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Neuroprotective effects of infliximab in experimental spinal cord injury
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Abstract Background: The aim of the study is to assess the effects of infliximab, a TNF-α receptor blocker, in
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a spinal cord clip compression injury model.
Methods: Clip compression injury model was used for producing spinal cord injury on 32 adult,
male Wistar rats (Gazi University Animal Research Laboratory, Ankara, Turkey). After exposing the
vertebral column between T7 and T10, total laminectomy was performed with the assistance of a
high-speed drill and a surgical microscope. The dura was left intact. Spinal cord injury was
performed on all rats with application of a 70-g closing force aneurysm clip for 1 minute. The rats
were randomly allocated into 4 groups. Control group received no further therapy, whereas the other
3 groups received methylprednisolone (30 mg/kg intraperitoneal), infliximab (5 mg/kg subcuta-
neous), and a mixture of these 2 agents. All rats were killed 72 hours later, and the level of lipid
peroxides in traumatized spinal cord tissue were measured as thiobarbituric acid-reactive material
and determined using the method of Mihara and Uchiyama (Determination of malonaldehyde
precursor in tissue by thiobarbituric acid test. Anal Biochem 1978;86(1):271-8).
Results: Treatment with infliximab and methylprednisolone decreased MDA levels in rats with
spinal cord injury with a statistically significant difference. In addition, combined therapy achieved
a more profound decrease in tissue MDA levels, which was also statistically significant.
Conclusions: Infliximab is found as effective as methylprednisolone on spinal cord clip compression
injury. Moreover, the combination of these 2 agents demonstrated higher efficacy suggesting a
synergistic effect between these 2 agents. However, further studies regarding functional and
behavioral analyses as well as biochemical markers are required.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction

Within the last 2 decades, many researches have focused
on pathophysiology of acute SCI to find methods to restore
neurologic function [18,45]. It has been hypothesized that
acute injury leads to 2 different, interrelated mechanisms of
S, Central nervous system; IL, interleukin; MDA,
I, Spinal cord injury; TNF-α, Tumor necrosis factor α.
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damage to the spinal cord—the primary mechanical injury
and a subsequent secondary injury because of additional
damaging process after the initial injury [12,13]. Among
these mechanisms, secondary injury draws much attention
because of its susceptible nature to the pharmacological
intervention [19,21-24,44]. There have been many studies
investigating pharmacological agents such as methylpredni-
solone, melatonin, erythropoietin, magnesium, mexiletine,
and naloxone, which protect or reduce secondary injury after
experimental SCI [19,21-24].

Neutrophils are believed to play an important role in the
pathogenesis of secondary injury [1,3,11,17,32,43,48].
Neutrophils, in addition to their functions as phagocytes,
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release histolytic enzymes, reactive oxygen species, and
proinflammatory factors, which lead to further tissue
necrosis and inflammation [3,17,32,43,48]. Free radicals,
inflammation, and many other factors lead to apoptosis and
play an important role in neuronal and glial cell damage and
destruction [2,7,29,36].

As the first identified member of the cytokine family,
TNF-α is believed to have important roles in triggering and
sustaining inflammation in different diseases such as
rheumatoid arthritis, inflammatory bowel disease, and
acute pancreatitis [6]. For this particular role, TNF-α has
been targeted in various studies [6,30] as well as in
experiments of spinal cord injury [41].

Infliximab (Remicade, Schering-Plough, Berlin) is a
novel drug approved for management of some inflamma-
tory diseases. It is a chimeric monoclonal antibody for
TNF-α and binds to both soluble and transmembrane
forms of TNF-α. By inhibiting TNF-α, infliximab reduces
concentrations of TNF and other inflammatory mediators
and impede lymphocyte migration to the inflammation
site [28,31].

On the other hand, with their antioxidant and mem-
brane-stabilizing characteristics, steroids can be useful in
spinal cord injury [14-16]. The effects of methylpredniso-
lone are thought to be mediated through its antiinflamma-
tory properties or its direct effects on vascular permeability
and edema [26]. According to a Cochrane Review [4], after
spinal cord trauma, “high-dose methylprednisolone steroid
therapy is the only pharmacological therapy shown to have
efficacy when it can be administered within 8 hours
of injury.”

This study was conducted to evaluate the neuroprotective
effects of infliximab in an experimental spinal cord injury
model and to compare the results with a widely used agent,
methylprednisolone.
2. Materials and methods

2.1. Rat model

Thirty-two male, adult Wistar rats weighing between 250
and 300 g were used in this study. Animals were kept under
constant laboratory conditions of 18°C to 21°C room
temperature, a 12-hour light-dark cycle, and were allowed
free access to food and water. All experiments were
approved by our institutional review board and performed
in accordance with the local guidelines to minimize
animal discomfort.

2.2. Anesthesia and surgical procedure

Anesthesia was induced by intramuscular administration
of 50 mg/kg of ketamine hydrochloride (Ketalar, Pfizer,
Istanbul, Turkey) and 10 mg/kg of xylazine (Rompun,
Bayer, Istanbul, Turkey). The rats were numbered with ear
tags. Their midbacks were shaved and cleaned with 10%
of polyvinylpyrrolidone/iodine. Using aseptic technique
and a surgical microscope, a midline incision was made
along the spinal processes of T5 and T12. Fascia was
opened sharply, and paravertebral muscles along the T7
and T10 vertebrae were dissected bilaterally. After
exposing the vertebral column between T7 and T10, total
laminectomy was performed with the assistance of a high-
speed drill and a surgical microscope. The dura was left
intact. Spinal cord injury was performed on all rats with
application of a 70-g closing force aneurysm clip (Yasargil
FE 721, Aesculap, Istanbul, Turkey) for 1 minute. The
wounds were closed in layers after the operation.
Paraplegia was observed in all rats after the operation.
Until the end of the experiment protocol (72 hours), the
animals' bladders were manually voided twice a day, and
they were housed in a temperature-controlled room where
food and water were provided ad libitum.

2.3. Description of groups

The rats were randomly allocated into 4 groups as
follows: a control group (group 1) of 8 rats in which only
laminectomy and trauma were performed, but no treatment
was given; a steroid group (group 2) of 8 rats in which
30 mg/kg of methylprednisolone was administered imme-
diately after spinal trauma; an infliximab group (group 3)
of 8 rats in which animals received 5 mg/kg of
subcutaneous infliximab immediately after spinal trauma;
and a mixed therapy group (group 4) in which 8 rats
received both 5 mg/kg of subcutaneous infliximab and
30 mg/kg of methylprednisolone.

2.4. Sacrificing of animals and sample preparation

Rats were killed by overdose pentobarbital after 72 hours.
Spinal cords at the injury site were excised for a length of
2 cm; 1 cm rostrally and 1 cm caudally to the injury site.
Tissue samples were immediately stored in a −20°C freezer
for assays of MDA.

2.5. Determination of lipid peroxidation in traumatized
spinal cord tissue

The level of lipid peroxides in traumatized spinal cord
tissue were measured as thiobarbituric acid-reactive material
and determined using the method of Mihara and Uchiyama
[33]. Malondialdehyde has been identified as the product of
lipid peroxidation that reacts with thiobarbituric acid to give
a red species absorbing at 535 nm. The assay procedure for
lipid peroxide in spinal cord tissue was set up as follows.
Tissues were homogenized in 10 volumes (wt/vol) of cold
1.5% of KCl. One half a milliliter (0.5 mL) of homogenate
was mixed with 3 mL of 1% of H3PO4 and 1 mL of 0.6% of
thiobarbituric acid. The mixture was then heated in boiling
water for 60 minutes. After cooling, the color was extracted
into 4 mL n-butanol, and the absorbance was recorded at
535 and 520 nm. Using tetramethoxypropane as the
standard, tissue lipid peroxide levels were calculated as
nanomoles per gram of wet tissue.



Table 1
Malondialdehyde values of the experimental groups

Groups Mean SD Median Minimum Maximum

Control (group I) 77.875 21.93700 88.0000 35.00 95.00
Steroid (group 2) 53.750 22.68889 46.5000 30.00 87.00
Infliximab

(group 3)
50.375 13.09239 54.0000 24.00 65.00

Mixed therapy
(group 4)

32.8750 8.83883 33.5000 19.00 47.00

Kruskal-Wallis χ2, 14.248; df, 3; P = .003.
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2.6. Statistical evaluation

Comparison among groups was done with Kruskal-Wallis
analysis of variance and the Mann-Whitney U test. Results
are expressed as mean ± SD, median, and range. Significance
was approved when P values were less than .05.
3. Results

The MDA levels of the groups as arithmetic means ± SD
are demonstrated in Table 1. The MDA levels were highest
in the control group (77.8 ± 21.9) and lowest in the mixed
therapy group (32.8 ± 8.8). Comparison of the MDA values
of the groups with Kruskal-Wallis variance analysis revealed
statistical significance (P = .003).

When the groups were compared using post hoc Mann-
Whitney U test, results were as follows. When the control
group was compared with the steroid, infliximab, and mixed
therapy groups, the results were statistically significant (P =
.031, P = .027, and P = .003, respectively). In addition,
comparison of the steroid group and the infliximab group
separately with the mixed therapy group revealed statisti-
cally significant difference (P = .031 and P = .016,
respectively). However, there was no statistically significant
difference between the steroid group and the infliximab
group (P = .916).
4. Discussion

Traumatic injuries to the CNS including the spinal cord
cause tissue damage through direct, primary, and indirect
secondary mechanisms. Secondary damage leads to a large
number of cellular, molecular, and biochemical events that
result in tissue necrosis and functional deficit because of
disruption of cell membranes [8] and alterations in both
blood flow and metabolism [39]. One of these events leading
to preventable damage is the local inflammatory response at
the injury site.

Active inflammatory response and the hemorrhage with
release of Fe and hemoproteins at the injury site lead
production of reactive oxygen radicals and cytotoxic edema.
Ultimately, these factors contribute to lipid peroxidation and
ischemia [5,46].

The central nervous system consists of largely of lipids
and is damaged easily by free radical-induced lipid
peroxidation [40]. Lipid peroxidation is recognized as one
of the main pathophysiologic mechanisms involved in
secondary damage [10], and MDA, which is formed from
the breakdown of polyunsaturated fatty acids, serves as an
important and reliable index for determining the extent of the
peroxidation reaction [19,34,38]. In fact, most efforts aiming
neuroprotection after spinal cord injury are intended to
counteract early lipid peroxidation [10].

Interactions between the activated neutrophils and the
endothelial cell linings at the injury site play important
roles in secondary mechanisms, and it was proven that
inhibition of these interactions markedly reduce the severity
of injury [41,43].

Tumor necrosis factor α is a potent proinflammatory
cytokine that is released by monocytes, macrophages, and
T lymphocytes. Tumor necrosis factor α binds to
2 receptors present on many types of cells as follows:
type 1 TNF-α receptor (also known as p55) and type 2
TNF-α receptor (also known as p75) [20]. Cytokines,
particularly TNF-α, contribute to activated leukocyte-
induced endothelial cell damage not only by activating
neutrophils but also by increasing the expression of
endothelial leukocyte adhesion molecules such as E
selectin, by which activated neutrophils adhere to the
endothelial cell surface [25,35]. In addition, Zheng et al
[50] have demonstrated that TNF-α can directly cause
endothelial cell damage in the absence of neutrophils.

Many authors have studied the relationship between
TNF-α and the neuronal injury. Wang et al [47] have
demonstrated increased TNF-α levels in injured spinal cord
tissues. Yakovlev and Faden [49] have demonstrated that
spinal cord impact in rats caused an elevation of TNF-α
messenger RNA levels at the site of trauma 30 minutes after
the injury, and the severity of injury was proportional to the
level of the TNF-α message. Similarly, Taoka et al [42] have
found that the level of TNF-α in traumatized spinal cord
tissue was significantly increased after compressive trauma,
with a peak seen 4 hours after the trauma.

Infliximab, a novel TNF-α inhibitor, is widely used for
many clinical and experimental conditions. Rheumatoid
arthritis, ankylosing spondylitis, psoriatic arthritis, Crohn's
disease, ulcerative colitis, and psoriasis are approved
indications for clinical use of infliximab [27]. Olmarker
et al [37] have demonstrated selective inhibition of TNF-α
by intraperitoneal application of infliximab blocked both
the early focal and the later general pain behavior
induced by the experimental disk herniation in rats. In a
uveitis model, Demir et al [9] have demonstrated that
infliximab suppresses the synthesis of IL-1, IL-6, IL-8,
and TNF-α.

On the other hand, methylprednisolone is the only agent
proven to have positive effects after spinal cord injury. It is
known that early administration of methylprednisolone after
spinal injury decreases lipid peroxidation, stabilizes intra-
cellular and extracellular Ca+2 current, decreases neurofila-
ment degeneration, increases the spinal blood flow,
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decreases Na+ and water retention in lesion, and prevent K+

loss [51].
Results of our study demonstrated spinal cord MDA

levels of rats in the treatment groups decreased after
administration of infliximab, methylprednisolone, or both,
and the difference was statistically significant. In addition,
comparison of the steroid and infliximab groups with the
mixed therapy group revealed statistically significant
difference. Considering the insignificant difference between
the infliximab and steroid groups, this can be interpreted as
infliximab and methylprednisolone have synergistic effects
on spinal cord injury, in means of lipid peroxidation.
Although both agents decrease the MDA levels in the
injured spinal cord, their combination provide more
profound decrease in tissue MDA levels.

Infliximab and methylprednisolone are agents that have
wide clinical use. With the results of our study demonstrating
positive and synergistic effects of these 2 agents on SCI, we
think that new sights are opened for further experiments,
even experiments on human subjects with SCI.

Further studies are required with large cohorts evaluating
functional and behavioral aspects of SCI rather than
biochemical marker changes are required for definitive
results that may have clinical impacts.
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Commentary

Despite the great mountain of clinical and experimental
studies from all over the world, the problem of solving the
effects of a severe spinal cord injury remains widely without
solution. More frustrating, unfortunately, is that the solution of
such a problem, with its double component of primary and
secondary injury, appears elusive and not near at hand,
especially for primary injury. Therefore, the nature of the
problem forces us to proceed slowly, adding only small steps to
the hypothetical solution(s). This articlemoves in that direction
and deals with the specific part of the problem related with the
treatment of the secondary injury. Together with free radicals
and many other factors, inflammation is an important cause of
lipid peroxidation and neuronal and glial damage. Tumor
necrosis factor α is a cytokine playing an important role as
inflammatory agent that favors the migration of lymphocytes
and the consequent secondary injury. The inhibitor of TNF-α,
infliximab, could limit the secondary injury after spinal cord
trauma. In this experimental study in rats, a midthoracic spinal
cord injury was provoked using an aneurysmal clip. The rats
were treated with infliximab or with methylprednisolone, or
with both drugs. As it is known, methylprednisolone is a well-
accepted antioxidant-antiinflammatory agent limiting second-
ary injury after spinal cord trauma. Three days after trauma, the
spinal cords were collected to measure the levels of
malondialdehyde (MDA), which is a product of lipid
peroxidation. Lowering of the levels of MDA was similar
after treatment with either infliximab or methylprednisolone
butmuchmorewhen both drugswere used together. This study
was performed 72 hours after spinal cord injury; to know
which could be the clinical effects of infliximab alone or
associated with methylprednisolone remain to be elucidated.
However, as noted above, small steps have been added by this
study to the difficult chapter of spinal cord injury.
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Istituto di Neurochirurgia

Università Cattolica del Sacro Cuore
00168 Rome, Italy


	Neuroprotective effects of infliximab in experimental spinal cord injury
	Introduction
	Materials and methods
	Rat model
	Anesthesia and surgical procedure
	Description of groups
	Sacrificing of animals and sample preparation
	Determination of lipid peroxidation in traumatized spinal cord tissue
	Statistical evaluation

	Results
	Discussion
	References




