Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/22/11

For personal use only.

Free Rad. Res., Vol. 33, pp. 771-784
Reprints available directly from the publisher
Photocopying perrmitted by license only

© 2000 OPA (Overseas Publishers Association) N.V.
Published by license under

the Harwood Academic Publishers imprint,

part of The Gordon and Breach Publishing Group.
Printed in Malaysia

Nitrotyrosine Formation and its Role in Various

Pathological Conditions

HIROE NAKAZAWA', NAOTO FUKUYAMA, SHUNYA TAKIZAWA, CHIZUKO TSUTJI,

MOTOYUKI YOSHITAKE and HIDEYUKI ISHIDA

Tokai University School of Medicine Bohseidac, Isehara Kanagawa, 259-1193 Japan

Accepted for publication by Prof. N. Taniguchi

(Received 11 May 2000; In revised form 17 June 2000)

The formation of peroxynitrite and nitrotyrosine was
examined in a variety of in vitro and in vivo animal
models and its relation to cell or tissue damage was
examined. In  polymorphonuclear leukocyte
(PMN)-induced injury to cardiac myocytes or
endothelial cells, activated PMN produced peroxyni-
trite. Peroxynitrite appears to be responsible for the
injury but it was not a major mediator of endothelial
cell injury. In the experiment of ischemia-reperfusion
injury of the rat brain nitrotyrosine was formed in the
peri-infarct and core-of infarct regions. The degrada-
tion curve of nitrotyrosine revealed that its t./ was
about 2.2 hours. In the radiation-induced lung injury
of rats, nitrotyrosine was also formed but it was not
the sole mechanism for the injury. Levels of nitrotyro-
sine correlated with the severity of myocardial dys-
function in the canine model of cytokine-induced
cardiac injury. Inhibition of NO generation abolished
the formation of peroxynitrite and nitrotyrosine in all
experiments. In conclusion; although nitrotyrosine is
formed in a variety of pathological conditions where
the generation of NO is increased, its presence does
not always correlate with the severity of injury.
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INTRODUCTION

Through the epoch-making!!! 12! discovery of
nitric oxide (NO) as a biological signaling mole-
cule, research in free radical-induced tissue
injury has broadened to include NO-induced
injury since NO is also a free radical. Various
studies have showen that NOS inhibitors are
capable of reducing tissue injury using animal
modelsl! [4], which have elucidated the cytotoxic
nature of NO. However the studies reported
here demonstrated that, in some pathological
conditions, particularly in the case of inflamma-
tion, the mediator of cytotoxicity is not NO itself
but, rather, peroxynitrite (ONOO")%. ONOO;,
formed from NO and O,-, is highly reactive with
respect to protein thiol groups, tyrosine residues
and phospholipids!®! 7T 8119) and its biological
role was initially described by Beckman J et al as
the culprit responsible for the nitration of tyro-
sine residues to form nitrotyrosine[lol. Thus in
addition to lipid peroxidation reactions via
superoxide (O,”) and hydroxyl radicals, nitra-

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/22/11
For personal use only.

772 HIROE NAKAZAWA et al.

Superoxide
0"

Nitric Oxide
NO’

! Peroxynitrite

H-0-

}

"OH

!

NO:" + "OH

ONOO~

NO.’

Peroxidation (TBARS)

Nitration (Nitrotyrosine)

FIGURE 1 Peroxidation and Nitration Reactions by Free Radicals Hydroxyl radical (- OH) derived from superoxide (O, ") and
hydrogen peroxide (H,O,) induces peroxidation. NO and NO-derived active molecules can induce nitration as well as peroxi-
dation. Peroxynitrite (ONOQ"), a reaction product of O,” and NO is also able to induce nitration and peroxidation. ONOO'™ has
high affinity to molecule with phenol residue such as tyrosine, which yields nitrotyrosine

tion reactions via NO and ONOO™ can be
included as free radical reactions (Fig. 1). Fur-
thermore current findings relative to nitrotyro-
sine formation by my eloperoxidase dependent
pathways!!1 112} in addition to ONOO" pathway
shed light on the pathological roles of nitration
reaction. The existence of nitrotyrosine in patho-
logical conditions has been demonstrated in var-
ious lesions such as inflammation focus[13],
atherosclerotic plaquel¥ and ischemia-reper-
fused tissuel’®. However the issue of whether or
not the activity of the protein is affected when its
tyrosine residues are nitrated has not been clari-
fied. In addition, the relationship between tyro-
sine nitration and impairment of cell or organ
function has not been clearly demonstrated.
Thus the purpose of this paper is to demon-
strate the formation of nitrotyrosine and its rela-
tion to cell or tissue damage in several
pathological conditions. For this purpose a vari-
ety of in vitro and in vivo animal models were
used including polymorphonuclear leuko-

cyte-induced injury to cardiac myocytes or
endothelial cells, ischemia-reperfusion injury of
the brain, radiation-induced lung injury, and
cytokine-induced myocardial dysfunction.

The animals in this study were maintained
and used according to both National Institutes of
Health Guidelines for Laboratory Animal Care
and Animal Care Protocol of Tokai University.
The protocols of all experiments were approved
by the Committee of Tokai University.

(1) INJURY OF CARDIAC MYOCYTES
AND ENDOTHELIAL CELLS

BY POLYMORPHONUCLEAR LEUKOCYTE
(PMN)1¢!

We investigated the issue of whether nitrotyro-
sine is formed in cardiac myocytes or endothelial
cells when these are cocultured with activated
human PMNSs. The experiment is based on the
following two pieces of evidence; 1) PMN is one

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/22/11
For personal use only.

PATHOLOGICAL ROLES OF NITROTYROSINE 713

of the major cytotoxic effectors in myocardial
cells or endothelial cell injury including myocar-
dial infarction or my ocarditis and 2) we previ-
ously demonstrated that human PMN is capable
of producing O,, NO and ONOO" as wellll7]
when these are activated by phorbol myristate
acetate (PMA).

Method

Cardiac cells in monolayer were prepared from
mouse embryo hearts as described previ-
ously[ls]. Cardiac myocytes were cocultured
with PMA-activated human PMN (effec-
tor-to-target ratio, 10:1). LDH release from myo-
cytes was measured, to evaluate cell injury.
Bovine aortic endothelial cells (BAEC) were iso-
lated from aorta which were freshly obtained
from a slaughterhouse as described previ-
ously[lgl. Cultures from passages 612 were used
for the study. 3'Cr loaded BAEC by preincuba-
tion were cocultured with PMA-activated
human PMN (effector-to-target ratio, 10:1) using
the same protocol with that of cardiac myocytes
and injury to BACE was evaluated at intervals
by a 51Cr release assay. The levels of NO, O,",
ONOO" and nitrotyrosine were measured, and
the influence of NO synthase inhibitor, O, and
hydroxyl radical scavengers and other effectors
was examined.

The formation of nitrotyrosine was measured
by HPLC analysis. Briefly, cardiac my ocytes or
BAEC which had been cocultured with activated
PMN for 2 h in buffered saline with 1 mM
Fe>* /EDTA were hydrolyzed with 6 N HCI for 24
h at 110°C under vacuum and then centrifuged at
10000 rpm for 30 min. The supernatants were ana-
lyzed by HPLC with a C18 nucleosil column
(JASCO Corp., Tokyo, Japan). The eluent was 0.5
M KH,PO4-H3PO4(pH 3.0) with 10% methanol
(v/v) at a flow rate of 1 ml/min. The UV absorb-
ance of the effluent was monitored at 274 nm!?!
[20], The peak was identified on the basis of the
retention time of authentic 3-nitro-L-tyrosine or

tyrosine. The results are expressed as the percent-
age ratio of nitrotyrosine to tyrosine.

Results and discussion

Figure 2 shows LDH release from cardiac myo-
cytes cocultured with PMN. LDH release was
expressed as a percentage of released LDH to
total LDH in myocytes. The LDH release with
non-activated PMN during the observation
period remained very low. LDH release was
increased in a time-dependent manner by the
exposure to PMA-stimulated PMN, to 21.4 %
and 38.6 % at 3 and 4 hours, respectively. By the
treatments of SOD and L-NMMA, a NOS inhibi-
tor, respectively (P<0.001 vs PMA) at the time
point of 3 hours. LDH releases were reduced to
143 % and 94 %

Fig. 3 shows, the ®!Cr release from BAEC coc-
ultured with PMN. For the loading of !Cr,
BAEC were preincubated with NA>'CrO,
(5uCi/well) for 20 hours and the 51Cr release
was expressed as a percentage of released °'Cr to
total >!Cr in BAEC. °!Cr release remained at a
low level (< 4%) throughout the 4 hours observa-
tion period with non-activated PMN. In the case
of BAEC cocultured with activated PMN, 21Cr
release was significantly increased (14.6 + 2.2%,
at 2 hours, p<0.05 and 42.6+2.7% at 4 hours,
p<0.01). In the presence of SOD (100 U/ml), the
release was reduced significantly at all time
points (4.6 + 1.2%, p<0.05; 11.4 + 1.8%, p<0.01;
23.6 £ 2.1%, p<0.01 at 2, 3 and 4 hours, respec-
tively). In contrast, L-NMMA (0.1 mM), an NOS
inhibitor!?!}, potentiated the 3!Cr release at all
time points (30.6 + 3.8%, p<0.01; 45.3 + 3.1%,
p<0.01; 53.8 + 2.8%, p<0.05 at 2, 3 and 4 hours,
respectively). This L-NMMA-potentiated >!Cr
release was completely blocked by pretreatment
of BAEC with a monoclonal antibody directed
against the adhesion molecule CD18 (4.1 + 1.4%,
p<0.05; 3.3 + 1.1%, p<0.01; 8.6 + 2.8%, p<0.01 vs
L-NMMA at 2, 3 and 4 h, respectively), which
reduced the release to about the level seen with
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FIGURE 2 Effects of SOD and/or L-NMMA on LDH Release from Cardiac Myocytes Cocultured with PMN. Data are presented
as mean * S.E. (n=7-13 for each time point in each group). 0, control; ®, PMA; A, PMA+S0OD; A, PMA+L-NMMA; O, PMN+

L-NMMA+S0D; * p<0.05, compared with the control

non-activated PMN. The anti-CD18 mAb pre-
treatment also reduced the level of >'Cr release
to about the same level in the absence of
L-NMMA.

Fig. 4 shows the formation of nitrotyrosine in
cardiac myocytes (A) and in BAEC (B) cocul-
tured with PMN. Nitrotyrosine formations in
cardiac myocytes or BAEC were measured at the
2 hour time point (Fig. 4, A and B). Nitrotyrosine
level in myocytes remained very low when coc-
ultured with non-activated PMNs but reached
high levels when cocultured with activated
PMNSs (0.39 £ 0.12 %). In the presence of SOD or
L-NMMA it was attenuated to 0.32 £ 0.07 % and
0.10 + 0.08 %, respectively. Contrary to cardiac
myocytes in the BAEC experiments, nitrotyro-
sine formation was low in BAEC alone (0.10 +

0.10%), and remained at the same low level both
in the case of BAEC cocultured with non-acti-
vated PMA (0.125 + 0.05 %) or with PMA-acti-
vated PMN (0.125 + 0.08%).

The finding of significant nitrotyrosine forma-
tion and the attenuation of injury by the NOS
inhibitor, as well as by SOD in cardiac myocytes
suggests that ONOO™ is involved in
PMN-induced cardiac myocyte injury. However,
in the BAEC experiment the NOS inhibitor
potentiated BAEC injury, and nitrotyrosine was
not formed at detectable levels. This indicates
that ONOO" did not contribute substantially to
BAEC injury. This was the opposite of our initial
hypothesis, namely that ONOO" is the major
cytotoxic species in the BAEC and PMN cocul-
ture systems, since BAEC themselves can gener-
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FIGURE 3 Effects of SOD, L-NMMA, or Anti-CD18 mAb on ICr Release from BACE Cocultured with PMNI!']. Data are pre-

sented as meantS.E. (n=7-13 for each time point in each group). o, PMA; B, +S0D; [0, +L-NMMA; A, +Anti-CD;g A

'y

+L-NMMA+Anti-CDg; # p<0.05, # # p<0.01 compared with the nonactivated PMN (0). * p<0.05, * ¥ p<0.01 compared with the
PMN+PMA group (°). + p<0.05, + + p<0.01 compared with the L-NMMA group (C)

ate NO, and may result in a greater production
of ONOO" than in the myocytes system. To
explain the lack of nitrotyrosine formation in
BAEC, despite the fact that PMN produces
ONOO’, two mechanisms can be considered.
First, the intracellular concentration of tyrosine
residues may be lower in BAEC than in cardiac
myocytes. Secondly, ONOO™ may be scavenged
more efficiently in BAEC than in cardiac myo-
cytes. The first possibility can be ruled out, since
the addition of synthesized ONOO™ to BAEC
resulted in the formation of nitrotyrosine (1.70 +
0.33%). The amount of nitrotyrosine in BAEC
was even higher than that of the cardiac myo-
cytes exposed to the same concentration of
ONOO(data not shown). The second explana-
tion is more likely since Szabo and Salzman
showed that uric acid is a scavenger of ONOO
1221 and that uric acid-synthesizing enzymes

such as xanthine dehydrogenase and oxidase are
present at high concentrations in endothelial
cells.

The aggravation of BAEC injury by NOS
inhibitors can be explained by the anti-adhesion
effect of NOI?>?4 PMN-mediated endothelial
cell injury is highly adhesion-dependent and NO
is a well-known endogenous inhibitor of PMN
adherence. This is supported by the results
obtained with anti-CD18 mAb, an anti-adhesion
molecule mAb: °!Cr release was completely
inhibited by anti-CD18 mAb, and in its presence,
addition of NOS inhibitors did not aggravate the
injury to a measurable extent (Fig. 3).

Overall, the data presented herein suggest
that, although ONOO" is generated by activated
PMN and appears to responsible for cardiac
myocyte injury, it is not a major mediator of
BAEC injury.
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FIGURE 4 PMN-Induced Tyrosine Nitration in Cardiac Myocytes (A) and in BAEC (B)[I(’]. Tyrosine nitration was monitored by
measuring cellular concentrations of tyrosine and nitrotyrosine and is expressed as the ratio of NO2-tyrosine/ tyrosine. Data are
expressed as meanzS.E. of four experiments. P<0.01 compared with other groups

(2) NITROTYROSINE FORMATION AND
ITS DEGRADATION RATE ON FOCAL
BRAIN ISCHEMIA-REPERFUSION
INJURY[ZS] [26]

In brain ischemia or ischemia followed by reper-
fusion, NO generation from neuronal NOS has
been shown to increase and to play an important
role in brain injury 127-29] Thus in this study the
primary purpose was to examine the issue of
whether ONOO'is formed in brain subjected to
focal ischemia / reperfusion injury using rats. The
secondary purpose was to clarify the dynamics
of nitrotyrosine formation and elimination by
examining the half-life of nitrotyrosine. This was
achieved via sequential measurements of nitro-
tyrosine in the brain after blocking the further

formation of nitrotyrosine with L-NMMA in
experimental condition where the rise of nitroty-
rosine was already demonstrated.

Method and discussion

Male Sprague-Dawley rats, weighing approxi-
mately 300 to 350g were anesthetized with
halothane. Transient focal cerebral ischemia was
induced by occluding the right middle cerebral
artery for 2 hours and reopening it with a perma-
nent ligation of the right common carotid artery.
For the primary purpose, animals were divided
into five groups: group 1 (n=6), 2-hour ischemia
in which the rats were killed at 2 hours after the
occlusion; group 2 (n=7), 2-hour is chemia/3-hour
reperfusion in which the rats were killed at 3
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FIGURE 5 The Degradation of Accumulated Nitrotyrosine in the Brain2®!

hours after the release of the left MCA; group 3
(n=6), 2-hour ischemia/3-hour reperfusion with
administration of L-NMMA, (50 mg/kg intrap
eritoneally) at 30 minutes before occlusion; group
4 (n=6), and group 5 (n=6), sham-operated.
Regional Cerebral blood flow (CBF) was meas-
ured during ischemia and reperfusion using dif-
ferent sets of rats. For the secondary purpose,
L-NMMA was administered at 24 h after the start
of reperfusion to halt the further production of
nitrotyrosine. Nitrotyrosine was then measured at
0, 3, 6,9 and 12 hours (n=5 in each group) to con-
struct decay curves of nitrotyrosine.

Result and discussion

Percentage of nitrotyrosine total tyrosine in
group 1 were 0% in the case of the noninfarct
region, 0.42 + 0.135. in the periinfarct region, and
0.29 + 0.10% in the core-of-infarct region. The

periinfarct and core-of-infarct regions showed
significantly higher nitrotyrosine levels than the
noninfarct region (P<0.05), but there was no sig-
nificant difference between the periinfarct and
core-of-infarct regions. In group 2, the levels of
nitrotyrosine in the periinfarct region were
0.89% + 0.22% which was significantly higher
than that in the core-of-infarct region (0.35% *
0.09%). Further, nitrotyrosine in the periinfarct
region was significantly increased in group 2
compared with group 1.

Fig 5 demonstrates the decrease in nitrotyro-
sine formed in the four regions at 24 hours of
reperfusion as has already been observed when
sufficient amounts of nitrotyrosine are present to
examine its decay rate.

The nitrotyrosine levels In all four regions
declined with time when 50 mg/kg of L-NMMA
was injected at 24 hours at the start of reper-
fusion to halt its further production; the limit of
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detection was reached within 3 hours in the non-
infarct region and caudoputamen within 9 hours
in the periinfarct and the core-of-infarct regions.
The degradation curves for nitrotyrosine in the
periinfarct and the core-of-infarct regions were
fitted by a nonlinear regression method (y=2.91
x elx/403) and y=2.91 x eX/677) and the Ti/2
values of nitrotyrosine were obtained as 2.2 and
2.3 hours, respectively. The Ty, values of nitro-
tyrosine in the noninfarct region and caudoputa-
men could not be determined because the values
were too low to be fitted reliably to a nonlinear
regression equation.

In this model we were again able to observe
the formation of nitrotyrosine and the inhibition
of its generation by a NOS inhibitor. The degra-
dation rate of already formed nitrotyrosine was
then examined. Although the formation rate of
nitrotyrosine has already been determined
(Ischiropoulos et al., 1992[301 31y the degrada-
tion rate of nitrotyrosine has not been evaluated.
Based on the finding that the L-NMMA at a dose
of 50 mg/kg completely inhibited nitrotyrosine
formation in rat brain during ischemia-reper-
fusion!®!, we measured the decay rate of nitroty-
rosine after the administration of L-NMMA. The
T, 1 value of nitrotyrosine in both the periinfarct
and and core-of-infarct regions was approxi-
mately 2 hours. Although the mechanisms of the
decrease in nitrotyrosine were not examined in
this study, a novel protein called “denitrase”
may have played a major role. The presence of
an activity that modifies nitrotyrosine-contain-
ing BSA and other nitrated proteins was
detected in rat spleen and lung extractst32~34,
Since the activity of denitrase was labile to heat
and trypsin treatment, and increased with endo-
toxin treatment, it appears to be an inducible
enzyme. The present information on the rate of
degradation nitrotyrosine is helpful in analyzing
the pathophysiology and devising therapeutic
strategies so that the injured region can be res-
cued, although actual the values may differ in
different tissue or organs which continue to be a
target of future study.

(3) RADIATION-INDUCED ACUTE LUNG
INJURY?®!

Irradiation is one of the established therapies for
chest malignancies, but the risk of radiation
pneumonitis and subsequent induction of fibro-
sis limits the dose of irradiation or may even
contraindicate its application. The currently
accepted mechanism of the injury is that irradia-
tion stimulates alveolar macrophages or epithe-
lial cells to produce various cytokines. One of an
injurious pathway following cytokine produc-
tion is proposed as an active oxygen-dependent
one caused by the overproduction of sup eroxide
(O,7) and nitric oxide (NO)3-39 However the
responsible isoform of NOS and the detailed
reaction of the active oxygen species remain to
be clarified. In particular, the involvement of
ONOO or nitration reactions has not been exam-
ined yet. Thus we performed the following
experiment using rats to investigate 1) which iso-
forms of NOS is responsible in irradiated lung
injury, 2) whether nitrotyrosine is formed in the
irradiated lung, and 3) if so, whether nitrotyro-
sine formation is responsible for the injury.

Experiment

Wistar rats aged 9-10 weeks were use (n=44).
The left hemithorax of rats was irradiated with
an absolute dpse of 20 Gy in one fraction. The
right hemithorax and other organs were
shielded during irradiation and the right lung
served as a control. Two weeks after the irradia-
tion, the degree of lung injury was evaluated by
histology, and Nuclear Magnetic Resonance
(NMR) measurement of the lung. Protein con-
centration, LDH activity, and NO, /NO;3™ in
bronchoalveolar lavage fluid (BALF) were also
measured as indices of the injury. The expres-
sion of NOS isoforms, and the formation of
nitrotyrosine and O, production from BAL cells
were examined. Nitrotyrosine in the tissue was
detected biochemically by HPLC after homoge-
nizing and hydrolyzing the tissue in 0.1% phenol
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FIGURE 6 Nitrotyrosine Formation in the Lung. Values are
mean+SD. C: control group (n=4), R; irradiated group (n=4)
and R+AG: aminoguanidine-treated irradiated group(n=3),
AG: aminoguanidine control group. Each group: n=4

containing 6N HCl using the same method as
was used for the case of brain ischemia and by
immuno-histochemical staining using a nitroty-
rosine antibody. The experiment was performed
in the following 4 groups: 1) control group, 2)
radiation group, 3) radiation plus aminoguani-
dine, an iNOS specific NOS inhibitor group, and
4) an aminoguanidine group.

Results

At 2 weeks, the expression of iNOS mRNA was
induced and endothelial NOS (eNOS) mRNA
was markedly increased in the irradiated lung
{data not shown). NO,” /NOj™ in the BALF was
increased (data not shown). Nitrotyrosine was
detected both biochemically (Fig. 6) and immu-
nohistochemically in the radiation group but
nitrotyrosine staining was not observed in the

control group (Fig.7). Nitrotyrosine positive
regions tended to coincide with sites of lung tis-
sue injury, and were located in the vicinity of air-
ways, alveolar epithelia and alveolar
macrophages. In the radiation + aminoguanidine
group, nitro tyrosine staining was not as marked
as that in the radiation group. O, production
from BAL cells was also significantly increased
in the radiation group. All indices of acute lung
injury were markedly improved as indicated by
decreased protein concentration and LDH activ-
ity in BALF in the aminoguanidine treatment as
shown in Fig 8. Histological changes relative to
injury were almost negligible in the
radiation + aminoguanidine group. The degree
of attenuation in the injury by aminoguanidine
was much higher compared with that of the
decrease in the nitrotyrosine formation, since a
nearly complete protection against injury was
observed. This suggests that tyrosine nitration is
not the only mechanism ending to injury and
that the contribution of an O, "-mediated reac-
tion is likely based on the persistent increase in
O, production from BAL cells, as the result of
aminoguanidine treatment.

(4) MYOCARDIAL NITROTYROSINE LEVEL
IN DOGSMO] [26]

It has been concluded that inflammatory
cytokines have been implicated to play an
important role in the pathogenesis of inflamma-
tory cardiovascular diseases, including acute my
ocarditis. The purpose of this study was to eluci-
date the mechanisms of the cytokine-induced
myocardial dysfunction in vivo. To achieve this,
we developed a new canine model in which
microspheres with IL-1B  were" selectively
injected into the left main coronary artery to pro-

duce IL-1B-induced myocardial dysfunction!*’]
[26]
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FIGURE 7 Immunohistochemical Detection of Nitrotyrosinelzs]. Nitrotyrosine formation was demonstrated visualized as a
brown color with the peroxidase-labeled second antibody by using the diaminobenzidene-peroxidase reaction. C; control, NC;
negative control without the primary antibody. R; Radiation group, R+AG; Radiation + aminoguanidine, Arrows; alveolar epi-
thelium and macrophages are positively stained for nitrotyrosine (see Color Plate I at the back of this issue}

Experiment

Adult mongrel dogs weighing 9-18 kg were
sedated with ketamine hydrochloride and anes-
thetized with sodium pentobarbital (25 mg/kg
intravenously) under mechanical ventilation.
IL-1B-bound microspheres (MS) (15pm in diame-
ter. 10® MS/kg) were injected into the main left
coronary artery via the catheter inserted from
the right carotid artery. Heart rate, systemic
blood pressure and left ventricular end-diastolic
pressure (LVEDP) were continuously measured
for 7 days. The LV ejection fraction was evalu-
ated by echo-cardiography at the indicated days.

On day 2 or 7 animals were then sacrificed to
obtain the myocardium. Nitrotyrosine formation
in the myocardium was evaluated using the
same HPLC method. Animals were divided into
4 groups: control (n=10), IL-1B group, human
IL-1pconjugated MS was injected, IL-1B+DEX
group, dexamethasone (3 mg/kg) was iv
injected 1 hour before MS injection and continu-
ously infused at a dose of 0.5 mg/kg/h until day
2, IL-1B+AG group; aminoguanidine was intra-
venously administered at a dose of 100 mg/kg
before MS injection and continuously infused
thereafter at a dose of 10 mg/kg/h until day 2.
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Color Plate I (See page 780, Figure 7) Inmunohistochemical Detection of Nitrotyrosine!?>]. Nitrotyrosine formation was demon-
strated visualized as a brown color with the peroxidase-labeled second antibody by using the diaminobenzidene-peroxidase re-
action. C; control, NC; negative control without the primary antibody. R; Radiation group, R+AG; Radiation + aminoguanidine,
Arrows; alveolar epithelium and macrophages are positively stained for nitrotyrosine
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>

P<0.001 <0.005
30 P<0.001—‘—| l-p

Protein concentration (mg/ml)

0
C AG R R+AG
B _ p<d.onl <0.005_,
081 — P<0.001_1~| |—P

LDH activity (U/ml)

C AG R R+AG

FIGURE 8 Protein Concentration (A) and LDH Activity (B) in
BALFI?®l. Values are mean+SD. Protein concentration was
measured by modified Lowry method, and LDH activity was
measured using an enzyme assay kit. Abbreviations are the
same as in Fig. A. n. d. means not detected. Each group n=4

Result and discussion

Myocardial nitrotyrosine concentrations were
significantly higher in the IL-1B group than in

the control group on both day 2 and day 7. The
treatment with dexamethasone or aminoguani-
dine prevented the IL-1B-induced tyrosine nitra-
tion determined on day 7. Their LV ejection
fractions were compared, with respect to nitroty-
rosine concentrations on day 7 (Fig. 9). A signifi-
cant negative linear relationship between
myocardial nitrotyrosine concentrations and LV
ejection fraction was found suggesting a possible
association between nitrotyrosine formation and
cardiac dysfunction. NO significant increase in
the myocardial nitrotyrosine concentrations
from 2 to day 7 were detected, which suggests
that during this period either no significant
amount of nitrotyrosine was formed or, at the
least, no significant increase in myocardial nitro-
tyrosine occurred. In this study, dexamethasone
{which nonspecifically inhibits the synthesis of
proteins including iNOS)#land aminoguani-
dine both prevented the IL-1p-induced sustained
myocardial dysfunction and nitrotyrosine for-
mation. These results indicate that NO, pro-
duced by iNOS, plays an important role in the
pathogenesis of the cytokine-induced myocar-
dial dysfunction and further, NO-derived
ONOO" is responsible for the dysfunction, at
least in part.

Summary

Extensive research work on NO and its reaction
products over the last 10 years has led to a rapid
change in the general concepts relating to free
radical biochemistry. In parallel with these new
concepts, the importance of free radical-induced
redox modulation in cellular signal transduction
systems has been recognized recently. These
include, nitration, nitrosation and nitra-
tion-mediated and redox-mediated modulations.
The finding of the presence of nitrotyrosine in 5
different pathological conditions indicates the
direction of future research in this field.
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(%)

® 1B (n=12)
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r=0.427

p<0.05
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0 0.5 1 1.5

T
2
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FIGURE 9 The relationship between Myocardial Nitrotyrosine Levels and LV Ejection Fraction!*”l, An inverse linear relation-
ship exists between myocardial nitrotyrosine levels and LV ejection fraction. Abbreviations are indicated in the text
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