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ABSTRACT Uric acid, the naturally occurring product of
purine metabolism, is a strong peroxynitrite scavenger, as
demonstrated by the capacity to bind peroxynitrite but not
nitric oxide (NO) produced by lipopolysaccharide-stimulated
cells of a mouse monocyte line. In this study, we used uric acid
to treat experimental allergic encephalomyelitis (EAE) in the
PLSJL strain of mice, which develop a chronic form of the
disease with remissions and exacerbations. Uric acid admin-
istration was found to have strong therapeutic effects in a
dose-dependent fashion. A regimen of four daily doses of 500
mg/kg uric acid was required to promote long-term survival
regardless of whether treatment was initiated before or after
the clinical symptoms of EAE had appeared. The requirement
for multiple doses is likely to be caused by the rapid clearance
of uric acid in mice which, unlike humans, metabolize uric
acid a step further to allantoin. Uric acid treatment also was
found to diminish clinical signs of a disease resembling EAE
in interferon-vy receptor knockout mice. A possible association
between multiple sclerosis (MS), the disease on which EAE is
modeled, and uric acid is supported by the finding that
patients with MS have significantly lower levels of serum uric
acid than controls. In addition, statistical evaluation of more
than 20 million patient records for the incidence of MS and
gout (hyperuricemic) revealed that the two diseases are almost
mutually exclusive, raising the possibility that hyperuricemia
may protect against MS.

The induction of the nitric oxide synthase isoform (NOS-2) in
the central nervous system (CNS) commonly associated with
cells of the macrophage/monocyte lineage is a characteristic
feature of experimental allergic encephalomyelitis (EAE) (see
refs. 1-7 for examples). Moreover, production of the free
radical nitric oxide (NO) in CNS tissue of mice has been
correlated with the development of clinical signs of the disease
(2, 7). The contribution of NO in the etiology of EAE has been
confirmed in mice that were immunized with proteolipid
protein peptide but failed to develop EAE when treated with
a compound that inactivates NO (8).

It remains unproven whether NO, which has a short half-life
in vivo, exerts a toxic effect on CNS cells directly or through
the formation of a more toxic compound, the production of
which is directly related to the induction of elevated NO levels
in brain tissue. Peroxynitrite (ONOO™), a potent oxidant that
is formed by the rapid combination of NO with superoxide
(027), can be formed in an inflammatory response (9) and can
cause a variety of toxic effects, including lipid peroxidation
(10) and tyrosine nitration (11, 12). It therefore has been
suggested that peroxynitrite is responsible for a significant
proportion of the inflammatory damage attributed to NO (12).
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We have shown that treatment with uric acid, a naturally
occurring compound that selectively binds and inactivates
peroxynitrite (13), inhibits the onset of clinical disease in an
acute, aggressive form of mouse EAE, a result expected only
if peroxynitrite is the more toxic molecule (8). In the present
investigation, we have extended our studies of the therapeutic
effect of uric acid in EAE, with an emphasis on the treatment
of mice already showing clinical signs of disease and on
long-term survival. As interferon-y (IFN-v) is a major con-
tributor to the induction of iNOS (14), the fact that inhibition
of IFN-y with mAbs (15) or targeted disruption of the IFN-vy
gene can enhance susceptibility to EAE (16) has raised ques-
tions concerning the role of NO-dependent molecules in the
pathogenesis of this disease. We therefore have assessed the
effects of treatment with uric acid on EAE in mice lacking
IFN-v receptors. We have also examined the possible rela-
tionship between uric acid levels and multiple sclerosis (MS),
because nitrotyrosine residues on proteins, which are stable
markers of peroxynitrite-mediated damage, have been shown
to be associated with plaque areas in brain of MS patients (8),
suggesting that, as in EAE, peroxynitrite formation may be
involved in the pathogenesis of MS. We therefore compared
serum uric acid levels in MS patients and controls and surveyed
gout (hyperuricemic) patients for their incidence of MS.

MATERIALS AND METHODS

In Vitro Assessment of the Effect of Uric Acid on NO and
Peroxynitrite Formation. RAW 264.7 cells, obtained from the
American Type Culture Collection, were cultured on 24-well
plates in RPMI 1640 medium supplemented with 10% heat-
inactivated fetal bovine serum, 50 units of penicillin, 50 pg/ml
of streptomycin, and 5 mM L-glutamine. When cells reached
80% confluence (10° per well), they were activated with 1
pg/ml of lipopolysaccharide (LPS) (Escherichia coli O55:B5).
For measurement of NO formation, cells were activated in the
absence or the presence of various concentrations of uric acid
and n-methyl-L-arginine (L-NMMA; Sigma) for 24 hr. Nitrite
was measured in culture media by using a technique based on
the Griess reaction (17). To assess peroxynitrite in the cultures,
cells were washed twice with PBS after 24-hr incubation with
LPS cells, and 1 ml of PBS containing 5 uM dihydrorhodamine
123 (DHR123), and the indicated concentrations of uric acid
or L-NMMA were added. As peroxynitrite specificity controls
superoxide dismutase (Sigma) and catalase (Sigma) were
added to replicate cultures at 100 pug/ml. After an additional
1-hr incubation at 37°C, rhodamine 123 luminescence was
measured in a fluorimeter with an excitation wavelength of 485

Abbreviations: EAE, experimental allergic encephalomyelitis; IFN-y,
interferon-y; MS, multiple sclerosis; CNS, central nervous system;
LPS, lipopolysaccharide; L-NMMA; n-methyl-L-arginine; DHR123,
dihydrorhodamine 123; MBP, myelin basic protein; CFA, complete
Freund’s adjuvant.
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nm and a detection wavelength of 530 nm. Catalase, which
breaks down hydrogen peroxide, had no effect on DHR123
oxidation, whereas superoxide dismutase completely blocked
DHRI123 oxidation (data not shown). To assess the effects of
uric acid on peroxynitrite-mediated toxicity, RAW cells at
80% confluence were washed twice in medium without fetal
bovine serum and phenol red, and the indicated concentra-
tions of the peroxynitrite donor SIN-1 (Alexis Biochemicals,
San Diego, CA) were added with and without 1 mM uric acid.
After 24-hr incubation at 37°C toxicity was measured by
propidium iodide (Sigma) staining (18).

Induction of EAE. EAE was induced in 8- to 9-week-old
female PLSJL mice (The Jackson Laboratory) and in IFN
Gamma Ro/o 129/Sv mice (IFN-yR KO, a kind gift of Michel
Aguet, The Swiss Institute for Experimental Cancer Research,
Lausanne), which were generated by targeted gene disruption
as described elsewhere (19), by subcutaneous immunization
with 100 pg of myelin basic protein (MBP) in complete
Freund’s adjuvant (CFA) on day 0, followed by i.p. injection of
400 ng pertussis toxin (Sigma, catalog no. P-0317) on days 0
and 2. MBP was prepared in the laboratory by using an
established technique (20). In this model, EAE can range from
acute onset, leading to death in over 80% of the mice by 20 days
after immunization, to a less severe form of the disease, with
initial symptoms appearing in only 60-80% of the mice from
15 to 30 days after immunization. Relapsing disease is common
in survivors of the initial course of the disease. In the IFN-yR
KO mice the disease is acute and severe with approximately
80% mortality. Clinical severity of EAE was assessed a min-
imum of twice daily by at least two independent investigators.
Scores were assigned on the basis of the presence of the
following symptoms: 0, normal mouse; 1, piloerection, tail
weakness; 2, tail paralysis; 3, tail paralysis plus hindlimb
weakness; 4, tail paralysis plus partial hindlimb paralysis; 5,
total hindlimb paralysis; 6, hind and forelimb paralysis; 7,
moribund/dead.

Treatment Regimen and Determination of Serum Uric Acid
Levels. Uric acid, obtained from Sigma, (catalog no. U-0881)
was used as a suspension in 0.8% saline. Mice received either
500 mg/kg of uric acid in a 100-ul saline suspension per
injection or saline alone as a control. Treatment schedules
within individual groups of mice are detailed in the figure
legends. Serum uric acid levels were measured by using a
quantitative enzymatic assay (Sigma, catalog no. 685-10)
according to the manufacturer’s protocol (Sigma, procedure
no. 685), and the results were standardized by using a com-
mercial uric acid standard solution (Sigma, catalog no. 685-1).
Comparison of serum uric acid levels in MS patients and
controls was performed in collaboration with Inglis House, a
palliative care institution in Philadelphia. Subjects were age-
and sex-matched MS and control patients, the latter predom-
inantly with spinal cord injury or Parkinson’s disease. The 46
MS patients (diagnosis confirmed by MRI) as well as the
control group contained equal numbers of males and females.
To control for the significant influence of diet on serum uric
acid levels, the institutionalized subjects all received the same
diet for 5 days before collection of serum for assessment of uric
acid levels, and blood samples were obtained from all subjects
before breakfast. Acetylsalicylic acid, thiazide diuretics, and
certain other drugs have been reported to modulate serum uric
acid levels (e.g., refs. 21 and 22). Individuals treated with such
drugs therefore were excluded from this study. Uric acid levels
were determined by the clinical laboratories at Thomas Jef-
ferson University Hospital by using a commercially available
enzymatic, colorimetric assay according to the manufacturer’s
instructions (Boehringer Mannheim document 011389402-
1092). Statistical analysis was performed by using the SYSTAT
program. Significance was calculated by the Wilcoxon rank
sum test.
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FiG6. 1. In vitro effects of uric acid on NO production and per-
oxynitrite detection in cultures of RAW cells stimulated by LPS. RAW
264.7 cells were activated by LPS in the presence of various concen-
trations of uric acid (m) or L-NMMA (O), and peroxynitrite (4) and
NO formation (B) were assessed as described in Materials and
Methods. To assess peroxynitrite, cells were washed twice with PBS
after 24-hr incubation with LPS cells and 1 ml of PBS containing 5 uM
DHR123 and the indicated concentrations of uric acid or L-NMMA
were added. After an additional 1-hr incubation at 37°C, rhodamine
fluorescence was measured as an indicator of peroxynitrite produc-
tion. For measurement of NO formation, cells were stimulated for 24
hr in the presence of uric acid, and nitrite was measured in the culture
medium. Data are presented as percentage of peroxynitrite or nitrite
detected in replicate cultures without added uric acid or L-NMMA. (C)
The peroxynitrite donor SIN-1 was titrated into RAW cells cultured
in the absence (OJ) or presence of 1 mM uric acid (m). Twenty-four
hours later the percentage cell death was calculated by propidium
iodide staining as described in Materials and Methods.

Survey of the Incidence of MS and Gout. Outpatient records
from the Health Care Financing Administrations 1995 data-
base were searched for individuals with MS (ICD-9 code 340)
and gout (ICD-9 code 2740).

RESULTS

Effects of Uric Acid on Peroxynitrite and NO in Vitro. To
confirm that uric acid scavenges peroxynitrite without affect-
ing the mechanisms involved in the production of the molecule,
we examined the effects of uric acid on NO production and
peroxynitrite accumulation in vitro. Preincubation of LPS-
stimulated RAW cells with uric acid for 1 hr inhibited the
oxidation of DHR123 mediated by peroxynitrite (Fig. 14) but
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F1G6.2. Effect of uric acid treatment on clinical signs of pre-existing
EAE in PLSJL mice. Groups of 10 female PLSJL mice were immu-
nized with MBP in CFA. Twelve days later, mice with clinical signs
either were treated with uric acid (<) twice daily with 10 mg per dose
for 7 days (arrows) or left untreated (a). Clinical score was assessed
twice daily as described in Materials and Methods and is presented as
an average.

did not significantly diminish NO production as measured by
the accumulation of nitrate and nitrite during 24 hr of culture
(Fig. 1B). L-NMMA, an inhibitor of NOS, suppressed both NO
production and DHR123 oxidation. Because DHR123 oxida-
tion in this assay also was inhibited by superoxide dismutase,
but not by catalase (data not shown), we conclude that
peroxynitrite is the likely mediator of the DHR123 oxidation.
Exogenous addition of the peroxynitrite donor SIN-1 to RAW
cells caused cell death that was inhibited by the addition of uric
acid (Fig. 1C).

Uric Acid Treatment of Mice with Pre-Existing EAE. Our
previous experiments demonstrated that two daily doses of 10
mg of uric acid, initiated 5 days after immunization with MBP
or proteolipid peptide, delays the onset of EAE (8). To
determine whether uric acid is also effective in the treatment
of mice with clinical signs of EAE, PLSJL mice were immu-
nized with MBP and left untreated until severe disease devel-
oped in the animals at day 12. Mice then were divided into two
groups, with and without symptoms, and half of the mice in
each group were treated with uric acid for 7 days. As shown in
Fig. 2, the mice receiving uric acid continued to deteriorate for
2 days after the start of treatment, but then showed a dramatic
improvement in clinical signs of the disease. When treatment
was discontinued 18 days after immunization, the clinical
status of the mice remained stable for 4 days but then rapidly
deteriorated. Nevertheless, 80% of the treated animals sur-
vived to 24 days after immunization with MBP as opposed to
none of the untreated controls (Fig. 3). During the period of
treatment, mice that had not yet developed clinical EAE at the
initiation of treatment developed less severe disease than
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FiG. 3. Effect of uric acid treatment on survival of PLSJL mice
with pre-existing EAE. Groups of 10 female PLSJL mice were
immunized with MBP in CFA. Twelve days later, mice with clinical
signs either were treated with uric acid (<) twice daily at 10 mg per
dose for 7 days (arrows) or left untreated (A).
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FiG.4. Effect of continued administration of uric acid on the onset
of clinical signs of acute EAE in PLSJL mice. Groups of 10 female
PLSJL mice were immunized with MBP in CFA as described in
Materials and Methods and treated twice daily starting 5 days later with
saline (a) or 10 mg of uric acid (<). Clinical score was assessed twice
daily and is presented as an average.

controls (average clinical score at day 21 postimmunization 0.5
vs. 3.8). One-third of the untreated animals died during the
course of the treatment or shortly thereafter, whereas none of
the uric acid-treated mice died (results not shown). In mice
that were healthy and in mice with signs of EAE at the start
of treatment, the therapeutic benefit of uric acid ceased
approximately 4 days after termination of its administration.
From these experiments, we concluded that uric acid is effec-
tive in the treatment of EAE both before and after the
development of the clinical disease, but that the therapeutic
effect is dependent on the continued administration of uric
acid.

Effect of Continued Administration of 10 mg of Uric Acid
Twice Daily in EAE. The experiments above clearly show that
two doses of 10 mg of uric acid are therapeutic in EAE but that
symptoms of the disease either develop or return when the
treatment is discontinued. In experiments to determine
whether prolonged treatment with the same dose regimen of
uric acid prevents EAE over extended periods of time, two
daily doses of 500 mg/kg of uric acid were found to delay the
onset of clinical EAE, but the mice eventually developed
severe disease (Fig. 4). Although uric acid treatment pro-
longed the survival of MBP-immunized PLSJL mice, long-
term survival rates of the treated and control groups of mice
did not differ significantly (data not shown).

Serum Uric Acid Levels in Mice after Treatment with Uric
Acid. In contrast to humans, in which uric acid is the end product
of purine metabolism and present in serum at significant con-
centrations, mice metabolize uric acid a step further to allantoin,
which does not have peroxynitrite scavenging activity (13) nor any
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F1G.5. Serum uric acid levels after single i.p. administration of uric
acid. Groups of 5-10 BALB/c (m) and SWX/J14 (®) mice were given
a single i.p. dose of 10 mg of uric acid and bled at the indicated
intervals. Uric acid levels in sera obtained before and after treatment
are presented as a mean for each time point.
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F1G. 6. Comparison of the protective effect of one, two, and four
daily doses of uric acid against EAE. Groups of 10 PLSJL mice were
immunized with MBP as described in Materials and Methods. Starting
5 days later and continuing for 30 days, groups of 10 mice were treated
with 10 mg of uric acid i.p. once (O), twice (<), or four (O) times daily
or with saline (A). One group of 7/10 mice surviving without treatment
to 24 days after immunization received four doses per day from day 24
(arrow) through day 35 (m); the three mice that died before the start
of treatment are excluded from the graph. Results are presented as an
average of the clinical score.

noticeable effect on EAE (data not shown). Thus, to determine
whether the ultimate failure of two daily doses of 500 mg/kg of
uric acid to prevent EAE is the result of rapid clearance of the
molecule such that therapeutic levels are maintained only tran-
siently, we measured serum uric acid levels in mice after the
administration of a single dose of 10 mg of uric acid; the elevated
serum uric acid levels seen by 20 min after its administration
virtually disappear within 2 hr (Fig. 5).

Effect of Increasing Uric Acid Dose Frequency on Develop-
ment of and Recovery from EAE. If the rapid clearance of uric
acid is responsible for the eventual development of EAE in
mice treated twice daily, rather than the development of a
second peroxynitrite-independent pathogenic mechanism, a
more comprehensive uric acid dose regimen would be ex-
pected to have a greater therapeutic effect. Comparison of the
effects of three uric acid administration schedules, ranging
from one to four daily doses of 500 mg/kg each, on the
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development of EAE (Fig. 6) indicated that all three dose
regimens caused a marked delay in the appearance of EAE
clinical symptoms, but the best clinical outcome in the long
term was achieved with four daily doses of uric acid. In
addition, four daily doses of 500 mg/kg of uric acid reversed
disease progression in a group of MBP-immunized but other-
wise untreated mice that developed EAE but survived until 24
days after injection (Fig. 6). The long-term survival rate of
PLSJL mice after immunization with MBP was the highest in
animals receiving four daily doses of uric acid (Fig. 7). Most of
these animals survived regardless of whether treatment, which
continued until day 35 after MBP administration, started when
the mice were still healthy (day 5) or sick (day 24). In the
experiment shown in Figs. 6 and 7, 14 of 15 mice treated with
four daily doses of uric acid survived until 35 days after MBP
immunization and when uric acid administration was discon-
tinued, were alive a month later without additional treatment.
Whether or not mice received uric acid, those surviving the
first month after immunization showed signs of relapsing EAE
(average clinical score of 5), from which they spontaneously
recovered.

Effect of Uric Acid Treatment on EAE in IFN-yR KO Mice.
Inhibition of the expression or activity of IFN-vy increases
susceptibility to the induction of EAE (15, 16). As shown in
Fig. 8, EAE also can be readily triggered in IFN-yR KO mice.
Immunization of IFN-yR KO with MBP elicits a progressive,
severe disease with clinical manifestations resembling those of
EAE. Four daily doses of 500 mg/kg uric acid, beginning 19
days after immunization, delayed the appearance and reduced
the severity of clinical signs of EAE (Fig. 84) as well as
prolonged the survival of the mice (Fig. 8B).

Uric Acid and MS. Unlike mice, humans have relatively high
levels of serum uric acid (4—6 mg/dl) (23). If our studies with
EAE bear significance to MS, any contribution of peroxynitrite
to the pathogenesis of MS might be reflected in altered serum
uric acid levels. Thus, we conducted two clinically oriented
studies to determine: (i) whether serum uric acid levels differ
in MS patients versus controls; and (if) whether hyperuricemia
may preclude the development of MS. In the first study, 46 age-
and sex- matched MS and other primarily neurological inpa-
tients were placed on the same diet for 5 days to prevent
contributions to uric acid levels from varied diets, and their
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F1G. 7. Survival of PLSJL mice immunized with MBP in CFA and treated with 10 mg of uric acid once, twice, or four times daily starting at
5 or 24 days after immunization. Shown are the survival curves of the mice described in the legend to Fig. 6. Starting 5 days after immunization
with MBP and continuing for 30 days, the groups of 10 mice were treated with 10 mg of uric acid i.p. once (O), twice (<), or four (O0) times daily
or with saline (a). A group of seven mice surviving without treatment to 24 days after immunization received four doses per day starting at that

point (m) through day 35 after immunization.
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FiG. 8. Effect of uric acid treatment on the clinical signs of EAE in IFN-yR KO mice. Groups of 10 female and eight male IFN-yR KO mice
were immunized with MBP in CFA. Nineteen days later, half of the mice in each group began four times daily i.p. treatment with either uric acid
(), 10 mg per dose, or saline (A). Clinical score was assessed twice daily as described in Materials and Methods, and is presented as an average

in A. The percent survival of the treated and control mice is shown in B.

serum uric acid levels were determined. MS patients were
found to have significantly lower serum uric acid levels than
those of the controls (P < 0.001) (Fig. 9). In the second study,
the records of 20,212,505 outpatients enrolled in Medicare and
Medicaid in 1995 were surveyed for patients with MS, gout,
and both conditions together. As shown in Table 1, although
the distributions of MS and gout in this population should lead
to approximately 62 individuals with both diseases, only four
such individuals were identified.

DISCUSSION

A variety of investigations have demonstrated that EAE can be
suppressed by inhibiting inducible NO synthase induction
(INOS) (3, 8, 24, 25) or scavenging NO (8), suggesting that NO,
either as an effector molecule or precursor, is involved in the
pathogenesis of EAE. Our previous (8) and present results,
identify peroxynitrite as a major factor in the pathogenesis of
EAE and possibly MS, consistent with the association of the
two diseases with iNOS induction in the CNS, the detection of
nitrotyrosine residues on cell debris in the plaque areas of MS
brain, and with the efficacy of uric acid, a known peroxynitrite
scavenger, in treating EAE.
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F1G. 9. Distribution of serum uric acid levels in MS and non-MS
patients. Sera were collected and uric acid levels were determined as
described in Materials and Methods. For each group of 46 subjects, the
majority of the values obtained fell in the range of the boxes plus bars,
with outlying values denoted by *. The central 50% of the values fell
within the boxes that also contain the median line for the group. P <
0.001 by the Wilcoxon rank sum test.

Peroxynitrite may exert its toxic effect through at least two
mechanisms. The first is through nitration of macromolecules
such as tyrosine or possibly cysteine, which can be catalyzed by
superoxide dismutase (12). For example, in amyotrophic lat-
eral sclerosis, nitration of tyrosine in the neuronal filaments of
motor neurons leads to neuronal dysfunction (26). In MS, we
have detected nitrotyrosine accumulation in plaque areas (8),
and antibodies reacting with nitrocysteine have been detected
in the sera of MS patients (27). Moreover mitochondrial
respiration in cultured neurons has been shown to be damaged
by peroxynitrite (28).

The second peroxynitrite-mediated toxic mechanism is
through its action as a “selective” oxidant (29). There is still
controversy whether peroxynitrite forms, by homeolytic cleav-
age, the highly reactive hydroxyl radical (5). Nevertheless,
accumulating evidence indicates that the peroxidation of
lipids, which has been observed in MS (30), and, more
importantly, the oxidation of deoxyguanine to various species
including 8-oxodeoxyguanosine, which may lead to DNA
strand breakage or subsequent mutations in DNA (31-34),
play significant roles in peroxynitrite-mediated toxicity. Al-
though all of these peroxynitrite-mediated toxic effects may
contribute to cell death, DNA strand breakage is the obliga-
tory stimulus for the induction of the nuclear enzyme poly-
ADP ribosyl synthetase (PARS). PARS activation also has
been implicated in pathogenesis, possibly causing cell death
through energy depletion and the induction of apoptosis. In
this regard, it should be noted that apoptotic death of cells has
been detected in MS (35), and recent studies have implicated
Fas and Fas ligand-mediated apoptosis in the pathogenesis of
EAE (36, 37). In both MS and EAE, it is possible that the end
result of peroxynitrite production in the CNS is the induction
of apoptosis in resident cells. In addition to MS and amyotro-
phic lateral sclerosis, Alzheimer’s disease also might be asso-
ciated with the contribution of peroxynitrite formation (38,
39). Our studies with the known peroxynitrite scavenger uric
acid attest to the importance of peroxynitrite in the patho-
genesis of EAE. Uric acid treatment had significant therapeu-
tic value in EAE even after the onset of clinical symptoms of

Table 1. Survey of the incidence of MS and gout

Patients Number Probability
Total 20,212,505
Gout 36,733 0.0018
MS 34,607 0.0017
Both gout and MS (predicted) 62 0.0000031
Both gout and MS (actual) 4 0.0000002
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the disease. It is also clear that the clinical signs of EAE
appeared or progressed when treatment was discontinued,
which is expected if uric acid is scavenging a toxic product
rather than interfering with the induction of the pathogenic
response. With each injection, uric acid levels were only
transiently elevated in the serum of treated mice so that
administration four times daily was the minimum required to
promote recovery and long-term survival of mice with EAE.

The induction of iNOS in response to inflammatory stimuli,
and resulting NO production, is compromised in IFN-yR KO
mice (40). Nevertheless, clinical signs of EAE in these mice can
be inhibited by treatment with uric acid. Although the pathway
responsible for the production of the NO required to form
peroxynitrite in this model remains to be determined, this
finding serves to emphasize the importance of peroxynitrite as
a neuropathogenic molecule in EAE.

In the case of MS, we observed significantly lower levels of
uric acid in blood of these patients as compared with patients
with other neurological diseases. It is thus possible that
inadequate protection against the activity of peroxynitrite by
its scavenger causes progressive damage to the CNS in MS
patients. The decrease in uric acid levels also may be attributed
to its oxidation by peroxynitrite and formation of allantoin,
described to occur in humans (41). Additional studies to assess
allantoin levels in the sera of MS versus control patients should
help to answer this question. In either case, it appears that high
serum uric acid levels protect against the development of MS
because gout and MS are virtually self-exclusive. These results
raise the possibility that the natural biological product, uric
acid, or a more soluble peroxynitrite scavenger that penetrates
the blood brain-barrier more readily than uric acid, might have
clinical utility in the treatment of MS.
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