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Peroxynitrite contributes to the pathogenesis of various neurode-
generative disorders through multiple mechanisms and is thought
to mediate secondary neuronal cell death after spinal cord injury
(SCI). Here we establish that physiologically relevant levels of uric
acid (UA), a selective inhibitor of certain peroxynitrite-mediated
reactions, block the toxic effects of peroxynitrite on primary spinal
cord neurons in vitro. Furthermore, administration of UA at the
onset of SCI in a mouse model inhibits several pathological changes
in the spinal cord including general tissue damage, nitrotyrosine
formation, lipid peroxidation, activation of poly(ADP-ribose) poly-
merase, and neutrophil invasion. More importantly, UA treatment
improves functional recovery from the injury. Taken together, our
findings support the concept that peroxynitrite contributes to the
pathophysiology of secondary damage after SCI. They also raise
the possibility that elevating UA levels may provide a therapeutic
approach for the treatment of SCI as well as other neurological
diseases with a peroxynitrite-mediated pathological component.

blood–brain barrier � neutrophils � peroxynitrite � spinal cord neurons �
cytotoxicity

A cascade of pathophysiological processes rapidly follows
mechanical trauma to the spinal cord, resulting in second-

ary neuronal damage that can significantly exacerbate the orig-
inal injury (1). An acute inflammatory response at the site of the
initial lesion is at least partly responsible for this secondary
spinal cord pathology (e.g., refs. 2–4). Among the inflammatory
cells recruited to the injured area are macrophages�microglia
and neutrophils that can mediate tissue damage by producing a
variety of cytotoxic factors including reactive nitrogen species
(3–7). Several studies have implicated peroxynitrite, a molecule
generated when nitric oxide and superoxide combine, in sec-
ondary neuronal damage after spinal cord injury (SCI) (5–7).
Not only has evidence of peroxynitrite production been detected
in spinal cord tissues from rats after traumatic injury (5–7), but
administration of a peroxynitrite donor directly into the rat
spinal cord has been shown to cause neuronal cell death and
neurological deficit (8). In addition, a number of previous
reports have demonstrated that peroxynitrite is toxic for neu-
rons, including primary spinal cord neurons, and neuronal cell
lines in vitro (9–13).

Peroxynitrite is known to mediate several potentially destruc-
tive chemical reactions, including tyrosine nitration and lipid
peroxidation (14). Mitochondrial respiration is directly inhibited
by peroxynitrite and is an early marker of its cytotoxic effects (9,
14). In addition, peroxynitrite causes DNA strand breakage,
which activates the enzyme poly(ADP-ribose) polymerase
(PARP), which in turn triggers a cascade of processes that often
lead to cell death (14). Because increased nitrotyrosine forma-
tion, lipid peroxidation, and PARP activation have all been
associated with secondary damage in spinal cord trauma (5–7,
14–20), it is possible that secondary neurological deficits in SCI
could be limited by interfering with either the production or
activity of peroxynitrite.

We have previously demonstrated that uric acid (UA), a
selective inhibitor of certain peroxynitrite-mediated chemical
reactions (21), is therapeutic in experimental allergic encepha-
lomyelitis (EAE) (e.g., refs. 22–24), a neurodegenerative disease
model. There is evidence that UA protects different neuronal
cell populations from peroxynitrite-mediated toxicity (11, 12).
However, an additional aspect of the protective effect of UA in
EAE is evidently directed at CNS inflammation, because UA
treatment prevents the loss of blood–brain barrier (BBB) integ-
rity that occurs in the disease, thereby inhibiting inflammatory
cell infiltration (24–27). Consequently, raising UA levels may
impact secondary pathology in SCI by directly preventing
peroxynitrite-mediated cell toxicity or interfering with the acute
inflammatory response if there is a peroxynitrite-dependent
component. To examine these two hypotheses further, we first
determined whether physiologically relevant levels of UA pro-
tect spinal cord neurons from the toxic effects of peroxynitrite
in vitro and then assessed the effects of UA treatment in a mouse
model of SCI.

Materials and Methods
Preparation and Culture of Spinal Cord Neurons. Spinal cord neu-
ronal cultures were prepared according to the method of To-
borek et al. (28) with minor modifications. Briefly, spinal cords
from 13- to 14-day-old fetal mice were minced and incubated for
30 min at 37°C in a buffered solution containing 0.67 mg�ml
papain, then titrated in 40 �g�ml DNase in MEM supplemented
with 10% FBS and 10% horse serum. The cell suspension was
seeded in poly-L-lysine-coated plates at a density of 1.5 � 106

cells per 35-mm-diameter dish, and 7 h later the medium was
replaced with Neurobasal medium containing B-27 supplement
(minus antioxidants) (GIBCO), 2 mM glutamine, 100 �g�ml
gentamicin, and 50 �g�ml fungizone. Cultures were maintained
at 37°C in 5% CO2. Three days later, 1.4 � 10�5 M uridine and
5.4 � 10�5 M fluorodeoxyuridine was added to the cultures to
inhibit the proliferation of nonneuronal cells. Experiments were
carried out on replicate cultures derived from single platings of
spinal cord neurons after 14 days of culture.

Cell Treatment and Viability Assessment. Peroxynitrite (100–500
�M) diluted in PBS, pH 8.3, was added to spinal cord neuron
cultures in 1�10 of the volume of the wells. Control samples were
treated with an equal volume of PBS, pH 8.3. Replicate cultures
were treated with UA (100–1,000 �M) for 10 min before the
addition of peroxynitrite. Cell viability was assessed by measur-
ing the reduction of 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl-
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tetrazolium bromide (MTT) to formazan, an indicator of mito-
chondrial respiration, as well as the release of the cytoplasmic
enzyme lactate dehydrogenase (LDH) into medium, an index of
the loss of cell membrane integrity, as described (29).

Mouse SCI Model. Male Adult CD1 mice (25–30 g, Harlan Nossan,
Milan) were housed and cared for in compliance with Italian
regulations on the protection of animals used for experimental
and other scientific purposes (Italian regulation code D.M.
116192) as well as with European Economic Community regu-
lations (Official Journal of the European Communities L 358�1,
December 18, 1986). Mice were anesthetized with chloral hy-
drate (40 �g per kg of body weight). A longitudinal incision was
made on the midline of the back, exposing the paravertebral
muscles, which were dissected away to uncover vertebrae T5–T8.
The spinal cord was exposed via a four-level T6–T7 laminec-
tomy, and SCI was produced by extradural compression of the
spinal cord for 1 min by using an aneurysm clip with a closing
force of 24 g. Postoperatively, animals were administered 1.0 ml
of saline s.c. to replace the blood volume lost during the surgery.
During recovery from anesthesia, the mice were placed on a
warm heating pad and covered with a warm towel. Mice were
housed singly in a temperature-controlled room at 27°C for a
survival period of 10 days with food and water provided ad
libitum. During this time, the animals’ bladders were manually
voided twice a day until the mice were able to regain normal
bladder function. Sham-injured animals were subjected to all
procedures except extradural compression.

Treatment. Mice were randomly allocated into the following
groups: (i) SCI plus saline, subjected to SCI and given saline
vehicle i.p. 30 min before and 6 h after injury (n � 40 mice); (ii)
SCI plus UA, subjected to SCI and given UA (500 mg per kg of
body weight in saline, i.p.) 30 min before and 6 h after injury (n �
40 mice); (iii) sham plus saline, subjected to a T6–T7 laminec-
tomy and given saline i.p. 30 min before and 6 h after laminec-
tomy (n � 40 mice); (iv) sham plus UA, subjected to a T6–T7
laminectomy and given UA (500 mg per kg of body weight in
saline, i.p.) 30 min before and 6 h after laminectomy (n � 50
mice). This dose of UA raises serum UA levels in mice from �0.5
mg�dl to �3 mg�dl with a half-life of �2 h.

Grading of Motor Disturbance. The motor function of the mice was
graded once a day for 10 days after injury by using the modified
murine Basso, Beattie, and Bresnahan hind limb locomotor
rating scale (30), summarized as follows. No hind limb movement
is scored as 0. Slight (�50% range of motion) movement of one
or two joints is 1. Extensive (�50% range of motion) movement
of one joint and slight movement of one other joint is 2. Extensive
movement of two joints is 3. Slight movement of all three joints
is 4. Extensive movement of one joint and slight movement of
two, extensive movement of two joints and slight movement of
one, or extensive movement of all three joints are scored as 5, 6,
and 7 respectively. Sweeping without weight support or plantar
placement and no weight support is 8. Plantar placement with
weight support in stance only or dorsal stepping with weight
support is 9. Occasional (�50% of the time) weight-supported
plantar steps and no front�hind limb coordination is 10. Fre-
quent (50–94% of the time) to consistent (�95% of the time)
weight-supported plantar steps with no, occasional, or frequent
coordination are scored as 11, 12, and 13, respectively. Scores of
14–19 (in parentheses) are given to animals with consistent
weight-supported plantar steps and consistent coordination and
the following: a predominantly rotated paw position during
locomotion or frequent plantar stepping and occasional dorsal
stepping (14); no or occasional toe clearance and parallel paw
position at initial contact (15); frequent toe clearance, parallel
paw position at initial contact, and either rotated or parallel paw

position at lift-off (16 and 17, respectively); consistent toe
clearance and parallel paw position at initial contact but rotated
or parallel paw position at lift-off (18 and 19, respectively).
Finally, mice with consistent plantar stepping, coordinated gait,
and toe clearance that predominantly have a parallel paw
position at initial contact and lift-off and that have trunk
instability are scored as 20, whereas similar animals with trunk
stability are scored as 21. Tail position was not incorporated into
the outcome scale because its relationship with neurological
function in the mice is inconsistent.

Histology and Immunohistochemistry. Spinal cord tissues were
collected 24 h after the trauma and fixed in 4% paraformalde-
hyde solution (in 0.1 M PBS). For histology, the tissues were
dehydrated by graded ethanol and embedded in Paraplast
(Sherwood Medical Industries, Mahwah, NJ). Tissue sections (5
�m) were deparaffinized with xylene and graded alcohol and
then stained with hematoxylin�eosin and examined by light
microscopy (Dialux 22, Leitz). Nitrotyrosine, as an index of
peroxynitrite formation and�or nitrosative stress, and poly-
(ADP-ribose), as a marker of PARP activation, were localized in
8-�m sections from paraffin-embedded spinal cord tissue by
using anti-nitrotyrosine and anti-PARP antibodies (DBA, Mi-
lan) and an immunoperoxidase technique with a chromogen
diaminobenzidine substrate as previously described (31).

Measurement of Lipid Peroxidation and Myeloperoxidase (MPO) Ac-
tivity. Malondialdehyde (MDA) levels, an indicator of lipid
peroxidation, were determined in spinal cord tissues 1 h after
SCI by using a previously described assay based on the absor-
bance of the products of a thiobarbituric acid reaction at 650 nm
(32). The levels of MDA in each sample were calculated by
comparison with standards and expressed as �M MDA per 100
mg of tissue. The extent of polymorphonuclear leukocyte accu-
mulation in spinal cord tissues was estimated 4 h after SCI by
measuring MPO activity using a colorimetric method as previ-
ously described (33). MPO activity was defined as the quantity
of enzyme degrading 1 �mol of peroxide per min at 37°C and is
expressed in milliunits�g wet tissue.

Statistical Analysis. All results are expressed as the mean � SEM
of replicates. Data sets were analyzed by either one- or two-way
analysis of variance (ANOVA) followed by a post hoc Dunnett’s
test or by Student’s unpaired t test. Motor scale data were
analyzed by using the Mann–Whitney U test. In each case, P �
0.05 was considered significant.

Results
UA Protects Primary Spinal Cord Neurons from Peroxynitrite-Induced
Cytotoxicity. To confirm whether UA inhibits the deleterious
effects of peroxynitrite on spinal cord neurons, various concen-
trations of UA were added to cultures of primary spinal cord
neurons before the addition of 300 �M peroxynitrite, and the
effects on mitochondrial respiration and LDH release were
assessed. UA protected spinal cord neurons from the toxic
effects of peroxynitrite in a dose-dependent manner with con-
centrations as low as 100 �M providing significant protection
(P � 0.05) (Fig. 1A). Because the precise concentrations of
peroxynitrite that spinal cord neurons may be exposed to in SCI
are difficult to predict, we next determined the protective
capacity of 300 �M UA, a level approximating that of normal
human serum (200–350 �M), against a range of peroxynitrite
concentrations. Fig. 1B shows that, regardless of the amount of
peroxynitrite added, 300 �M UA inhibits both the decline in
mitochondrial respiration and, particularly, the enhanced release
of LDH.
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UA Treatment Enhances Recovery of Motor Function After SCI. To
determine whether UA may protect against peroxynitrite-
mediated secondary neuronal damage in SCI, mice were treated
with UA 30 min before and 6 h after injury, and their recovery
of motor function was assessed over 10 days by using a modified
Basso, Beattie, and Bresnahan hind limb locomotor rating scale
(Fig. 2). Although motor function was only slightly impaired in
sham-injured mice, animals undergoing SCI had extensive def-
icits in hind limb movement. In the first 2 days after SCI, there
was no difference in the extent of locomotor dysfunction be-
tween the UA- and saline-treated groups of mice, demonstrating
that all animals experienced the same degree of injury. However,
by 4 days postinjury, motor recovery was significantly improved
in UA-treated mice compared with animals that had received
saline vehicle (P � 0.001). Over the remainder of the study, the
UA-treated animals continued to regain motor function while
the saline controls did not. At the end of the study period, 10 days
postinjury, the UA-treated mice were able to support their
weight while saline-treated animals exhibited only limited joint
movement.

UA Treatment Inhibits Histopathological Changes and Decreases the
Levels of Nitrotyrosine and Poly(ADP-Ribose) in Spinal Cord Tissues of
SCI Mice. Compression injury to the spinal cord causes marked,
perilesional histopathological changes within 24 h that can be
readily seen by comparing the sections in Fig. 3 a (sham-operated
control) and b (SCI, saline-treated). Evidence of edema as well

as alterations in the white matter are apparent. However, such
changes did not occur in spinal cord tissue from a compression-
injured mouse treated with UA (Fig. 3c). In addition to the
general pathological changes, nitrotyrosine, a product of per-
oxynitrite, can be detected by immunohistochemistry in the area
of the lesion in SCI mice given saline but not in sham-operated
controls or UA-treated animals (Fig. 4). Similarly, UA admin-
istration suppressed the formation of poly(ADP-ribose), an
indicator of PARP activity, in the area of the lesion in SCI mice
(Fig. 5).

UA Treatment Inhibits Lipid Peroxidation in SCI. To determine
whether UA treatment affects lipid peroxidation in SCI, we

Fig. 1. UA protects spinal cord neurons from the deleterious effects of
peroxynitrite. Spinal cord neuron cultures either were untreated or pre-
treated with UA (100–1,000 �M) for 10 min and then exposed to authentic
peroxynitrite (100–500 �M) for 1 h. Mitochondrial respiration and LDH release
were then assessed as detailed in Materials and Methods. (A) The results for
treatment with different concentrations of UA and 300 �M peroxynitrite are
presented as percentage of control (mean � SEM), where n � 5–9 replicate
cultures. *, P � 0.05; ***, P � 0.001 compared with the 0 �M UA group by
one-way ANOVA with a post hoc Dunnett’s test. (B) The results for treatment
with 300 �M UA and different concentrations of peroxynitrite are expressed
as percentage of control (mean � SEM), where n � 6–9 replicate cultures. *,
P � 0.05, compared with the untreated group by Student’s unpaired t test.

Fig. 2. UA treatment enhances motor function recovery in clip-injured mice.
Adult CD1 mice were subjected to SCI and given either saline (circles) or UA
(500 mg�kg) (triangles) i.p. 30 min before and 6 h after injury as described in
Materials and Methods. Sham-operated control mice (diamonds) were sub-
jected only to laminectomy. The motor function of the mice was graded once
per day for 10 days by using the modified murine Basso, Beattie, and Bresna-
han hind-limb locomotor score. Results are presented as the mean score � SEM
(n � 15 mice per group). **, P � 0.001 compared with the sham-operated
group by the Mann–Whitney U test. ††, P � 0.001 compared with the SCI plus
saline group by the Mann–Whitney U test.

Fig. 3. UA treatment prevents the histological damage normally associated
with SCI. Adult CD1 mice were subjected to compression-induced SCI and
treated with UA or saline as detailed in the legend to Fig. 2. Spinal cord
biopsies were collected 24 h after SCI, and sections from sham-operated (a),
saline-treated (b and b1), and UA-treated (c) SCI mice were stained with
hematoxylin�eosin as described in Materials and Methods and photographed
(a, b, and c, �200; b1, �450).
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measured MDA, an end product of lipid peroxidation, in the
spinal cords of control mice and SCI mice administered saline
or UA (Fig. 6). Whereas the baseline MDA levels in spinal
cord tissues from sham-operated animals were unaffected by
UA administration, the substantial elevation in spinal cord
MDA levels observed after SCI was significantly reduced
by UA treatment (Fig. 6).

UA Administration Limits Neutrophil Infiltration After SCI. UA treat-
ment inhibits BBB permeability changes and prevents inflam-
matory cell infiltration into the CNS in a variety of models of
CNS inflammation (24–27, 34, 35). Consequently, it is possible
that UA protects against secondary damage in SCI by limiting
the acute inflammatory response. Hence, we assessed the effects
of UA treatment on neutrophil infiltration in SCI by evaluating
MPO activity in spinal cord tissues (Fig. 7). MPO activity was
detected at low levels in spinal cord tissues of sham-treated mice,
and UA administration did not alter basal spinal cord levels of
MPO. By comparison, spinal cord MPO activity was significantly
increased after SCI (P � 0.001). However, when the SCI mice
were treated with UA, MPO activity was maintained at control
values (Fig. 7).

Discussion
Acute inflammatory changes in spinal cord tissue have been
implicated in a secondary injury cascade that results in a
considerably greater loss of function than that expected from the
initiating mechanical damage. Peroxynitrite, one of a number of
toxic factors produced in the spinal cord tissues after SCI (5–7),
likely contributes to secondary neuronal damage through path-

ways resulting from the chemical modification of cellular pro-
teins and lipids. However, studies in EAE and several models of
CNS infection suggest that peroxynitrite may be an important
mediator of the CNS inflammatory response through effects
manifested in enhanced BBB or blood–spinal cord barrier
permeability (24–27, 34, 35). Moreover, inhibition of iNOS, the
rate-limiting enzyme in the production of peroxynitrite in an
inflammatory response, has been demonstrated to be therapeu-
tic in SCI (36).

To probe the pathological contributions of peroxynitrite to
secondary damage after SCI, we have used UA, a selective
inhibitor of certain peroxynitrite-mediated chemistries including
tyrosine nitration (37, 38) but not lipid peroxidation (38, 39). UA
has been extensively used as a neuroprotective agent and has
been shown to inhibit CNS inflammation and BBB permeability
changes in several models (24–27, 34, 35). As expected, UA can
protect spinal cord neurons from peroxynitrite-induced cytotox-
icity in vitro (Fig. 1). More importantly, the administration of UA
to raise the normally low serum UA levels of mice at the time of
injury, as well as shortly afterward, was sufficient to promote a
significant and sustained improvement in recovery from a spinal
cord compression injury (Fig. 2). Accompanying this therapeutic
effect, the extensive pathological changes observed in the lesion
area of SCI animals administered saline did not occur in similarly
injured mice treated with UA.

Several indices of the peroxynitrite-mediated pathological
changes that normally acutely follow SCI are reduced in the
spinal cords of UA-treated mice. These include nitrated tyrosine
residues, PARP activity, and evidence of lipid peroxidation.
Tyrosine nitration, which occurs in areas of active cell death in

Fig. 4. UA administration prevents nitrotyrosine formation after SCI. CD1 mice were subjected to SCI and treated with UA or saline as detailed in the legend
to Fig. 2. Spinal cord tissues were collected 24 h after trauma and fixed in paraformaldehyde. Nitrotyrosine, a marker of peroxynitrite reactivity, was assessed
in paraffin-embedded sections of spinal cord tissue from sham-operated (a), saline-treated (b; arrows indicate accumulations of nitrotyrosine), and UA-treated
(c) SCI mice by immunohistochemistry as described in Materials and Methods and photographed (�200).

Fig. 5. UA administration reduces PARP activation after SCI. CD1 mice were subjected to compression-induced SCI and treated with UA or saline as described
in the legend to Fig. 2. Spinal cord tissues were collected 24 h after trauma and fixed in paraformaldehyde. Immunohistochemical analysis of poly(ADP-ribose)
as a marker of PARP activity was performed in paraffin-embedded sections from the spinal cord tissues of sham-operated (a), saline-treated (b), and UA-treated
(c) SCI mice as described in Materials and Methods and photographed (�200).
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the spinal cords of SCI rats (5–7), can interfere with protein
function and may therefore negatively impact cell metabolism
and survival (40). PARP activity is believed to contribute to
neuronal cell death in a variety of neurological conditions (41),
including traumatic brain injury (42, 43) and SCI (5), as a
consequence of energy failure (14) or through modification of
the activity of various proteins by poly(ADP-ribosylation) (44).
Lipid peroxidation can cause cell death through different path-
ways including disruption of cell signaling or altering mitochon-
drial function (36) and is thought to be one of the main
contributors to secondary damage after CNS trauma (9). For
example, inhibitors of lipid peroxidation have been shown to
promote functional recovery in animal models of SCI (16–19).

The chemistries possible in vivo among peroxynitrite, its
potential targets, and UA are complex and not fully resolved. UA
effectively blocks peroxynitrite-mediated tyrosine nitration in
vitro by a reaction with second-order kinetics (21). On the other
hand, UA enhances the oxidation of low-density lipoproteins by
peroxynitrite in vitro (39) and has variable effects on lipid
peroxidation by other radicals (45). In an EAE model, where
peroxynitrite makes a major contribution to pathology, UA
treatment inhibits tyrosine nitration in lesions (24) but fails to
significantly reduce lipid peroxidation (38). These observations
raise the possibility that the chemistries responsible for lipid
peroxidation as a consequence of SCI may not be susceptible to
inactivation by UA. If this is the case, the protective effects of
UA may be directed at preventing the accumulation of neutro-
phils and activated cells of the macrophage�microglia lineage at
the site of the injury and thereby the local production of a range
of pathological factors.

In our previous studies of UA treatment in models of CNS
inflammation, the maintenance of BBB integrity proved to be a
key element of the therapeutic response, preventing neurotoxic
cells and factors from entering CNS tissues (e.g., refs. 24, 27, and
35). Disruption of the blood–spinal cord barrier is an early event
after spinal cord trauma (46), with significant permeability
changes detected as early as 35 min after injury (47). In addition,
it has been demonstrated that inhibition of iNOS reduces the
disruption of the blood–spinal cord barrier, neutrophil accumu-
lation, and neuronal cell death after contusion SCI (36). This
suggested to us that peroxynitrite may trigger the induction of
blood–spinal cord barrier permeability changes in SCI, as is
evidently the case in other models (24, 26, 34, 35). The foremost
protective effect of UA in SCI would therefore be manifested in
the suppression of the acute inflammatory response. Indeed, UA
treatment prevented the elevation of MPO activity seen in the
spinal cords of SCI mice, indicating that the accumulation of
neutrophils in the tissue was inhibited. The concept that the
inactivation of peroxynitrite by UA protects against secondary
damage after SCI by interfering with the acute inflammatory
response is supported by the lack of histopathological changes
seen in the area of the mechanical lesion in UA-treated SCI
mice.

Unlike EAE and Borna disease virus infection, where the CNS
inflammatory responses are driven by an adaptive immune
response of antigen-specific T cells and activated macrophages,
innate immunity and neutrophils play a major role in the acute
inflammatory response after SCI (4). Nevertheless, our results
demonstrate that these disparate pathological processes share a
common, peroxynitrite-mediated component, which we con-
clude is a mechanism responsible for the loss of BBB and
blood–spinal cord barrier integrity in a variety of neurodegen-
erative conditions.

The finding that UA administration prevents secondary
pathological events in compression-induced SCI and promotes
recovery of motor function in an animal model raises the issue
of whether UA could be used therapeutically in humans after
SCI. Because of inactivation of the urate oxidase gene, humans
naturally have higher levels of UA than most lower animals (48,
49). However, UA levels in humans are variable, with lower than
average levels perhaps representing a risk factor for several
neurodegenerative diseases including multiple sclerosis (23,
50–52) and Parkinson’s (53, 54) and Alzheimer’s (55–57) dis-
eases. It is possible that secondary damage after SCI could be
more extensive in individuals with lower UA levels, through both
reduced control of cell invasion into the tissues and greater
peroxynitrite-mediated neuronal cell death. Moreover, it is
unlikely that normal circulating UA levels are sufficient to
protect spinal cord tissues against the amounts of peroxynitrite
that may be produced by an acute inflammatory response.
Therefore, the transient elevation of serum UA as soon as

Fig. 6. Lipid peroxidation is reduced in spinal cord tissues from SCI mice by
UA. CD1 mice were subjected to compression-induced SCI and treated with UA
or saline as described in the legend to Fig. 2. Spinal cord tissues were collected
1 h after SCI, and levels of MDA were determined as described in Materials and
Methods as an indicator of lipid peroxidation. Results are expressed as �M
MDA per 100 g of wet tissue (mean � SEM) (n � 15 mice per group). ***, P �
0.001 compared with the sham-operated group by Student’s unpaired t test.
###, P � 0.001 compared with the SCI plus saline group by Student’s unpaired
t test.

Fig. 7. Neutrophil infiltration after SCI is inhibited by UA treatment. CD1
mice were subjected to compression-induced SCI and treated with UA or saline
as described in the legend to Fig. 2. Spinal cord tissues were collected 4 h after
SCI, and tissue levels of MPO were determined as an indicator of neutrophil
accumulation. Results are expressed as unit per gram of wet tissue (mean �
SEM) (n � 15 mice per group). ***, P � 0.001 compared with the sham-
operated group by Student’s unpaired t test. ###, P � 0.001 compared with the
SCI plus saline group by Student’s unpaired t test.
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possible after spinal cord trauma [for example, by the oral
administration of inosine (58, 59)] may have some benefit.
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