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Abstract Spinal cord injury (SCI) caused by trauma
mainly occurs in two mechanisms as primary and sec-
ondary injury. Secondary injury following the primary
impact includes various pathophysiological and biochemi-
cal events. Methylprednisolone is the only pharmacological
agent having clinically proven beneficial effects on SCIL
Citicoline has been shown to have clinical and experi-
mental beneficial effects on brain ischemia. This study
aims to investigate the neuroprotective effect of citicoline
in an experimental SCI model in rats. Sixty adult Wistar
albino rats were randomized into five groups. SCI was
performed by the weight-drop model. Group 1 underwent
laminectomy alone. The Group 2 underwent laminectomy
followed by SCI and received no medication. Group3,
Group 4 and Group 5 underwent laminectomy followed by
SCI and received medication. Group 3 and Group 5
received citicoline and Group 4 and Group 5 received
methylprednisolone. The rats were divided into two sub-
groups for biochemical analysis (sacrificed at 24 h after
surgery) and neurobehavioral and histopathological evalu-
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ation (sacrificed at 6 weeks after surgery). Malonildialde-
hyde levels, nitric oxide levels and trauma size ratios were
lower and reduced glutathione levels were higher in Group
3, Group 4 and Group 5 as compared to Group 2. Post-
traumatic neurological recovery after surgery was signifi-
cantly better in Group 3, Group 4 and Group 5 compared to
Group 2. In conclusion, this study demonstrates that cit-
icoline is as effective as methylprednisolone. The efficacy
of citicoline combined with methylprednisolone is not
superior to either citicoline or methylprednisolone alone.

Keywords Spinal cord injury - Methylprednisolone -
Citicoline - Lipid peroxidation - Neurobehavioral recovery

Introduction

Spinal cord injury (SCI) is still a major health problem.
Mechanical impact to the spinal cord is referred to as pri-
mary injury, which may cause the death of a number of
neurons. Primary injury cannot be avoided. Mechanisms
leading to secondary injury are initiated immediately fol-
lowing primary injury. The pathophysiology of secondary
injury is complex and not exactly understood. Excitotox-
icity plays an important role in the secondary injury pro-
cesses after SCI. Pathological changes seen after SCI
include edema, altered blood flow and changes in micro-
vascular permeability. Secondary damage is determined by
a large number of cellular, molecular and biochemical
cascades and neuronal death may be caused by substances
released from the cells in response to primary injury [1].
The extent of the tissue damage and cell death has been
shown to be related to the recovery following SCI [2, 3]. In
recent years, much attention has been focused on secondary
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injury to counteract secondary neurotoxic events or to
interrupt the progression of this process. Methylpredniso-
lone (MP) is a potent pharmacological agent that has
clinically proven beneficial effects on functional recovery
following SCI [4]. Although the underlying mechanism is
not fully understood, experimental data point to the pro-
tection against membrane peroxidation and edema, the
reduction in posttraumatic ischemic area, neurofilament
degradation, reversed intracellular calcium accumulation
and the improvement in the spinal cord blood flow [5, 6].

Citicoline (CDP-choline) is a compound that is normally
present in all cells. It is an endogenous intermediate in
membrane phospholipid biosynthesis and, in particular,
phosphatidylcholine is essential for membrane integrity and
repair [7, 8]. CDP-choline also participates in the biosyn-
thesis of sphingolipids and sphingomyelin [9]. Several
studies have shown the beneficial effects of citicoline in a
variety of central nervous system (CNS) injury models,
brain ischemia and neurodegenerative diseases [7, 10, 11]. It
has been suggested that the neuroprotective effect of citic-
oline is due to its protective effects on cellular membrane
integrity with increased phosphatidylcholine synthesis.

The aim of this study was to investigate the neurobe-
havioral and histopathological recovery and evaluate the
biochemical responses to treatment with citicoline, meth-
ylprednisolone or both citicoline and methylprednisolone
in rats with SCI.

Materials and methods

The study was undertaken at the ‘‘Laboratory for Experi-
mental Studies of Inonii University’” in accordance with
the guidelines established in the ‘‘Guide for Care and Use
of Laboratory Animals’’ following the approval of the
design by the ‘‘Animal Ethics Committee of Inonii Uni-
versity’’. Sixty male Wistar rats (210-270 g) were used in
the study. The rats in each group were kept in separate
cages in rooms with controlled light and temperature and
were fed with standard chow and water ad libitum. Before
surgery, all rats were tested and a normal motor function
was found. The animals were anesthetized by an intra-
peritoneal injection of 10 mg/kg xylasine (Rompun, Bayer
Tiirk Kimya Sanayii Limited Sirketi, Istanbul, Turkey) and
50 mg/kg ketamine hydrochloride (Ketalar, Pfizer Ilaglari
Limited Sirketi, Istanbul, Turkey). Rats were positioned on
a thermistor-controlled heating pad in the prone position
and a rectal probe was inserted. Surgical procedures were
performed under sterile conditions with the assistance of a
surgical microscope. Following T5-12 midline skin inci-
sion and paravertebral muscle dissection, spinous processes
and laminar arcs of T7-10 were removed. The dura was left
intact. Weight-drop model was performed for SCI [12].
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The animals were subjected to an impact of 50 g/cm to the
dorsal surface of the spinal cord. The force was applied via
a stainless steel rod (3-mm diameter tip, weighing 5 g) that
was rounded at the surface. The rod was dropped vertically
through a 10-cm guide tube that was positioned perpen-
dicular to the center of the spinal cord. Afterwards, the
muscles and the incision were sutured with 6-0 vicryl
(Vicryl, Ethicon, Johnson & Johnson Intl, Lanneke Mare-
laan, Belgium).

The rats were randomized into five groups, each having
12 rats. Group 1 underwent laminectomy alone. Group 2
underwent laminectomy followed by SCI and received no
medication. Group 3 underwent laminectomy followed by
SCI and received citicoline. Group 4 underwent laminec-
tomy followed by SCI and received methylprednisolone.
Group 5 underwent laminectomy followed by SCI and
received citicoline in combination with methylprednisolone.

For Group 3 and Group 35, citicoline (Cytidine 5’-diph-
osphocholine sodium salt dihydrate, Sigma Aldrich Che-
mie Gmbh, Steinheim, Germany) was administered
intraperitoneally at a single dose of 400 mg/kg immedi-
ately following SCI. For Group 4 and Group 5, methyl-
prednisolone (Prednol-L, Mustafa Nevzat Ila¢ Sanayii
Anonim Sirketi, Istanbul, Turkey) was administered intra-
peritoneally at a single dose of 30 mg/kg immediately
following SCI.

Following the surgical procedure, the rats were placed in
a warming chamber and their body temperatures were
maintained at approximately 37°C until they were com-
pletely awake. In the early postoperative period, the rats
received 3 ml of saline intraperitoneally to compensate for
the blood loss during the surgical procedure, while the
water intake was limited. At this stage, the rats were further
allocated into two subgroups for biochemical analysis
(sacrificed at 24 h after surgery) and for neurobehavioral
and histopathological evaluation (sacrificed at 6 weeks
after surgery). The rats in the subgroups for neurobehav-
ioral and histopathological evaluation received gentamycin
twice daily as prophylaxis against urinary tract infection
and their bladders were emptied manually twice daily
during the first 3 days. Posttraumatic neurological recovery
was recorded weekly for 6 weeks. All of the animals were
killed and 1 cm-long samples of the spinal cord, including
the injury site, were removed for biochemical analysis and
histopathological evaluation.

Biochemical analysis

Six rats from each group were sacrificed for biochemical
analysis at 24 h after SCI. The exposed spinal cord seg-
ments and the meninges were removed. The samples were
immediately frozen and stored in a —20°C freezer for
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assays of malondialdehyde (MDA), glutathione (GSH) and
nitrite/nitrate levels.

Lipid peroxidation measurements

The level of lipid peroxides in the traumatized spinal cord
tissue were measured as thiobarbituric acid-reactive sub-
stance and determined using the method of Mihara and
Uchiyama [13]. MDA has been identified as the product of
lipid peroxidation that reacts with thiobarbituric acid to
give a red color, absorbing at 535 nm. The assay for lipid
peroxide in the spinal cord tissue was set up as follows.
Tissues were homogenized in 10 volumes (w/v) of cold
1.5% KCI. Half a millimeter (0.5 ml) of homogenate was
mixed with 3 ml of 1% H3PO4 and 1 ml 0.6% thiobarbi-
turic acid. The mixture was then heated in boiling water for
60 min. After cooling, the color was extracted into 4 ml
n-butanol and the absorbance was recorded at 535 nm.
Using tetramethoxypropane as the standard, tissue lipid
peroxidate levels were calculated as nanomole per gram of
wet tissue.

Glutathione level measurements

GSH levels were measured by the method of Elman [14].
GSH is reacted with 5,5-dithiobis-2-nitrobenzoic acid to
result in the formation of a product which has a maximal
absorbance at 410 nm. The results are expressed as nano-
moles per gram wet tissue.

Nitrite/nitrate measurements

Tissue concentrations of nitrite/nitrate were assayed
according to the method described by Ozbek et al. [15]. In
the method, the enzymatic conversion of nitrate to nitrite
by the enzyme nitrate reductase is followed by the colori-
metric detection of nitrite as a colored azo dye product of
the Griess reaction. We investigated to determine total
NOx production; nitrate was reduced to nitrite by reduced
nicotinamide-adenine dinucleotide in the presence of
nitrate reductase and reading the optical density at 548 nm.
Results are expressed as nmol per gram wet tissue.

Behavioral evaluation
Motor function score

A ““motor function scale’’ [16] that is a slight modification
of the ‘‘motor score’” defined by Gale et al. [17] was used
in this study. The test protocol was performed weekly for
all of the rats. The animals were allowed to move freely in
an open field (0.7 by 0.9 m) and were observed for at least
one minute by two observers who were blinded to the study

groups. Movements in the hip, knee and ankle joints were
recorded (Table 1).

Inclined plane score

An angle board test measuring the maximum angle at
which the animal can support its weight on an inclined
plane were measured ranging from 0 to 90 degrees to
evaluate the inclined plane scores [18]. The animals were
placed transversely on the inclined plane and the highest
angle that the rats could maintain their position for five
seconds were recorded by the blinded observers and
described as the ‘‘capacity angle’” for that animal.

Histopathological evaluation

Six weeks after SCI, the rats were deeply anesthetized
using propofol (Propofol, Abbott Laboratuvart Anonim
Sirketi, Istanbul, Turkey) at a dose of 50 mg/kg adminis-
tered using an intraperitoneal injection. Intracardiac per-
fusion was performed with isotonic saline for 5 min,
followed by 10% formaldehyde for 5 min. After perfusion,
the spinal cords were removed immediately and immersed
in 10% formaldehyde for 1 week. The spinal cord seg-
ments with the contusion epicenter were embedded in
paraffin. Each block was serially sectioned horizontally at
5 um. Sections were stained with hematoxylin and eosin
(HXE). The slides were viewed under light microscope to
study the structural changes.

Quantitative histopathological evaluation of the spinal
lesion was conducted for each sample by light microscopy.
Photographs of the spinal cord specimens were obtained
under microscopy and these images were exported to a
personal computer for analysis. The border of the lesion
was drawn and the lesion areas for each sample were
measured using Image Analysis System (Leica Micros
Imaging Solutions Ltd.; Cambridge, United Kingdom)
[19]. The injured area was selected and calculated as a
percentage of the whole cross-sectional spinal cord area.

Table 1 Motor function score

Motor function score

0 No movement of hind limbs

1 Barely movement of hind limbs

2 Brisk movements at most hind limbs joint (hip, knee, or ankle)
in one or both limbs but no co-ordination, no weight support

3 Alternative stepping and propulsive movements of hind limbs,
no weight support

4 Can support weight on hind limbs

5 Walks only mild deficit

6 Normal walking

@ Springer



770

Neurochem Res (2006) 31:767-775

Statistical analysis

Data were analyzed using SPSS 13.0 for Windows software
on a personal computer. The results were expressed as
means = S.D. All parameters were tested using Shapiro
Wilks test and the distributions were not normal
(P > 0.05). Therefore, comparisons among the groups were
performed using Kruskal-Wallis test. Mann—Whitney U
test was used for dual comparison. P < 0.05 was consid-
ered statistically significant.

Results
Biochemical analysis
Lipid peroxidation levels

Figure 1 shows the mean levels of malondialdehyde in all
groups. The MDA levels were 240 + 45 (ranging from 188
to 315 nmol/g) for Group 1; 747 + 69 (ranging from 677
to 844 nmol/g) for Group 2; 364 + 49 (ranging from 268 to
409 nmol/mg) for Group 3; 358 + 34 (ranging from 322 to
400 nmol/g) for Group 4 and 388 + 35 (ranging from 342
to 429 nmol/mg) for Group 5. MDA levels in Group 2,
Group 3, Group 4 and Group 5 revealed a significant ele-
vation compared to Group 1 (P < 0.002, P < 0.004,
P < 0.002 and P < 0.002, respectively). Group 3, Group
4 and Group 5 revealed significantly lower MDA levels
compared to Group 2 (P < 0.002, P < 0.002 and
P < 0.002, respectively). The levels of MDA in Group 3,
Group 4 and Group 5 did not reveal significant differences
when compared to each other (P > 0.05).
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Fig. 1 Graphic showing the mean values of MDA levels demon-
strated at the 24th hour postinjury. Vertical lines indicate standard
errors of the mean values. Group 3 Group 4 and Group 5 revealed
significantly lower MDA levels compared to Group 2 (P < 0.002,
P < 0.002 and P < 0.002, respectively)
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Fig. 2 Graphic showing effect of Group 1, Group 2 and Group 3 on
GSH levels 24th hour after trauma. Vertical lines indicate standard
errors of the mean values. Group 3, Group 4 and Group 5 revealed
significantly higher GSH levels compared to Group 2 (P < 0.002,
P < 0.002 and P < 0.002, respectively)

Glutathione levels

Figure 2 shows the mean reduced glutathione levels in all
groups. The reduced glutathione levels were 641 + 146
(ranging from 488 to 744 nmol/g) for Group 1; 58 + 27
(ranging from 26 to 90 nmol/g) for Group 2; 283 + 60 (ranging
from 204 to 359 nmol/g) for Group 3; 270 + 40 (ranging
from 205 to 315 nmol/g) for Group 4 and 269 + 43
(ranging from 226 to 342 nmol/g) for Group 5. Levels of
reduced glutathione in Group 2, Group 3, Group 4 and
Group 5 were significantly lower compared to Group 1
(P <0.002, P < 0.002, P<0.002 and P < 0.002,
respectively). Group 3, Group 4 and Group 5 resulted in
significant elevations of reduced glutathione levels com-
pared to Group 2 (P < 0.002, P < 0.002 and P < 0.002,
respectively). The levels of reduced glutathione in Group 3,
Group 4 and Group 5 did not reveal significant differences
when compared to each other (P > 0.05).

Nitrite/nitrate levels
Figure 3 shows the mean nitrite/nitrate levels in all groups.

The nitrite/nitrate levels were 596 + 39 (ranging from 560
to 664 nmol/g) for Group 1; 1053 + 39 (ranging from 992
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Fig. 3 Graphic showing the mean values of NO levels in all groups at
the 24th hour day of postinjury (nmol per gram wet tissue). Vertical
lines indicate standard errors of the mean values. Group 3, Group 4
and Group 5 revealed significantly lower NO levels than Group 2
(P < 0.002, P < 0.002 and P < 0.002)
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to 1112 nmol/g) for Group 2; 652 + 57 (ranging from 584
to 728 nmol/g) for Group 3; 637 + 58 (ranging from 584 to
744 nmol/g) for Group 4 and 661 + 57 (ranging from 592
to 736 nmol/g) for Group 5. The nitrite/nitrate level was
found to be significantly elevated in Group 2 (P < 0.002).
Group 3, Group 4, Group 5 resulted in significant reduc-
tions of the nitrite/nitrate levels when compared to Group 2
(P < 0.002, P < 0.002 and P < 0.002, respectively). The
levels of the nitrite/nitrate in Group 3, Group 4 and Group
5 did not reveal significant differences when compared to
each other and Group 1 (P > 0.05).

Behavioral evaluation
Motor function score

The results of the weekly ‘‘motor function score’’ evalu-
ations are shown in Fig. 4. The ‘‘motor function scores’’
were 6.0 = 0.0 for Group 1; 2.5 +£0.5 for Group 2;
5.0 = 0.0 for Group 3; 4.5 + 0.5 for Group 4 and 4.0 = 0.6
for Group 5 at the sixth week. Group 2 revealed a signif-
icant change in motor function score as compared to Group
1 at the sixth week (P < 0.002). A significant recovery
rate was observed for Group 3, Group 4 and Group 5 at the
sixth week when compared to Group 2 (P < 0.002,
P < 0.002 and P < 0.002, respectively). The neurobe-
havioral recovery rates in Group 3, Group 4 and Group 5
did not revealed significant differences when compared to
each other at the sixth week after SCI (P > 0.05).

Inclined plane score

The results for the weekly inclined plane evaluations are
presented in Fig. 5. The inclined plane scores were
68.8 + 2.1 for Group 1; 30.1 + 2.8 for Group 2; 48.0 + 4.3
for Group 3; 48.3 + 2.5 for Group 4 and 47.5 + 4.0 for
Group 5 at the sixth week. Group 2 revealed a highly
significant decrease in the angle score when compared to
Group 1 at the sixth week (P < 0.002). A significant

Weekly examination on motor function
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Fig. 4 Motor function scores assessing hind limb function at weekly
after spinal cord injury in experimental groups. Note the significant
motor improvement in all the treatment groups. Vertical lines indicate
standard errors of the mean values. Values are mean + SD
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Fig. 5 Inclined angle board scores in experimental groups at weekly.
Note the maximum angles at which rats can support their weight are
significantly higher in all the treatment groups. Vertical lines indicate
standard errors of the mean values

gradual recovery rate was observed for Group 3, Group 4
and Group 5 when compared to Group 2 at the sixth week
(P < 0.002, P < 0.002, P < 0.002). In Group 3, Group 4
and Group 5, the capacity on the inclined angle board
improved gradually during the observation period, but
there was no significant difference when compared to each
other (P > 0.05).

Histopathological evaluation

The epicenter of the injured spinal cord obtained from the
trauma group showed characteristic necrosis, wide demy-
elination, and cavitation of white matter in the postero-
medial regions of the spinal cord. It also demonstrated
complete loss of neurons in the gray matter as well as
marked gliosis, infiltration of inflamatory cells and vacu-
olation. The sections of the injured spinal cord obtained
from the treatment groups retained more sparing of the
myelin tissue and more neurons in the gray matter than
those in the trauma group (Fig. 6A, B, C, D).

Figure 6 presents the quantification of the lesion area in
the spinal cord. The ratio of the lesion area was
277 £29% for Group 2, 18.2 +2.9% for Group 3,
18.3 = 2.5% for Group 4 and 18.1 + 3.4% for Group 5.
Group 3, Group 4, and Group 5 had significantly reduced
contused areas when compared to Group 2 (P < 0.002,
P < 0.002 and P < 0.002, respectively). When Group 3,
Group 4 and Group 5 were compared to each other, there
was no significant difference (P > 0.05). (Fig. 7)

Discussion

There is still no effective treatment to prevent secondary
autodestructive processes. It is well known that one of the
most important factors precipitating posttraumatic degen-
eration in the spinal cord is free oxygen radical-induced
lipid peroxidation [20-22]. Numerous investigators have
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Fig. 6 Photomicrographs A

showing the lesion area at the

dorsal surface of the spinal cord . \
section (hematoxylin and eosin :
staining x40). (A) Group 2, (B)
Group 3, (C) Group 4, (D)
Group 5

postulated the free-radical-triggered peroxidative events
after SCI [21-23]. Lipid peroxidation results in the loss of
membrane polyunsaturated fatty acids and oxidized phos-
pholipids that contribute to increased membrane rigidity.
Citicoline is an essential precursor of the membrane
phosphatidylcholine that has membrane-stabilizing func-
tions and that reduces free fatty acid formation during brain
ischemia [7, 8, 11, 24, 25]. Treatment with citicoline
reduces the infarct volume and improves neurological
outcome after cerebral ischemia. There is only one study
that has investigated the neuroprotective effect of citicoline
in SCIL In the present study, we investigated the neuro-
protective effects of citicoline after SCI and compared
these effects to methylprednisolone.

Neuroprotective effects of high-dose methylpredniso-
Ione on SCI have been reported previously [5, 20, 26, 27].
The inhibition of posttraumatic lipid peroxidation is the
major factor in the improvement of the outcome with
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Group 2 Group 3 Group 4 Group 5

Experimental Groups

Fig. 7 Graphic showing the mean value which presented as
percentage of whole spinal cord area. Values are mean + SEM.
Lesion area in Group 3, Group 4 and Group 5 are lower compared to
Group 2 (P < 0.002, P < 0.002 and P < 0.002, respectively)
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methylprednisolone [5, 27]. It suppresses the breakdown of
membranes by inhibiting lipid peroxidation and hydrolysis
at the site of injury [6, 20]. Experimental studies have
shown that a single 30 mg/kg dose of methylprednisolone
significantly reduces the lesion volume, decreases injury
induced free radical formation and attenuates the associ-
ated lipid peroxidative reactions [26, 28]. Since methyl-
prednisolone is the only agent shown to have beneficial
effects after SCI, Young et al. recommended that all SCI
studies should compare treatment against methylpredniso-
lone [29]. Therefore, methylprednisolone was used to
compare the treatment results with citicoline in this study.

Secondary autodestructive processes, such as glutamate
excitotoxicity, calcium overload, oxidative stress and
ischemia, are related to tissue necrosis, neuronal dysfunc-
tion and death [30]. Neurological functional deficit is due
to the disruption of cell membranes [31]. It is important to
protect cellular membrane integrity after SCI for better
neurological recovery. Citicoline is an endogenous inter-
mediate in the biosynthesis of phosphatidylcholine (PC).
Previous experimental data pointed that citicoline prevents
phospholipase A, activation [24, 32], decreases lipid per-
oxidation [33], preserves the arachidonic acid content of
PtdCho and phosphatidylethanolamine, restores PtdCho
levels [24], stimulates glutathione synthesis and glutathi-
one reductase activity [34] and preserves cardiolipin which
is an important component of mitochondrial membrane
[24, 25]. Based on these experimental findings, it has been
suggested that neuroprotective effect of citicoline might be
a result of preserving membrane integrity.

Lipid peroxidation products increase immediately after
SCI and the peak concentrations of reactive oxygen and
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nitrogen species occur within the first 24 h [1, 22, 35]. In
this study, tissue lipid peroxidation was evaluated by
measuring the thiobarbituric acid reactive substances.
Malondialdehyde is also a well-known secondary product
of lipid peroxidation in spinal myelin, glial and neural
membranes. Previous studies have shown that citicoline
decreases lipid peroxidation following cerebral ischemia
[33] and SCI [36]. Cakir et al. used 300 mg/kg of citicoline
immediately after trauma and evaluated MDA level in the
spinal cord at 48 h. In the present study, 400 mg/kg of
citicoline was used and MDA levels were evaluated at
24 h, since a dose-dose dependent study on citicoline after
traumatic brain injury demonstrated that 400 mg/kg of
citicoline significantly decreases brain edema and blood-
brain barrier breakdown [10, 37]. In the present study, we
demonstrated that citicoline treatment immediately after
trauma decreased MDA level. Combined treatment with
methylprednisolone did not reveal additional neuroprotec-
tive effects. Although neuroprotective effects of citicoline
and methylprednisolone follow different routes, stabiliza-
tion of the cellular membrane is the final result for both
drugs. Therefore, it can be claimed that citicoline is
effective at least methylprednisolone in stabilizing cellular
membrane.

Antioxidant defense mechanisms are important to pre-
vent the potential harmful effects of oxidative stress. In
neural tissues, one of the important cellular antioxidant
defense mechanisms is reduced glutathione. Glutathione,
an essential tripeptide, is an endogenous antioxidant found
in all animal cells. It reacts with the free radicals and can
protect from single oxygen, hydroxide radical and super-
oxide radical damage. It has been shown that citicoline
increases GSH level and glutathione reductase activity
[34]. In the present study, reduced glutathione level
increased after SCI. It is well known that the attenuation of
glutathione level after trauma is secondary to oxidative
stress. Treatment with citicoline, methylprednisolone or
both citicoline and methylprednisolone resulted in signifi-
cantly higher glutathione levels when compared to the
trauma group.

Nitric oxide (NO) is a free radical gas molecule pro-
duced from L-arginine by the catalytic action of nitric oxide
synthases (eNOS, iNOS, and nNOS) [38]. Although NO in
physiological levels participate in a variety of physiologi-
cal processes consisting of neurotransmission and regula-
tion of blood vessel wall [39, 40], increased NO is
especially associated with oxidative stress. This is the first
study to show that citicoline reduces NO level after SCI.
Our results show that treatment with citicoline after SCI is
as effective as methylprednisolone considering NO levels
and combined treatment does not lead to additional
reduction.

Much experimental and clinical research have focused
on the secondary injury mechanisms in an effort to improve
neurological outcome following SCI. A reliable test pro-
tocol suitable for the injury model used is essential to
evaluate functional recovery after SCI [17, 41, 42].
Behavioral tests are important tools to assess the outcome
of experimental SCI, including spontaneous functional
improvement over time and the effects of different treat-
ments. The inclined plane is a test known to be sensitive
and reliable in evaluating different degrees of SCI. This
test has been validated for rats with compression injuries as
well as contusive injuries [4, 17, 18]. The present study
showed that an impact of 50 g/cm to the dorsal surface of
the spinal cord caused reversible paraplegia and gradual
improvement has been observed within 6 weeks after the
trauma. A significant gradual recovery rate was observed in
all of the injured rats treated with citicoline, methylpred-
nisolone or combined treatment regarding motor function
score and inclined angle board capacity. At the end of the
observation, the effects of citicoline and methylpredniso-
lone on neurological recovery were found to be similar and
that of the combined treatment with both drugs did not
contribute to an increased rate of recovery.

Previous studies have shown that treatment with citico-
line after middle cerebral artery occlusion reduced the size
of infarction area in the brain [11, 37]. The percentage of the
whole spinal cord area to the injured spinal cord area was
used in this study to evaluate histopathological recovery.
The histopathological findings support that citicoline
attenuates the lesion area in the spinal cord. Treatment with
citicoline revealed similar protective effects on the lesion
area when compared to treatment with methylprednisolone
whereas combined treatment did not result in any additional
histopathological recovery. Taken together with neurobe-
havioral recovery, we have shown that citicoline treatment
after SCI provides an equal neuroprotection with methyl-
prednisolone. The outcome of combined treatment has been
similar to the single treatments.

In conclusion, this is the first study that reveals the
neuroprotective effect of citicoline on neurobehavioral and
histopathological recovery after SCI. Although the neuro-
protective mechanisms of methylprednisolone and citico-
line are through different routes, experimental data shows
that both agents provide cellular membrane stability. In
view of our findings, we claim that citicoline is an effective
agent on secondary damage after SCI. Citicoline is a well-
known neuroprotective agent with rarely observed side
effects. However, combination therapy using methylpred-
nisolone and citicoline have not revealed synergistic effects
on SCI. Further studies are warrented of citicoline on the
effect of SCI for the evaluation of dose-response relation-
ship and efficacy of combination therapies.
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