38

[J Tokyo Wom Med UnivJ
70 (3) 80~91 (2000)

Comparison of Nitric Oxide (NO) Production in the Tissue Following
Hemorrhagic Invasion and Endotoxin Administration in Rats in

Relation to the Pathogenesis of Traumatic DIC

Hiroyasu SUGA"?, Takao NAKAGAWA?, Norio MIYOSHI?,
Yoshiaki IMAMURA? and Masaru FUKUDA?
YDepartment of Emergency Medicine (Director: Prof. Toshihiko KUBOTA) and
?Department of Pathology (Director: Prof. Masaru FUKUDA), Fukui Medical University
¥Department of Emergency Medicine (Director: Prof. Tadashi SUZUKI),

Tokyo Women’ s Medical University, School of Medicine
(Received Nov. 12, 1999)

Previouly we confirmed the onset of DIC following hemorrhagic invasion in the rat, and at that
time we noticed that nitric oxide (NO) production in the tissue increased rapidly and reached a peak
in the early stage. This suggested that the increase in NO production would serve as an indicator for
diagnosis of DIC. In the present study, we investigated the NO production in the tissue following
hemorrhagic invasion in the rat, in comparsion with the rat following endotoxin administration.

Rats under pentobarbital anesthesia were used. After laparotomy, NO-selective electrode was
placed in the kidney for real time recording of NO production in the tissue. The onset of DIC follow-
ing both hemorrhagic invasion (bleeding of 30% of the predetermined total blood volume) and endo-
toxin administration (LPS, E. coli, 10 mg/kg iv) was confirmed from the changes in the coagulation-
fibrinolytic system, cytokine levels in the blood and histopathological findings. NO production in the
tissue following hemorrhagic invasion increased rapidly and reached a peak within 1 hr after bleed-
ing. On the contrary, NO production following endotoxin administration was not observed entirely at
an early stage, but it began to increase gradually 2 to 3 hr after the administration and reached a
peak after 4 to 6 hr. The electron spin resonance (ESR) analysis was performed on the kidney tissues
from rats underwent hemorrhagic invasion or endotoxin administrations using N- (dithiocarboxy)
sarcosine, disodium salt, hydrate (DTCS Na) as a NO trapping agent. These tissues showed typical
ESR signal of NO-Fe-DTCS. NO production following hemorrhagic invasion was not affected by the
selective INOS inhibitor, S-methylisothiourea (SMT, 5 mg/kg iv), and inhibited by the non-selective
NOS inhibitor, N>monomethyl-L-arginine (L-NMMA, 50 mg/kg iv), which strongly suggested that it
was due to cNOS. On the contrary, NO production following endotoxin administration was inhibited
clearly by SMT and L-NMMA, which strongly suggested that it was mainly due to iNOS. Thus, the
difference in the processes of NO production in the tissue following hemorrhagic invasion and endo-
toxin administration were confirmed, while their correlation to pathological manifestations of DIC in
detail is remained to investigate further.



Introduction

Patients with a serious trauma frequently ex-
hibit coagulation-fibrinolytic system abnormali-
ties and occasionally develop disseminated in-
travascular coagulation (DIC). The pathological
manifestations of DIC vary according to the pri-
mary diseases on the basis of very complicated
pathophysiology”. Although early diagnosis and
early treatment are desirable particularly for DIC
following a trauma, the mechanism of develop-
ment of DIC still includes many unknown patho-
genic factors, such as the time when the patho-
logical state of trauma changes to DIC.

To investigate the pathogenesis of DIC experi-
mentally, rats were first subjected to hemor-
rhagic invasion, i.e., the main pathological state
following trauma, and the onset of DIC was iden-
tified in terms of changes in the coagulation-
fibrinolytic system, serum cytokine levels, and
histopathological findings in those rats”. At that
time, it was noticed that nitric oxide (NO) produc-
tion in the tissue increased obviously in the early
stage and the increase lasted for hours. This sug-
gested that the increase in NO production could
serve as an indicator for early diagnosis of DIC?.

In the present study, we investigated the pro-
gress of NO production in the tissue following
hemorrhagic invasion and analyzed the mecha-
nism of NO production using NO synthetase
(NOS) inhibitors in rats, comparing with rats fol-
lowing endotoxin administration, which has been
used as an experimental animal model of DIC.

Materials and Methods

The control and treatment of experimental ani-
mals for this study was approved by the Institu-
tional Committee of Fukui Medical University.

1. Effects of hemorrhagic invasion

Male Sprague-Dawley rats weighing from 350
to 450 g were purchased from Japan Claer (Jck
SD Retire, Nihon Kurea Inc., Shiga, Japan). The
animals were anesthetized with sodium pento-
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barbital (50 mg/kgip). A polyethylene tube (SP
45, Natsume Co., Tokyo, Japan) was inserted in
the carotid artery for bleeding and blood sam-
pling. For hemorrhagic invasion, 30% of the pre-
determined total blood volume (equivalent to 8
% of the body weight) was bled through the ca-
rotid artery catheter over 15 min®. Blood was
sampled at 4 to 6 hr and 24 hr following hemor-
rhagic invasion, and the blood coagulation-
fibrinolytic system activity and cytokine levels
were determined.

For assessment of the coagulation-fibrinolytic
activity, the platelet count (electric resistance
method), fibrin/fibrinogen-degradation product
(FDP; FDP-E, MBL Co., Nagoya, Japan), plasma
fibrinogen (cyanmethemoglobin method) and an-
tithrombin Il (ATII; spectrophotometory with
coupler, SATIII, Daiichi-Kagaku Yakuhin, Tokyo,
Japan) were determined. As for cytokines, int-
erleukin-8 (IL-8; ETA method PRF081, Panapharm
Laboratories Co., Kumamoto, Japan) and tumor
necrosis factor (TNF; rat TNF-oELISA kit, Bio-
source International Inc. Camarillo, Cal., USA)
levels were determined.

After the end of the experiment, the kidneys,
lung, liver and intestines were isolated, fixed in 10
% formalin solution and stored. Thin tissue sec-
tions were stained by hematoxylin-eosin (HE) and
by phosphotungstic acid hematoxylin (PTAH) for
fibrin and then examined histopathologically.

2. Effects of endotoxin administration

Rats administered with endotoxin (LPS, E. coli,
10 mg/kg iv; DIFCO Laboratories, Detroit, Michi.,
USA) have been frequently used as an experi-
mental animal model for DIC?, and were used as
the controls for the hemorrhagic invasion animals
in the present experiment. Blood sampling was
carried out at time intervals, and the coagulation-
fibrinolytic system activity and cytokines levels
were measured, as done for the hemorrhagic in-

vasion group. Isolation of the organs and histopa-
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thological examination after the experiment were
also conducted in a similar manner.

3. Comparison of NO production in the kid-
ney tissue and the mechanism of NO production
following hemorrhagic invasion and endotoxin
administration

1) Measurement with an NO-selective elec-
trode (¢ 200 um, Intermedical Inc., Nagoya, Ja-
pan)®

Under anesthesia with pentobarbital, the rats
underwent a laparotomy and polyethylene tube
was inserted in the carotid artery. An NO-
selective electrode was introduced into the outer
capsule of the kidney and fixed. The NO elec-
trode was connected to an NO measuring instru-
ment (NO-501, Intermedical Inc., Nagoya, Japan)®
and real-time measurement of NO production
was conducted.

The chronological changes in NO production
over a period of 4 to 6 hr after the hemorrhagic
invasion were continuously measured, using the
records prior to hemorrhagic invasion and endo-
toxin administration as the controls.

2) Examination using electron spin resonance
(ESR)

After the sampling of blood at 4 to 6 hr follow-
ing the hemorrhagic invasion or endotoxin ad-
ministration, the kidney was isolated and immedi-
ately stored in a refrigerator at — 70C. The sam-
ples (0.25 g) were homogenized in 500 pl of 14 mM
FeSO,, 40 mM N-(dithiocarboxy) sarcosine (DT-
CS, DOJIN Chem. Inst. Co., Kumamoto, Japan) for
the subsequent ESR analysis. ESR was measured
within 5 min. ESR spectra of the spin-trapped
radicals were recorded on a X-band spectrometer
(RE3XR model, JEOL Co. Ltd., Tokyo, Japan) at
a modulation amplitude; 0.079 mT, time constant;
0.01 sec, scan speed; 0.083 mT/s>.

3) Analysis of the mechanism of NO produc-
tion with NOS inhibitors

There are two NOS isoforms: constitutive NOS

(cNOS), which exists in the endothelial cells and
nerve tissues and is Ca*"-dependent” and induc-
ible NOS (iNOS) which is induced in the macro-
phages, neutrophils, endothelial cells, liver, lungs,
etc by proinflammatory cytokines and endotoxin
and is Ca’"-independent”. The mechanism of NO
production in the rat tissue following hemor-
rhagic invasion and endotoxin administration was
investigated using a selective iNOS inhihitor S-
methylisothiourea (SMT) and a non-selective
NOS inhibitor N®monomethyl-L-arginine ( L-
NMMA).

4. Statistical analysis

All measurement values are expressed as
mean = SEM (standard error of the mean). For
testing of a significance of differences between
the groups, analysis of variance (ANOVA) was
first carried out using the F-test. After the uni-
formity was confirmed, the difference in the
mean value was tested using Student's t-test with
no correspondence. p<0.05 was considered to in-
dicate a significant difference.

Results

1. Onset of DIC in the rats following hemor-
rhagic invasion and endotoxin administration

The changes in the coagulation-fibrinolytic sys-
tem activity and blood cytokine concentrations
following hemorrhagic invasion are shown in Ta-
bles 1 and 2. Significantly decreased platelet
count, significantly increased FDP, and signifi-
cantly increased IL-8 and TNF levels strongly
suggested the onset of DICY. Histopathological
examinations at 4 to 6 hr after treatment re-
vealed fibrin thrombus in the kidney and lung tis-
sues, tubular necrosis in the kidneys, intra-
alveolar hemorrhage, and hemorrhage in the he-
patic parenchymal cells (Fig. 1) . The onset of DIC
was identified based on these findings"?.

Significantly decreased platelet count, signifi-
cantly increased FDP, and significantly increased
IL-8 and TNF levels were also noted in the endo-
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Table 1 Changes in the platelet count and coagulation-fibrinolytic system

Coagulofibrinolytic Hemorrhage Endotoxin
system Control
y 4~ 6h 24h n 4~ 6h n
Plt (103/u1) 90.30 = 155 7022 + 234 ** 71.21 + 447 * 21 2116 = 599 ** 14
FDP ( pg/ml) <5 > 40 * % > 40 * * 21 > 40 ** 11
Fibr (mg/dl) 134.89 = 4.09 182.00 = 1944 * 21533 + 2988 * 16 3881 £ 1289* 11
AT (mg/dl) 103.68 * 3.04 111.87 = 859 13444 + 1151 16 6209 £ 456 ** 11

Changes in the platelet count and coagulation-fibrinolytic system after hemorrhagic invasion and endotoxin
Plt : platelet, FDP : fibrin/fibrinogen degradation products, Fibr : fibrinogen, AT IIL
. antithrombin ITI, n : number of experimental animals. The values are expressed as the mean + SEM, * p <
0.05, ** p < 0.01, significantly different from the control.

administration in the rat.

Table 2 Changes in the blood cytokine levels

Hemorrhage Endotoxin
Cytokine Control
4 ~ 6h 24h n 4 ~ 6h n
IL8 (ng/ml) 0.22 = 0.88 078 = 084 * 009 = 001 ** & 152 = 069 * 8
TNF (pg/ml) < 160 21.14 + 338 * 20.14 = 303 * 8 53656 = 564 ** 11

Changes in the blood levels of interleukin-8 (IL-8) and tumor necrosis factor (TNF), after hemorrhagic
invasion and endotoxin administration in the rat. n : number of experimental animals. The values are
expressed as the mean = SEM, * p < 0.05, ** p < 0.01, significantly different from the control.

toxin administration group, which strongly sug-
gested the onset of DIC (Tables 1 and 2). Fur-
thermore, histopathological examinations at 4 to 6
hr after treatment also revealed fibrin thrombus
in kidney and lung tissues, tubular necrosis in the
kidneys, intra-alveolar hemorrhage, and hemor-
rhage in the hepatic parenchymal cells (Fig. 2).
These findings together with the above-mention-
ed findings demonstrated the onset of DIC.

2. NO production in the kidney tissue

1) Measurement with an NO-selective elec-
trode

Figure 3 shows the chronological changes in
NO production with an NO-selective electrode
placed in the renal tissue in the hemorrhagic in-
vasion and endotoxin administration groups. NO
production following hemorrhagic invasion in-
creased early, reaching a peak within 1 hr after
bleeding, and this increased state was main-
tained. On the contrary, no NO production was
observed at the early stage following endotoxin
administration, but NO production increased

slowly at approximately 2 to 3 hr after treatment
and attained a peak at 4 to 6 hr, and this state
was maintained (Fig. 3). When the NO spin trap-
ping agent DTCS (40 mM 0. 3 ml/animal ip) was
administered at the peak of NO production, NO
production decreased quickly in both the hemor-
rhagic invasion and endotoxin administration
groups, thus, NO production being identified (Fig.
3).

2) Examination of ESR signals

The renal tissue isolated at 4 to 6 hr after the
hemorrhagic invasion or endotoxin administra-
tion was homogenized with 70 mM FeSO: solu-
tion, and the supernatant was examined for ESR
signal using the NO radical spin trapping agent
DTCS. An ESR signal (three peaks) of NO-Fe-
DTCS radical complex (g=2.040; aN =127 mT)
was detected in the sample solution of the kidney
tissues in both the hemorrhagic invasion and en-
dotoxin administration groups (Fig. 4).In the con-
trol without hemorrhagic invasion and endotoxin
administration, the ESR signal of NO-Fe-DTCS
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Fig.1 The histopathological findings at 6 hr after hemorrhage
a: kidney (PTAH stain x80), b: liver (HE stain x 20), ¢: lung (HE stain X 40). Arrows
indicate fibrin thrombi.
Fig.2 The histopathological findings at 6 hr after endotoxin administration
a: kidney (PTAH stain x80), b: liver (HE stain % 20), ¢: lung (HE stain X40). Arrows
indicate fibrin thrombi.
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Fig. 3 Measurement of NO production in the renal
tissue with NO-selective electrode
A difference in time course of NO production be-
tween hemorrhagic invasion and endotoxin admini-
stration was observed. The increased NO produc-
tion recordings exhibited a drop promptly after ad-
ministration of NO trapping agent DTCS (a typical
recording).

was not detected (Fig. 4).

3) Investigation of the mechanism of NO pro-
duction using NOS inhibitors

We investigated the effects of selective iINOS
inhibitor, SMT (5 mg/kg iv), and non-selective
NOS inhibitor for iNOS and cNOS, L-NMMA
(50 mg/kg iv), on NO production in the tissue.
Application of SMT at the time of increased NO
level with the NO-selective electrode in the hem-
orrhagic invasion group had little effect on NO
production. Application of L-NMMA, however,
led to a clear decline in NO level (decrease rate
= decrease in NO level induced by NOS inhibitor
/NO level before NOS inhibitor application, 28.87
+6.85%, n=6, Fig. 5). NO level decreased follow-
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Fig.4 ESR signalin the renal tissue

An ESR signal (three peaks) of NO-Fe-DTCS radical
complex was demonstrated in the sample solutions of
renal tissues after endotoxin administration and hem-
orrhagic invasion (a and b). In the control without en-
dotoxin administration and hemorrhagic invasion, the
ESR signal was not detected (c). Moduration width:
0.79x 0.1 mT, Modulation frequency: 100 kHz, Time
constant: 0.01 sec.

ing application of SMT in the endotoxin admini-
stration group (decreas rate =1880+5.66%, n=
4) with further decrease following application of
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Fig.5 Effects of application of NOS inhibitors on NO production in the renal tissue
The early increase of NO production after hemorrhagic invasion and the late increase
after endotoxin administration are thought to be due to ¢cNOS and iNOS, respectively.
SMT: S-methylisothiourea, L- NMMA: N°-monomethyl-L-arginine

L-NMMA (decrease rate =11.39 * 2.21%, n = 4,
Fig. 5).
Discussion

1. Onset of DIC and NO production in the tis-
sue under various invasions

It was possible to identify the onset of DIC
from the findings, such as the increased coa-
gulation-fibrinolytic system activity® and the re-
sultant histopathological findings” in the hemor-
rhagic invasion and endotoxin administration rat
groups. Increased inflammatory cytokine levels
were also identified. The cytokines released from
the monocytes activated by various invasions act

on the endothelial cells to release tissue factor

and induce activation of the exogenous coagula-
tion system, and moreover, inhibit the protein C-
protein S coagulation inhibition system via down
regulation of thrombomodulin production as well
as production and release of plasminogen activa-
tor inhibitor type 1, leading to amplification of co-
agulation'®™". The cytokines further activate the
neutrophils and macrophages to induce the re-
lease of esterase and free radicals including ac-
tive oxygen, NO, etc, and these result in tissue in-
juries and affect the coagulation-fibrinolytic sys-

~19 In the present experiment, the time

tem
course of NO production was recorded with an

NO-selective electrode placed in the tissue.



2. NO production under invasions

NO production in the tissue was observed in
both the hemorrhagic invasion and endotoxin ad-
ministration groups, but there was a marked dif-
ference in the chronological change of NO pro-
duction between the two groups. Records with an
NO-selective electrode placed in the kidney tissue
showed that NO production increased early fol-
lowing hemorrhagic invasion, reaching a peak at
30 to 60 min after invasion with a gradual de-
crease thereafter, but this increased NO produc-
tion was maintained until a few hours later. For
the endotoxin administration group, however, NO
production showed no increase at the early stage,
with a tendency to increase slowly at 2 to 3 hr af-
ter treatment. This tendency to increase gradu-
ally continued until NO production reached a
peak at 4 to 6 hr, showing a great increase. Appli-
cation of NO radical spin trapping agent DTCS at
the peak in the respective groups led to a rapid
decline in NO level, and consequently, NO pro-
duction was ascertained. In ESR on the renal tis-
sue using DTCS as well, ESR signal typical of NO
was detected (Fig. 4). We attributed the afore-
mentioned difference in the chronological chang-
es of NO production between the hemorrhagic in-
vasion and endotoxin administration groups to
the different mechanisms of NO production. NO
production was investigated using NOS inhibi-
tors.

1) NO production following hemorrhagic inva-
sion

The increased NO production early following
hemorrhagic invasion was little affected by the
selective INOS inhibitor SMT but was clearly in-
hibited by L-NMMA, an inhibitor having almost
equal affinities for iNOS and ¢cNOS (Fig. 5). Con-
sequently it was strongly suggested that this
early NO production was attributed mainly to ac-
tivation of ¢cNOS, while iNOS does not participate

in it.
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It has been demonstrated that iNOS was in-
duced by cytokines released at the invasion, and
that peripheral circulatory failure was caused by
this NO production because this peripheral circu-
latory failure was improved following administra-

M~19 © There have

tion of cytokine antagonists
been some reports on NO production observed in
the early stages of hemorrhagic invasion as
well®? . Early NO production was attributed to
cNOS for the following reasons: a) complete re-
covery from vascular hyporeactivity to catechola-
mines at the early stages of hemorrhagic shock
was achieved following administration of non-
selective NOS inhibitor L-NMMA, but the vascu-
lar hyporeactivity was not affected by dex-
amethasone which inhibits iNOS induction®, b)
no iNOS can be demonstrated in various organs,
including the lung, liver, aorta, etc, at 60 min after
the hemorrahage, a time when near-maximal vas-
cular hyporeactivity is already present®.

The mechanism of early NO production was as-
sumed to be as follows: cathecholamines, vaso-
pressine, angiotensin II, platlet agglutinating fac-
tor (PAF) released into the blood at an early
stage of hemorrhagic shock were transferred by
blood and activated cNOS via intimal receptors to
produce NO? . Another opinion proposed that
ischemia induced in the local microcirculation by
some invasions provoke Ca®* influx in the cell
membrane, thus increasing the intracellular Ca**,
activate ¢cNOS in the endothelial cells, and pro-
duce NO®,

In any case, however, we consider this report
to be the first to demonstrate that early NO pro-
duction in the tissue following hemorrhagic inva-
sion was attributed to ¢cNOS by the real-time re-
cording of the progress of NO production in the
tissue.

2) NO production following endotoxin admini-
stration

NO production was not observed at the early
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stage following endotoxin administration in the
present experiment. NO production increased
gradually 2 to 3 hr after treatment and markedly
at 4 to 6 hr, reaching a peak, and tended to de-
crease gradually thereafter. Application of SMT
at this peak led to a clear reduction in NO level;
and NO level then further decreased following
application of LNMMA (Fig. 5). These findings
suggested that NO production was ascribable to
iNOS.

Induction of iNOS following endotoxin admini-
stration has been reported to take several hours
after administration®, but there have been a few
reports on NO production by ¢NOS activation
early after administration. That is, it has been re-
ported that administration of endotoxin to rats
under anesthesia led to hypotension at 5 to 20
min after treatment, which was prevented or re-
versed by NOS inhibitors®® . Dexamethasone,
which blocks iNOS induction by endotoxin in vi-
tro and in vivo, did not change the vascular hypo-
reactivity to norepinephrine early (at 60 min) af-
ter endotoxin administration® . Since recovery
from this vascular hyporeactivity early after en-
dotoxin administration was achieved with L-
NMMA application, the vascular hyporeactivity
has been reported to be due to NO production re-

27)28)

sulting from c¢NOS activation Regarding
these findings, a theory that several mediators re-
leased by endotoxin were involved in the mecha-
nism of early ¢cNOS activation has been proposed.
That is, it has been assumed that endotoxin re-
leased bradykinin®, PAF*, catecholamines, 5-
hydroxytryptamine, angiotensin II, and hista-
mine®”, which stimulated the endothelium to re-
lease NO*.

On the other hand, it has been described that
early hypotension following administration of en-
dotoxin to rats was not inhibited by NOS inhibi-
tor but was attributed to a mechanism other than

32)

NO production™. Another argument went that

PAF released by endotoxin activated ¢NOS in
the endothelial cells to produce NO*®. However,
inhibition of PAF increase by dexamethasone
was inconsistent with that ¢cNOS activation was

*_ Moreover, de-

not inhibited by dexamethasone
pression of the vascular reactivity induced by en-
dotoxin was not prevented by a PAF antagon-
ist®. Arachidonic acid metabolites such as prosta-
cycline is released by endotoxin and induces de-
pression of the vascular reactivity, and the vascu-
lar reactivity induced by endotoxin was pre-
vented by an inhibitor of cycloxygenese or ara-
chidonic acid metabolite synthetase. These find-
ings suggested the involvement of arachidonic
acid metabolites as well®®.

NO production induced by INOS at the late
stages following endotoxin administration has
been established. Concerning early NO produc-
tion resulting from cNOS activation, however,
there have been some negative views as men-
tioned above, and the differences in the experi-
mental conditions had something to do with these
discrepancies.

It was shown in the present study that there
was no early NO production following endotoxin
administration and that NO production in the late
stage was mainly due to induction of iNOS based
on the real time NO recording obtained through
the NO-selective electrode set in the kidney tis-
sue.

Thus, the differences in the processes of NO
production in the tissue following hemorrhagic in-
vasion and endotoxin administration were con-
firmed. Pathological manifestations of DIC vary
according to the primary diseases. The correla-
tion of these differences in the NO production fol-
lowing invasions with pathological manifestations
of DIC in detail is remained to investigate further.

Conclusions

1. Assessment of changes in the coagulation-

fibrinolytic system activity and blood cytokine



levels and histopathological findings following
hemorrhagic invasion in rats made it possible to
identify the onset of DIC. NO production in the
kidney tissue following hemorrhagic invasion was
examined with the NO-selective electrode, in
comparison with the endotoxin administration rat
group.

2. NO production in the tissue following hemor-
rhagic invasion increased early and attained a
peak in the early stage. Following endotoxin ad-
ministration, however, NO production showed no
increase at the early stages, and gradually in-
creased at 2 to 3 hr, reaching a peak at 4 to 6 hr.
The NO production following both invasions was
confirmed by ESR investigation of kidney tissue
using trapping agent DTCS.

3. Early NO production following hemorrhagic
invasion was not affected by the selective iNOS
inhibitor, SMT, but was inhibited by the non-
selective NOS inhibitor, L-NMMA. This strongly
suggested that mainly ¢cNOS induced the in-
creased NO production. As for the endotoxin ad-
ministration group, however, NO production was
clearly inhibited by SMT and by L-NMMA. It
was also strongly suggested that the increased
NO production was induced mainly by iNOS.

4. Thus, the differences in the processes of NO
production in the tissue following hemorrhagic in-
vasion and endotoxin administration were con-
firmed. However, their correlation with pathologi-
cal manifestations of DIC in detail is remained to

investigate further.
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SHEM DIC DIFIEREEDRBEICHT 2T v b OHIMERE
BEVI UK MY VERROBRNO EEDOLER

VEIERRFE AL (FT ARHEEZER)
EHERKRE F—HH (B EH B
IR FER A Exi HEEY FFE HK BHER
mE B W R S OB - AN i - mm B
H1z, Iy MoBWTHINMEEE%O DIC OFEEHEREL, oMM —-RtER NO) BELEDOR
oz Hb. 2, NO EAORINI DIC ORMZHoIgE s LTomEEx "B L. 4
ROBZETIE, T v MIBT R M EEZOMME NO EA%Z, =y FMF I VEROI v M el
B L7 2SS HEt L7, Pentobarbital BT DT v b & W72, BIEOHK, B NO BIRMERZ &E
LCHBNO BBAEX Y TV A4 ATEEL. Ty MIBWTHIMMARE (EEEMED 30% & D
) BXOm vy F &3 v#5 (LPS, E coli, 10mg/kgiv) 20, BEMRESR, IS A br Ly
LAV B & OGRS R S, DIC OFREZ MR L2, MM RESEO NO EAZ, Bl (R
B85 1 hr D) ICERIC ML Y — 212 L. S, =¥ F 32 v#5%0 NO BEE
3, BENCIEA D ONT, 2~3hr B X VBB AEMARDONS LI ICRY, 4~6hr RICZE—
ZIVELT. BIEEEB L " > F b F ¥ v #5# 0 N-(dithiocarboxy) sarcosine, disodium salt, di-
hydrate (DTCSNa) # W72 BETFAY VB A~ } 5 254 (ESR) I2& ) NO-FeDTCS ¥ 7
F R L7z, HIE I X 2 B H o NO A LRI INOS FLE#] Smethylisothiourea (SMT,
5mg/kgiv) TIXIAEHE% 57, JEEIRM NOS FEH] N-monomethyl-L-arginine (L-NMMA, 50
mg/kgiv) 12 & D EIEI SR, cNOS DIFEMALICE 2D TH Y, INOS DG DR\ &A% RR S
N7z SRICHL, TV FFEFY v 3500 X 2 %80 NO #41E SMT $ X 0F LNMMA ORI & b
PHElsh, £ LTINOS OFEIZ LB e mEEn, 2 LT, HiEREL LY F b
¥ VEABOME NO BADOBROERMHIR SN, 2hb & DIC OFEL OFM 2 BEEE TS
BOBEIIERIN TV A,




