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Nitric oxide synthase activity and endogenous inhibitors in rats
recovered from allergic encephalomyelitis

SA Teixeira, AA Varriano, AA Dias, R Martins Porto, MN Muscara™*
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We have previously reported that in comparison with normal rats, the presence of experimental allergic en-
cephalomyelitis (EAE) leads to decreased endogenous inhibitory activity (EIA) of Ca?*-dependent nitric oxide
synthase (NOS) in both brain and serum, and increased expression of protein 3-nitrotyrosine (NT) in brain. In this
wor k we show that animal s recovered fromthe clinical signs of EAE are not different from controlsin terms of either
brain NOS activity, EIA of NOS, or NT expression. These results suggest that parallel to the reversal of the disease
symptoms, a normalization of the production of nitric oxide and related species occurs.
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Experimental allergic (or auto-immune) encephal omy-
elitis (EAE) is an anima model for the study of human
multiple sclerosis which can be induced in several
suceptible animal speciesthrough theimmunization with
neuronal proteins.

Theincreased production of nitric oxide (NO) during
the course of EAE iswell documented; however, itsrole
inthediseaseiscontroversial, considering that some stud-
ies show that NO has a toxic role in the formation of
demyelinizinglesions(Merrill et al. 1993, Xiap et a. 1996),
while others demonstrated that the NO produced by ph-
agocytes can exert an immuno-supressor effect through
theinhibition of T cells proliferation and leukocyte infil-
tration (Kubeset a. 1991, Okudaet al. 1997).

Regarding the presence of endogenous NOS inhibi-
torsin EAE, alimited number of reports are available.
Early in 1971, Baldwin and Carnegie described the exist-
ence of an enzyme responsible for the specific methyla-
tionof L-arginine. It wasjust morethan 20 years|ater that
it was shown that the renal excretion of dimethyl arginine
(both symmetrical and assymmetrical, SODMA andADMA,
respectively) was 20% smaller in patientswith MSin com-
parison with healthy subjects (Rawal et al. 1995).

In a previous work, we showed that a heat-sensitive
endogenousinhibitory activity (EIA) of CA2*-dependent
nitric oxide synthase (cNOS) present in brain homogenates
and serafrom Lewisratswith EAE (stagelll) was signifi-
cantly lower than that observed in the control group, with
no differences for the EIA of Ca?+-independent NOS
(INOS; Teixeiraet a. 2002). Inthiswork, weinvestigated
theendogenousinhibitory activity of NOS present in brain
and serum samples from Lewis rats recovered from the
clinical signsof EAE.
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MATERIALSAND METHODS

Male Lewis rats (200-250 g) were obtained from the
Cemib (Unicamp, SP). Theanimalsreceived food and tap
water ad libitum and were submitted to EAE induction as
previously described (Teixeira et a. 2002). The experi-
mental protocol was approved by the local Ethics Com-
mittee (CEEA, ICB/USP). Theanimalsweredaily weighed
and examined for the presence of neurological signs, and
28 days after the immunization, those showing complete
reversal of the clinical signs (EAE-r) were anesthetized
for blood sample collection and removal of whole en-
cephalic masses (WEMS) for further analysis.

NOS activity, nitrotyrosine expression and the pres-
ence of inhibitory activity present in the sera and WEM
homogenates were assayed as previously described
(Teixeiraet d. 2002).

The expression of protein inhibitor of NNOS (PIN) in
WEMs was analyzed by Western blot employing a pri-
mary mouse monoclonal antibody (250 ng/ml; Transduc-
tion Lab., US) after fixing the transferred protein onto the
nitrocellulose membrane with 0.1% glutaral dehyde.

Semi-quantitative reverse transcriptase-polymerase
chain reaction (RT-PCR) for NOSisoformswas performed
according to the previously described protocol (Teixeira
et. al. 2002). For RT-PCR analysisof PIN, the nuclectide
sequence of the employed primersfor PIN were selected
according to Jaffrey and Snyder (1996).

Data are expressed as mean £ SEM (n = 4-6 samples
per group) and comparisons among the experimental
groups were analyzed by one-way ANOVA followed by
the Student-Newman-Keulstest for multiple comparisons.

RESULTS

AsshownintheTable, no statistically significant dif-
ferenceswerefound between EAE-r and control animals
in terms of either WEM NOS activity or NOS EIA (both
thermostable and thermol abile) present in WEM and se-
rum for the different NOS isoforms. Control and EAE
animal salso showed similar WEM PIN expression (either
proteinor MRNA; Fig. 1). No differencesbetween EAE-r
and control rat WEM S were found regarding the expres-
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TABLE

Values for whole encephalic mass (WEM) NOS activity and endogenous inhibitory activity (EIA) of NOS present in WEMs and
sera obtained from control and EAE-r rats. No significant differences were observed between control and EAE-r groups for any
of the measured variables

Control EAEr
WEM Ca?*-dependent NOS activity (pmol/min/mg protein) 126+ 3.7 123+ 04
WEM Ca2*-independent NOS activity (pmol/min/mg protein) 05+0.2 04+01
WEM thermolabile EIA of Ca2*-dependent NOS (%) 304+13 305+15
WEM thermostable EIA of Ca2*-dependent NOS (%) 219+24 202+15
Serum thermolabile EIA of Ca?*-dependent NOS (%) 54+0.9 8.8+3.0
Serum thermostable EIA of Ca?*-dependent NOS (%) 315+26 358+22
WEM thermolabile EIA of Ca?*-independent NOS (%) 219+26 250+£29
WEM thermostable EIA of Ca2*-independent NOS (%) 201+19 244+25
Serum thermolabile EIA of Ca?*-independent NOS (%) 128+ 3.0 10.6 + 2.6
Serum thermostable EIA of Ca?*-independent NOS (%) 83+23 104+ 24
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Fig. 1: PIN protein (panel A) and mRNA (panel B) expression in
WEMSs obtained from control and EAE rats. No significant differ-
ences were observed between the groups.

sion of 3-nitrotyrosine-containing proteins (molecular
weights28 and 53 kDA; Fig. 2, panel A). RT-PCR analysis
revealed that WEM Sfrom EAE-r and control rats are not
different in terms of MRNA contents for either nNOS or
iNOS; however, the EAE-r animals exhibited higher ex-
pression of MRNA for the endothelial NOSisoform (Fig.
2, panel B).

DISCUSSION

Inapreviouswork, we showed that the heat-sensitive
EIA of CaZ*-dependent NOS present in brain homo-
genatesand serafrom Lewisratswith EAE (stage 1) was
significantly lower than that observed in the control group,
with no differencesfor the EIA of Ca2*-independent NOS,
in addition to decreased Ca?*-dependent NOS activity,
increased iINOS mMRNA and protein NT expression in
brains from EAE rats (Teixeira et al. 2002). The results
here presented show that parallel to the reversal of the
EAE clinical signs, the normalization of the above men-
tioned variables occurs.

Thelack of differences between EAE and control ani-
malsin terms of WEM PIN expression (either protein or
mMRNA) indicatethat thisproteinisnot related to the lower
heat-sensitive EIA of Ca?*-dependent NOS observed in
EAE rats, and that other thermolabilefactor (to our knowl-
edge, not yet described) should account for this differ-
ence. However, the actual relevance of PIN as an endog-
enous NNOS inhibitor, still remainsto be elucidated.

It isinteresting to mention that except for eNOS, the
expression of MRNA for both neuronal and inducible NOS
isoforms were similar between the EAE-r and control
groups. Theseobservationsarein partial contrast to those
reported by Kim et al. (2000), who observed that the pro-
tein expression of all three NOSisoformsremain elevated
in spinal cord obtained form animals recovered from the
clinical signsof EAE. However, special caremust betaken
at the time of comparing these results, considering the
differences in the studied tissues (WEM vs spinal cord),
the time at which the samples were collected (28 vs 21
days after immunization) and the employed analytical tech-
niques (Western blotting vs semiquantitative RT-PCR).
Protein tyrosine nitration is usually related to the occur-
rence of peroxynitrite anion secundary to the production
of high quantitiesof NO (mainly dueto theiNOSisoform).
On this point, consistency of our results can be verified,
considering that NT proteins (molecular weights 28 and
53kDA) and iNOS expression wereincreased during EAE
(Teixeiraet a. 2002) and normalized to control rat levelsin
the animal srecovered from EAE symptoms.

Taken as a whole, the results herein presented sug-
gest that except for eNOS mRNA expression, anormaliza-
tion of the NO production pathways occur paralel to the
reversal of theclinical signsof EAE inrats. However, the
exact relationship between these two phenomena still
deserve further investigation.
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Fig. 2A: representative Western blot showing the expression of nitrotyrosine-containing proteins in WEMs obtained from control and
EAE-r rats (panel A), and densitometric analysis of the bands at 28 and 53 kDa; B: RT-PCR analysis of mRNA for nNOS, iNOS and eNOS
present in WEM samples obtained from control and EAE-r rats (GAPDH: internal control). *: p < 0.05 vs control group.
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