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Arginase and autoimmune inflammation in the central nervous system
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SUMMARY

Using a high throughput gene microarray technology that detects ~22 000 genes, we found
that arginase I was the most significantly up-regulated gene in the murine spinal cord during
experimental autoimmune encephalomyelitis (EAE). By Northern blot and arginase enzyme
assay, we detected high levels of arginase | mRNA and protein, respectively, in the spinal cord
of EAE mice, but not in the spinal cord of normal mice or mice that had recovered from EAE.
In vitro, both microglia and astrocytes produced arginase and nitric oxide synthase, two
enzymes that are involved in arginine metabolism. To explore the roles of arginase in EAE, we
injected the arginase inhibitor amino-6-boronohexanoic acid (ABH) into mice during the
inductive and effector phases of the disease. Compared with mice that received vehicle
control, mice treated with ABH developed milder EAE with delayed onset, reduced disease
score and expedited recovery. Spleen mononuclear cells from ABH-treated mice produced
more nitric oxide and secreted less interferon-y and tumour necrosis factor-o as compared to
control mice. These results indicate that arginase plays important roles in autoimmune
inflammation in the central nervous system.

INTRODUCTION

Experimental autoimmune encephalomyelitis (EAE) is an
inflammatory disease of the central nervous system (CNS) that
has long been used as an animal model for human multiple
sclerosis (MS). EAE can be induced in susceptible strains of
animals by immunization with myelin antigens such as myelin
basic protein (MBP), proteolipid protein (PLP), or myelin
oligodendrocyte glycoprotein (MOG)."? Although it is well
recognized that development of MS or EAE requires the ex-
pression of a large number of genes, the exact number and iden-
tities of these genes are unknown. Recently, we have performed
genome-wide profiling of spinal cords during EAE using the
Affymetrix gene microarray U74 system.> Of ~22 000 genes
examined, arginase I was found to be the most significantly up-
regulated gene in the spinal cord during EAE. The goal of this
study is to explore the potential roles of arginase in EAE.
Arginase (L-arginine ureahydrolase, or amidinohydrolase)
is a hydrolytic enzyme responsible for converting arginine to
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ornithine and urea.* It plays a fundamental role in nitrogen
metabolism, and is widely distributed in the biosphere. In higher
organisms, two forms of arginase exist which are designated as
arginase I (Arg I) and arginase II (Arg II). Arg I is expressed
primarily in the liver and is a critical component of the urea
cycle. By contrast, Arg II is expressed in many extrahepatic
tissues, such as brain, spinal cord, kidney, small intestine and
mammary gland. Although Arg I and Arg II share similar
enzyme activities, they are encoded by different genes, and
have different pl, immunological reactivity, and subcellular
locations.*

In addition to participating in the urea cycle, recent studies
suggest that arginase also plays important roles in nitric oxide
(NO) synthesis, polyamine metabolism, proline and glutamate
synthesis, and y-aminobutyric acid (GABA) formation. Nitric
oxide synthase (NOS) also uses arginine as substrate, and
competes with arginase for arginine. Therefore, arginase can
also exert its biological function through regulating NO pro-
duction. We report here that arginase plays an important role in a
T-cell mediated autoimmune disease in the CNS.

MATERIALS AND METHODS
Mice
C57BL/6 (B6) mice, 6-7 weeks of age, were purchased

from Jackson Laboratory (Bar Harbor, ME), and housed in
the University of Pennsylvania Animal Care Facilities under
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pathogen-free conditions. All procedures used were preap-
proved by the Institutional Animal Care and Use Committee.

Reagents

Mouse MOG 38-50 peptide was synthesized using Fmos solid
phase methods and purified through HPLC by Research Genet-
ics (Huntsville, AL). Pertussis toxin was purchased from List
Biological Laboratories (Campbell, CA). Triton-X 100, MnCl,,
L-Arginine, H,SO,4, H3PO, a-isonitrosopropiophenone, and
urea were all purchased from Sigma (St. Louis, MO). Purified
rat anti-mouse interleukin (IL)-4, IL-10 and interferon-y
(IFN-vy) monoclonal antibodies (mAb) were purchased from
PharMingen (San Diego, CA).

Induction and clinical evaluation of EAE>°

For the induction of EAE, mice received (1) a subcutaneous
injection on flanks of 300 ng MOG38-50 peptide in 0-1 ml
phosphate-buffered saline (PBS) emulsified in an equal volume
of complete Freund’s adjuvant containing 5 mg/ml of myco-
bacterium tuberculosis H37RA (Difco, St. Louis, MO), and (2)
an intravenous injection of 100 ng pertussis toxin in 0-1 ml
PBS. A second injection of pertussis toxin (100 ng per mouse)
was given 48 hr later. Mice were examined daily for signs of
EAE and scored as follows: 0 — no disease; 1 — tail paralysis;
2 — hind limb weakness; 3 — hind limb paralysis; 4 — hind limb
plus forelimb paralysis; 5 — moribund or dead.

Probe preparation, gene chip hybridization and gene

chip data analysis

Purified total RNA was used to synthesize double strand
cDNA with a SuperScript kit (Life Technologies, Inc., La Jolla,
CA), using oligo-dT primers incorporating a T7 RNA poly-
merase promoter (Genset, La Jolla, CA).3 Biotin-labelled
cRNAs were then generated from the cDNA by in vitro tran-
scription with T7 RNA polymerase (Enzo kit, Enzo Diagnostics,
Farmingdale, NY). Subsequent hybridization, washing and
staining with Affymetrix murine U74 chips were carried out
following the manufacturer’s instructions (Affymetrix, Inc.,
Santa Clara, CA). All experiments were repeated at least
once to ensure the reproducibility of the results. Analysis of
DNA microarray data was carried out using GeneChip Analysis
Suite 4.0 software (Affymetrix, Inc.). Both ‘Per Chip’ and
‘Per Gene’ normalizations were performed to compensate
for potential differences in the quantity and composition of
the mRNAs prepared from different samples. The fold
change for each gene during EAE was calculated as follows:
Fold change = relative gene expression levels of the sample/
relative gene expression levels of the spinal cord of naive
mice.

Northern blot

Total RNA was extracted from various tissues using the phenol/
chloroform-sarcosyl extraction/LiCl precipitation method. Pur-
ified RNA, 10 pg per sample, was separated by electrophoresis
on a 1-5% denaturing agarose gel. The fractionated RNA was
then transferred onto a Hybond™ N™ membrane (Amersham
Pharmacia Biotech, Inc., Piscataway, NJ), and blotted with 32p_
labelled full-length Arg I or GAPDH cDNA probe using the
Amersham rediprime™ kit.

Measurement of arginase activity

Arginase enzyme activity was measured as previously
described,” with slight modifications. Briefly, 50 pl tissue
homogenates or 10° cells were mixed with 100 ul of 0-1%
Triton X-100. After 30 min of incubation on a shaker, 100 pl of
25 mM Tris-HCI and 20 pl of 10 mM MnCl, were added to the
sample. The arginase was then activated by heating the sample
for 10 min at 56°, and arginine hydrolysis was conducted by
incubating the sample with 100 pl of 0-5 M L-arginine (pH 9-7)
at 37° for 60-120 min. The reaction was stopped with 900 pl of
H,S0,4(96%)/H3PO4 (85%)/H,0 (1/3/7, v/v/v), and the sample
was mixed with 40 pl of 9% isonitrosopropiophenone (dis-
solved in 100% ethanol). After heating at 95° for 30 min, urea
concentration in the sample was determined by spectrometry at
540 nm. One unit of enzyme activity is defined as the amount of
enzyme that catalyses the formation of 1 pmol of urea in 1 min.

Microglia and astrocyte culture

Microglia and astrocytes were prepared from newborn mice as
previously described.® In brief, mixed glial cells were first
cultured in complete Dulbecco’s modified Eagle’s minimal
essential medium. After 8-10 days, microglia growing on the
surface of adherent astrocytes were harvested by shaking for
1-5-2 hr at 260 r.p.m. Culture flasks were then shaken at
100 r.p.m. for an additional 24 hr to remove contaminating
oligodendrocytes, and astrocytes were detached with 0-25%
trypsin—ethylenediaminetetraacetic acid. The purity of micro-
glial cells and astrocytes was about 96% and 94%, respectively.

Cytokine assay®'’

Splenocytes were cultured at 1.5 x 10° cells/well in 0-2 ml of
complete medium with or without 5-25 pg/ml of MOG38-50
peptide. Culture supernatants were collected 40 h later and
cytokine concentrations were determined by sandwich
enzyme-linked immunosorbent assay using mAbs specific for
corresponding cytokines according to the manufacturer’s
instructions (PharMingen).

Measurement of nitrite

NO was determined by measuring the end product nitrite, using
a method based on the Griess reaction. Briefly, aliquots of
culture supernatant (100 wl) were mixed with 100 .l of Griess
reagent at room temperature for 10 min. Absorbance was mea-
sured at 540 nm in an automated microplate reader. The con-
centration of nitrite was determined by reference to a standard
curve of sodium nitrite. Culture medium was used as the blank.

Statistical analysis

Arginase activity, cytokine concentration, and nitrite concen-
tration were analysed by analysis of variance (ANOVA). Disease
scores were analysed by Mann—Whitney test.

RESULTS

Arginase is the most significantly up-regulated gene
in the spinal cord of mice with EAE

To determine the effect of inflammation on global gene ex-
pression in the CNS, we first immunized C57BL/6 mice with
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self-MOG peptide and killed them during the acute phase of
EAE or during disease recovery. The acute phase of EAE is
defined as the first EAE attack in mice leading to a clinical score
of 3 or 4 (see Materials and methods for disease score criteria).
Disease recovery is defined as a decrease of 2 graduations in
clinical score for 5 or more consecutive days. Non-immunized
naive mice were used as normal controls. Total RNA was
isolated from the spinal cords and analysed using the Affyme-
trix U74A and U74B chips as described in Materials and
Methods. Two independent experiments were performed to
ensure the reproducibility of the results. Genes whose expres-
sion levels were reproduced in samples in both experiments
(which accounted for >98% of the total genes tested) were
subjected to a hierarchical clustering analysis to separate genes
into clusters based on the similarity of expression across
samples. This led to the identification of several clusters of
genes whose expression was up-regulated in the spinal cord of
mice with EAE. One of these clusters contained Arg I whose
expression in the spinal cord was increased by 287-fold during
EAE. This places Arg I as the most significantly up-regulated
gene of all the ~22 000 genes examined. Figure 1 illustrates the
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Figure 1. Effect of EAE on gene expression in the spinal cord as
determined by microarray analysis. C57BL/6 mice, three mice per
group, were immunized with MOG peptide and sacrificed during the
acute phase of EAE (filled square) or during disease recovery (open
square) as described in Methods. Total RNA was isolated and analyzed
using the Affymetrix U74A and U74B gene chips. Fold changes in gene
expression were calculated using spinal cords of naive mice as controls.
Only genes involved in arginine metabolism and urea cycle are shown.
Results are pooled from two independent experiments. Assl, arginino-
succinate synthetase 1; Arg-1, arginase I; Arg-11, arginase II; Nos1, nitric
oxide synthase 1; Nos2, nitric oxide synthase 2; Nos3, nitric oxide
synthase 3; Oazl, ornithine decarboxylase antizyme; Oat, ornithine
aminotransferase; Otc, ornithine transcarbamylase; Glud, glutamate
dehydrogenase; Srm, spermidine synthase; Sat, spermidine/spermine
Nl-acetyl transferase; Ckb, creatine kinase, brain; Daol, D-amino acid
oxidase; Amdl, S-adenosylmethionine decarboxylase 1.
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relative expression levels of Arg I and its related genes involved
in arginine metabolism and urea cycle. Although most genes
were not significantly affected by EAE, Arg I, Arg I and NOS 2
were up-regulated whereas D-amino acid oxidase down-regu-
lated in the spinal cord of mice with EAE.

To confirm the microarray results, we also performed North-
ern blot analysis for Arg I. As shown in Fig. 2, a single 1-6 kb
Arg I mRNA was detected only in the liver of normal mice. By
contrast, in mice with acute EAE, a high level of Arg I mRNA
was also detected in the spinal cord whereas the level of Arg I
mRNA in the liver was markedly increased. However, none of
the other organs tested expressed detectable amounts of Arg I.
Thus, during EAE, Arg I mRNA was specifically up-regulated in
the spinal cord.

Arginase enzyme activity was dramatically up-regulated
in the spinal cord during EAE

Increased gene transcription does not always lead to higher
levels of protein expression. To examine whether the up-reg-
ulation of arginase mRNA in EAE translates to increased
arginase enzyme expression, we compared arginase enzyme
expression in the spinal cord of mice with or without EAE. As
shown in Fig. 3, the spinal cord of naive mice contained very
low levels of arginase activity (27-3 &£ 22.2 units). This was
increased by more than 10-fold in mice with acute EAE
(303-6 4 32-7 units). Importantly, arginase activity returned
to normal levels in mice that had recovered from EAE
(40-0 £ 37-5 units). Thus, arginase activity in the spinal cord
correlates with the severity of EAE. Arginase can be produced
by several cell types including hepatocytes, lymphoid cells and
myeloid cells. To determine whether cells of the CNS are also
capable of producing arginase, we isolated microglia and
astrocytes from CNS and tested them in vitro. As shown in
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Figure 2. Arginase I gene expression in normal and EAE mice as
determined by Northern blot. Mice were treated as described in Figure 1
and sacrificed either before immunization (control) or after the disease
onset (EAE). Total RNA was isolated from various organs and subjected
to Northern blot analysis for Arg I and GAPDH as described in Materials
and Methods. Results are representative of two experiments.
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Figure 3. Arginase activity in the spinal cord as determined by enzyme
assay. Whole spinal cord homogenates of individual mouse were
prepared in 2 ml PBS from naive mice, mice with acute EAE (disease
score = 4), and mice that had recovered from EAE. Arginase activity of
50 pl homogenates was determined as described in Materials and
Methods. Results shown are mean + SD of arginase unit from each group
with three mice per group. Data are representative of two experiments.

Fig. 4, significant arginase activities were detected in both
microglia and astrocyte cultures. Additionally, both microglia
and astrocytes produced significant amounts of NO in the
culture (Fig. 4), suggesting that arginine can also be converted
to NO and urea in glial cells.

Arginase inhibition ameliorates EAE

Arginase can be effectively inhibited by L-arginine analogues.
We have recently demonstrated that the boronic acid analogue
of arginine, ABH, is one of the most potent, stable and specific
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Figure 4. Both microglia and astrocytes are capable of producing
arginase and NO synthase in the culture. Microglia and astrocytes,
10° cells each, were isolated, cultured and tested for arginase and NOS
activities as described in Methods. Data presented are mean + SD of
nitrite (for NOS) and arginase unit (for arginase) from triplicate cultures.
Results are representative of two experiments.

arginase inhibitors available.!'~'*> ABH was synthesized using a
modified method as described in Fig. 5(a). When tested in vitro,
ABH can completely block the arginase activity in the liver
homogenate (Fig. 5b). Unlike other arginine analogues, ABH
does not inhibit NOS, and is effective in blocking arginase
activity in vivo."?

To directly examine the roles of arginase in EAE, we
immunized C57BL/6 mice with MOG38-50 peptide and treated
them with a daily intraperitoneal injection of 200 um ABH.
Using the specific arginase assay (Fig. 3), we have determined
that the half-life of ABH in C57BL/6 mice is approximately
8 hr. The treatment started at the day of immunization and
continued for 23 consecutive days. Mice were monitored for
signs of EAE by physical examination. Figure 6 illustrates the
disease courses of control and ABH-treated mice. EAE devel-
oped in all control mice that received PBS, starting approxi-
mately 12 days after the immunization and reached a maximal
clinical score of 3-5 12 days later. By day 23, less than 18% of
the mice in this group recovered from EAE, while 25% of the
mice died from the disease (Table 1). By contrast, although
mice treated with ABH also developed EAE, the onset of the
disease was significantly delayed and the maximal disease score
was significantly reduced (Table 1). Most mice in ABH-treated
group started to recover 9 days after the disease onset, and few
died from EAE (Table 1). In one experiment, mice were treated
with ABH beyond the peak of the disease when 50% of mice in
PBS-treated group (with a maximum disease score of
3-17 £ 1-2) and 80% of mice in the ABH-treated group (with
a maximum disease score of 2-6 £ 0-5) showed signs of disease
recovery. Twenty-three days after the immunization, the mean
clinical score of PBS-treated mice dropped to 3 &+ 1-5, whereas
the mean clinical score of ABH-treated group dropped to
1-2 £ 0-4 (P < 0-05). Thus, ABH treatment not only delayed
the onset but also reduced the severity of the disease.

To confirm that ABH indeed reduces the arginase activities
in vivo, we also tested the arginase levels in the spinal cord of
mice treated with ABH or PBS. As shown in Fig. 7, ABH
treatment significantly reduced the arginase activities in the
spinal cord. These results suggest that ABH is effective in
inhibiting arginase activities in the central nervous system.

Arginase inhibition alters immune responses in vivo

To determine the effect of arginase blockade on anti-MOG
immune responses, we collected splenocytes from control and
ABH-treated mice 1 hr after the last ABH injection, and tested
them in vitro for their cytokine and nitric oxide production in
response to MOG. As shown in Fig. 8, splenocytes from ABH-
treated mice produced less IFN-y and tumour necrosis factor-a
than the control splenocytes in response to MOG peptide.
However, they produced higher levels of NO, which suggests
that arginase blockade may enhance the NO pathway of arginine
metabolism. Thus, arginase blockade selectively altered
immune responses to MOG in vivo.

DISCUSSION

This project was inspired by our unexpected discovery that Arg
I was the most significantly up-regulated gene in the spinal cord

© 2003 Blackwell Publishing Ltd, Immunology, 110, 141-148
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Figure 5. ABH is a potent inhibitor of arginase. (a) Synthesis of ABH. As reported previously''™'? (2)-(S)-amino-6-boronohexanoic

acid (ABH) was synthesized using L-glutamic acid derivative (S)-5-(tert-butoxy)-4-[(tert-butoxycarbonyl)amino]-5-oxopentanoic acid
(S)-1, as the starting material. However, we modified the previous method to improve the overall yield. Briefly, esterification of (S)-1
using methyl chloroformate by treatment with triethylamine and a catalytic amount of DMAP in dry methylene chloride provided (S)-
1-tert-butyl-5-methyl-[(2-tert-butoxycarbonyl)amino]pentanedioate 2 with 92% yield. Synthesis of di-BOC-(S)-3 was carried out by
treatment with di-zers-butyl dicarbonate in the presence of DM AP in acetonitrile with 81% yield. The subsequent reduction of ester (S)-
3 was performed with diisobutylaluminium hydride (DIBAL-H) in ether to provide the aldehyde (S5)-4 with 71% yield. The Wittig
reaction of aldehyde (5)-4 with the ylide generated from methy] triphenylphosphonium bromide and n-BuLi in tetrahydrofuran (THF)
at 0° gave olefin (5)-5 with 33% yield. Accordingly, olefin (S)-5 was prepared for hydroboration followed by treatment with methanol
to quench unreacted borane and protected with (15,25,3R,55)-(+)-pinanediol. Complete deprotection with BCl; yielded 2-(S)-amino-
6-boronohexanoic acid 7 with an overall yield of 27% for the two steps (from 5 to 7). The overall yield of this synthesis is 4-7%, which
is significantly increased compared with the 1-3% yield reported by Baggio et al.'' (b) Inhibition of arginase by ABH. Liver
homogenates of naive mouse were prepared in 5 ml PBS. Ten pl homogenates were treated with or without (control) 100 uM of ABH in
PBS. Arginase activity was measured as described in Methods. Data presented are mean £ SD of arginase unit from three independent
samples.
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during EAE. Using Northern blot and arginase enzyme assay,
we further demonstrated that not only arginase mRNA, but also
arginase protein was up-regulated in EAE. The mechanisms
whereby Arg 1 is up-regulated in the CNS are not clear, although
immune responses against self myelin antigens are likely
involved. Two arginase isoforms are expressed in mammals:
the cytosolic Arg I and the mitochondrial Arg II. Arg I is
normally expressed at high levels only in the liver and plays an
essential role in the urea cycle.* Although Arg I has also been
found in other organs, its exact role in extrahepatic cells and
tissues is not clear.

The roles of arginase in immune responses have been studied
primarily in the context of infectious diseases. It has been

© 2003 Blackwell Publishing Ltd, Immunology, 110, 141-148

reported that Arg I induction in macrophages is required for
Leishmania proliferation inside the host, and inhibiting arginase
by N(omega)-hydroxy-L-arginine (NOHA) prevents the growth
of the parasite.'*'> Similarly, in mice infected with Schistosoma
mansoni, arginase appears to play important roles in regulating
inflammation and pathogenesis of the disease.'® In these
systems, arginase expression can be up-regulated by NOS
regulators such as IL-4, IL-10, prostaglandin E,, and trans-
forming growth factor-B1,"” while IFN-y may suppress its
expression.'® Moreover, arginase and NOS 2 are preferentially
used by M-1 and M-2 macrophages, respectively, and
the balance between the two enzymes may dictate the types
of functions of macrophages in infection.'” Thus, the roles
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Figure 6. ABH ameliorates EAE. Two groups of C57BL/6 mice, 6
mice per group, were immunized with MOG38-50 peptide to induce
EAE. Starting from the day of immunization, mice received daily
intraperitoneal injection of either PBS or 200 yM ABH in PBS for a
total of 23 days. Data presented are representative of two experiments.
The differences between the two groups are statistically significant
(P < 0:-05) after day 14 as determined by the Mann—Whitney test.

of arginase in immunity may be closely related to those of
NOS.

Both arginase and NOS use and compete for L-arginine as
their substrate. While arginase converts arginine into ornithine
and urea, NOS converts arginine into NO. During the past
decade, NO has merged as an important mediator of many
physiological and pathophysiological processes. NO can act as a
potent cytotoxic effector molecule in immune defence against
infections and in autoimmune diseases against self-tissues. NO
can also induce cytokine gene expression, modulate apoptosis,
and regulate lymphocyte migration.'®'® Astrocytes and micro-
glia are considered to be the main source of NO in CNS lesions
during EAE.?® Although it was initially proposed that NO may
induce oligodendrocyte death leading to demyelination,®'
recent studies suggest that NO may also play a protective role

Table 1. ABH ameliorates EAE

Treatments
Parameters PBS ABH
Day of onset 133 £ 2:6 193 +£ 19
Incidence 12/12 6/6
Mean maximum score 35+ 11 23+15
Mortality 3/12 1/6

Mice were treated and examined as described in Fig. 6. The differences in day
of onset and mean maximum score between PBS and ABH groups are
statistically significant (P < 0-01) as determined by ANOVA. The experiment was
repeated twice with similar results.
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Figure 7. ABH inhibits arginase activities in the spinal cord. Two
groups of mice were treated as described in Fig. 6 and killed 1 hr after
the last injection of PBS or ABH in PBS. Whole spinal cord homo-
genates were prepared from each mouse in 2 ml PBS. Fifty-ul homo-
genates were tested for arginase activity as described in Materials and
Methods. Results shown are arginase activities of individual spinal cord.
The horizontal bars represent means of each group. The differences
between the groups are statistically significant (P < 0-01) as deter-
mined by ANOVA.

in EAE. Thus, inhibition of NO production in EAE does not
always ameliorate the disease. Instead, under certain circum-
stances, depletion of NOS 2 leads to increased pathology.?> ¢
In the Lewis rat model of EAE, T-cell cytokines such as IFN-y
can activate dendritic cells to produce NO, which in turn shuts
off T-cell responses by inducing T-cell apoptosis, leading to
disease recovery.?” Additionally, it has been reported that
linsidomine (SIN-1), a nitric oxide donor, can ameliorate
EAE in Lewis rats.”® Thus, our understanding of NO in EAE
and MS has shifted from the early belief that it is purely a
destructive molecule contributing to disease pathology, to a
current more balanced view of NO as an immune regulator,
which can both promote and prevent autoimmune inflammation
depending on its dosage and context of action.

Results reported here suggest for the first time that arginase
may play a crucial role in EAE. Inhibiting arginase in mice
altered immune responses to MOG and ameliorated EAE.
Because NO production in mice treated with arginase inhibitor
ABH was moderately enhanced (Fig. 8), it is possible that the
effect of arginase on EAE was partially mediated through the
NOS pathway. Alternatively, because L-ornithine, a product of
arginase pathway, is a necessary metabolite for the production
of polyamine and proline, which control cell proliferation and
collagen production, respectively, arginase may also regulate

© 2003 Blackwell Publishing Ltd, Immunology, 110, 141-148
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Figure 8. ABH alters immune responses to MOG. Two groups of C57BL/6 mice, six mice per group, were immunized with MOG38-
50 peptide to induce EAE. Starting from the day of immunization, mice received daily i.p. injection of either PBS or 200 pnM ABH in
PBS for a total of 23 days. Mice were killed 1 hr after the last injection of ABH or PBS. Splenocytes were harvested and tested as
described in Methods. Data shown are mean + SD of triplicate cultures. For cultures with MOG peptide, the differences between PBS
and ABH groups are statistically significant (P < 0-05) for all the parameters except IL-2 as determined by ANOVA. Results are

representative of two experiments.

EAE through NO-independent pathways. Further studies are
required to delineate these issues.
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