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Abstract
The blood-brain barrier (BBB) is dramatically but transiently compromised in the cerebella of myelin
basic protein immunized mice at least one week prior to the development of the paralytic phase of
experimental allergic encephalomyelitis (EAE). Treatment of mice with the peroxynitrite-dependent
radical scavenger uric acid (UA) during the first week after immunization blocks the early increase
in cerebellar BBB permeability and the subsequent development of clinical signs of EAE. These
results indicate that the early loss of BBB integrity in the cerebellum is likely to be a necessary step
in the development of paralytic EAE.
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1. Introduction
Despite the identification of a variety of factors that contribute to the pathogenesis of multiple
sclerosis (MS) and its animal model Experimental Allergic Encephalomyelitis (EAE), the
precise mechanisms responsible for the development of the CNS inflammatory lesions that are
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characteristic of these neurodegenerative diseases remain poorly understood. Lesion formation
is clearly associated with enhanced expression of a number of cytokines, chemokines, adhesion
molecules and matrix metalloproteinases (MMPs) as well as the accumulation of immune/
inflammatory cells in CNS tissues (reviewed Brown, 2001; Fazekas and Tabira, 2000; Hemmer
et al., 2002; Imitola et al., 2005). Free radicals including nitric oxide (NO.) and peroxynitrite
(ONOO−), the product of NO. and superoxide, have also been implicated in lesion formation
both through neurotoxicity and the induction of the changes in blood-brain barrier (BBB)
integrity that are associated with immune cell invasion into CNS tissues (Cross et al., 1997;
Cross et al., 1998; Hooper et al., 1997; Hooper et al., 2000; Liu et al, 2001; Scott et al., 2001;
van der Veen et al., 1997). Studies in EAE have provided considerable insight into the
development of immune processes that lead to CNS pathology but information about
contributory events in the CNS tissues that precede lesion formation is limited. Just as it is
impossible to predict the onset of MS, or the appearance of new plaques in an existing case, it
is difficult to predict whether an individual animal will develop EAE following appropriate
immunization. For example, while immunized PLSJL mice all develop similar immune
responses to myelin basic protein (MBP) by day 10–14 after immunization (Kean et al.,
2000), only 30–70% of the mice generally progress to exhibit clinical signs of EAE in a
particular experiment (Hooper et al., 1998). Moreover, some animals may become sick as early
as day 12 after immunization while others take more than 30 days for symptoms to appear
(Fabis et al., 2007). This is likely a reflection of the fact that the development of CNS pathology
in EAE is dependent upon contributions from a number of processes including the induction
of an appropriate myelin-antigen specific immune response as well as pro-inflammatory
changes in the neurovasculature and CNS tissue. The latter are required to promote the invasion
of the circulating immune/inflammatory cells responsible for lesion formation across the BBB
and into CNS tissues.

The development of a strong pro-inflammatory response in the CNS tissues of mice immunized
with myelin antigens, identified by the enhanced expression of TNF-α, is associated with the
loss of BBB integrity and the development of clinical signs of EAE (Scott et al., 2004).
However, there is evidence of functional changes occurring in the neurovasculature prior to
the onset of disease. This includes elevated adhesion molecule expression (Archelos and
Hartung, 1999; Kieseir et al., 1999; Scott et al., 2004) and transiently enhanced BBB
permeability which has been detected in the cerebella of SJL/J mice 6 days following
immunization with proteolipid protein (PLP) peptide aa139-151 (Tonra et al., 2001). While it
is clear that the elevation of adhesion molecules on the neurovasculature would facilitate
immune/inflammatory cell invasion into CNS tissues, the contribution of transient BBB
permeability in the cerebellum to the development of clinical signs of EAE several days later
is unknown. We have previously demonstrated that ONOO− makes an important contribution
toward the induction of enhanced BBB permeability in EAE. For example, the administration
of uric acid (UA), a natural scavenger of peroxynitrite-dependent radicals, prevents the loss of
BBB integrity in mice immunized with myelin antigens as well as CNS inflammation and the
development of EAE (Hooper et al., 1997, 2000). Our findings indicate that UA treatment
suppresses the BBB permeability changes associated with the symptomatic phase of EAE
without interfering with the induction of myelin-specific immunity (Kean et al., 2000). With
a view toward establishing whether or not this early loss of BBB integrity is an essential step
in lesion formation and the development of clinical signs of EAE, in this investigation we have
assessed the effects of UA treatment on the transient neurovascular permeability seen in the
cerebella of mice immunized 6 days previously with myelin basic protein (MBP) and the
subsequent development of disease.
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2. Materials and Methods
2.1. Induction of EAE and treatment of mice

Female, 8–10 week old, PLSJL mice (Jackson Laboratory, Bar Harbor, ME) were immunized
subcutaneously at 3 sites with 200 µl of an emulsion of 100 µg MBP in complete Freund’s
adjuvant containing 0.05% M. Butyricum plus an additional 4mg/ml M. tuberculosis H37 RA
(Difco). Pertussis toxin, 400 ng, was given intra-peritoneally twice, on days 0 and 2. Mice were
scored twice daily for clinical signs of EAE 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. (Hooper et al.,1998). UA (Sigma
Chemical Co., St. Louis, MO) was administered i.p. 4 times per day, 10 mg in 100 µl saline.
Control groups of mice received saline alone.

2.2. Assessment of BBB permeability
BBB permeability was assessed using sodium-fluorescein (MW 376) as a tracer molecule.
Each animal received 100 µl of 10% sodium fluorescein (Sigma) in PBS i.p. After 10 min,
mice were anesthetized by i.p. administration of sodium pentobarbital (20 mg/kg body weight),
cardiac blood was collected, and the animals were transcardially perfused with PBS-heparin
and PBS. Sodium-fluorescein uptake into the spinal cord was determined as detailed previously
(Hooper et al., 2000). Briefly, spinal cord tissue was homogenized in 7.5% trichloroacetic acid
and centrifuged for 10 min at 10,000 rpm to remove insoluble precipitates. Following the
addition of 5 N NaOH, the fluorescence of the sample was determined at excitation 485 nm
and emission 530 nm using a Cytofluor II fluorimeter (PerSeptive Biosystems, Cambridge,
MA). Serum levels of sodium fluorescein were assessed as described (Hooper et al., 2000).
Levels of sodium-fluorescein in spinal cord tissue were normalized against serum levels using
the following formula: (g fluorescence spinal cord/mg protein)/ (g fluorescence sera/l blood).
To visualize sodium-fluorescein accumulation, the excised brain was exposed to a UV light
and photographed using a Nikon digital camera on a Leitz Microlab microscope.

2.3. Quantitative RT-PCR
Peripheral blood was collected into heparinized tubes and white blood cells were isolated by
density centrifugation on Lymphoprep (Nycomed, Oslo, Norway) as previously detailed
(Plebanski et al., 1992). Mice were anesthetized and transcardially perfused with PBS-heparin
(1000 U/l) prior to the collection of organs. RNA was isolated from peripheral blood cells,
cerebellum and other organs using TRIzol Reagent (GibcoBRL, Grand Island, NY). DNA
contamination was removed by treatment with DNA-free Reagent (Ambion, Austin, TX)
according to the manufacturer’s recommendations. cDNA was synthesized from 5µg of total
RNA using M-MLV reverse transcriptase (Promega, Madison, WI) and dT15 primer. An
equivalent of 50ng of total RNA was used for the PCR reaction with Taqman PCR Core Reagent
Kit (Applied Biosystems, Foster City, CA). Quantitative PCR was performed using a Bio-Rad
iCycler iQ Real Time Detection System (Hercules, CA) as described (Hooper et al., 2001;
Scott et al., 2004). Primers and probes have been designed using the Web Primer 3 program
(http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi). Double labeled probes
were purchased from Integrated DNA Technologies (Coralville, IA). 5’ ends of probes are
labeled with reporter dyes Hex or 6-Fam and 3’ ends with the quencher BHQ-1. Primers were
synthesized by the Nucleic Acid Facility, Kimmel Cancer Institute, Thomas Jefferson
University (Philadelphia, PA). Data are expressed as the number of copies or fold increase in
mRNA expression based on the copy number of a specific mRNA per copy of housekeeping
gene. Copy numbers of mRNA are calculated based on internal standards for each gene as
detailed (Phares et al., 2006). Two housekeeping genes were tested: GAPDH and L13. Since
results using both housekeeping genes were similar (correlation >90%) only GAPDH data are
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presented. Probes and primers for the following gene-specific mRNAs have been previously
described: L-13, ICAM-1, Mac-1 (CD11b), CD4 and CD8 (Phares et al., 2006). Probes and
primers for mRNAs specific for GAPDH, inducible nitric oxide synthase (iNOS) and CD68
are presented in Table 1 and primers for the corresponding standards in Table 2. All primers/
probe sets had efficiencies in real-time RT-PCR >85%.

2.4. Statistical analyses
Results are expressed as the mean ±S.D. or S.E. for replicate observations as indicated in the
figure legends. Evaluation of the significance of differences between parameters was
performed using Student’s t- test or Mann-Whitney test as indicated. In all cases, p<0.05 was
considered significant.

3. Results
3.1. BBB permeability changes occur in the cerebellum prior to the onset of EAE

It is well established that the severity of the clinical disease seen in most EAE models is
correlated with increased BBB permeability in the spinal cord (Fabis et al., 2007). However,
a transient reduction in BBB integrity specific to the cerebellum has been reported in
PLP139–151 immunized SJL/J mice several days before the onset of symptomatic EAE (Tonra
et al., 2001). This observation led us to re-examine the development of elevated BBB
permeability in PLSJL mice immunized with MBP. We first compared the amount of leakage
of a fluid phase marker, Na-fluorescein, from the circulation into spinal cord versus cerebellar
tissue in mice during the clinical phase of EAE. Mice with a mean clinical score of 3.7 exhibited
extensive permeability changes in both the cerebellum and spinal cord neurovasculature with
the latter being somewhat greater (Figure 1). As previously reported for SJL/J mice (Tonra et
al., 2001), PLSJL mice immunized with myelin antigens in adjuvant develop enhanced BBB
permeability 6 days later which is approximately 8–14 days prior to the onset of clinical signs
of EAE in these animals Figure 2. The administration of complete Freund’s adjuvant or
pertussis toxin either separately or in combination has lesser effects on BBB integrity (Figure
2). A small but statistically insignificant increase in Na-fluorescein accumulation was detected
in spinal cord tissues but not in the cerebral cortex, kidney, liver, thymus, spleen, or lymph
nodes (Table 3).

As a first step towards understanding whether or not this preclinical, transient increase in BBB
permeability may have any impact on the later development of clinical signs of EAE, we
determined the proportions of mice that show such changes with the incidence of EAE. A group
of 40 PLSJL mice were immunized with MBP, 15 were used to assess BBB permeability
changes 6 days later and the remainder were monitored for the development of clinical signs
of EAE. Na-fluorescein levels greater than the mean plus 4x S.D. of those seen in non-immune
controls were detected in 6 of the 15 mice assessed at day 6 p.i. (Figure 3A; denoted by (#).
The accumulation of Na-fluorescein in the cerebella of these mice can be readily visualized
under UV illumination (Figure 3B 1, 2). In 3 of the animals the fluorescein uptake was only
moderately higher than in non-immune control mice (Figure 3A; denoted by (+), at least 2 S.D.
above non-immune). The visual areas of Na-fluorescein accumulation in these animals were
considerably smaller (Figure 3B 3, 4). The remaining 6 of the 15 mice assessed for day 6 BBB
permeability failed to develop Na-fluorescein uptake that was elevated over that of non-
immune control mice nor did their brains exhibit more than a superficial fluorescence (Figure
3B 5). Overall, 9 of the 15 (60%) mice analyzed showed fluorescein uptake into the cerebellum
which is greater than the mean + 2x S.D. found in controls (significantly higher incidence by
Fisher’s exact test, P < 0.04). This is comparable with the 14 out of 25 (56%) mice that
developed EAE symptoms, ranging in severity from 1 to 6, during a 25 day monitoring period
following immunization (Figure 3C).

Spitsin et al. Page 4

J Neuroimmunol. Author manuscript; available in PMC 2009 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3.2. Inflammatory markers are expressed in the peripheral blood and cerebellum in
association with BBB permeability changes

We have previously demonstrated that the loss of BBB integrity in the spinal cord of mice
developing clinical signs of EAE is associated with an increase in the levels of circulating
iNOS-positive cells (Kean et al., 2000) as well as proinflammatory changes and cell infiltration
in the spinal cord tissues (Hooper et al., 2000; Scott et al., 2004). Somewhat similar patterns
are seen for peripheral blood lymphocytes (PBLs) and cerebellar tissues 6 days following MBP-
immunization. There is a strong elevation in iNOS expression by PBLs (Figure 4) and elevated
expression of the proinflammatory molecules (iNOS, ICAM-1) and the cell markers (CD4,
CD8, Mac-1, CD68) in tissues from permeable areas of the cerebellum (Figure 5). For the latter
experiments, brains were collected from Na-fluorescein-treated, perfused mice immunized
with MBP 6 days previously and cerebellar tissues exhibiting different levels of fluorescence
as detected by UV light (see Fig. 3B) were collected for mRNA content assessment by real-
time quantitative RT-PCR. Cerebellar tissues from non-immune mice were used as controls.
While the levels of mRNAs specific for all of the markers assessed were elevated in cerebella
exhibiting extensive BBB permeability, the patterns of changes seen differed with varying
extents of permeability (Figure 5). Certain markers, such as mRNAs specific for CD8 and for
the adhesion molecule ICAM-1, were elevated in all MBP-immunized mice regardless of the
extent of BBB permeability. On the other hand, mRNA specific for the macrophage markers
Mac-1 (CD11b) and CD68 were elevated only in cerebella which exhibited increased BBB
permeability but the extent of these changes appear to have no correlation. Finally, iNOS and
CD4 markers, which showed the highest increase in mRNA levels, were observed in mice with
the greatest BBB disruption.

3.3. UA treatment inhibits early onset BBB permeability changes in the cerebellum as well
as the subsequent development of EAE

The increased BBB permeability in the spinal cord that is associated with symptomatic EAE
can be blocked by treatment with uric acid, a natural scavenger of peroxynitrite-dependent
radicals (Hooper et al., 2000; Kean et al., 2000). The presence of iNOS-positive cells in the
circulation at the time of early onset cerebellar BBB permeability changes (Figure 4) suggested
to us that peroxynitrite-dependent radicals might also be involved in this process and UA may
have similar effects. As shown in Figure 6A, UA treatment throughout the first week after
immunization inhibits the early onset BBB permeability changes in the cerebellum. Inhibition
of this transient permeability has a profound impact on the clinical course of EAE. The
administration of UA during the first 7 days after MBP immunization delayed the onset of
EAE (Figure 6B) as well as reduced its incidence, severity, and mortality (Table 4) despite the
fact that treatment was terminated at least a week prior to the appearance of clinical disease
signs.

4. Discussion
Pathological changes occur in the spinal cord and cerebellum during the onset of the
symptomatic phase of EAE (Archambault et al., 2006). The current study extends prior
observations that associate the pathogenesis of EAE with the loss of neurovascular integrity
in the spinal cord (Cross et al., 1993; Pan et al., 1996; Simmons et al., 1982; Fabis et al.,
2007) by confirming that elevated BBB permeability also occurs in the cerebellum as clinical
signs of EAE develop. However, a transient increase in neurovascular permeability that is
limited to the cerebellum occurs considerably before the development of clinical disease in
both SJL/J mice immunized with PLP139–151 (Tonra et al., 2001) and, as we show here, PLSJL
mice immunized with MBP. This permeability change develops approximately 6 days after
immunization, is not seen at other sites and requires both MBP and adjuvant for optimal effect.
Thus, both antigen-specific and non-specific factors are likely to contribute and the
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neurovasculature of the cerebellum is particularly susceptible. Following the restoration of this
early elevation in cerebellar BBB permeability there is an interval of at least 1 week before
BBB integrity is lost in both the cerebellum and spinal cord and clinical signs of EAE appear.

The clinical signs of EAE are generally manifested as an ascending paralysis and the extent of
BBB permeability in the spinal cord correlates with the severity of EAE (Fabis et al., 2007).
Moreover, there are differences in the pathological changes between the spinal cord and
cerebellum that raise questions about the contribution of the latter to the clinical signs of EAE
(Archambault et al., 2006). Thus the possibility that a transient increase in BBB permeability
in the cerebellum may contribute to the subsequent development of clinical disease may seem
remote despite the fact that the proportions of PLSJL mice that show disruptions of the
cerebellar BBB at day 6 post-immunization with MBP and develop clinical signs of EAE
several weeks afterwards are similar. To develop a means to more directly examine the
possibility of a relationship between early changes in the integrity of the cerebellar BBB and
the subsequent development of clinical EAE we first assessed whether or not we could inhibit
the early onset BBB permeability changes using an approach that does not interfere with the
induction of other parameters of MBP-specific immunity. We have previously shown that
inhibiting ONOO−-dependent reactions in MBP immunized mice by raising their normally low
serum UA levels prevents the disease as well as facilitates recovery from pre-existing EAE
(Hooper et al., 1997; 2000). At least one aspect of the protective effects of UA in these models
is evidently manifested at the BBB. Treatment with UA prior to the onset of EAE prevents the
enhanced BBB permeability associated with EAE (Kean et al., 2000) while treatment of mice
with preexisting EAE returns BBB integrity to normal (Hooper et al., 2000). Extensive studies
of the effects of UA on immunity in general have failed to demonstrate that UA has any
immunosuppressive properties outside of its effects on BBB permeability and cell infiltration
into CNS tissues (Hooper et al., 2001; Kean et al., 2000). For example, UA treatment has no
effect on the T-cell proliferative response to MBP, antigen presenting cell function, or on the
elevation of iNOS expression in vivo or in vitro (Kean et al., 2000). Our detection of increased
iNOS mRNA levels at day 6 in both circulating PBLs as well as cerebellar tissues suggested
that ONOO− is being made by circulating cells as they infiltrate the tissues and that urate
treatment may have some value in preventing the associated BBB permeability changes. This
proved to be the case as treatment with the ONOO− -dependent radical scavenger UA during
the first week after MBP immunization blocked not only the early loss of BBB integrity but
also the subsequent development of EAE.

The fact that preventing the early, transient elevation of BBB permeability in the cerebellum
with UA indicates that a ONOO− -dependent radical mediated process, although asymptomatic,
is critical for the subsequent development of EAE. In our prior EAE experiments, BBB
permeability changes in the spinal cord and CNS inflammation were prevented by urate
treatment begun at 10–15 days post-immunization with MBP. Thus the changes caused by the
early response are not sufficient to overcome the effects of UA treatment at later stages. At
present we can only speculate as to which features of the early response may promote the
development of clinical EAE. From our studies of neurotrophic virus clearance we have
concluded that the cerebellum is the principle site where immune effectors gain access to CNS
tissues during a therapeutic neuroimmune response (Phares et al., 2006). Other studies have
demonstrated that cerebellar tissue is particularly susceptible to BBB disruption under
inflammatory conditions (Muller et al., 2005; Silwedel and Forster 2006). Although antigen
specificity is not necessary to cause enhanced BBB permeability in our studies or in an adoptive
transfer EAE model (Smorodchenko et al., 2007), an antigen-specific reaction is evidently
required to induce clinical signs of EAE in both cases. Therefore, we speculate that either cells
involved in the induction of an MBP specific response may infiltrate into the CNS tissues
approximately 6 days after MBP immunization and that this is critical for the development of
EAE weeks later. Small increases in mRNAs specific for CD4, Mac-1, CD68, and iNOS are
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detectable in the cerebellum of MBP-immunized mice that develop early onset permeability.
On the other hand, CD8 mRNA levels in the cerebellum are increased by immunization
regardless of whether or not elevated permeability is detected, as is the case for ICAM-1 mRNA
levels. This suggests that the invasion of CD4 cells and iNOS-positive monocytes may be more
important for the later development of EAE but further experiments are necessary to fully
understand the mechanisms involved.
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Figure 1. BBB permeability in the spinal cords and cerebellum of PLSJL mice with EAE
BBB permeability to Na-fluorescein was assessed in non-immune and MBP-immunized mice
with clinical EAE (mean score 3.7; range 1–6) collected 18 to 24 days after immunization as
described in Materials and Methods. The results are presented as a fold increase in Na-
fluorescein content in the MBP immunized group (24 mice) by comparison with that of the
non-immune group (10 mice). Statistically significant differences determined by Student’s t
test are denoted by ** (p<0.005) and *** (p<0.0005).
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Figure 2. The BBB in the cerebellum of MBP-immunized PLSJL mice becomes permeable to Na-
fluorescein 6 days after immunization
Groups of 6 PLSJL mice were either immunized with MBP in CFA with PT or given the
adjuvants separately or in combination without antigen and BBB permeability in the
cerebellum was assessed by Na-fluorescein uptake 6 days later as described in Materials and
Methods. As determined by Student’s t test, Na-fluorescein uptake was only significantly
elevated over non-immune mice in those receiving MBP in CFA with PT (*; p<0.05).
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Figure 3. Equivalent proportions of MBP-immunized PLSJL mice exhibit Increased cerebellar
BBB permeability to Na-fluorescein at 6 days following immunization and develop clinical EAE
40 PLSJL mice were immunized with MBP and the uptake of Na-fluorescein into CNS tissues
was assessed in 15 of the immunized mice on day 6 after immunization as well as in 5 non-
immune controls, as detailed in Materials and Methods. The results are presented as the Na-
fluorescein content of cerebella from individual animals (panel A). Na-fluorescein levels
greater than the mean plus 4x S.D. of those seen in non-immune controls are denoted by (#)
while (+) identifies cerebellar tissues with Na-fluorescein levels at least 2 S.D. but less than
4x S.D. above the mean of non-immune tissues. Photographs of representative brains (1 and 2
from the group denoted by #; 3 and 4 from the + group; 5, no substantial increase; and 6 control)
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were taken under UV illumination prior to isolation of the cerebella and Na-fluorescein
extraction (panel B). The remaining twenty five MBP-immunized mice were observed for the
development of clinical signs of EAE over a 25 day period and the disease incidence is shown
(C).
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Figure 4. iNOS mRNA expression is elevated in peripheral blood cells after immunization with
MBP
Real-time RT-PCR was used to assess iNOS-specific mRNA levels in PBLs isolated from 6
non-immune PLSJL mice as well as from groups of 6 PLSJL mice at 3, 6, 9, 12, and 15 days
after immunization with MBP in adjuvant as described in Materials and Methods. Results
presented as fold increase with the mean level detected in PBLs from the non-immune mice
taken as 1.0
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Figure 5. Elevated BBB permeability in the cerebellum of MBP immunized PLSJL mice is
accompanied by the increased expression of mRNAs for pro-inflammatory factors
Six days after MBP-immunization of 21 PLSJL mice, Na-fluorescein was administered, the
mice were transcardially perfused, and cerebella isolated as detailed in Materials and Methods.
Cerebella were observed under UV light and sorted into three groups: (−) no visible Na-
fluorescein intake (5 mice); (+) intermediate uptake (fluorescence in less than 50% of the
visible cerebellum) (11 mice); and (#) extensive fluorescein uptake (fluorescence in more than
50% of the visible cerebellum) (5 mice). As described in Materials and Methods, total RNA
was isolated from the cerebellum and real time quantitative RT PCR was used to assess the
expression levels of the indicated mRNAs. Cerebella from non-immune mice (5) were similarly
analyzed. Results are expressed as the mean gene-specific mRNA copy number/copy of
GAPDH mRNA. Statistically significant differences in copy number between immunized and
non-immune samples determined by the Mann-Whitney test are denoted by * (p<0.05) and **
(p<0.005).
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Figure 6. UA treatment during the first week after immunization prevents BBB permeability
changes in the cerebellum at day 6 post MBP-immunization and inhibits the subsequent
development of clinical EAE
PLSJL mice were immunized with MBP and, beginning on the day of immunization, were
treated with 4 daily i.p doses of 10mg UA or saline as described in Materials and Methods. At
6 days after immunization groups of 10 each, as well as non-immune controls (10) were
assessed for cerebellar BBB permeability to Na-fluorescein. The data is expressed as Na-
fluorescein levels with significant increases over control mice determined by Student’s t test
denoted by * (p<0.05) (A). Treatment of the remaining saline (19) and UA (14) –treated mice
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was terminated at day 7 post-immunization and disease development was monitored for 30
days. The results are presented in (B) as the mean clinical score ± SD.
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Table 1
Primer and probe sequences used for real time quantitative RT-PCR

Gene 5’ Primer 3’ Primer
Probe

GAPDH GGCAAATTCAACGGCACAG AGATGGTGATGGGCTTCCC AGGCCGAGAATGGGAAGCTTGTCATC
iNOS TGGCTACCACATTGAAGAAGCTG TCTGGCTCTTGAGCTGGAAGAAA TGGCCACCAAGCTGAACTTGAGCGA
CD68 GTGCTCATCGCCTTCTGCATCA GGCGCTCCTTGGTGGCTTAC CCAGCCCCTCTGAGCATCTGCCCC
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Table 2
Primer sequences used to synthesize cDNA standards for real time quantitative RT-PCR

Gene 5’ Primer 3’ Primer

GAPDH GAACGGATTTGGCCGTATTG GGATGCAGGGATGATGTTCT
iNOS TCCCAGCCTTGCATCCTCATT TACTCAGTGCCAGAAGCTGGA
CD68 ATACCCAATTCAGGGTGGAAG GTTGAGTCAGTGGCATGGTG
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Table 3
Na-fluorescein uptake by various organs

Tissue source Na-fluorescein uptake Significance (p-value)
Immunized Non-immune

Spinal cord 1.27±0.38 0.9±0.45 0.097
Cortex 0.8±0.17 0.71±0.19 0.374
Kidney 2.25±0.58 2.15±0.67 0.73
Liver 4.59±0.74 4.3±0.43 0.464
Thymus 3.03±0.44 2.92±0.52 0.651
Spleen 2.59±0.38 2.59±0.12 0.997
Lymph nodes 3.9±0.74 4.21±1.51 0.684
Five non-immune, and 15 PLSJL mice immunized with MBP six days previously were given Na-fluorescein, transcardially-perfused and various tissues
assessed for Na-fluorescein uptake as described in Materials and Methods. Results, presented as mean Na-fluorescein levels ± S.D. for each group, were
assessed for significant differences between the tissues of non-immune and immunized mice using Student’s t test.
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Table 4
UA treatment of MBP-immunized PLSJL mice during the first seven days after immunization decrease incidence of
paralytic EAE and suppress mortality.

Incidence of paralytic EAE (%) (score > 2) % mortality
UA treated mice 28.6 0
Saline treated mice 52.6 21.1
PLSJL mice were immunized and treated for 7 days with UA (14 mice) or saline (19 mice) as described in a legend for figure 6B. Disease development
was monitored for 30 days. Data are represented as percent of mice showing clinical signs of EAE or as a percent mortality.
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