisolone was infused in-
traperitoneally; n=5)

- MTX-A group (low-dose methotrexate was in-
fused intraperitoneally; n=7)

The subacute stage groups were also divided into 
three subgroups randomly as follows: 

- Control-C group (no chemical material was in-
fused; n=5)

- MP-C group (methylprednisolone was infused in-
traperitoneally; n=5) 

- MTX-C group (low-dose methotrexate was in-
fused intraperitoneally; n=5)

Anesthesia was performed with intramuscular ad-
ministration of ketamine HCl (Ketalar®; Pfizer Inc, 
USA) and xylazine HCl (Rompun® 2%; Bayer Health-
Care AG, Germany).

Methods
The spinal cord contusion was performed using a 

clip compression technique described by Rivlin and 
Tator.[7] All animals were sedated with intramuscular 
40 mg/kg ketamine HCl and 5 mg/kg xylazine HCl 
on spontaneous respiration at room temperature. A 
dorsal laminectomy at thoracal 9-10 level was per-
formed to all animals, and the dura mater was left 
intact. The spinal cord was exposed, and except for 
the Sham group, SCI was induced using a temporary 
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aneurysm clip (Mizuho® Aneurysm Clip, Mizuho, Ja-
pan) for 60 seconds (Fig. 1). Four hours after the clip 
compression, except rats of the Sham, Control-A and 
Control-C groups, the experimental material (0.05 mg/
kg MTX or 30 mg/kg MP) was slowly administered 
(within 5 seconds) through the intraperitoneal route 
using a 22G needle. After this procedure, all rats were 
removed from sedation spontaneously under the blan-
ket. Hind limb locomotor deficit resulting from SCI 
was observed in all rats except the Sham group ani-
mals (Fig. 1). Seventy-two hours later, the animals of 
the Sham, Control-A, MP-A, and MTX-A groups and 
5 days later the animals of the Control-C, MP-C, and 
MTX-C groups were re-sedated with intramuscular 40 

mg/kg ketamine HCl and 5 mg/kg xylazine HCl. After 
sedation, rats were sacrificed using cardiac air embo-
lization. Then, the first dorsal incision of the animals 
was re-opened, and the spinal cords were removed to-
tally from the T8 to the conus medullaris level. The 
sample tissues were immediately harvested for future 
biochemical and histopathological examinations, and 
divided into two parts. The proximal part of the spi-
nal cord, to which clip compression was applied, was 
stored in 10% buffered formaldehyde solution at room 
temperature for histopathological examination. The 
remaining distal part of the spinal cord was stored at 
-30°C in dry air for biochemical examination. 

Specimen analysis

For histopathological examination, all tissue sam-
ples were fixed in 10% buffered formaldehyde and 
processed according to routine light microscopic tis-
sue processing technique. Serial sections of 5 µm 
stained with hematoxylin-eosin were examined and 
photographed with a light microscope (Leica® Micro-
systems, Wetzlar GmbH). Each section was evaluated 
by an experienced pathologist blinded to the groups 
and test materials. For histopathological evaluation of 
the SCI, a grading system described by Black et al.[8] 
was applied to all specimens as follows (Fig. 2):

- grade 0: no destruction in the spinal cord tissue 
histopathologically.

- grade I: mild neural tissue destruction and polymor-
phonuclear cell infiltration without neuronal cell loss; 
the posterior column of the spinal cord was affected.

- grade II: moderate neural tissue destruction and 
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Fig. 1. (a) A dorsal laminectomy at thoracal 9-10 level was 
performed, and (b, c) traumatic SCI was induced by 
using a temporary aneurysm clip applied for 60 sec-
onds (d) that resulted in hind limb locomotor deficit.

 (Color figure can be viewed in the online issue, which is 
available at www.tjtes.org).

(a)

(c)

(b)

(d)

Fig. 2. Histopathological grades involved Grade 0: no neural tissue destruction; Grade I: mild neural tissue destruction and poly-
morphonuclear cell infiltration without neuronal cell loss - the posterior column of the spinal cord was affected; Grade II: 
moderate neural tissue destruction and macrophage and/or histiocyte infiltration with white matter loss and central cavita-
tion; and Grade III: severe neural tissue destruction with white and gray matter cystic necrosis and gliosis (hematoxylin-
eosin, original magnification x100, and x400).  (Color figure can be viewed in the online issue, which is available at www.tjtes.org).

Grade 0

Grade 2

Grade 1

Grade 3

Grade 0

Grade 2

Grade 1
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macrophage and/or histiocyte infiltration with white 
matter loss and central cavitation.

- grade III: severe neural tissue destruction with 
white and gray matter cystic necrosis and gliosis.[8]

Biochemical determinations were carried out by 
two biochemists blinded to the animal groups and test 
materials. Frozen tissue samples were weighed and ho-
mogenized in 1:10 (w:v) potassium phosphate buffer 
(50 mM, pH: 7.4) using a dounce homogenizer. Thio-
barbituric acid reactive substances (TBARS) were 
measured as an index of LPO by the method of Mihara 
et al.[9,10] Tissue levels of lipid peroxides (as TBARS) 
were calculated as nanomole per gram wet tissue. 
Tissue-associated myeloperoxidation (MPO) activity 
was measured by the modified method of Suzuki et 
al.[11,12] Tissue homogenate (0.5 ml) was centrifuged at 
10.000xg for 5 minutes (min), and the pellet was resus-
pended in equal volume (0.5 ml) of 50 mM phosphate 
buffer (pH=6.0) containing 0.5% hexadecyltrimethyl 
ammonium bromide (HETAB) and 5 mM EDTA. The 
resulting suspension was centrifuged at 5.000xg for 2 
min and the supernatant was used for the activity mea-
surement. The MPO activity was measured in a final 

volume of 1 ml containing 80 mM phosphate buffer 
(pH=5.4), 0.5% HETAB, 1.6 mM synthetic substrate 
tetramethylbenzidine (TMB) initially dissolved in di-
methylformamide, 2 mM H2O2, and the sample. The 
reaction was started at 37 °C with the addition of H2O2. 
The initial rate of MPO-catalyzed TMB oxidation was 
followed by recording the increase of absorbance at 
655 nm (Shimadzu® UV-120-02 spectrophotometry). 
The MPO activity was expressed as the amount of the 
enzyme producing one absorbance change per minute 
under assay conditions. Tissue-associated MPO activ-
ity was calculated as units per gram of wet tissue.

Statistical analysis 

Histopathological grades that were not normally 
distributed and the variation that was not homogeneous 
between all groups were statistically analyzed by the 
chi-square test. To determine the statistical differenc-
es between the groups (post hoc evaluation), the chi-
square test was performed to all grade results. P values 
lower than 0.05 were considered to be significant.

Tissue LPO and MPO levels were normally distrib-
uted and the variation was homogeneous between all 
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Table 1.  Descriptive table of the histopathological grades 

 Histopathological grades Median value

Groups Grade 0 Grade 1 Grade 2 Grade 3

Sham 4 1 – – 0
Control-A – – 4 1 2
MP-A – – 2 3 3
MTX-A – – 6 1 2
Control-C – – 3 2 2
MP-C – 1 4 – 2
MTX-C – – 4 1 2
MP: Methylprednisolone; MTX: Methotrexate.

Fig. 3. The variation of the histopathological grades in (a) acute and (b) subacute stages of SCI (MP: Methylprednisolone; MTX: 
Methotrexate).

0

7

6

5

4

3

2

1

0

5

4

3

2

1

C
ou

nt
 o

f c
as

es

C
ou

nt
 o

f c
as

es

Sham ShamMP-A MP-CMTX-A MTX-CControl-A Control-C
Groups Groups

0
1
2
3

Grade
0
1
2
3

Grade

(a) (b)



Effects of low-dose methotrexate in spinal cord injury in rats

groups. Therefore, they were statistically analyzed by 
the one-way analysis of variance (one-way ANOVA) 
test. Furthermore, to determine the statistical differ-
ences between the groups, post hoc evaluation (one-
way ANOVA-Tukey multiple comparisons test and 
Bonferroni multiple comparisons test) was performed 
to all biochemical results. P values lower than 0.0083 
were considered to be significant.[13]

RESULTS
Light Microscopy
Four rats of the Sham group had grade 0, and 1 rat 

had grade I degeneration. 
In the acute stage, 4 rats of the Control-A group 

had grade II, and 1 rat had grade III degeneration. 
Two rats of the MP-A group had grade II and 3 rats 
had grade III degeneration. In the MTX-A group, 6 
rats had grade II, and 1 rat had grade III degeneration 
(Table 1, Fig. 3). Except for 3 animals of the Control-
A group, which had mild acute inflammatory reaction, 
no inflammatory reaction was observed in the remain-
ing groups. 

In the subacute stage, 3 rats of the Control-C group 
had grade II, and 2 rats had grade III degeneration. 
Three of them had mild chronic inflammatory reac-
tion (glial histiocyte infiltration). One rat of the MP-C 
group showed grade I, and the other 4 rats showed 
grade II degeneration. Three of them had moderate 
inflammatory reaction developed due to neutrophils. 
In the MTX-C group, 4 rats had grade II and 1 rat had 
grade III degeneration (Table 1, Fig. 3). In 4 of them, 
severe inflammatory reaction developed due to mixed 
type inflammatory cell infiltration (macrophages and 
histiocytes).

The variation of the median values of the histo-
pathological grades was statistically significant when 
the acute and subacute stages of all groups were com-
pared using the chi-square test (X2= 29.270, p<0.001) 
(Table 2). The post hoc evaluation results obtained 
from the chi-square test showed that there were sig-
nificant differences between the Sham/Control-A 
(degrees of freedom [df]=3, p=0.019), Sham/Control-
C (df=3, p=0.019), Sham/MP-A (df=3, p=0.019), 
Sham/MP-C (df=3, p=0.018), Sham/MTX-A (df=3, 
p=0.007), and Sham/MTX-C groups (df=3, p=0.019) 
(Table 3, Fig. 3). 

Biochemical analysis
The evaluation of LPO levels 
The variation of the mean values of the LPO levels 

was statistically significant (p=0.001; F=5.119) using 
the one-way ANOVA test (Tables 4, 5). The post hoc 
evaluation results of the LPO levels obtained using the 
one-way ANOVA-Tukey multiple comparisons test 

demonstrated that there were significant differences 
between the Control-C/MTX-C groups (p=0.007) (Ta-
ble 6, Fig. 4). 

The evaluation of MPO levels 
The variation of the mean values of the MPO levels 

was statistically significant obtained using the one-way 
ANOVA test (F=7.766, p<0.001) (Tables 4, 5). The 
post hoc evaluation results of the MPO levels showed 
that there were significant differences between Sham/
Control-A (p=0.001), Sham/Control-C (p=0.005), and 
Sham/MP-C groups (p<0.001) (Table 7, Fig. 5). 

DISCUSSION
Evaluation of the histopathological results
Acute SCI is followed by progressive secondary 

procedures of tissue destruction arising from the in-
flammatory response. This inflammatory response is 
biphasic. The first phase involves lysosomal degrada-
tion and free radical formation, which have a role in 
chemotaxis of the neutrophils and tissue macrophages. 
Neutrophil infiltration into the injured spinal cord tis-
sue occurs in approximately 6 hours. It peaks in 24 to 
48 hours and may persist during the first week.[14,15] The 
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Table 2. This table demonstrates that there was a 
statistically significant difference between all 
groups described in the text when comparing 
their histopathological grades

 Chi-square df p 

Histopathological  grade 29.270 3 <0.001
chi-square test, p<0.05. df: Degrees of freedom.

Table 3. The post hoc evaluation shows that neither 
experimental material could reduce the his-
topathological grade in either stage of spinal 
cord injury

Groups  df p

Sham/Control-A 3 0.019*
Sham/MP-A 3 0.019*
Sham/MTX-A 3 0.007*
Control-A/MP-A 1 0.262
Control-A/MTX-A 1 0.682
MP-A/MTX-A 1 0.152
Sham/Control-C 3 0.019*
Sham/MP-C 2 0.018*
Sham/MTX-C 3 0.019*
Control-C/MP-C 1 0.095
Control-C/MTX-C 1 0.500
MP-C/MTX-C 1 0.180
chi-square test, p<0.05. MP: Methylprednisolone; MTX: Methotrexate; 
df: Degrees of freedom.
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second phase includes damaging of the neural tissue 
by macrophages, microglia and histiocytes.[16] Clinical 
studies have suggested that pharmacologic therapies 
may be effective in minimizing the observed outcomes 
after SCI. Although many pharmacological agents have 
been described as a potential effective agent to improve 
the secondary cord damage caused by SCI, steroids are 
still accepted worldwide as a single option for urgent 
treatment of SCI. Steroids have antioxidant, anti-in-
flammatory, and cell membrane stabilizing properties, 
and may be beneficial in a time- and dose-dependent 
manner. They have also anti-edema activities.[17]

In the present study, almost all groups had grade 
II degeneration except those of the Sham and MP-A 

groups. These results showed that neither experimen-
tal material could reduce the histopathological grades 
in either stage of SCI. Further, it could be presumed 
that statistical differences were derived from the Sham 
group values. In the acute stage, mild to moderate neu-
ronal destruction with demyelination and cavity forma-
tion was found in all groups except the Sham group. It 
can be suggested that neither low-dose MTX nor MP 
could decrease the neural tissue destruction and necro-
sis in the acute or subacute stages of SCI in rats.

The histopathological observations showed no in-
flammatory reaction in any specimens of groups in the 
acute stage of SCI except the Control-A group. This 
finding may be explained by the potent anti-inflamma-
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Table 4. Descriptive table of the mean lipid peroxidation and myeloperoxidation levels 

Groups Variable  Minimum Maximum Mean SD

Sham LPO 37.23 56.70 48.32 7.46
 MPO 0.00 4.07 1.43 1.57
Control-A LPO 59.65 79.96 68.54 7.46
 MPO 16.39 18.59 17.53 0.84
MP-A LPO 44.42 68.11 56.10 9.22
 MPO 5.06 18.26 10.03 5.80
MTX-A LPO 37.23 68.11 51.37 11.68
 MPO 0.00 16.61 9.37 6.14
Control-C LPO 64.73 71.92 68.28 2.625
 MPO 14.52 16.17 15.16 0.64
MP-C LPO 38.08 76.58 55.42 13.76
 MPO 5.61 34.98 22.11 10.57
MTX-C LPO 39.77 52.04 45.44 4.90
 MPO 8.58 17.27 12.89 3.10
LPO: Lipid peroxidation; MP: Methylprednisolone; MPO: Myeloperoxidation; MTX: Methotrexate; SD: Stan-
dard deviation.

Fig. 4. The mean values of the lipid peroxidation levels in 
acute and subacute stages of SCI. Each error bar shows 
minimum and maximum lipid peroxidation levels 
(MP: Methylprednisolon; MTX: Methotrexate).
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Fig. 5. The mean values of the myeloperoxidation levels in 
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minimum and maximum myeloperoxidation levels 
(MP: Methylprednisolone; MTX: Methotrexate).
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tory effect of MP and low-dose MTX, and based on 
this result, it may be predicted that those experimental 
materials would cause a reduction in the histopatho-
logical grade results. However, the median values of 
the histopathological grades of the MP-A and MTX-
A groups were not statistically different from the val-

ues of the Control-A group. It can thus be suggested 
that neither experimental material could decrease or 
block the inflammatory reaction in the acute stage of 
SCI in rats. Moreover, moderate inflammatory reac-
tion caused by neutrophils was observed in specimens 
of the MP-C group, and severe inflammatory reaction 
developed due to macrophages and histiocytes was 
observed in the specimens of the MTX-C group. This 
may mean that MP could not block the neutrophil in-
filtration into the damaged tissue, and low-dose MTX 
may enhance the macrophage or histiocyte infiltration 
into the injured neural tissue in the subacute stage of 
SCI. Although it could be predicted that these inflam-
matory reactions would increase the histopathological 
grades in the MTX-C and MP-C groups, the median 
values did not support this (Table 1). Even though we 
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Table 5. Variations in the mean lipid peroxidation and 
myeloperoxidation levels were statistically 
significant between all groups 

 F  p 

Lipid peroxidation 5.119 0.001
Myeloperoxidation 7.766 <0.001
One-way ANOVA test, p<0.05. F: F test.

Table 6. Low-dose MTX could decrease lipid peroxidation levels in both stages of spinal 
cord injury in rats

(I) Group (J) Group  Mean Difference (I-J) Standard error p

Sham Control-A -20.22 5.76 0.022
  MP-A -7.78 5.76 0.822
  MTX-A -3.05 5.33 0.997
Control-A MP-A 12.44 5.76 0.346
  MTX-A 17.16 5.33 0.043
 MP-A MTX-A 4.73 5.33 0.972
Sham Control-C -19.97 5.76 0.024
   MP-C -7.11 5.76 0.875
   MTX-C 2.88 5.76 0.999
 Control-C  MP-C 12.86 5.76 0.308
   MTX-C 22.85 5.76 0.007
 MP-C MTX-C  9.99 5.76 0.599
One-way ANOVA-Tukey multiple comparison test and Bonferroni multiple comparison test t, p<0.0083.
MP: Methylprednisolone; MTX: Methotrexate.

Table 7. Low-dose MTX could reduce myeloperoxidation levels in the subacute stage of 
spinal cord injury in rats

(I) Group (J) Group  Mean Difference (I-J) Standard error p

Sham Control-A -16.10 3.39 0.001
  MP-A -8.60 3.39 0.181
  MTX-A -7.94 3.14 0.184
Control-A  MP-A 7.50 3.39 0.318
  MTX-A 8.17 3.14 0.160
MP-A MTX-A 0.67 3.14 1.000
Sham Control-C -13.73 3.39 0.005
  MP-C -20.6 3.39 <0.001
 MTX-C -11.46 3.39 0.029
 Control-C MP-C -6.95 3.39 0.405
  MTX-C 2.27 3.39 0.993
MP-C MTX-C 9.22 3.39 0.127
One-way ANOVA-Tukey multiple comparison test and Bonferroni multiple comparison test t, p<0.0083 
MP: Methylprednisolone; MTX: Methotrexate.
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could not demonstrate in the current study the efficacy 
of these materials in the chronic stage of SCI, it can be 
said that both experimental materials were inefficient 
in blocking the inflammatory cell infiltration in the 
subacute stage of SCI in rats.

Evaluation of the biochemical results
Evaluation of the LPO levels 
Neutrophils and other phagocytes are major sources 

of free radicals in the extracellular space in damaged 
tissue.[1] Additionally, ischemia induced by SCI chal-
lenges tissue energy demands and active ion channel 
functions, and then it may force the neurons to switch 
from aerobic to anaerobic metabolism. This oxidative 
stress following SCI may also produce free radicals, 
which could initiate the LPO activity in the damaged 
neural tissue.[18] 

Biochemical evaluation results of the present study 
demonstrated that neither low-dose MTX nor MP 
could decrease the LPO levels of the injured neural 
tissue in the acute stage of SCI. On the other hand, 
low-dose MTX could decrease the LPO levels to a 
much greater extent than all other groups, only in the 
subacute stage. This result may mean that low-dose 
MTX may be beneficial in reducing the LPO levels 
and decreasing the free radicals and their destructive 
effects in the subacute stage of SCI in rats. On the 
other hand, there was no statistically significant dif-
ference between the MTX and MP groups in the sub-
acute stage. It may mean that MP can reduce the LPO 
levels as much as low-dose MTX. Nevertheless, there 
was no difference between the Control-C and MP-C 
groups. Thus, it can be said that low-dose MTX could 
be much more effective than MP in reducing LPO lev-
els in the subacute stage of SCI.

Evaluation of the MPO levels
When the neutrophils and other phagocytes reach 

the injured spinal cord tissue, they produce hypochlo-
rite, a strong oxidant synthesized by the enzyme MPO.
[1] MPO is a specific enzyme in the granules of the neu-
trophils and other phagocytes. MPO activity is corre-
lated with the absolute number of neutrophils and their 
activations.[14,15] Thus, MPO activity begins to increase 
gradually during the first 72 hours after SCI, and then 
returns to uninjured levels in approximately one week 
after SCI.[1] 

In the present study, the mean MPO values of the 
Control, MP and MTX groups demonstrated that nei-
ther low-dose MTX nor MP could decrease the MPO 
activity in either stage of SCI. This may mean that MP 
and low-dose MTX could not decrease or block the 
MPO enzyme activity originated from the lysosomes 
of the inflammatory cells. Histopathological evalua-
tion results also support these findings.

Study limitations 
This study has some pitfalls. First, this study does 

not contain the behavioral test results or the histopath-
ological and biochemical evaluation results occur-
ring in the long run. As we considered at the onset of 
the study to investigate the effects of low-dose MTX 
and MP exclusively in the early stages of SCI in rats, 
we did not obtain the evaluation results mentioned 
above because of the short time period. Second, we 
agree that this study does not contain more specific 
histopathological analysis for other mechanisms of 
secondary SCI. Thus, this study should be supported 
with immunohistochemical and electron microscopic 
findings that can show ultrastructural details of the in-
flammatory response, neuronal necrosis and edema in 
the acute and/or chronic stages of SCI. However, those 
techniques could not be supported due to inadequacies 
in our laboratory and equipment. This study should 
also be supported by using more specific biochemi-
cal analyses for other detailed inflammatory pathways 
of SCI (such as apoptotic pathways, glutathione level, 
nitrite/nitrate level, and xanthine oxidase activity level 
measurements). Unfortunately, those tests could not 
be performed because of some financial and techni-
cal restraints. Third, we should evaluate the effects of 
intrathecal MTX in secondary SCI. However, studies 
have pointed out that intrathecal MTX may have neu-
rotoxic effects on the spinal cord tissue through de-
velopment of axonal swelling and loss, demyelination 
and astrocytosis.[19-22] We thus did not constitute the 
groups to evaluate the effectiveness of MTX infused 
via the intrathecal route. Fourth, in this study, we did 
not constitute a group to examine the combined effects 
of low-dose MTX and MP on the secondary mecha-
nisms of SCI. 

In conclusion, this preliminary study demonstrated 
that: 

1) Neither low-dose MTX nor MP administration 
could alter the onset or degree of necrosis in the SCI 
zone in rats. 

2) Low-dose MTX could be much more effective 
than MP in reducing the LPO levels in the subacute 
stage of SCI in rats. 

3) Neither low-dose MTX nor MP could decrease 
the MPO levels at either stage of SCI.

In conclusion, low-dose MTX was more effective 
than MP in the prevention of LPO activation only in 
the subacute stage of SCI, even though histopathologi-
cal evaluation results and MPO values of the groups 
did not support this finding in either stage of SCI in 
rats. 
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