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The Effect of Hydrogen Peroxide on Inducible Nitric Oxide Synthase
Expression in Murine Macrophage RAW264.7 Cells

Joong Hyun Ahn, M.D., Jeong Sup Song, M.D..
Department of Internal Medicine, The Cathdlic University of Korea, College of Medicine, Seoul, Korea

Background : Nitric oxide is a short-lived effector molecule derived from L-arginine by the nitric oxide
synthase(NOS). Nitric oxide plays a role in a number of physiologic and pathophysiologic functions including
host defense, edema formation, and regulation of smooth muscle tone. Some kinds of cells including macro-
phage are known to produce large quantities of nitric oxide in response to inflammatory stimuli such as
interleukin-1AIL-1/), tumor necrosis factor-a( TNF-q), interferon-y(IFN-y) and lipopolysaccharide(LPS).
Reactive oxygen species are also known to be important in the pathogenesis of acute cell and tissue injury such
as acute lung injury model.

Methods : Using the RAW264.7 cells, we have examined the ability of oxidant hydrogen peroxide(H:0;) to
stimulate nitric oxide production and inducible NOS mRNA expression. Also, we have examined the effects of
NOS inhibitors and antioxidants on H,0, induced nitric oxide production.

Results : Stimulation of RAW264.7 cells with combinations of 100 ng/ml [L-14 100 ng/ml TNF-g and 100 U
/ml IFN-7 or 100 U/ml IFN-y and 1 zg/ml LPS induced the synthesis of nitric oxide as measured by the oxi-
dation products nitrite(NO,™) and nitrate(NO;™). Addition of 250 x M-2 mM H,0, to the cytokines significant-
ly augmented the synthesis of NO,” and NO,™(p<0.05). When cells were incubated with increasing concen-
trations of H,0, in the presence of IL-18 TNF-a@ and IFN-y at constant level, the synthesis of NO,™ and
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NO,~ was dose~dependently increased(p<0.05). NS-nitro-L-arginine methyl ester(L.-NAME), dose depen-
dently, significantly inhibited the formation of NO,™ and NO,;™ in cells stimulated with LPS, IFN-y and H,O, at
constant level(p<0.05). Catalase significantly inhibited the H/O:-induced augmentation of cytokine-induced
NO,™ and NO;~ formation(p<0.05). But, boiled catalase did not produce a significant inhibition in comparison
with the native enzyme. Another antioxidant 2-mercaptoethanol and orthophenanthroline dose-dependently
suppressed NO,~ and NO;~ synthesis(p<0.05). Northern blotting demonstrated that H{O, synergistically stim-
ulated the cytokine-induced iNOS mRNA expression in RAW264.7.

Conclusion : These results suggest that H;0, contributes to inflammatory process by augmenting the INOS ex-
pression and nitric oxide synthesis induced by cytokines. (Tuberculosis and Respiratory Diseases 1999, 47 :

172-183)

Key words : Nitric oxide, Hydrogen peroxide, Inducible nitric oxide synthase(iNOS) mRNA.

S —

A A AE gaME, 357, Kupffer cell, 44444
X, NolaAE, FHATHNE ¢ FUHEIAE
BollA atslda AF A7) L-arginine g J7EA
2 olg3le] HAED gHe] olg, AAAY, ¥
HE T, FUAMEY 7Y B e sFFHA 2
o7l%s 5& YeRln d4Fee] miERE 24%
thos 53] dule] Hx FuME, sy BRI
E, JX qAHE SoA AdsEE Astdae Vs
ojgtn} oA T Uit 7| =S & VI=EF T
o) Bogic}” s,

A Z7} W= (endotoxin) v} tumor necrosis
factor-a (TNF-a), interleukin-18(IL~18) ¥ in-
terferon-y (IFN-y) 52} 5o &) A=
superoxide®} FitEtrA% ¥EeA AADAEE (re-
active oxygen species) & Euv]3 HEd], o]Ed
oA M zgAE} AYPsn vAE AFEH
o} N X &37)%5 58 Jebd. BT 58 dAA
FolMe AbdafAde] vkl 2 AksHEQl ni-
trite(NO,” )¢} nitrate(NO; )& 2780, whe-A
AATAVES A8t E AT W88t peroxynitrite
(ONOO™ )& HAsh=dl'"! o]go] duiAe] tyro-
sineg AA43lA]7]3L sulfhydril 7] & AFS}A)1718] A E

SR EAE IBAIAAN AT AAHQ) IS
ot s,

sldaet O AR A4 AEUdA fEE
Ab8lA A A & 4 (inducible nitric oxide synthase,
iNOS) ol jajA] o]folx=Hl 2714 cytokined
I AFHEL 59 AFo2 AEY Astaagdol
g 2l

A (HO,) & ddidos vghgAde] Aka
F2A Hol&(Fe™)o} Falo]&(Cu™)o] EAY
W AFEUs $£FEHoz FolslA w3l &
hydroxyl radicalz A=A} 4k3}AIl cata-
laseo]] 9J&l B(H,0)3} 442(0) 2 H@PAT. ¥+
A AatirabEe] Axet A&t EA) 387
zdl FATSNNME AEsate] Hejaiz|r]
8% A8e o deix sty olEE di
A A43HEQ alsleavt 0y AskEA §AEL
o] A 7 Mgl o] Aatol ofH JYge FEx &
otd 1z} &F5irt.
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1. O}RA cHAIMIZES RAW264.72] uligk W X3

ohg-~ i EFe RAW264.7(ATCC, Rock-
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ville, MD)& L-glutamine(2 mM), penicillin(100
U/ml)-streptomycin(100 ug/ml ; Gibco BRL,
Gaithersburg, MD, USA), 5% heat-inactivated
fetal bovine serum(FBS ; Gibco)%<& ¥%3
RPMI 1640(JRH Biosciences, Lenexa, KS)ul=]
o] Felxzo| go] 377, 95% air, 5% CO, ujek
7104 Z4 uiekst 3 oejse] 60-mm dish(Fal-
con, Lincoln Park, NJ)o] 1 x1077]¢] RAW264.7
NEE 42 F5sia o 22 27102 2443
TE 48A17F ¥9r 33 ¥ Northern analysis3d}
i T1 AAH B A nitrite$} nitrateE X3}t
Z, cytokine A=A 1 A= 5= RobbinsE?
o] PN AF3UE cytokine FEE Fadto]
Ztz}te] %+ 100 ng/ml IL-18(Endogen, USA),
100 ng/ml TNF-a (Biosource, USA), 100 U/ml
IFN-y(Gibco), 1 ug/ml E. coli LPS(serotype
0128 : 112 ; Sigma) 2 &}« (Lyons et al, 1992 ;
Lorsbach et al, 1993) tJ&#(1#), IL-18+TNF
-a+IFN-y 2A=#(23), IL-18+TNF-a+IFN-y
+H,0;, A=F(3%), IFN-y+LPS 37 (43),
IFN-y+LPS+H,0, AA53(5¢) 2.2 st} 3
Aebd s g4 tidk L-NAMES] #ne golim
2} L-NAMES] 5% & 500 M, 1 mM, 2 mM, 4
mME o] WS4, cytokine, H,0,9 o] 2=
3tk &AaralAl A Hol M= cytokine, HO, z}=9
catalase®} boiled catalaseE Zr7} 2AFsYa,
mercaptoethanol, phenanthroline& 3AJ7F FAA X

3k & cytokined}t H,0,% 21=3}3t).

2. INOS cDNA EfAlx}(probe) =t

RAW264.7 HE£&F ¥ Ultraspec™-1 RNA Iso-
lation System(Biotecx, Houston, Texas, USA)&
ol&3ld RNAE Haldki. 1st strand cDNA
synthesis Kit(Boehringer Mannheim, Germany)
& o]t JAANEE A F, RS

1 g RNA sampled] 100 mM Tris¢} 500 mM

KCl(pH 8.3)& =&%F 10xreaction buffer 2.0
10, 25 mM MgCl, 4.0 0, dNTP(10 mM) mix
2.0 ¢, RNase inhibitor 1.0 z¢ (50 unit), AMV
AHAtEA 0.8 x¢ 23 Oligo-p(dT),s primer
2.0 ul, gelatin 0.4 pf = Ao]A vortexstz YA
Heldt F 25°CollA] 1087 ¥kgAl7|aL o]ojA 42
T 60, 99C 5%, 4C 5% ¥keA7l & -20°C
o H3l¢ich o] & ¢cDNA 5 uf & PCR DIG
Probe Synthesis Kit(Boehringer Mannheim)&
o] &3}y g a A A2 (polymerase chain re-
action : PCR)9)] AMg-3l9ct. & PCR& c¢DNA 5
ul o MgClL,g& ¥3klk 10x PCR buffer 2 u¢,
dNTP mixture(200 M) 4 ¢, DIG-[11]-dUTP
(70 uM) 1.4 pt,3 primer(20 uM) 2 ut,5
primer(20 M) 2u¢, Taq polymerase(0.5 U) 1
pl, sterile water 5.6 0 £ ¥ light mineral
oil(Sigma)& & Y& F Turbo thermal cy-
cler™(Bioneer, Korea)& ol&ala] Alaalgon
o] @ AL&-3l primerE-&- th8 Table 13} 2t}.

Thermal cycler= 94Co| A 187t predenature
Al7]2, denaturation® 94°ColA] 45%, anneal-
ing& 55CAA 45%, elongation® 72°ColA 60
22 23391 # 35 cycled AP F 10 pf
9] sampleZ 1.0% A HAJHES F
ethidium bromide(Sigma) & g8l vl o& &
koL A2 2718 #Rlskdct

3. ALSIEIA AESLE (Nitrite®} Nitrate) 2] &%

39} 2ol A7) v =73}l 24-48A17 A=3 £
AETe] AN 3 A Astdie AR
24 nitrite(NO, ) &} nitrate(NO; )& ZA3}¢
o}

1) nitrites} &3
RAW264.7 A ¥ cytokine# H,0,52 28 =3
F 1 AARe 242} 400 pé ¥ HFT control 2
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Table 1. Molecular sequences and expected length (in bp) of RT-PCR products for iNOS and £-

actin primers in this study

Sequences (5" — 3') Size (bp)
iNOS CAC AAG GCC ACA TCG GAT TTC 741
TGC ATA CCA CTT CAA CCcC GAG
B-actin TCC TGT GGC ATC CAT GAA ACT 187
CTT CGT GAA CGC CAC GTG CTA

RPMI 1640& 400 u¢ 33 ¥ Griess reagent?
£ o]&3&}a] diazo chromophobe’} A7l AL
spectrophotometer(UV-240, Graphicord, Shimadzy,
Japan)® 530, 540, 550 nme}|A] absorbance& &
A&}ed nitrite standard$} vjmdle AP, I
248 sodium nitrite(Sigma) & 0.1 M 58
B 1000 4 M F=7t3] 1HEe] o] &3t

.

2) nitrite &} nitrate2} &4

Nitratet= aspergillusol]A] <& nitrate reductase
(¥32%% 0.1 U/ml;Boehringer Mannheim,
Indianapolis, IN)E o]&38}a] nitrite2 #4A7 §
Griess reactiong o] &8t =339}, Nitrate re-
ductaseo] Zg4A2 NADPH(HFEX 50 uM;
Calbiochem) & o]8-8te] 2A]7F &<t wHg-A17 o
nitrite¢} nitrate®] 42 £ M/107 cells2 EAFc}.
4. 7Y A4 $HE 4 (INOS) mRNA S| W8
1) & RNA Egj

RNA 9] F242]12. Chomcezynski®} Sacchie] Wy 2
o] wa} Ultraspec™-1 RNA isolation system
(Biotecx, Houston, Texas, USA)& ©]&3}d acid
guanidinium thiocyanate-phenol-chloroform &%
Moz &t =25 RNASY 43} £5E& spectro-
photometer 2 260 nm<}t 280 nmoj|A] absorbance
& 245 Faiect.

2) Northern Analysis
o] RNA(10 u£)e 256 u¢ 9] RNA loading

buffer& Wi &&= 2 587 7143 ¥ 3] 48
Heoll Wrx}3ta 37% formaldehyde(Sigma) & &4
3+ 1.0% %A loadingdt ¥ 5 volts/cmz 1-2
Al A% A7)d%38te] bromophenol blue dyer}
ARe| 3/4x olFslA stEch A Be o|FH3}
of B= ethidium bromide2 GA43}e] x}o) M 2A}
Blol] 18S, 28S rRNA bandE #Q&tgul®. ot A
8- 10x SSC(1.5 M NaCl, 0.15 M Na-citrate) o]
108 < 3 M3t formaldehydeE A A%

% =A@ Holye o83 Nylon =H(Nylon
membranes, positively charged, Boehringer

Mannheim)oj] ¥HiE=E o]EAZtl. 2 ¥ Nylon
g 2x SSCofl 58 Fek AlFsla AzA ¥ UV
Crosslinker(FB-UVXL- 1000, Fisher Biotech.
USA)E2 mxpA3%H(crosslink) AJ#Hc). ©]& 5 mlY
HAwg 89 (prehybridization  solution ; 50%
formamide, 5x SSC, 2% blocking reagent, 0.1%
N-lauroylsarcosine, 50 mM sodium phosphate, 7
% SDS)e 2 500CeA~ 1A]7t E<t Hybridization

_ incubator (HI-16000, Tyler, Canada)& o]&3}

AuF A71n UA dAuzg 48 v 5 g2 ¥4y
A1Z1 DIG(digoxigenin)-labeled iNOS probe& @
o] 50ColA FEE WwHg-AIZTh HoA wash-
ing solution(solution 1: 1x SSC/ 0.1% SDS 10
¥, solution T : 0.1x SSC/0.1% SDS 15&# )02
A& alkaline phosphatase-conjugated anti-
DIG Fab fragment(1 : 10,000) 2 3087} w8-4]
7131 CSPD(chemiluminescence substrate)2-¢j¢j
1587 whgAlzl ¥ gehdgils g X-4 HEg
(Fuji, HR, Japan)o] Z+3 A7t} 2zt lane?tel ©
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Fig. 1. Nitrite and nitrate production in

response to cytokines with or without H,
0,. Cells were incubated with combina-
tions of 100 ng/ml IL-14 100 ng /ml
TNF-q, 100 U/ml IFN-y, or 1 g /ml
lipopolysaccharide (LPS) (open bars)
for 24h. Cells were also stimulated with
same combinations plus 2 mM H)J0,
(solid bars). Results are means+SE ; n
=4 experiments. *p<0.05 cytokine pair
vs. same cytokine pair with H,0,.

2}E Z0]7] 993l F-actin probeE wFA7 F
A7V 71 ES &) Zbzbe] INOS bande} B|mst

et
5. Bl

BE SAXT oo ¥4 EAFY 7 28
23 )2 A] nitrite$} nitrateZ2 XS v &
Asl7] 984 Sigma Plot for Windows Version
3.0 2238 o]83}e] Student’s t-testE 3¢ L.
o 2 FAEA f9f £E& p<0.052 3

2 =

1. RAW264.7 M|ZZF0|A| cytokinen} mpAlZlgsA
Aol 2fpt Atalala HA

Cytokine& F2] & control@&dA] NO,”+NO;~

o] k2 2.84+0.6 1 M/10%ells o9 H,0,& 37}
BES wWl 3.1+1.1 uM/10%ells2 & ®¥sl7l ¢
t}. 78} IL-18 TNF-a2 24417 298 o
NO, +NO; 9] %2 157+ 3.2 uM/107 cells o
A H0.5 #7138 w 37.4+8.7 uM/10" cells&
2w} ol Zvketdct. 3 [IL-18 TNF-q, IFN-y
2 23 1l NO, +NOy~ 9] o2 53.8+10.1 4
M/107 cells 2 % F718lda of7]el HO.& 37}
ME uf 120.0+16.1 4 M/107 cells& 2v) o)A &
oAl F7betadch. LPS¢} IFN-y& 538 o
NO,” +NO; 9] 2 101.8+12.3 uM/107 cells
Aed 7)o HO.2 37182 v 170.8+16.8 4
M/107 cells2 1.79) A% Zr}etgct(Fig. 1).

2. RAW264.7 MEF0IA opAtsidael XS0
E M4 HA

RAW264.7 M ¥ IL-18 TNF-q, IFN-y 2 48
A A2E W NO,”+NO, 9 ok 48.6+9.4
1 M/107 cellso]gial o§7jo] F=7tg A=28= H,0,
9 2xE 250 4 M, 500 uM, 1 mM, 2 mMg &
7HAZE wf NO,”+NO,; 9| & Z}7} 60.1 +8.3,
99.4+13.7, 121.5+12.4, 135.6+£28.3 uM/10’
cells2 Z7sle] HO, 5= &7} ulg} Akslda A
A= ekl EUHHe B Fdvk(Fig. 2).

3. RAW264.7 MZZ0|A Cytokined} MFLHEA
2 FEE M3i34 Mo gt NG-nitro-L-ar-
ginine methyl ester(L-NAME ) 2| &1}

LPS$} IFN-y2 24 A17F 228 2o 4] NO,~ +NO,~
o] k& 148.6+19.4 uM/ 107 cells o]z H|Eo]
A Huy AstAs FAELIAA QA L-NAME9]
*5E 242 500 #M, 1 mM, 2 mM, 4 mME& 3}d
LPS, I[FN-y¢} Zo] 2153198 o Aike NO, +
NO, 9] 9k 101.2+15.6, 75.3+7.8, 51.7£4.2,
445+10.3 ©M/10" cels2 L-NAME 9 5 &
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Fig. 2. Dose-response relationship of - NO produc-
tion depending on the H,0, concentrations.
Cells were stimulated with combinations of
100 ng/ml IL-14 100 ng/ml TNF-¢, and
100 U/ml IFN-y and increasing concentra-
tions of HO, for 48h. Results are means+
SE ; n=3 experiments. *p<0.05 combina-
tion of cytokines vs. combination of
cytokines plus H,0,.

Z7MILSS folshl B2skdtH(Fig. 3).

4. RAW264.7 HIZ30llA cytokineD} DjAlsjAR
TRE AM334 Mol cigt NG-nitro-L-argi-
nine methyl ester(L-NAME ) 2| &1}

RAW264.7 N £3E IL-18 TNF-¢q, IFN-y 2 24
AlZE A= ZolAl NO,” +NO, 9] ke 48.9+5.0
uM/107 cells 0|13, o] 2Ad] 2 mM H,0, A=
£ Zo] FU& o 101.9+9.1 £ M/107 cellsg =
7kt o] & cytokine® H,0, x}=d] dale] L-
NAMEY] 5%& 242t 1 mM 3 2 mM=2 o] 3
7} AF89& ¥ NO,”+NO,~ 9] %k 59.6 +14.3,

Fig. 3. Inhibition of IFN-y and LPS induced - NO
production by L-NAME (depending on the
NG-nitro-L-arginine methyl ester) concen-
trations. Cells were stimulated with 1 zg/ml
LPS plus 100 U/ml IFN-y and increasing
concentrations of L-NAME for 24h. Results
are means+SE ; n=3 experiments. *p<(.
05 LPS plus IFN-y vs. LPS and IFN-y plus
L-NAME.

35.0+9.4 uM/107 cells2 foj5iA ZAsiET
(Fig. 4).

5. cytokineT} mitslpAE XIEl RAW264.7 A|
EF0M Sateiro} AslEA ol olkls &3}

IL-18 TNF-¢, [FN-y 5 ¢} cytokine®.2 RAW264.7
AEE 48417 A3 v PAke NO,” +NO,™ ¢}
ke 484461 uM/107 celloj2lm, 17jo)] H,0,
A5E F71etg g o 138.6+18.3 1 M/107 cells2
FelgtA Frlstgnt. 3 o] cytokines} H,0, =}
ol F7F2 3,000 U/ml9] catalase® YW1 A2
£ 9 NO,” +NO, 9] %& 53.6 +10.2 uM/107
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tmM)  ©2CmM)

Fig. 4. Inhibition of H,0, induced - NO production
by L-NAME. In column 1, cells were stimu-
lated with combinations of 100 ng/ml IL-13
100 ng/ml TNF-g and 100 U/ml IFN-y for
24h. In column 2, cells were stimulated with
same cytokines plus 2 mM H0,. In column
3, + NO induced by cytokines and HO, was
inhibited by 1 mM L-NAME. In column 4,

-NO was also inhibited by 2 mM L-
NAME. Results are means+SE ; n=3 ex-
periments. *p<<0.05 IL-14 TNF-a IFN-y
vs. same cytokines plus H/, ** p<0.05
same cytokines plus H,0, vs same cytokines
plus H0; plus L-NAME.

cells@ 74431 catalaser} H0,9] 213l da ¥4
of tid FAAH/E JASFE A boiled
catalase® dol #AFEHUS W= NO, +NOs 9
ofo] 146.9+14.4 1 M/107 cels® H,0,9] AH3lA A
B g FAEHRE JAEA Rt oh(Fig.
5). Mercaptoethanol®} phenanthrolineg z}7] t}&
FTEE FHlste A FAAA ARl F IL-18
TNF-g IFN-7, HO.2 48417t F<F 25414 1Sk
£ o AaE NO;7+NOy 9] 4e ol g4k3lA
9] FE7t &5 FofstA ZAsEcH(Fig 6).

6. RAW264.7 MEFolM DitslAof 28t §
gy M3EA BHMHEA MRNA U8

Northern analysis2 INOS mRNA 9] W& & wgt

180

o
N B o
o O O

»

nitrite + nitrate( #M/107 celis)
83 88

8

I

L

o

2 3 4

H:0» - + + +
Catalase - - + -
Boiled Catalase - - - +

Fig. 5. Effect of catalase on - NO production in
response to stimulation with H,0. In col-
umn 1, cells were stimulated with combina-
tions of 100 ng/ml IL-18 100 ng/ml TNF-
o, and 100 U/ml IFN-y for 48h. In column
2, cells were stimulated with same cytokines
plus 2 mM H O, In column 3, the addition
of 3,000 U/ml catalase to same cytokines
plus H0, blocked the effect of HO,. In col-
umn 4, boiled catalase did not block the ef-
fect of HL, Results are means+SE ; n=3
experiments. *p<{0.05 cytokines vs. cyto-
kines plus H,, and cytokines vs. cytokines
plus H:O; plus boiled catalase.

£ v olfH AFx 7R g2 A iINOS
mRNA & A¢] Holz| ¢¢kn IL-14 TNF-g, IFN-
y2 A=Al Falstglom, o] cytokine ATl H,
0.8 F7} A=8¢ o INOS mRNA 2de t)s
Z7= 9t} =3 LPS9} IFN-yoll #7b2 H0, =
£ 3l99e o iINOS mRNA9] 28e 714 54 2
7F8tA L (Fig. 7) o™ Aok =8 Alate] 43
o] &A= nitrite + nitrate?] ¥ (Fig. A= &
A

o
Adse An G 2HPHL SAel e

free radical®:e] stz BAclE Arkol} Af7}
AasEA YASE THED AES QAo
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120

nitrite + nitrate{ «M/107 celis)
3

Mercaptoethanol -~ 10 20 - -
(mM)

ml
Phenanthroline - - - 100 200
(uM)

Fig. 6. Effect of antioxidants on cytokine and H,0,
induced + NO production. In column 1
(open bar), cells were stimulated with 100
ng/ml IL-14 100 ng/ml TNF-g 100 U/ml
IFN-7 plus 2 mM HQ, for 48h. Cells were
pretreated with 2-mercaptoethanol for 3h as
follows(latticed bars) : column 2, 10 mM:;
column 3, 20 mM. Cells were pretreated
with phenanthroline for 3h as follows(solid
bars) : column 4, 100 M ; column 5, 200
u#M. Medium was replaced with same
cytokines plus 2 mM H0, and the cells
were incubated for 48h. Results are means
+8E ; n=3 experiments. *p<0.05 cytokine
plus H, vs. cytokines plus HO, plus anti-
oxidants.

1980dd] Eo Furchgott*= acetylcholineo] ¥
& olFAIIE olR-E BRI EANAM F2l5E en-
dothelium derived relaxing factor(EDRF) 7} %]
HEZ HAUA dBe olghAe Rusgn
Palmer5*3} Ignarro%-%*c] EDRF7} njz Aksla
£(-NOYEH= 2% AL 1% ushdae o
FE 7lgol AFEHAE &, A%, e 24
2 A8 FFHYA, FEATY AT 7)AEE
et s WGA ] de7)en) Aol GFuke 9o
= HEF T d8 Ao #As= Ao LA
Thre s

A ALE ARstdA FAEA(NOS)7L L-argi-
nined HTEHZ o]§3lo] BhEo)x 11 023 pg-o

iNOS —

B —actin —

ratio
=
-

o
-

Relative densitometric
(INOS /beta-actin )

o
ne

1 g 3 y 5

Fig. 7. Northern analysis of iNOS mRNA.

lane 1 ; unstimulated

lane 2 ; 100 ng/ml IL-14 100 ng/ml TNF-@
plus 100 U/ml IFN-y

lane 3, 100 ng/ml IL-14 100 ng/ml TNF-
2, 100 U/ml IFN-7 plus 2 mM H.0,

lane 4 ;1 pg/ml LPS plus 100 U/ml IFN-y

lane 5; 1 1g/ml LPS, 100 U/ml IFN-7 plus
2 mM HQ,

L-arginine®} 528 ¥ k8 2= NG-monomethyl
-L-arginine(NGMMA )] Ja} Adgo] 42i#] o]
o] d3tda §HE4 IR0l AT &
Tolle A O AEE 9 v A gA)
EE0] A8 7HA] €34 2SN 1 &4 uke
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o /i EEAM F8A4e} AR Yed®?, doz §
AstAlet Abst A g EL dAAGE ot A

Hos BaY, Wy 28] §3E8 9 we) ug
AZ A% el mABA @33 24ete 2

A Ak BaEdTH

NOS = teat MEollA o8] 74x] z}Fo) ofaf
o] A ALE Aaksked zhte] Ale]A zp=
B AR A AEHA 2 Abshal s gareke] tha
B g AR Ee} P EE calciumd] o
E3A cNOSE x¥ste] =) dig) FA] 2o
AehdAE gt ko] diAME, HxFo
EMT-6 AShil®, 7Y 2 S43td 557 Zof
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