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iNOS :
LPS
SNP
GSNO :
SIN-1:
SNAP :
NO
NO
NO*

ONOO™

NO,

L-NAME :

48 %k (Abbreviation)

Inducible nitric oxide synthase
Lipopolysaccharide
Sodium nitroprusside
S-nitrosoglutathione
3-morphol inosydnonimine
S—nitroso-N-acetyl-DL-penicillamine
Nitric oxide

Nitroxyl anion

Nitrosonium

Peroxynitrite

Superoxide

NO-, NOy, NyOs, N,O,

N°-nitro-L-arginine methyl ester
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+ x4 % (Chinese Abstract)

METHERE AMAFKRELEZRES 22 mEtE

%

ks

BIBERERS SREAEZASRERE  ZH LR ANBNHRE -

E\a}

Bl ZRF FEH2—6 NO, (RLEAL)) AP REN AR AT 69 IRIE
T ARLAE KR RAE - & g3 o P BRE R I B R B AF LA -
A ERATHNO BALE B > RERBEBHYREAZ— -

B2 NO # %k & 4o o) fo B F 0 BORE AR D ARA T 0 PR
=3 A RAW 264. 7 macrophages A FIAZA » e AwFE K E &y NO
donors ° 3-morpholinosydnonimine (SIN-1) - S-nitroso-N-
acetyl-DL-penicillamine (SNAP) » S—nitrosoglutathione (GSNO) >
#o sodium nitroprusside (SNP) > 2 lipopolysaccharide (LPS) #
Hitoh At NO Fopg A4 NO # RAW 264. 7 macrophages # 4= fis—i& 1%

FHZPE > RREHwE %Eéﬁﬁi% o BRI EEITEAH: b
ok GEEHMOER)  waie Zhs NDD % NMT 241 % (4
Pt eydE4%) o TaiERE (Nitrite) Bl€% > CPP32 Al &% — &
Fik o HE—-F A HAHEB (Catalase #Fv Superoxide
dismutase) #o Cytarabine (Ara - C) #F% NO i% gt B 18 5 1 2 4o
& B B (ROS) 2 DNAIE4E % 4 (DNA repair enzyme system) &

Bl 2 A9 4k Lewis lung carcinoma (LLC) & T EA2 K > 3£ 3+ SNP



& F#o adriamycin — 4% & & e A (apoptosis) F X #H#% LLC
Fetmpp ?

T tE R 88~ RAW 264. 7 macrophages #&vwi# NO donors (44
M NO) R3iL M ERH B R U IIE R N R a R £
w4 NO donors f£hv 12 /05T & A 2 EEFHRE  THEHIK
RAW 264. 7 macrophages = NDI {& & FEJ 85T Rl 2|32 0% rﬁtrite &)
MBSt & R o Bab s AT 44 NO donors T4 & NO
B At -B18 M o sbsh > SOD #v Catalase € 4% SNP > SIN-1 #v
SNAP z i 1& %M > 8P R %% GSNO » 85~ SNP » SIN-1 #= SNAP 3% iy
JNKESE F By M 3% 0 ST 480 superoxide > hydrogen peroxide & B ¢
i GSNO =T gt fv superoxide » hydrogen peroxide $#& G @ 12 &g —
ey o wiE NO donors 4-3l#e Ara — C A8hvib R ¢ i — 53
Aaf %38 % > wE 5w NO donors R & 4 & excision — repairable DNA
lesions # haf MEHRE R o H 4 » SNP > SIN-1 o SNAP 4 %] #2 Ara-C
A8 A IR e fe st 0 12 GSNO B 43t & & d 830 Ara — C 4 RAW
264. 7 macrophages #94afjF M » 7T 4EFe GSNO T #R&ks2 4 GSH A ¥
MEE LML

42 RAW 264. 7 macrophages #-#2 IPS 9 F 5+ » #2.25%] 0.3 o

Lug/ml LPS F 43t & £ 6938 o 4% > M LPS RIE 2 NBS AR A A 2



BEFMERE LIPS £ 0pug/nl 2FZREA BRI B ROE AL
fiFE % > i LPS 2 ta fi M 7T 45 %) 4% SOD » Catalase s L-NAME &
B3 E RO HEAL o LPS R A& B R ey o nitrite B > sLAFA
TERZE ehk L — NAME M4 0 285~ LPS & INOS 848 & 4 NO - 4R#%
i3 db 4k R T 33 LPS 89t g5 M Av )9 4 14 NO» superoxide #v hydrogen
peroxide AR o ks SNPFv LPS34H @ BRABE R G ta oL R ©
HPE—FHEET N FHRBEUER > FAAER SNP Fo ADM st 2 £
4 LLC ey tm B te: SNP fo ADM % B 43t & R o0& LLC X tm o 773
Z o SNP Fo ADM 35 & 3% o CPP32 &4 7% M > sb3g huid e 2 48 A g 44 CPP32
)& (DEVD-CHO) PRk » Aruk SNP #Fu ADM 34 uitm BB o F A%
8 LLC Ztmfe - #3m L w# NO donors 34 45 3% 4o RAW 264.7
macrophages Z /SR E » BIREGFFE R fom o 4% 0 XFEHY
¥ e NO, 2 Ak > AR itk #E NO donors # RAW 264. 7 macrophages
& N0 mEA - EEFE RN HEBEFERE Ara-C Al
7% 0 124k B & Fdm4E B (Catalase #v Superoxide dismutase) FAfi
55 (GSNO 18] 5} ) P oA B3 A B 1% M 2 # #8250 excision-repairable
DNA lesion &M > mAEH4 A8 &4 (ROS) & DNA 2 f % &%
B4 4 3R o fE T 38 Ao SN A%ER R o LPS 42 RAW 264. 7 macrophages %

R - BB EMFE DI o NOZERERM -



# x4 % (English Abstract)

There are limited data on NO-induced cytogenotoxicity in
immune cells. In the present study, micronucleus assay, nuclear
division index (NDI), MTT assay and cell morphology were assayed
to evaluate cytogenetic toxicities of different NO donors,
3-morphol inosydnonimine (SIN-1), S-nitroso-N-acetyl-DL-
penicillamine (SNAP), S-nitrosoglutathione (GSNO), and sodium
nitroprusside (SNP), or lipopolysaccharide (LPS) in RAW 264.7
macrophages. On the other hand, NO release was determined
spectrophotomertrically by measuring the accumulation of
nitrite in the culture medium. In order to approach the
mechanisms of NO-induced genotoxicity, the genotoxic
interactions of NO donors with cytarabine (Ara-C) or free radical
scavengers (Catalase and Superoxide dismutase) were conducted
1n RAW 264. 7 macrophages ; the cytotoxic interactions of LPS with
L-NAME, Catalase and Superoxide dismutase were also studies. We
also assayed CPP32 activity of Lewis lung carcinoma (LLC) to
clarify SNP-induced apoptosis in LLC as positive control,

adriamycin.



In the present study, all of four NO donors (exogenous NO)
significantly increased MN frequency and decreased both cell
viability in RAW 264. 7 macrophages and NDI. At the same time,
all of the four NO donors increased Nitrite concentration in
cultureed medium in a concentration-dependent manner. In
addition, the just incubation time of NO donors-induced
genotoxicity in RAW 264. 7 macrophages was 12 hr. These results
indicated that NO donors induced cytogenotoxicity RAW 264.7
macrophages via NO pathway. The data of genotoxic interactions
showed that both SOD and Catalase attenuated the genotoxic
effects of SNP, SIN-1 and SNAP, but did not affect GSNO-induced
genotoxicity. We suggested that the mechanism of increased MN
frequency of SNP, SIN-1 and SNAP may involve with superoxide and
hydrogen peroxide generation, but GSNO-induced genotoxicity
might be not with ROS, it needs to be further study. All of the
four NO donors co-culture with Ara-C did not further increase
MN frequency, suggested that NO donors did not cause excision —
repairable DNA lesions. Ara-C also did not affect the

cytotoxicity of SNP, SIN-1 and SNAP. However, GSNO significantly



decreased the cytotoxicity of Ara-C in RAW 264. 7 macrophages,
1t might be related to GSH was dissociated from GSNO.

LPS at poncentrations of 0.3 and 0.1 g/ml LPS significantly
increased MN frequency in RAW 264.7 macrophages, and the just
culture time of LPS-induced genotoxicity was 2hrs. However, LPS
only at high concentration of 30 g/ml significantly decreased
cell wviability. In addition SOD, Catalase or L-NAME
significantly decreased LPS-induced cytotoxicity, respectively.
LPSalsosignificantly increased nitrite concentration in medium,
this effect of LPS was markedly decreased by L-NAME, which
suggested that LPS produced NO through iNOS pathway. According
to these results, we suggested that LPS-induced involved with
generation endogenous NO, superoxide and hydrogen peroxide. In
the present study, we observed SNP and LPS markedly changed the
morphology of RAW 264. 7 macrophages.

In order to further confirm the antitumor effect of NO, the
cytotoxic effect of SNP and ADM in LLC was conducted using MIT
assay. Both SNP and ADM significantly decreased viability of LLC.

In addition, both SNP and ADM increased CPP32 activity, and this



effect decreased by CPP32 inhibitor (DEVD-CHO). It appears that
SNP induced apoptosis of LLC as ADM.‘

In conclusion, we have shown that all of the four NO donors
significantly increased MN frequency, decreased cell viability
and NDI, even SNP changed cell morphology of RAW 264.7
macrophages. All of four NO donors also increased of nitrite
concentration in medium at the same time. Accordingly, all of
four NO donors induced cytogenotoxicities via NO formation
pathway 1n raw 264.7 macrophages. However, NO donors-induced
genotoxicity did not potentiate by Ara-C, but attenuated (except
GSNO) by free radical scavengers (Catalase and SOD). It appears
that the mechanism of NO donors-induced genotoxicity did not
involve with excision-repairable DNA lesion, they induced
genotoxicity via production of oxygen free radicals. Inaddition,
LPS induced cytogenotoxicities in RAW 264. 7 macrophages, which
1s, at least in part, due to NO and oxygen free radicals

generation.



% (Introduction)
—. NO donors * LPS B 48 B #4p -

WA RMETHERE AMATKELEZIRS 282 HHE
BIBREERS FTRENZASERGE T HPVEIABAHRLE
Blhe 2 2.5 Rz —: NO, (RLAALH) L FREN ALL &) IRI -
Tal A XRAE KR ARE » gt RE RS R A m AR -
Ao ERAT N0, BALE Al RERBAMYREZ— -

B NO H %% 4 st ta o F e R MR DR > PTAA
B3 LA RAW 264. 7 macrophages 2 E B model » heAvwafE R B &5 NO
donors 2%, LPS R #E 33 o 4 14 NO Fo /9 4+ NO ¥t RAW 264. 7 macrophages
oy dm Bt R GEE FE M P dN b NO donors % & #E# NO
i X% R E) > SNAP F» GSNO %4 S-NO X[ - A 4h » SNP £ &
AT A R fEH NO - BEZR sbva 4% NO donors Z #t @ fbie B Ar £ &
AT A E AR A st # NO donors a‘?z%‘%‘%,ﬁi—ﬁéﬂ@—iﬁﬁ?%ﬁzéaﬁ\'l‘i
LT st 4 NO donors Bota B #4h 2 7 5 8§ Mo T
1. Sodium nitroprusside (SNP)

SNP &9 5F &2 26191 » YRR &tz & TTBERK LBERT &

B NO (Bates et al., 1991) - & 4F — B EH&ET

P30 fuo 548 cyanide 4F & —18 nitrosyl (NO) A B H R is4

10



»#8 F B % Inorganic iron complex e B 1928 & » At © & 401
SWEA - RE RSB Ry 2 H 3] 1950 FHEMAHET
ABAEBNGN G BEZ— RIEAME  AIRAERDERER
BB o o E b b BRI B R ER AR CHN IR A S AR
I EREEFFHEIAER o SNP 2B h B AL AL EN LT E
4 nitric oxide - AR#Fbh B FiFMZ guanylyl cyclase ¥
Aty cOMP JRE - EmeTika® o SNP T HAFRARS > A4
thiocyanate - @& # thiocyanate & e BEHEM » B LB BRI AE
Ry AZR /G thiocyanate AR S 3E% » SR ME LB M T &
BRR ERA ARG BB AS Ao SR SHER
SNP 4 5, 4 B 2 248 B o T -
loannidis and Groot (1993) #% bmM SNP #= Fub rat hepatoma cells

ARk 8N R4 N LD E 1k S8t ieff E - Volk et al.
(1995) #% Sinusoidal rat liver A3 & 4= fes 4~ Fo bmM> 10mM F= 20mM SNP
—#eizdk 6 /N8F 0 B E lactate dehydrogenase (LDH)/E 4 » % 238,
B ] — 1R 38 ML ¥ Jo %m B 1 o Niknahad and O’Brien (1996) #% rat
hepatocytes #v 2mM SNP —#e 3z % 2 /) 8% 8] & trypan blue uptake -
BE 5 0438 fotm B 5P o Blackburn et al. (1998) #% human glioma cell

line #= 0.1-1mM SNP —#e % 48 /8% > £L clonogenic survival



assay > Z IR E-RBMERFE F - Nakazawa et al. (1997) #
NG108-15 cells #2 10-100 M SNP — ez & 24 /6§ > @it mx LDH ##
#Fo DNA BF 3 -

2. 3-morpholinosydnonimine (SIN-1)

SIN-1 894+ & % 206. 63 > =Tox#7k (O 10mg/ml) » & & bt 47
=T 4 2 NO &4 iR o SIN-1 £ /K5 % 7T 4 A2 A, NOFo 0, (Feelischet al.,
1989) » B mi& R Peroxynitrite &9 & (Feelisch, 1991) » & 545
T o 7T G He B AR I AR 42 ¢ SIN-1 83 NO (Ullrichet al.,
1997) - 448X 44 morpholine A ® > 4% £ /B % Sydnonimines °
SIN-1 ¥ fm it okt B F- ME Z AR B A S0 0 F

Ishii et al. (1999) # 4 E&HARP & fmfefo 250-1000 « M SIN-1
—AIE 24 PR GREIRE- B LDH B 0 H ki
fe. 7t ° loannidis and Groot, (1993) #% rat Fub hepatoma cells
o 5lAe 2mM - 5mM SIN-1 —Aes% & 8 hof o B g iktafr ey LDH 7%
P Bt E - Gow et al. (1998) A4-MEpk N & afo 4 £
KRéafn &gk SIN-1 18 /oo 8 B » B @8 KRB M F K
B 778 % o Gergel et al. (1995) Az 1mM SIN-1 #o 3mM SIN-1 &
¥¥ human hepatoma cell line (HepG2) 0 - 24 /]~8% - p& MTT assay °

SEG @ i RIRRB M 6y R dm AR5 & o Ostrowski et al. (1992) #o

12



NEEE (500 M) &5 SIN-1 #o RAW 264. 7 macrophages —#t3z & 4
AeF o AR NO & & = EAE NOS #hhse - Volk et al. (1995)
#-F Sinusoidal rat liver M & afie L ImM ~ 2mM F» SmM SIN-1 —#A2
34 6/ BE LDH 1 % 2 5005 M R 3B M o da B 5 M ~Nishio
etal. (1996) &F & & EHA-FFALmie 100 M SIN-1 0-12 /)N85 >
447 DNA ladder 157 » R 2 LA R -4k #8 4 3% 4o apoptosis e

3. S-nitroso-N-acetyl-penicillamine (SNAP)

SNAP &y o F & %A 220.2 > =T &% DMSO (57.5mg/ml) sk &
(2. 1mg/ml) o & —#E5% ey 0 B IREA > in vivo 6 #8F oM N0 - &
A F4SEF S - NO REA acetylpenicillamine » 4% LB % S-
nitrosothiols ¢
SNAP ¥ 4= fig, & 48 8k Fr 12 2 48 BT T 4o T

Toannidis and Groot. (1993) # 1mM SNAP #= Fub rat hepatoma
cells —#e38% 8 /0 » @ Réafiray LDH M - ERhapmGE -
Gergel et al. (1995) # human hepatoma cell line HepG2 %= fe#o
ImM SNAP =%, 3mM SNAP —Aei & 24 /) oF > 24 MIT assay @ #3349 €M%
& f 17 7% % - Volk et al. (1995) ## sinusoidal rat liver W &
o fe ImM ~ 2mM ~ SmM SNAP —#e3 % 6 /6% - BlE LDHE > B 2

IR B R B hetm B F 1 o Nakazawa et al. (1997) #% NG108-15

13



cells #v 100 M SNAP —#e3z & 24 /6% > & 3% pg LDH FEHE hn i) fm
B #M o Hirano. (1998) #% SV40T2 cells (type I epithelial cell
line) #v 500 uM SNAP —#e3z%k 24 /)voF » 24 MIT assay » EFF %
TrEE DNA FEr#H 93 % - Nishio et al. (1996) & FEa L EFHK
P AL e, 10-100 M SNAP 24 /8% » 44 DNA ladder » 2% &-
1R 48 M 3% e apoptosis ° Dobashi et al. (1997) #% rat C6 glial cells
Fo 50-100 M SNAP — ez % 24 05> Hap B AL a @+
(catalase » GPy#» Mn-SOD) & 1% - Moellering et al. (1999) % 0-
500 .M SNAP Fo 4 X Eplk g & fm B — A2 38 % 12 /N 0F o € B E-RBM
&4 3% fa GSH -

4. S-nitrosoglutathione (GSNO)

GSNO &y 5F& A 336.3 TNk 48 NO 9 RBR - AT
2% S - NO A B 4v glutathione » 4 %5 LB # S-nitrosothiols -
GSNO #f #m A6 2, 48 8K -t 2 48 B A 2040 F

Delaney et al. (1997) #% HIT-T15 cells #= 0-1000 uM GSNO —
ferr &k 24 /1e% > 45 A [*H]thymidine incorporation #» Comet assay °
GSNO & 2 %] & -4k 8 M 4p %] DNA & A v DNA 45 & - Saker et al. (1995)
#F canine ##8k 7 & 4m 8 100 « M GSNO 48 /]~ 8% » & Hp ) 4a B B4 38 4

f€ 71 o Mem S mer et al. (1995) #% RAW 264. 7 macrophages #= 1mM GSNO

14



—A3g & 0-25 /o5 A7 H DNA ladder » & Z 3R BF MR M 893Y
A2 apoptosis » Andonegui et al. (1999) 4 neutrophils ¥ & F 100
1M GSNO —Ae 3z % 18 /N8F » LA & L 88844540 flow cytometry » %38
Haf AT Rg -

5. Lipopolysaccharide (LPS)

Pfeiffer #= Centanni (1892) Fr#$ 38,3 4 % & endotoxin » Boivin
(1930) # A trichloroacetic acid %47 2 B & - Westphal #o Luderitz
(1940) #4bd endotoxin #97& ¥4 - LIPS LPS A Z KA MR
i HodogE &9 B & & 1970 F R4k 3% F - Endotoxin A& &
polysaccharide Fufg#5 lipid A Fr#% sk > & &% macrophage # 4 =
#85% 71 mediators—fl4e & G % (dw TNF-a > IL-1-1L-6>IL-8 — %) -
S8 B8 HREMASE (3o PGE,» TXA, > PAF — %) THE&H =/ F X
(Rietschel and Brade, 1992) # # mediators : % —. LPS Zt#v
Lipopolysaccharide - binding protein (LBP) &4+ #k44 74 CD14
receptor {# E#4mpn & £ mediators > % =. (D4 EBEE %
%% (LPS receptor) 7&4t o % =. &~ 4& LBP & CD14 receptor &% 85 >
LIPS 7T ae B HeE L% 28 -

LPS #}4m e 2 4 8k M X AB B oo TF

Abate and Schroder. (1998) #% murine J774. 1A macrophages #v

15



0.001-30 £ g/ml LPS —#e3& % 24 /6% > A MIT assay > € 23R =
~ R FB M 6 38 Ao tm B F M o Hirano. (1998) #% SV40T2 cells (rat
pulmonary type I cell line) #= 0.002-2 ¢ g/ml LPS —*%é.i%%% 24
NBE o 3 RS B B KRB I A 3 Ao DNA #7 Z o Hortelano et al. (1999) #%
mice peritoneal macrophages #& 200ng/ml LPS #= 10U/ml IFN-7 —
At A 24 N8F 0 24 Flow cytometric analysis @ caspase assay #v
DNA ladder 5-#7 » #53 &ik h4afg B » Paul et al. (1997) A LPS
(ICs: 0.05 = 0.03xg/ml) #v murine RAW 264. 7 macrophages —#e
$ A 24 0 Er o e d DNA & A

6. Superoxide Dismutase (ff#% SOD)

B i £ B £ # McCord #v Fridovich % A (1969) # 4 4r 3K F
BRI ERE » A—HEARBILEES S FBF » L0, 1F
BXEBITHREIE R ARBRNBY LR FALE
F (Cu® > Zn® > Mn® > Fe™) > ¥ & B R SMB XL - KBk
T#9ARE T4 SOD 4% Cu > Zn-SOD > Mn-SOD #v Fe-SO0D =#8 - 42
Hibk e FhBRARLEHEET OHABRZORBEIN > BSHH
pH #& &M > @Rl 280nm % S 6k & 0 # At EBRBIEUR-—F -
7. Adriamycin

HAbB 4 4 S, peucetius 2 %44 caesius &y A#F e > A

16



BB B AT IR T BHKBREEF o FER Dl RPN 9 85 > Bl
ERETERERERE o AN CERHERNBRESHELRE > Wilns
K AR m e IR —— % » LA B SR IE EARR T
PO R R R o Bl E-IRAIM T F O BRI R RS HE
M o Skladanowski and Konopa. (1993) Ao 0.98 uM adriamycin #o
murine Hela S; cells —#e3g % 3 /N6F » 447 H DNA ladder @ # 4
BTHHRR -

Lin et al. (1998) Ao 42 B 5 0 35 4 SNP g3 pf gl2 cell
line B1E #H M ° Gurr et al. (1988) LA B s N B B » 3 F SNP
& % %, CHO-K1 cells iE{2 &M - 5 4 » Sewerynek et al. (1996) 4

AR DTSR 50 LPS G R R R X F #f0 A o i be JE B 1R
Mo NO HABERP AN EERRTHE  ERAFSHT S
Rt 3% o 4pl4e NO donors 2% LPS # %,7% 4 o 2 4a -8 1% 5 1 R H 44
3 KRB ECRMAF R ERE 0 AT UK 0L RAW 264. 7 macrophages 4%
BE @R 0 ;AR E 8 NO donors (SNP » SIN-1 » SNAP #= GSNO)
2 LPS > A MIT assay B#d ik » RBEZ LB §7% el th ba
foF ik S E 2 B - B NO donors & A 80 H 64 BRAk 14
T o de Griess reagents B ¥ nitrite I MPIZAHLERZEFo

NO & Bl ? 3t 2 & B) 85 Apu A NO donors #v Catalase B SOD A4 3134 A%,

17



mipF M ERERHNEB RS AGARM Y A4 d NO donors
Fo Ara - C BB Ao N RIFH R E e & 4 DNA 1542 A
%A M 2 B A NDI ke MIT kiRt Htmp it - B4 0 o N LPS &
B RS MIT kot L e B 1R 4 - 24 & B8 LPS
Fo Catalase & SOD RIFHER e FHAOMB I T A GEAM?
B4 LPS & tmf HE 69 EBAEMT 0 o Griess reagents Al &
nitrite » E#Fz4 L-NAME %@ AP NO s EA ?ERFRERAE
AN NO RS AM NS L Re e B FaE R A4 32
BETEGER - 5 NO LB FREB IS AT R
2L SNP B ADM R4E st E 4 LLC 2 fm it > SUR A B 4 d %4k CPP32
A LLC e A 9
—.. Macrophage
1A & LA R

B 1908 35 R R A 322 B 24845 £ Metchnikoff # 1882 F#1
ik E 4 & F’ﬁ%;“f/%éﬁ EABTEHaBRIdTHEaEG THE
BHobmR  C T oA B HREALMENRBAE S > K
HAr AL E 4% > Bl o BF A6 Kupffer cells > Mifk#) Alveolar
macrophages * B BE 49 Peritoneal macrophages @ % & #) mesangial

cells AR BSER 69 microglia cells—% -



2. 7 B

flaEAR T hFEASHERW@BRE —RBAKETF > €FHF
Eftmiani AR A @BRHEE R @M AR RD
RREWE - AFHETHEMERE  KPETRUTEL0S
BARBE: F-REZHVRIFEAN > 2GR BARPER
Wmfp o B — R TR REORBA BANRAUER&E -
FARBKBERWEE G2 e Gl FHE M e > mib R A
Eftafe s Gl AR S MM G2 FHfe - W RAE Riafoty 542
WETiBep S EREGAN  EXltialEsrmEA
B B A RAR - rER > SER > Rr&pgg > ok Nie 0 B G ENER o E
1b8y B 4a o € 4 i NO (Hibbs et al., 1988; Marletta et al., 1988;
Stuehr et al., 1989) » £ ¥4 k€8 %= i (Stuehr and Nathan,
1989) > s& % > M oMk A4 (Hibbs et al., 1988 ; Nathan, 1982)
Fo b s R e ke B FEAE R o 5 4b 0 Ischiropoulos et al. (1992)
3 F /&1t 8y macrophages & %, peroxynitrite » MR g E -
.k EMBAEER.

Etaflo LA 5HER  MERE > BRekhud: -- %598 -
ek b ey FRAH 2-3 X @4k LPS > Cytokines #v 2 XM & A -F

FriE4t (Adams and Hamilton, 1984) =R & 7E1tty B2 &b bk
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%4 (intermediates) - #WHiAty > B % > adik  EoFE
NECLITD » K E T720000D o .35 : cytokines ° lysozyme @ neutral
proteases > acid hydrolases * bioactive lipids* ROS - - £# %
(Nathan et al., 1980; Nathan, 1982; 1987; Sibille and Reynolds,
1990 ) > MmBE EEHE X RE (Takemura et al., 1984) » A&
k£ (Murray et al., 1980) > # s % % A (Nathan and
Cohn, 1980) - A&k &y Alveolar macrophages B A B RAEM » X%
Ao A ey e £ (Holian and Scheule, 1990) e
4. RAW 264.7 macrophages

RAW264. 7 2k & BAB/c strain mouse’ /& # A-MuLV (Abelson murine
leukaemia virus) aetiology @ # ng/ml % &84 LPS & &k 1+ T4
B oukF o4 E @44 . tumoricidal factors @ cachectin > 55KDa
suppressor;factor (lymphocyte regulators) » plasminogen activator
(neutral proteases) © E 4z shae = A F 7] %83 (Dean et
al., 1982) : (1) MAERM# (resident) tmfpx B > (2) &%
#5771 (phagocytosis) * (3) lysosomal % » (4) #HEEiain X 5%
A > (5) WK & & I ak-125 4% 7% triolein X 487
=. Nitric oxide

. —SALRAERERERSE LA ER
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Murad (1977) %32 NO ¥T 247&4kL guanylate cyclase » sbEE £ 7T #%
GTP ##1t sk cGMP > M cOMP #4938 o i -F- /B ALEY4T 7R A B - B —H IR
# nitroprusside #v nitroglycerin &% ot ikdk » 31 NO a9 88
# B  Furchgott #2 Zawadzki (1980) #3% ACh TT4E st NE diégik
M EFIRE AR > MbE A EHRREALERTENN L b
%ﬁ%%ﬁ’@%W&@%@%&’@amWMWmmm
relaxing factor (EDRF)-Palmer et al. (1987) # Ignarroet al. (1987)
# — 5 ¥ 87 EDRF # 5% NO-1992 4 Science 42 NO # % The Molecular of
the Year (B R E5»F) - M %2 Eey53R » Magee Fv Barnes
(1956) % 3Laf B b oy A BAR & 42 88 P9 38 48 il R AL 6 09 BUR
% o Green et al. (1981) #HRAEE M YR BEARFIBRF R AR » AdL
BEF 87 R 64 Bk Au i 4% endotoxin &9 K ARG HEHE K E a9 A BRAR -
Marletta et al.(1988) #» Hibbs et al.(1988) & & m [ #& | &
macrophages = £ & NO M 4 &0 X RJE - Marletta et
al. (1988) #5385 R 42 % macrophages &4/ BHE1E -V 84 5 B AR
#& endotoxin #v v —interferon BRI E"Kfmp - B 45 & 4 A BEAR ©
HEMERERE S A HEBIRE S arginine » HILEHE %
i) —FE4E ke B2 E 0 9% arginine ¥ % citrulline %M:%,%i

49 o F & 4 -NO» P38 4 A%, 25 RF BRAR B Rf B AR o Hibbs et al. (1987) %
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E ¥ 4 B o BB/ fm B — A2 3% % > 7 medium #: % arginine » E %4850
IR A AR o b s /1 0 B4 35 — 18 NOS #p %) & -arginine #9
FEITEY  RBEHANLIHE > Bt fxs R NO» £2F
AL BRI ta B Y RE AT o
2. NOgyhRMg
NO R—HEERMELST (TE: 30 AFBFEBE BHR
BEaAaedsk (FATHRET) » ZHBBWEE - £4EY
Aevey NO £ AM4H 4-50 # (McCall and Vallance, 1992 ;
Ignarro, 1989) - NO &y RiRA wmfE: —HEARNAMN)» F —FAS
AMENOe PgA M NO & A MBS IR LS MM AP E/Le nitric
oxide synthase (NOS)» 2 L -arginine %% ¥ » &4 FAD- FMN- NADPH
¥#HEFWBIT > A L- citrulline Z &4 NO fm 2k - #hA+H NO &
REBEFHZR  RYRER B4 - £80 NO h RR@BLH : 4
Lwmbe > ;mEN E@ie (Moncada et al., 1988) » ¢ ¥ M & M 3K
(Wright et al., 1989) > E-%#sp (Stuehr and Marletta, 1985)
FeR&fn  FiFplampe—%  c NAM N ChoTHhRTEEES @
4% » GSH > cystéine » tyrosine &4 N0 R—EEZ A MAG
T RWZABMEROE: BELEAGLE (Rees et al.,

1989) - M A hfobipgig izt (Hibbs et al., 1987) - 4&:ifadse
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% # (Bredt and Snyder, 1989) * 4R A%4ROE Ftafnfz & » Fo
¥p#] do AR sk & (Radomski et al., 1990) - NO €& % H &2
RSB EER o Nitric oxide AHAEER GLAAL - IrHIHEK
BE i INF H4) > AEER (LEk) > @iafE 2% %
# M M@ 2% (Bredt and Snyder, 1989) » X R E &K @ ¥k
g ZE % (Radomski et al., 1990) > ¥ A%k » Fohse - BEH
NOEA A EMR aiEBENs 5l NAGEF  jlBET&a/L
3 hodz 4t 0 Alkylating agents » 42 R S8R > FEEHLAALE] -
R

NO #f#mfoazeg4gE (Kroncke et al., 1997) &@i5%: ¥ DNA
% ()40 G-C— A-T transitions * DNA BX 7% - pb3 &9 % 3, » PARP
8)7E48) Fodpd] DNA B4 B % - Wink et al. (1991) %3 > A4
pl & 7TF » NO st R Z BB A T % DNA Léx# &) deamination >
nitroglycerin (5## NO ¢941b6-4) 4 B A 4% S. typhimurium TA1535
transition (C-G — T-A) 4% ws # - Nguyen et al. (1992) #
E NO A8 28 TK6 cells E A% DNA #7 % - Zhang et al. (1994) &
H NO & #]:5% PARS ; Poly (adenosine 5’-diphosphoribose) synthetase
# ADP-ribosylation 7E4bis A Eaib&tmpnE& M o Isomura et al.

(1984) BN TE T » A e Z2 S RE NO (27 ppm) Fo
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NO, » #8 & 3] #2 chromosome aberrations ° ﬂﬁ:&ﬁk% Hmfo ey RE
F NO Ao NO, #E 3] A2 B 4 - Arroyoetal. (1992) 4£ A S. typhimurium
TAIS35 RIEANO ey R A w5 R NO g ok Zor M R B E 893G Jw
REG g2 3o > {2 NO 9 F T — i LB R B & AIHR
#4o BHT » B - carotene ° a - tocopherol Frip# o f£ & 1B K E] cell
lines (Kroncke et al., 1993; lonnidis and Groot, 1993; Lipton et
al., 1993; Burney et al., 1997) Ffo HtbeF RAZ KT > @3 8 §
(Green et al., 1984; Routledge et al., 1993) > "H 3L &40 4a B
(Routledge et al., 1993; Nguyen et al., 1992; Zhuang and Wogan,
1997) #= in vivo mouse model (Gal and Wogan, 1996) ——% > NO &
BRETOHETIRFERELRYE -
4 NOgmaRTABdANRE
(D) 588 b AR E
RSN EE T NOAe O & ik R B & 4 ONOO v OH (Beckman et
al., 1990 ; Stamler et al., 1992 ; Huie and Padmaja, 1993) -
NO + O, — ONOO
ONOO™ + H*— ONOOH
ONOOH — OH + NOy

(2) AR E:
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NO fe & REE A NOy » M NOy @fv NjOy o NoOy FR¥FT &£ 84-F
# (Marletta et al., 1988) -
2NO- + 0, —» 2NO,
2NO, <« N,0, —» NO, + NO5 + 2H
NO, + NO- <« N,0, —» 2NO, + 2H
5. NO:EfF M & T e
FELEFd o N a9 B EHMHT 4B MNE DNA #9 purine
pyrimidine # % deamination (Wink et al., 1991;Nguyen et al. ;1992)
K% % poly (ADP-ribose) synthetase 84 7& M A7 (Zhang et al.,
1994) - R8T oA BB AMEG ERE  fbdo T
(1) BE&EGE
NO #9474 4 (NOy » NO;» # NO,) @ EH## A DNA 5% > a4
DNA base deamination® peroxynitrite — DNA $&& M &9 s F» DNA
Falr

(a) DNA base deamination (Wink et al., 1991; Nguyen et al., 1992)

£ A 5P pHAE NOST A (NO, » N0y 4o N,0,) 4% DNA deamination
Fra@ i fampm e - NO & 77& 4 nitrosative deamination
314 DNA 45 % (Wink et al., 1991; Nguyen et al., 1992) » @ NO

& 3|4 DNA £ 3272 (Gorsdorf et al., 1990) -
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(b) DNA oxidation (Beckman et al., 1990; Tannenbaum et al., 1994)

NO 48 — 3% ® &) F ¥ R JE €7 s, ONOO #w OH- (Beckman et al., 1990;
Tannenbaum et al., 1994) 3| Ae &btk DNA 4% £ - Yermilov et al.
(1995) 7745 & peroxynitrite €4# DNA % Guanine base % #fE&1b M
# A DNA 5 &

(2) M#&GZ

NO R JE M 4% 4% 2 amine’ thiol #= lipids — % Htb o F R EAFH >

TR AEEEEEN -

(a) N-nitroso {b&- ey mAn &1t (Miwa et al., 1987; Liuet al.,

1991; Liu et al., 1992) —alkylate DNA

NoOs $2 2 48> 4 %% amines R J& € 7% sk nitrosamines (/& # N-nitroso
{ft&-4#) - N-nitrosamines ©4o& —FILPZMEREH -~ GRH R
3E T A B 0 Tl Fe DNA a9 An 4 & (guanine 8§ N Fo (F
f E#v adenine & N-3 L&) RJE o f£2 DNA replication #Rd » N-
nitrosamines #& % 4# 0° - substitution ##= G — A transitions 3|
#e R % (Marnett and Burcham, 1993) o % 4h » i/t eh B 4 4a fi 3%
A& F m A morpholine +4.37:8]%] N-nitroso compounds (Marletta,
1988; Miwa et al., 1987; Iyengar et al., 1987) > sk nitrosation

BRIE Tk 44 & C Ao k8 pridp ) (Kosaka et al., 1989) -
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(b) Nitrosothiol &% &,

.14 NO #9044 sulfhyldryl & peptide R B &€ H A&
Nitrosothiols = Nitrosothiols ## NO & # /) #o ¥ R #1 & #%
Transition metals &, free thiols FA&# - Glutathione (GSH) &
g BN & F 2 4 sulfhydryl 89 R £ » & L € & % 4
nitrosoglutathione #v:&8 & A ey GSH X 2AFA » A RA T4 N 2
# (Singhetal., 1996) - Nitrosothiols d.sE#fu % & & & sulfthydryl
AERBERE G — S Eeshis 0455 #7% ¥ (Liptonetal.,
1993 ; Broillet and Firestein, 1996) » p21™® (Lander et al.,
1995) > phosphotyrosine protein phosphatase (Casclli etal., 1994)
#o cyclooxygenase (Haijar et al., 1995) — % - GSNO (& #
Nitrosothiols & —#&) &% & epithelial cells (Forrester et al.,
1996) - RAW 264. 7 macrophages (Messmer et al., 1994 ; Messmer and
Brune, 1995) - #v renal mesangial cells —% tmps » M f & %R
%4 » DNA ladder #v pd3 & # > MA A W BT -

(c) DNA lipid-peroxidation-intermediates

Peroxynitrite #= DNA > B§ % R JE M iy, DNA-reactive lipid-
peroxidation-intermediates @ & 3] A& A5 % 1% .1t (Radi et al.,

1991) -
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(d) DNA repair enzymes &4#p 4|

NO . &dp4]—uk DNA 1545 82k eyiEtE (Laval and Wink, 1994;
Wink and Laval, 1994) - 4& aerobic {F#2TF » NO &g DNA 1544
g% - Formamidopyrimidine DNA glycosylase (#§#% Fpg protein)
M 4% F 35 2 thiol group 4 nitrosation @ M R i 6545 E DNA 548
B2 % - I'pg protein (Wink and Laval, 1994) - b= 4b » NO <€
#p %) 0°-methylguanine DNA methyltransferase (Laval and Wink,
1994) - #x it » Graziewicz et al. (1996) # NO #v T4 DNA ligase (4&
DNAMR SR A MM E RS — B8 E - ) —Aexhit  HR
ligase &M &#¥#pH] > T4 T4 DNA ligase Z &M & lysine
residue #& R EILH B o
6. pb3 #w NO-driven apoptosis

po3 REBIHZ G AEEMANEF AR integrity r 44
A B &) guardian sA B R 4m 80 DNA 89 state > —f¢m 5 » E R 8R4
EFHEAT At ¥ E8ERIFEIRARERE D E pd3 Z & - DNA
HER I RRKEY O3 ZFaE A4 Esmipiz b & cell cycle
Z check point > M #4T DNA 548 » 4w DNA S 75548 B & 4T 4 B
= (Kastan et al., 1991) - £/R % BE/E i & K33 pO3 A KR

%> mGEEE NO &g 34 wild-type pb3 £ #% (Messmer et al.,
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1994; Forrester et al., 1996; Ho et al., 1996) #o 4= g A <
(Messmer et al., 1994; Ho et al., 1996; Fehsel et al., 1995) -
NO e#3%F 4 RAW 264. 7 macrophages #= RINmGF cells # & & pb3
& tmpn A (Messmer et al., 1994; Me Smer and Brune, 1996) -
# 4 0 Sylvie et al. (1997) 358 NO & €4F ph3 IhfE R EHEAE &£
SR % ph3 2EEEF o cell cycle THESHBE  EREY
a3 & o
. Micronuclei
1. BAREEH

EEFUR AEMER RBBER I e e X (clastogen)
K7 B4 oh 8 (aneuploidogenes) ¥ i &%/ 4 (Matter and
Grauwiler, 1974)  # A N tafo e #6944 89 (Anaphase), #
EEANELEENBESHEBENHERTE > SRy RE
BIEGAE Tl £ (Heddle, 1973) « £ THE B R A2
#4325 (kinetochore) #9#: & 8% h AT AL » b » A4 it o E
po3 & €3 e > ph3 AR B MK ta B4 G A 42 G2/M check point »
% repair enzyme 1548 %38 649 DNA » 4o DNA k461578 > R 47 @ B0 H
T (Schwartz et al., 1997) o A H #4345 & 44| p53 = fE €38 Ao i

3R % (Salblina et al., 1998)  ## 4K Krishna et al. (1995) 22
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RN R kD R R e i %ﬁ.é@?ﬁ R - R
Z AR AR > FRAM AR R E— SRR -
2. Cytokinesis-block micronucleus (CB - MN) assay
Cytokinesis-block micronucleus (CB - MN) assay (Fenech and
Morley, 1985) & 4&# B cytochalasin B (Cyt-B; & — # actin
polymerization #p#|%|) #p#ltafd »# (cytokinesis) » {2R[A 1k
i A% 4% (karyokinesis) (Carter, 1967) S84t R4 Hiapp (£
Mwmie)  FoRERyEmet (ZH > OHMRSHEl) &
F—RFHSH (BEwin) o MN g93t8n 1000 B4 B ¥
o BRLRAE
3. ik H4542 (Nuclear division index, NDI)
Fastmond and Tucker (1989) #&# NDI & ~K: (IX IN + 2
XTIN + 3X TN + 4XIVN) / Total cells e NDI =T 45 i 518 4= it #)
e A% 8 LR R e InE M R cell cycle delay ° tmpf & ¥

MBRIEE > &d CB/MN 23t B iitefh SRR w5

&

N

MPRE > ThhHmpyrEaBdE -
4, Ara — C / CB - MN assay
Ara — Coya R @ haiat bR Ara — CTP» Fo CTP #1484 &

4% DNA mdp4] DNA polymerase @ B mip#] DNA & R 545 - ¥k
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2ME RN R BAHE (base lesion) 2 DNA 424 (DNA
adducts) - 4 A CB - MN #z4-Auv A cytosine arabinoside (Ara-C) #7
%] DNA 1445 45 /7 (excision repair) ik sk MN 28 %38 ho » RIF 3T 5
i MN 6932 F 40 DNA 1548 % 4 B (Fenech and Neville ,
1992) % #b » 4& human lymphocytes » Ara - C/CB - MN assay +T 1%
% mitomycin C (MMC) » methylnitrosourea (MNU) i sk MN & & #o
excision repair & B &9 # £ #4542 (Surralles et al., 1995) -
5. HErsk iz 28] (Fenech, 1993):
(DERAGH X /350 1/16 28 -
(2) BEEBRERERHAL -
() MN 7B tm i B P » RAEM EHGEHA — L
(4) 44 4 ficko & — 18 24 8 MN 5 > X — 18 MN 3t 8. -
(5) #Eitalpy M B EREE > AR H -
A. MIT assay

AE BT EM 1983 5B &b Mosmann % ABE & > 4 A
tetrazolium dye - MIT [3-(4, 5-dimethylthiazol-2-y1)-2, 5-
diphenyltetrazolium bromide] KRB EMK Cla oty FE R Fu g 4 o
E B3R FmiNe succinate dehydrogenase € #%3% & MIT B &

RE R e REM formazan > TAE AR BEIE M AL 24542 - 1990
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# Ferrari % A4# A macrophages Fo MIT —A23e%& 4 /8% B 24 570nm
ELISA reader @ B & &1L &) macrophages ¥ RE /& 4m B 2 % dm B & TE
(Ferrari et al., 1990) « 4o 54k RiZ W9 E A LS M E X tmle 514
B R e

. i A~ (Apoptosis)

2 X M pp L~ (Progammed cell death) = #% %= B A
(apoptosis) 7 1972 £ & Kerr & Currie S A B XY £—Fd
P REFARN T @RS R THENR L - § o £ 2RI}
REFER R RGRER > LR S ol
1R AR IR AZ B B 34T necrosis & apoptosis ° fmpaitte R EE
A necrosis#vapoptosis mfE £k L EAHF L E AR (Cohen,
1993) - Necrosis X &R R&ARFEIIARLY  HERTRERY
ZBEBR HEE AP RERELEHASER @Y BEEOE
ELtfalk KX > DNA > RNA 35 K8 > NI B 5 Wmia N B e
lysosomal enzymes K& 4MRiEA XE R o M apoptosis A& 18 5] 4=
Mok £ AR - DNA 3B RTAARAR > MBI TR AL
apoptosis > T[E— LS LBRFRUAH AR TRAL LT NG
fast v o H45# (Gerschenson and Rotello, 1992) é.3z%mpn %45 -

&8 sk 4 DNA % 48 7 2 4k 7 8] sz, 180-bp ol igonucleosomal ladders
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(Wyllie, 1980) - #mpft & 3B 4E > 4@ /8% % Ak apoptotic body » &
BB E R ER BB X ERE -

Apoptosis £ A MERMEILEF » AMBETHELT > BRXALR
REg:BENFEMEEEZHAE - EF¥ @i d g iRTimsy
apoptosis » e gt  E X EL R EHPF TN RLB LT E L
apoptosis o g7 NO 7T pAi& &% 4m JiL ey apoptosis @ B84 NO £ # i
Betafo P EieEEa) A & %R N0 €3] A B 4a J 69 pO3 3¢ fw >
M 75 1L caspases 441 %) 4 4% & G B & poly ADP (ribose)
polymerase (PARP) » 1 ¥ % apoptosis © £ — 5T » &EE NO
&, By ik apoptosis @ T aEFvtm B N B9 I AL & & up-regulation &
il » L HZ glutathione (Nicotera et al., 1997) -

5] &2 Apoptosis #9 & % - Caspases: Cysteinyl aSpartate — specific

proteinase 945 (Alnemri et al., 1996)

Cysteine proteases (@K EEE) ik Wk L mpath s =T
HEMAERL Asp residues 4 do At %] - 5 A £ nematode
C. elegans & & B #7414 & R4 3 & Fv apoptosis A B (Salvesen and
Dixit, 1997 ; Nicholson et al., 1997 ; Cohen, 1997) - Caspases
WEICIR G R B AR R S TSR ME 0 &IBEIL DN

g BE s R iAo (Enarl et al., 1998) -
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Caspases 7 o & =M & A (Villa et al., 1997) :
(1)interleukin- B -converting enzyme/caspase-1  subfamily

(caspase-1, caspase-4, caspase-5): Ced-3/ICE-like
(2)CPP32/caspase-3 subfamily (caspase-3, caspase-6, caspase-7)
(3)Caspase-2, caspase-8, caspase-9 #v caspase-10

ARIF 1B 3] caspase &9FhAET 44 % Initiator caspases (& &
i 4a B BE 1R 8 apoptosis 38 ¢ 4o caspase 8) #Fv Effector caspases
(& &F%5%) apoptosis & ¥ & ;}%&%ﬁ » 4o caspase 9 & caspase 3) °

NO & apoptosis #AF » caspase-3 € +7%] poly(ADP-ribose)
polymerase (PARP) (Me Bmer et al., 1996) o £ human leukemia cells
(Yabuki et al., 1997) » mesangial cells (Sandau et al., 1998) -
Fo neuronal excitotoxicity ¥ (Leist et al., 1997) &g NO
donors @ 7&1kt caspases ° Me Smer et al. (1998) #5 & - 1mM GSNO
# & RAW 264.7 macrophages #v A #8 leukaemia cell line U937
apoptosis #v caspase & M (MeBmer et al., 1998) - Dimmeler et
al. (1997) 7R45 @ 10 M SNP 2 10uM SNAP &¥p#] TNF-a i 89

apoptosis > FvikJE & NO T4 4] CPP32 ¢4 74 B -

34



##fe &% (Materials and Methods)
—. % &RAE
1. F# & &858 Gibco 28] :
(1) Trypsin (0.25%) + 1mM EDTA
(2) Dulbecco’s phosphate buffered saline (D-PBS)
(3) Dulbecco’s modified Eagle medium‘(DMEM)
(4) Fetal Bovine Serum

(5) PSN (Antibiotic mixture)

A~ bmg Penicillin
bmg Streptomycin
10mg Neomycin

2. T¥E & A Merck 3] :

(1) Potassium Chloride (KC1)

(2) Giemsa

(3) Fix sol’n (Methanol : Acetic acid = 3:1)
(4) Dimethy! sulfoxide (DMSO)

(5) NaCl

(6) Sodium nitroprusside (SNP)
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(7) Sodium bicarbonate (NaHCO;)

3. T E kA Signa 23] :

(1) Adriamycin

(2)(3-[4, 5-Dimethylthlthiazol-2-y1]-2, 5-diphenyl-tetrazolium
bromide) (MTT)

(3) Cytochalasin B (Cyt B)

(4) Catalase (CA)

(5) Superoxide dismutase (SOD)

(6) Sodium Nitrite

(7) Sulfanilamide (p - Aminobenzenesulfonamide)

(8) N - (1 - naphthyl) ethylenediamine dihydrochloride (NEDD)

(9) Phosphoric acid

(10) Cytosine B -D-Arabino-Furanoside (Ara-C)

(11) 2’-Deoxycytidine Hydrochloride

(12) S-nitroso-N-acetylpenicillamine (SNAP)

(13) S-nitrosoglutathione (GSNO)

(14) 3-Morpholinosydnonimine (SIN-1)

(15) Lipopolysaccharide (LPS)

(16) N, - nitro - L - arginine methyl ester (L-NAME)
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4. F 51 E &8 8 CLONTECH 2~ 4] :
(1) CPP32 colorimetric assay kits
2 32ml cell lysis buffer
1. 5ml 2XReaction buffer
250 1 1 DTT (1M
12511 CPP32 substrate, DEVD-pNA (1mM)
1501 CPP32 inhibitor, DEVD-CHO (1mMD

50 1 1 pNA (50mg/ml)

= FREHRREEHERZREHR

1. DMEM

B DMEM s & » Au 3. Tmg NaHCO, 757 1L 69 =Rk » pHEHE 7.2
(Adams, 1979) # > BB H -

2. D-PBS

B D-PBS sy KAw A 1L —=ksK > i@BE R HE o

=. B

RAW 264. 7 macrophages #v Lewis lung carcinoma (LLC) cells (%

BRI EHRA)
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W, KRB
1. & #5+#% 4 (Laminar Flow Biological Safety Cabinet)
a. Bhg: Bellco
b. #3%: 8001 — 74000
c. # Z¥: Canada
2. 3% %% (Incubator)
a. Bh%: Nadair
b. #!3%: IR AUTOFLOW
c. HEH: US A
3. a2 fmsE (Microscope)
a. Mh%: Nikon
d. A% Microphot - FAX
e. &M, Japan
4. EF+R¥F (Electrical Balance)
a. Bohg: Mettler
b. 5% AE 240
c. i E#n: Canada
b. & s B2 4% (Inverse Microscope)

a. Fhg: Nikon
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b. #5%: phase contrast 2 FLWD 0.3
c. H&EH: Japan
6. Bkia] & (PH meter)
a. Rhg: WIW
b. A%%: PH 537
c. HAEM: Germany
7.7k F X Z % (Roating Plateform shaker)
a. Behg: Firstek Scientific
b. A% S101D
c. # A Taiwan
8. ¥ & E 3 (Microplate Reader)
a. JEch%: Metertech
b. Ak X960
c. & Taiwan
9. 4 E 3 (Spectrophotometer)
a. Feh#: Gilford
b. A5 2600
c. HAEM: US A

10, ZHE®AE (Autoclave)
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a e SANYO
b, %5 MLS-3020

c. HAEH: Japan

. AR *

—. a3tk (Adams, 1979)

A B

1. 4% 10% FCS (Fetal bovine serum) & 1% PSN (Penicillin,
Streptomycin, Neomycin) &9 DMEM (Dulbecco’s modified Eagle
medium) e

2. D-PBS

3. 0.25% Trypsin + 1mM EDTA

B. Fik:

RAW 264. 7 macrophages #% 4= j6,38 #7 49 18 /NBF o

| 313 5> 10°18 RAW 264. 7 macrophages BB Az A m ¢ o
V&S A 10% FCS & 1% PSN &4 DMEM + -

VHNAH 5% COp 8y 3TCre k48 -

V3 & 24 1 EE .

VIIANBR R N B R E R B A R E &1 o 3BT 7
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2 es ik R 3 LPS 2% NO donors #f RAW 264. 7T macrophages & %=

=8

B ARG & ol 0 NDI o Nitrite 298 s A Boi s A% 69 45 9% -

=. #4.#% (Fenech and Morley, 1985)

A =B

Cytochalasin B (0. bmg/ml)

0.25% Trypsin + ImM EDTA

KC1 (75m)

Fix sol’n (methanol : acetic acid = 3 : 1)

3% Giemsa

B. ik

| 3+ % 5<10°48 RAW 264. 7 macrophages » ;&#> dish L &gz B » 4o
A 10ml &k -

V3 24 NEF o

V Ao AFK FE] B NO donors & 60 1 (0.5mg/ml) Cyt-B4E A 12 /]N8%
%o FAe 2 B 038 R R A AR R 60 1 1 (0. Smg/ml) Cyt-B
MR 120 HIRIRIR

Ve T5mM KCL 4548048 > B Ao N B IR IA B3 - BILHA -

VA 3% Giemsa & 7 4844 » KL MeEak R -
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| RS TEE S 1000 A2 mmpamed INEE » S8k

HBREEAR  HRATHREARNEVHEER

=. MIT assay (Sano et al., 1997)

A B

1. MTT mixture (4mg MTT ;&% Iml D-PBS): &4 well AuA b0l e

2. Dimethyl sulfoxide (DMSO): 18 well Aux 20041 -

B. ik

| 18 well B 5000 184 46 -

L HONSTC > 5% OO, 854 i35 24 /106 -

V e AR e NO donors YR 12 /B o

ViR A R ey BRI AT RIR 0 R 12 1 eF -

Vi rEor o e 150w | e ¥k Fe 50 11 MTT (dmg/ml)3z 4
4 /NBF o

V3o MIT e384 o Ao 20021 DMSO » 24 roating plateform
shaker #x#% 15 4% -

V L ELISA reader 4 570nm 4-#7 0.D. 44 -

. R & Nitrite (NO,) (Sano et al.1997)
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A R E

1. Griess reagent:

1% (w/v) sulfanilamide #= 0.1% (w/v) N-(l-naphthyl)-ethylene

diamine dihydrochloride (‘NEDD);‘@%%% 2. 5% H,PO, 8 —RAKF

2. NaNO, Standard: 1-100uM

B. Fik:

| 418 well AuA 5000 18 4= B2 ©

| 354 24 1% o

b AN B A9 N ) 8 B M AE R R B 8 B R o

|’ Griess reagent B ¥E 15 4-481% - 24 ELISA reader 4& 570nm
AlE 0.D. 18 -

J BB Sodium nitrite standard curve Bpi% nitrite &9 -

&. CPP32 4-#57% (Wang and Keiser, 1998)

A A

1. cell lysis buffer: &% A b0pu]-

2. 2XReaction buffer #= DTT (IM) &9 mixture (A A7 A B - Bk
40 F): 2.541 DIT #e 0.4ml 2XReaction buffer Bp=f » H4

FeA b0l e
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3. CPP32 substrate > DEVD-pNA (ImM): Tk » &8 wAbul -

4. CPP32 inhibitor » DEVD-CHO (ImM): ®& s 1lul -

B. ik

VA mm o 4108 LLC cells »

R N

Viadrsn g o o5l hon SNP 3, ADM 46 A 12 /) 85 o

V Fitmfp » AR BAMITE R @B ITE 0 BRIBECERN -

L 24 1500rpm s 5 448 o

| # 4= 86> 2 <18 reaction tubes ¥ > BB k% 0.5-1.5ml (2x10°
cells) -

VEF A A S0u ] cell lysis buffer > resuspension % » 7% 10
D4E o

K A RIEMIEE T

a ¥R

V¥ as A 50y ] reaction mixture (4 DTT) % » sun (B ¥
Ba) AmwA (&) bul substrate (DEVD-pNA) &k ©

V755 3T°C » 4B 1 /NBE4% > 23] BA 5 5 B 3T 42 4050m ) 0. D. 48 -

b. juiksa

b - 1. 4= CPP32 inhibitor
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V %he 11 CPP32 inhibitor (DEVD - CHO) & 4w 50 p 1 2Xreaction
mixture (-4 DIT) k5 3TCAER 30 4-4% -

VAa x5l substrate (DEVD-pNA) #E » 37°C ks 1 /88574 » 1A
KB 42 405nm &) 0. D & -

b — 2. XAe CPP32 inhibitor

V7501 2Xreaction mixture (4 DTT) &Avb w1 substrate
(DEVD - pNA) 56 » 37°Cokis 1 /NBf44 » s S 56 3148 405nm ) -

0.D.1& -

R, B H9H
FEsE Rl Nean &= S. E &7 TEas48 52 ML Student’s t-

Test#f46 > £ p < 0.058% > BIEF %t EH -
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# % (Results)
—. D ey 4 R (Nitrite production)
1. NO donors #+ RAW 264. 7 macrophages 4 & Nitrite X %% :

4% 4% R B B 2z w4 NO donors (SIN-1 > SNAP » GSNO » #= SNP) %o
RAW 264. 7 macrophages —Ae3t& 12 /8544 » hu A Griess reagents
AEAR P nitrite 2 E-mrF S nitritesiRAE (uM) 2TF: 10>
30 > 60 F= 100 uM &4 SIN-1 FA¥f ¥ = nitrite 7% 0.48 = 0.8 >
5.26 £ 0.6 - 10.26 = 0.7 » #21.66 £ 0.9 : 1030~ 60~
#2100 « MSNAP PR35 E 2 nitrite 45 %1% 0.35 = 0.8 4.13 £ 0.8
13.8 &= 1.0 - 40 23.52 = 1.0 ;103060 F= 100 M GSNO A7
FE2 nitrite 435 0.10£ 0.6 > 1.63£ 0.7 5.91 =% 0.7
Ao 12.49 = 1.1 ;10>30> 60> # 100uM SNP Fr3f ¥ = nitrite
520,282 0.8-0.72+ 0.9-1.52+ 0.9 Ff3£ 0.7 £
control (0.03 = 0.5) AR FHFAHERLZRRE-REHK
836 o nitrite £ & (Table 1) 3331 » 4% RAW 264. 7 macrophages
w9 3& R B s patk NO donors (10-100 M) 354 12 /Jedig > 3 2B

E-RFB PG RRZE 3 ho NO - 12 SNP &R £ #3% NO -

2. L-NAME #f LPS 3] #2 RAW 264. T macrophages %4 g Nitrite 2 %% :
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4% RAW 264. 7T macrophages #2 30  g/ml LPS —Ae 32 % 24 /[\8f1%, 73
A&z nitrite & (uM) @ # control bRk (NO, : 0.13 =%
0.16) » 30 g/ml LPS @82 e3840 Nitrite (NO,: 3.93 = 0.14),
st AE B T4k 200 M L-NAME 223 eh¥r#] (NO,y @ 0.90 £ 0.16) -
(Fig. D~
=. @mmHEH (Cytotoxicity)

1. NO donors 2 LPS # RAW 264. 7 macrophages a2 3% .

4% RAW 264. 7 macrophages w#& A& 5] i& & &9 NO donors 4 H 12
INEE1E 0 LA MIT assay B H tapefFE% > L 0.D. Ao B &7 TF: 30
M- 1mM SIN-1 & 0.97 = 0.02 - 0.31 = 0.01: 30 M- ImM SNAP
% 0.88 = 0.03-0.52 = 0.02 ;10uM-100M GSNO & 0.79 =+
0.04-0.67 £ 0.02; #0 30uM~-1ImM SNP & 1.14 = 0.04 - 0.59 =+
0.0l #2488 4 (0.D. A4 F:1.11 £ 0.02-1.49 %= 0.04 > 1.28
+ 0.06> F 1.46 = 0.05) 48tk > B3 &FEHE 2 NO donors 35 £
Bt E &R wtai M (Fig 2, 3, 4, 5)° B4 4F RAW 264.7
macrophages R E) & B &9 LPS (110> 20 > 30 g/ml) 2 /)NoF » £A MTT
assay MIE 7% % RA SR A2 30 g/ml LPS (0.D. : 0.89 = 0.04)
TRF N inmibEr, @ 1-20ug/ml RZE macrophages % 4=

aERtwpizgs (Fig. 6) -
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=. #EHMH (Genotoxicity)
1. NO donors # RAW 264. 7 macrophages & A M/ Z %

45K AR B E2mFE NO donors (SIN-1 > SNAP » GSNO » #o SNP)
Fo RAW 264. 7 macrophages —#&2 g% 12 N8545 > U EEEES
HARF M FE4Z 0 100 30 > 60 Fo 100 M SIN-1 > A3 S 2
BaaA14.3 £ 05160 £07>11.2 £ 06482 = 0.6°
10-30-60 F0 100 « MSNAP> P 2 4% 3 B 5 7] % 15.4 = 0.4
15.3 £ 0.9-14.5 £ 0.6 & 8.3 = 0.4 -3-10-30>60 F 100
uMGSNO » prefs i Mz B R A 11.2 = 1.0-17.8 = 1.1
1.3 = 0.8:9.0%£0.84 9.2 = 1.1 - 1-3-10-20> 30~ 66%”
100 M & SNP» e s B o548 10.8 = 0.3-14.0 =
0.6-14.8 £ 0.3:15.3 £ 0.5-18.8 £ 0.6-16.8 £ 0.558.4
+ 0.4 - # control (7.2 = 0.5) bAeR-RA 10-30 M SIN-1 -
10-60 M SNAP » 10-30 4 M GSNO » #= 3-60 u M SNP B4t & & 093¢
wafo % £ A (Table 2) e

9 #& NO donors > SIN-1 (10-30 1 M) » SNAP (10-60 M) » GSNO (10-30
1 M)+ #o SNP (3-60 M) » #F RAW 264. 7 macrophages 48 B 12 /N 8%
% ¥Rz 0.3 uMAdriamycin (8428 8:15.0 = 0.6) —

HESKTE R EEHM (Table 2) o
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F4h AwEARE e NO donors f# time course (612 18 > 24
NEE) Z 4Rt o SIN-1 (Bh4%% 8 : 16.8 £ 1.0) » SNAP (#&/ v #
#B: 17.0 = 0.4) GNO (#4/h#z#B: 15,0 £ 0.7)% SNP (4%
I AZEB: 200 = 0.7) £ 12 g ZRAITE R A B
$E% o SNAP (#/)4%#cB: 18.0 = 0.8) & 18 /NoFb A 43T &
gy ool mEE Fig 1) o &SRB 78 % NO donors £
macrophages 2 iE{E H Mk i34 12 /R E -

2. LPS # RAW 264. 7 macrophages & & SN Z R %

A LPS (0.1 - 3pg/ml) Aojbtmpfp—Aeszk 2 0% > BREH #H1i%
NG BE (Bl A%EB: 146 = 0.88 - 17.08 = 0.48) » &2
control (#/1Z2cB: 7.6 = 0.46) A8t > TR E R il
g B (Fig. 8) e B4k i 1ug/ml LPS 4% time course (20 4 -

C1Z200EF) BRI 0 B BULRES LPSHER 20 408 (UL
BB A LTT £ 0764 11.3 = 0.72) T €43 E RN
# (Fig. 9) > f 8 /vefde 12 efehRAnda » 9748 LPS & i A &

1% %M 2 macrophages 6 * FRUAR M R hnfd ALY BB o

W, &mfeiss R iEsk (DD

SIN-1, SNAP, GSNO #= SNP #t RAW 264. 7 macrophages & NDI = %4 .
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4o Table 3 2 # AT~ #H4A FREIRAEH NO donors (SIN-1 -
SNAP » GSNO » #= SNP) #= RAW 264. 7 macrophages — A2 3 & 12 /[N8F1& >
TR EIETHE NDI o804 F: 10uM>30uM > 60uMFe 100 4
Meg SIN-1 28 £ NDI 4802 1.72 = 0.02 > 1.65 = 0.03 1.63 £
0.01 #v 1.62 &= 0.02 5 10 M>30uM > 60y MF= 100 £ Mg SNAP
B NDI 3% 1.85 £ 0.02>1.68 = 0.02>1.55 = 0.03 4= 1.49
+ 0.07 5 3uM: 10uM > 30uMAe 60 Mey GSNO 82 NDI 4
A 1TI8 £ 0.056-1.62 %= 0.01-1.57%x 0.04F=1.55 = 0.04
100gM> 30uM > 60uM#e 100 Moy SNP 42 2 NDI 2591 & 1.73 £
0.04-1.70 &= 0.02>1.69 £ 0.024 1.67 & 0.02 > 4 %4 control
(1.77 £ 0.03) rbAz sk » SIN-1 > SNAP F= SNP (A# 30 uM A k) >
LB GSNO (R 10 M A E) ié,ﬁ\—%%ﬁ%?%é@%’%‘l NDI o 514

Wtnfa by 8 (Table 3) -

#. NO donors s LPS fe kil L tafe B HF 2 X B4R -
1. SOD 2, Catalase #2 NO donors & IPSZ. X Z4H :

a. WmEEMZ X EER

4o Fig. 10 #fo Fig. 11 A7o~ > 100 M &9 SIN-1 - SNAP » GSNO » SNP

SR ha o RAW 264. 7 macrophages %% 24 /o548 » & a2 0.D. &
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5212 100  MSIN-1 (0.D. : 0.8054 = 0.0977) > 100 1« M SNAP (O.D. :
0.7656 == 0.0288) > 100 M GSNO (0.D. : 0.7406 = 0.0169) » F= 100
M SNP (0.D.: 0.7841 = 0.0558) » #u#p884n (0.D.: 1.2433 =
0.0289) A8tk » ¥ st & £y mtm oL - M 70w g/ml Catalase
(0.D.: 1.1301 == 0.0484) =& 75 g/ml SOD (0.D. : 1.1596 £ 0.0173)
alone R B émpp st » 2% Bl eFFe NO donors —Ae4E Al » 4§37 Catalase
Fo SOD 34 B 403+ & & ¢4 848 SIN-1 (Catalase + SIN-1 49 0. D. : 1. 1451
+ 0.0359 ; SOD + SIN-1 &4 0.D. : 1.1975 = 0.0226) » SNAP (Catalase
+ SNAP 5 0.D. : 0.8961 & 0.0354 ; SOD + SNAP &4 0.D. : 0. 7656 =
0.0288) > #= SNP (Catalase + SNP #4 0.D.: 0.91 =+ 0.0618 ; SOD +
SNP & 0.D.: 1.0440 £ 0.0363) &s%ape &5 - %p &k #4 GONO
(Catalase + GSNO # 0.D.: 0.7154 £ 0.0394 ; SOD + GSNO &4 0.D. :
0.7406 = 0.016%) #ytmpm s (Fig. 10 11) - A4 B TR
LPS Z]# RAW 264.7 macrophages Z 4= ff & agihss » 5 514F 200
uM L-NAME (0.D.: 1.5811 %= 0.0671) » 75« g/ml SOD (0.D. : 1. 7147
= 0.04726) » 75 g/ml Catalase (0.D.: 1.7934 = 0.0236) #= 30
wg/ml LPS —#e 3% %& 24 /8§44 F» control (0.D. : 1. 8613 %= 0. 0696)
tb# » L-NAME (L-NAME + LPS 4 0.D. : 1.5274 %= 0. 0566) > SOD (SOD

+ LPS &5 0.D. : 1.4241 £ 0.0394) #v Catalase (Catalase + LPS &
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0.D.: 1.3457 &£ 0.0332) % & M4&LPS (0.D.: 1.116 = 0.0631) 3l
Aty mimatt (Fig 12) -

b. EEHFMZ X ZAA

4o Fig. 13 #v Fig. 14 fr5w > 30 £t MSIN-1-30 1« MSNAP> 10 ¢« MGSNO -
#2 30 M SNP swA RAW 264.7 macrophages %% 12 o4k > &4 5]
2o E B R A 30uM SIN-T (BB a3 4 17.0 = 0.4
F017.0 = 0.4) > 30 uMSNAP (#4- 4% 8 B 531 % 16 = 0.5 42 16.0
+0.5) > 10uM GSNO (41 %#c B 5 %1% 15.3 £ 0.4 # 15.8 =
0.4) > 30 uM SNP (# b4z B A 19 £ 03418 £ 0.3) 4
control (B 4B w3 % 7.2 £ 0.3 F= 7.5 = 0.3 ) b#
A I B RO e NMESRE o @ TOug/ml catalase (B /4
#BA B2 =X 09% Thrgml SOD (#/h4z#B A 8.2 £ 0.9)
alone IR g3 i MEayRR » 54 NO donors —#e4EA > &%
1& SIN-1 (SIN-1 + catalase = 4% %% B % 8.2 £ 0.5 ; SIN-1 +SOD
ZhohA%E B A 8.0 £ 0.4) > SNAP (SANP + Catalase z #% )Mz $k
B% 83 £ 1.0 ; SNAP + SOD z%’vl\#ﬁﬁé% 8.7 %= 0.6) > SNP
(SNP + Catalase Z 44 /M2t B A 7.8 = 0.6 ; SNP + SOD = 441\ 4%
BBA 82 X 0.6) AABNEIEER 2R &M/ GNO (GSNO +

Catalase = #4458 B & 15.5 = 0.4 ; GSNO + SOD =44 ¥ B
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#16.0 £ 0.6) 2l asaE (Fig 1340 14) -

2. Ara-C $2 NO donors 3]#2 RAW 264. 7 macrophages #= jit 3 P 8 1%

FMHZXIHR:

a. i ENRZ X TR

NO donors 45| su A RAW 264. 7 macrophages %4 12 /v8%4% > 30
M SIN-1 (0.D.: 0.9416 = 0.0266) > 30 M SNAP (0.D.: 0.9831 =
0.0312) > 10 MGSNO (0.D. : 1. 1783 == 0. 0285) » = 30 M SNP (0. D. :
0.9198 = 0.0525) » & & #v control (0.D. %1% 1.1783 £ 0. 0285
A0 1.18 £ 0.0567) thdi A st B E S R Ht M 1 ug/ml
Ara-C (O0.D. %314 0.6291 £ 0.0323 #= 0.6173 %= 0.0231) alone
b g3 mtm o gt o & SIN-1> SNAP > SNP & & #v Ara—C ;‘@4/15% BF
(SIN-1 + Ara-C# 0.D. % 0.606 = 0.0161; SNAP + Ara—-C & 0.D.
Z 0.6253 = 0.0203 ; SNP + Ara-C &5 0.D. & 0.669 =+ 0.0343) -
#o NO donors &, Ara-C 4577 /& T tb#42 & Ara-C #v st =48 NO donors
EAxRmigmppatte (Fig. 16 F» 16) - #2 Ara-C (0.D.: 0.6291 =+
0.0323) alone tb#Ae & » GSNO #v Ara-C —#e4E A 8% (GSNO + Ara—C
89 0.D. & 0.8383 £ 0.0404) > GSNO & 4% Ara-C & thémpoF 1t

(Fig. 16) -
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b. B M X TR

NO donors 42 sex RAW 264. 7 macrophages #:%& 12 /N85 » 30
uMSIN-1 (4% %38 : 15.0%+ 0.6) 30 « MSNAP (4% ) 4% 8 : 16. 0
+ 0.8) » 10 MGSNO (41438 : 17.0 £ 0.5) > o 30 « M SNP (4%
AEEcB 2000 £ 0.8) 0 £ control (BB : 7.1 £ 0.6) &
B MARTEEOE pBIEIER > @ L ug/ml Ara-C (BUMZ#
B:16.0 = 1.5) BB 4 vhb @3 hafi NESA % « & SIN-1 SNAP -
GSNO > SNP » & #v Ara-C —Ae384% 12 /J#p4g (SIN-1 + Ara-C #)4%
N E B A14.5 % 0.7 ; SNAP+ Ara-Cea 48 B A 14.0 = 0.8 ;
GSNO + Ara-C &9/ 48 B & 15.0 = 0.5 ; SNP + Ara-C &4/

MEBALT.0X 1.0) FosbwfE NOdonors 3554 T thdxde 5 o

Ara-C 3t R €3 v b # NO donors #4944 ey % (Fig. 17) -

7. SNP #v adriamycin ¥} LLC Z fm i & M 09 % &

£ LLC ¥ 4% 4% 82 SNP &, ADM #8 A 12 /]v854% » 4= control (0.D. :
0.7338 & 0.0332) tbi > 1-3uM &4 ADM (0.D.: 0.5517 = 0.05 >
0.D.: 0.5130 =& 0.0400) #4% & % #24% 76 LLC 4= 8 > 200-500 M 44
SNP (0.D. :0.5422 = 0.0346, 0.D.:0.2729 == 0.0219, 0.D. :0.0969
= 0.011D) RIZRFERBHEE wappFE (Fig 18) o

. CPP32 assay
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& Ti#—FiE: SNP & adriamycin &R E @ igt) et - £
%49 CPP32 (3]# apoptosis #h&8t% 2 —) H M ? Arase LLC F 4 7]
#%#2 300 « MSNP 2, 3 « MADM 46 A 12 /]~ 8> 3t45 A CPP32 colorimetric
assay kit & spectrophotometer 2-#7 > B &4 RA-~: SNP & ADM
€ 3% o CPP32 &9 7& M ¥4 control = 0.D. 48 % 100%> SNP & adriamycin
-7 3% /o CPP32 7& M % 207. 7% #» 198.1% - b4k A & 4% DEVD-CHO
(CPP32 inhibitor) Frdp#l » /&t o- 3% 165. 8% #= 125. 2% (Fig.
19) -

Nt BT HE
L. # b4 -

Yo Fig. 20 o B2 S BN minE F
P E A MER L X AR HE o
2. ¥R &> RAW 264. 7 macrophages °

4o Fig. 21 Fisw > B IE% 2z RAW 264. 7 macrophages = # f& > 4=
% ZHVRIEN £ BFHEB R -

3. Fex 1mM SIN-1 4 A 12 /) eFx RAW 264. 7T macrophages

4o Flg. 22 piw 0 PRI BB B i) » SHA RS B Rl

)%

B RIVAE LR ARHBATY o

Asi)

4, HuN100uM SNAP 4R 12 /)82 RAW 264. 7 macrophages °
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ho Fig. 23 from » R TP A% fe » e AP B LA Wl
Fo Fig. 21 thAe sk » #A4ER K o
5. AeA 100 M GSNO £ A 12 /v#F = RAW 264. 7 macrophages °

o Fig 247 R TFE M thminz o LA HBE el
Fo Fig. 21 tbie sk » 3 AR KL -
6. Ao 1mM SNP 45 A 12 -)n8§ 2 RAW 264. 7 macrohages °

o Fig. 25 from» B F R E AW B R mie » KREH WL 2R
B Huethmpbik b o b Fig. 26 T E S - 2 {Empmiisg g )
WAHIR AR BREYNE  THRANKIACTRTETHEE
7. e 30 g/ml LPS 45 H 12'/J\B?“fz RAW 264. 7 macrophages °

WA Fig. 27 #= Fig. 21 ek > T 2R P RFEAM G mle &
THRRZ A HBR LR R KRR - o Fig 28 AT
THRBRZ W HBRNEE > ZRAANY LA o i8R PR XD

RE > M TEBESTH o
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33 (Discussion)

1. LPS#= NO donors #+ RAW 264. 7 macrophages 4 st NO, Z %% -

pA LPS 5 32 4% 69 2 8. macrophage cell lines & 4 sz NO, Fo NOy
(Stuehr and Marletta, 1987) > ##4F 1 g/ml LPS & 22 0-48 /)
B 2R 14 2 IR BF R R B 8938 o 6 /N BF 4R A AE 48 R 2] NO,” (Habib
et al., 1997 ; Hall et al., 1994 ; Chiou et al., 1998) - 48
;J‘H%é‘li%ﬂ@x% (Hall et al., 1994) - #R1% 2B BFR R L
¥ o o (R RAEREE] 30 g/ml LPS R 24 /85T 3] 2 RAW
264. 7 macrophages #x NO @ & £ NO, » &% 200 « M L-NAME 23
F O HAL o AR RSk H b % A3 B (Brockhaus and Brune,
1999 ) » #4948 B 1 £ g/ml LPS+ 10 i. u. /ml IFN-7 3] RAW 264. 7
macrophages ## NO, #5945 A > &4 1mM L-NAME A7 ##¢ - Sano et
al. (1997) 4 100 M SNAP & 32 RAW 264. 7 macrophages 0 — 24
INEF 0 G BRI AE M6 38 e NO, o AR BRI ELELE] 24 10-100
M NO donors (GSNO » SIN-1 - SNAP #= SNP) & 22 RAW 264.7
macrophages 12 /NEf#% % ERBEARBIGIE A NO; o H P
2L SNP ## N0y Z &5 ) - —#& @3 > NO donors ## NO = 15 A
RAGZHE NP A G TR aBEBRN (Batesetal.,

1991) » @ SIN-1 £EFEZT » K nitrite s) F L 26 T &
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% (Ullurich et al., 1997) » st=T#c40 NO donors it 4 4%
R H B o RAW 264. 7 macrophages #eAw# NO donors # 12 /|
BRI MR B2 = Aba SR A Pk 0 AT SNP B
b NO T3 g ay -

2. NO donors # LPS # RAW 264. 7 macrophages &) éaff &M 2 %

“

A 32 LA RAW 264. 7 macrophages 8 % & F) /& & &9 NO donors
(30 £ M-1mM SIN-1 > 30 1z M-LmM SNAP > 30 £ M-1mM SNP v 10 1z M-100
pM GSNO) 12 /4% > B 2 RGF E RSB REBETER - A0
94k &A% Sano et al. (1997) A4 » H 22 100 M SNAP & 32 RAW
264. 7 macrophages 0-24 /8% > 4 A MIT assay » 438 SNAP ¢ 2
BLEF R AR M e R 4 B A & - Moro et al. (1998) #% 0. 02-
omM SIN-1 % rat cortical neurones —#e3% 4 24 /8§ > 4 A MTT
assay > &L 2B E- KB EE R IEFEE - F I 0 Abate and
Schroder (1998) 4 0. 001-30 1 g/m1 LPS & 32 J774. 1A macrophages
24 /e o 45 A MIT assay » #8255 %] LPS & B E-1RBHAF R,
FiRtafp R - mAMET A 1-30 £ g/ml LPS K22 RAW 264.7
macrophages 2 /8% » R F 30w g/ml LPS B #3t & £ o9 818 4m

FoiFiE R > JLTREE RoA LPS B2 2 N eF > 8RB E 2 LPS k&
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3. NO donors 2 LPS #F RAW 264. 7 macrophages #)iE& H#MH 2 %

Das et al. (1994) #E HFHBAEL KN » EA alveolar
macrophages € 4 g 4t &, 52 B % Fo 3 o N4% 0 PF A Sahu and Das
(1995) #E:4% A Miey alveolar macrophages Z A %24 %
TR — T B X R RR R B4E PR E AP 0 R
#FM o Gurr et al. (1998) #% 2] CHO - K1 cells ¥ » &F
0.25-ImM SNP 34 4 /0% > 2B R IE BUNEIE R -
Lin et al. (1998) #.%& 2]4& gl2 cells ¥4 F 2-8umol/ml SNP
AL @RAHEARBEAGY M NEEE > e SO 17
AT > FegsF 0.5-4umol/ml SNP #24 1 /N6F > K EH&H
oo REBRULFEEES NO donors #F¢ RAW 264. 7 macrophages
—AIE A 12 /NEEE 0 BB E] 10-30 4 M SIN-1 > 10-60 M SNAP -
10-30 & MGSNO #a 3-60 L MSNP> % & #r 3t & & o938 i NZSA R >
£b SNP fofe@asmatast (Lin et al., 1998)  ZH Bk
FAPEGY I e B1EF M > 1224 NO donors # & b3 % 0 T4 SNP
RAEA NO S B Tad Ak B EEMN - B mwi NO

donors ¥4 24 30 u M 4% time course (6-24 /N0F) &93Est > SIN-1 >
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SNAP » GSNO #= SNP #& 38 12 /N8F » 5 4 SNAP & 32 18 h8F » F 5
Gt E AWM IR R > g R e rw A& NO donors 4 A
tEE M ko NO RAEHSMBOEREREFN -
Sewerynek et al. (1996) #3#N EF %4 F 10mg/kg LPS ¥
ABREFHMA R ool AR PO RSEMN » LN TH
Melatonin (£%3% DNA #H3% LPS ¢y F45) AR > TR Fo HILAALE
MAEE o RETEHREED L RAW 264. 7 macrophages # % 0. 3-1
pg/ml LPS 2 /544 > BF S B RO WBUIHRE - B
«g/ml LPS 4& time course (2-12 /J\8%) » REF 4 240 4 /[ NBFF B
3t E E A U ER - b B Mo~ NO donors #v LPS 3
FABEOEH A AL RS FN  WwBEMBA O TSI
A km i I 0 TR R BB RH M

4. NO donors # RAW 264. 7 macrophages % NDI % #

Lin et al. (1998) #22 2|4 gl2 cells P, & F 2-8 umol/ml
SNP 3% 1 /BF, ZHBERBHAOMEE NDI o & Rfo Rt
XA — B > RFFZ UL RAW 264. T macrophages #v K B jE B &4 NO
donors —Ae3g & 12 /)N e54% > #1%2] 30-100 M SNAP » 30-100 M
SIN-1-10-60 ¢« M GSNO #F= 30-100 1« M SNP %‘E—%ﬁ%%%i‘f’%’] NDI >

FreAma 4 NO donors ¥4 2238 RAW 264. 7 macrophages X 4= jg 4
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HegEm o M SNAP Fo GSNO Hp 4l 4 B 5 H 2 AF A AL 803R -

5. SOD > Catalase * #% Ara — C £ %/#» NO donors 4 RAW 264.7
macrophages Z ¢ fi—EF HFHH X ZAHFR -

AEEHH SOD #v Catalase & &4 SNP » SIN-1 o SNAP &9 4%\ 4%

SASAR R L mnEE > EREEAR GNO a9 AR F Rt e
# o Delaney et al. (1997) & E2/4amay &R - 3004 M GSNO
# g HIT-T15 cells = DNA B & » &4 SOD s Catalase A7 ¥4t °
P dak s SNP o SIN-1 Fu SNAP 8 s 441 431 64 38 o LA R S BB 37 M2 T A

ok @ BaAAM M GNOfoaBadAEH EHFE
—FeyFrR o RBH NO donors 3l Aetmpe-KIEEMRERAMRS
EFREFE—HBmR > ¥Rl TRESMOREMARFTE
fEX%HH|EI 4R B BAZHRAM > Brown (1995) 45 &
&R NO (0. 18 u M) #e+T i M ehdp#] Catalase Mk ) # 1,0, 49
HALVE R ° Burney et al. (1997) #5 4 NO 3l &ifBmppHt £ — 18
RARFESIBAE > Thedo DNA S Rag¥r sl > REERIEAL  mBe i o
B2 tmBe B BR4% 0k > DNA 7 % Fv apoptosis £ & M) ° Beckmanetal.
(1990) #v Radi et al. (1991) 35 & 754t &4 neutrophils #» macrophages
¥ &% superoxide » 3tF= NOF% A ONOO™ » ONOO™F= H'&4-#k ONOOH

I m AR O B &y Kfo NOZ Baik B N A5 E °
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peroxynritrite 3lALidtmp &t - TAELd DNA FERBEFEL
poly (ADP-ribose) synthase (PARS) i% s, NAD*#= ATP k% (Zhang et
al., 1994) > A&k 2445 £ (Bolanos et al., 1995) M2k ° Moro et
al. (1998)# 38 100U/ml SOD € #u3% 500 M SIN-1 # rat cortical
neurones i R Ggtmpn st 0 J Ao L0, AR A M - Hogg et
al. (1992 - 3) #3255 SIN-1 & 4 s NO v 0,7 > i M 7% A peroxynitrite
f ik R Av & £ > Lipton et al. (1993) )@ % SIN-1 #ARAv&#
M EHE B NOAF MR - Ishii et al. (1999) &9 F 54 InM
SIN-1 i s endothelial cell death : =T ##2 NO > O,~ » OH & H,0, &
B o loannidis and Groot (1993) rA 5mM SIN-1 % sg Fub rat hepatoma
cells damage > ®RATaf 0, M - Troy et al. (1996) B F
242 PC12 cells > SIN-1 -4 4 % 89 NO #o 0, & 7 sk, peroxynitrite
£ Cu/Zn superoxide dismutase /&M T B &2 sb— - Szabo
and Salzman (1995) #% %X %) 4& J774.2 macrophages ¥ > A 4 M4
peroxynitrite =] fEfudp#| ke Be R A M - de-Rojas-Walker et
al. (1995) 4 RAW 264.7 macrophages ¥ » HE AN NO €3] &
{ttt DNA 45 £ 4w DNA deaminations = Brune et al. (1997) 4& RAW 264. 7
macrophages » 4 10 ¢« g/ml LPS #o 100 units/ml IFN-7 &322 15 /\8F

1% 135 5] & 4 s superoxide T #4% GSNO 3|42 &) apoptosis e 7 4b >

62



X1a and Zweier (1997) & LPS + IFN-7 #):% RAW 264. 7 macrophages °
#5385 & R R Ao l-arginine » R 1 £% 16 INOS 4 A& NO #v
superoxide » ¥ 4% peroxynitrite » M £ # macrophages #13 #
A BVEA o Paul etal. (1997) 2% % LPS 4 RAW 264. 7 macrophages
#pplE DNA &Rz M0 NOS & NO &9 A s &8 - Zingarelli et
al. (1996) &9 E4& 10 g/ml LPS K 3Eey J774. 2 macrophages * 1
NP FLE 4 superoxide 0 8 /NEFL B R A48 BAAE3E Ao NO, /NOy™ » Fo
peroxynitrite anion & & & & DNA 987 % » ot % R 7RG 2 05 P
~F8 B M e AR 0 £330 A peroxynitrite € DNAEE > B M
BEEACPARS 5l R et EALE ML T - Sano et al. (1997) 4 F
RAW 264. 7 macrophages #= 100 uM SNAP —#est & 24 /| \B¥ > €42ik
Mo-SOD #v Cu/Zn-S0D &9 %3 > TR #Emip 27082 NO 9 &M -
Brockhaus and Brune (1999) # - RAW 264. 7 macrophages 500 1 M SNAP
& 8N &2 CuZn-SOD #9:@ B £ R > TR tafio £ 7182 NO
&7 apoptosis A F B #2 55 2) 4 e SOD #» Catalase € ¥4 SNP> SIN-1
SNAP Fv LPS M1 i 7778 R 2 45 A > (2R & %4 GSNO M1fbm fRLAF 7%
o JF#% %] SOD > Catalase #v L-NAME & #47 LPS Z ta 1% &
# NO donors #o LPS 34 € 3% 4o NO, 8958 ) - RIFE sb 45 £ 7T 2% SNP -

SIN-1 » SNAP #o LIPS i st ém s #4 NO » superoxide * hydrogen
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peroxide & B »  GSNO i% gk RAW 264. 7 macrophages &4 4= e ~T
ftfo superoxide » hydrogen peroxide # £ B > & F & — Kt o

Fenech and Neville (1992) # A ABMKEIRKmfeE A Ara — C
Fola B B o R AU N SRR RE T ik T —FHRREE
& % & % DNA excision - repairable lesions ? Fenechetal. (1994)
A methylnitrosourea, UV light (254nm) = hydroxyurea #L Ara — C
—ARE FE-FHEBMIEEAER BB RE R GER
excision—repairable DNA lesion » A F &% 35, Ara - C #» NO donors
—AIEH 12 NEFth o ARG i —F 8y hwik SNP> SIN-1> SNAP #= GSNO
By 3% he oA SR & 694 B 0 &5 NO donors 18 %4 14 %0 DNA excision
- repairable lesions #&FBf o sbsb > B H MIT assay BB H A mpe
FEROR AR - R %R Ara - C = NO donors —#&e3e & 12 /)
Brf% > A% 4 SNP, SIN-1 Fv GSNO = %m gl 1 - GSNO R & #f4% Ara—C
Z ta o # 1 o Nishikawa et al. (1997) #5 & #hAe GSH & 4% NO #p
TR AR AE PR 94E A o Reed (1990) 3% GSH R —HE £ A G X
FRB o LT Ak EZH AR o Lynn et al. (1994) A
GSH 7T g #L 8AL B » #) nickel 4 % DNA repair B84 - A $H

Rk Ara-CERtaf b THEEAGAF M L2 @mm e GSH

# o (Hedley and McCulloch, 1996) - #E4-i3sbdg4 > 3T 45,2 GSNO
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FEH NO 74 69 GSH > W Fl4mpe g8 ra ey GSH 5 Fr B da Ak » A2 GSNO =7 %
#Ara — CeoE -
6. SNP 4& LLC 2 ¢mp -1 B ¥ CPP32 B2 HH -

NO 4 3] #2 5% 7% 4= B0, 89 apoptosis: #,3% rat sarcoma cells (Xie et
al.,1995) » L1929 cells #= K-1735 melanoma cells (Xie et
al.,1995) o % s > NO 4@ Swiss 3T3 cells (Khan et al., 1997)
# &% apoptosis o Haendeler et al. (1997) 35 Hi{&® &89 NO & %
LT A8 B AR B dk BB 75 40 T 48 B 4 caspase £ % S-nitrosylation
A% 3 4 BB %, 7038 % apoptosis ° Barry et al. (1990) #H 4R % ‘
FRAE Rk ERRR LR EF (L4 RH > DNA
topoisomerase inhibitors @ F4E 4% & Hl Ao bt AL &) » g 4
apoptosis » Azmi et al. (1997) #3& 0.1 uM adriamycin K32 24
JNBE4% 89 rat thymocytes © H CPP32/apopain # 74t @ 7 %] poly
ADP-ribose polymerase » # 7% 1% sz, DNA #7 % @ 3] #2 apoptosis » Wang
and Keiser (1998) #212]4 100 uM — 1mM SNP & 3¥ 24 /N odeh F
S TR LafE 0 € RRB| E-RB M e apoptosis » sEER Fo
CPP32 /& M4%3% s Ml - Tamatani et al. (1998) 3584 504 M SNP #v
cortex neuron — AL L& 24 /NoF 0 B2 Y 4m B0 A 7E R T B4 caspase -

3EILA R o Sumitani et al. (1997) Rl#m |4 1mM SNP £ 22 16
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N iF ey NA cells : &4 apoptosis # fE#fv c-myc #H#p#| & c-myb
proto-oncogenes A B o Sweet and David (1996) 24 1-bug/ml ADM
% 32 RAW 264. 7 macrophages 24 /[&F » 4 A MIT assay » R €& =
~ARFB M 0 AR dm B AT 5 B o 2 AA 30 2L 100 1 M-1mM SNP 2% 1-3 1« M ADM
Fo LLC —Ae3g 4 12 /005 % > 35 2] 200 w M-1mM SNP 2 B &K ¥
Meay AR LLC B ampafrid % > 1 o 3uM ADM 77 & 43t & & 444 LLC
Wt Bo 2 A E %> By ADM BRI 12 /)8 > A7 LA 4a fe 1 R 3% - Wang
and Keiser (1998) £ &-FH &Pk FIFAT » 5 A hu N R F Ao
A 0. 1mM > 0. 5mM > ImM SNP o CPP32 #p 4] % (DEVD-CHO) —Aesssk 24
AN BREE] SNP ¢ ZRE| E R e CPP32 74 > uER &
# DEVD-CHO Ar s - Fo Rt XA FB MU Z R o AR P 4 300 u M
SNP Fo 3 M ADM #4538 v LLC J& 4o o2 CPP32 & G 8 57514 > LY
#adE A 354 CPP32 #p#|%| > DEVD—CHO » Frdp#] - izsb& £ 8857 » SNP
Fo ADM — 4% & oA dm i 8 = i ik LLC B da 7B -
7. NO donors 2% LPS %} ém s %) SE e 2 8 -

Blanco et al. (1995) £-%:A 2mmol/L SNP #v 2mmol/L SNAP 4 A
NIARA B BF dm B — AL 16 B 8 N BEHE A RS S BRR
EFHMEBmE > TUUER SNP Fo SNAP £ A A FRBHFLZT >

g b B REFE %0 WA budding &3R8 %429 & apoptotic
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bodies » FriiZ NO e ita e A2 R B B AR - Jun et
al. (1996) Z2-2] 24 2mM SNP #» 5U/ml IFN-7 + 10ng/ml LPS & 3% murine
macrophages 2 /N#§Fu 48 /) BF 0 45 A R B BRMAIE » o Bl Au s SNP
2 IFN- 7 + LPS 35 € 4% NO 3% s 4= 6, F 25 2 actin % ADP-ribosylation
2 4% macrophages Z 4Bt A& Fw H4E - Gobbel et al. (1997)
0.5mM SNP A rats cerebral M g 4mfo—#essg 18 8§ 0 R L
LREMSERE  S\P B min > B R Wt T 0 WLAFA e
Catalase #2 SOD Ar¥tdn » 324 NO Fv superoxide & F)BF 4 i, 3t ) B
sk tmpe L o Albina and Reichner (1998) A& -FAAM SRR E RAW
264. 7 macrophages #& 10U/ml IFN-9 + 1pg/ml LPS & ¥ 48 /)N85 49
ta fo T A5 > E53F apoptotic bodies o4t blebs #9 4 A% © Abd-
El-Basset and Fedoroff (1995) ¥ % 10 x g/ml LPS i A mice
microglia &4 s i 7 %ﬁ BT hE4E K dm BB 22 AR 4 F-actin ¢
intermediate filaments #» microtubule #9 E#746F B - RIFE
XTI AT SNP Fv LIPS TR G B E e F E a6 H % ta
Jo iz 8 - W H 4 NO donors 3 R % 4 macrophages Z %= ja 7t A& » AR

LATT 535 38 NO BA SN BY R 18 R e S tm Bl T FE -
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2% (In COIlClUSiOn) > 1. RAW 264. 7 macrophages £ NO donors

% LPS 2344 » &4 & NO» @ LPS # 40 NO 245 B &4k L-NAME #7

u\f

] £ %5t NO donors & 4 s shsmtE NO» LPS R42 &M 4
M NO £4 o 2. NO donors 2 LPS #f RAW 264. 7 macrophages 34 &

AR éa BB g 0 Hf SNP o SNAP > SIN-1 #v LPS 2 tmfe—iE 1% %

(n?i

M4 Catalase #v SOD AFME1& 0 PRSAE tw 3B AR 5 ME 2 AR 3 7T 4
Fo NO & —:% & ¢y R JB4248 superoxide » hydrogen peroxide 3# fuff
¥ px, 0 M GSNO 64 & i8R M 2 M 88 7T fEFv  superoxide » hydrogen
peroxide #x £ - 3. w4 NO donors = E{# %M » 2B SNP > SIN-
1 #o SNAP % afh #1439 R4k Ara — C PiAess » B8~ w & NO donors
Z #1E 5 M A0 excision-repairable DNA lesions & B o sk4h » GSNO
g3 Ara — Cagsapa it > <TAE GSNO & o #2428 i NO Fo GSH » sboh
At GSH B4 At GSH &) Ara — C 2t - 4. SNP F= ADM
g4 CPP32 o miA LIC Be e Ach K& o

RAFE L R T4 NO donors (GSNO rash) #o LPS T4 4.8 & &
(ROS) 4 RAW 264. 7 macrophages i sz 4m fo -8 18 & » SNP 7R 7 4&
B 7546 CPP32 & & 8 %> K44 T A8 5 4% PARP & p, LLC /& 4w B B = -
A > NO donors #o LPS & st "B $LEE 2 e f— R AR e 4 E RT AESZ B

B4 AR KR 6y AR SRR o
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Table 1
Nitrite concentration in treatment solution after exposure to various
concentrations of  different NO donors in RAW 264.7 macrophages for 12hrs.

Treatment Concentration ( & M) NO: concentration ( M)
Control - 0.03+048

SIN-1 10 0.48 £ 0.78*
30 5.26 £ 0.56*
60 10.26 £ 0.67*
100 21.66 + 0.89*
SNAP 10 0.35+0.78*
30 4.13 £0.78*
60 13.80 £ 0.91%
100 23.52 £ 0.87*
GSNO 10 0.10+0.56*
30 1.63 + 0.67*
60 591 +0.67*
100 12.49 £ 1.09%
SNP 10 0.28 £ 0.78*
30 0.72 £ 0.89*
60 1.52 £ 0.89*
100 3.00+0.67*

Data are shown as mean + S.E..
n =& from 2-3 replicate culture for each treatment group.
*P <0.05 as compared with control.
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Table 2
Effect of NO donors, SIN-1, SNAP, GSNO, and SNP, on micronucleus induction

in RAW 264. 7 macrophages.

Treatment Concentration( uM) Number of micronucleated cells
/1000 binucleated cells.

Control - 7.2+0.5
SIN-1 10 14. 3£0. 5%
30 16. 00, 7%

60 11.2+0.6

100 8.210.6

SNAP 10 15.4+0. 4%
30 15. 3£0. 9%
60 14.5+0. 6%

100 8.3%0.4

GSNO 3 11.2%1.0
10 17.8=%1. 1%
30 15.34+0. 8%

60 : 9.0£0.8

100 9.2+1.1

SNP 1 10.8+0.3
3 14.0£0. 6%
10 14. 8+0. 3%
20 15. 3+0. 5%
30 18. 8+0. 6%
60 16. 80, 5%

100 8.4+0.4

ADM 0.3 15.0£0. 6%

Data are shown as mean * S.E..
n = 4-8 from 2-3 replicate cultures for each treatment group.
*¥P < 0.05 as compared with control.
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Table 3

Effect of different NO donors on cell cycle kinetics in RAW 264.7 macrophages.

Treatment concentration cell cycle kinetics N.D.L
(uM) (based on 500 cells)
IN 2N 3N - 4N
Control - 125+£129 350+£143 23+£24 1.77 £ 0.03
SIN-1 10 148+ 79 332+8.8 20+ 14 1.72 £ 0.02
30 195+ 133 285+ 11.5% 20£2.0 1.65 £ 0.03*
60 203 +4.2 280+24* 17+£32 1.63 +£0.01*
100 210+ 72 273 £7.0%  17+2.0 1.62 £ 0.02%
Control - 125£12.9 350x143 23x24 1.77 £ 0.03
SNAP 10 113+£5.8 348+ 7.6 39+6.2 1.85+0.02
30 184 £ 8.6 285+ 80* 27+33 1.68 £ 0.02*
60 228+ 12.7 265 11.7% 7T+£22 1.55 £0.03*
100 257+26.1  234+234*% 7+32 1.49 + 0.07*
Control - 125+ 129 350+ 143 2324 1.77+0.03
GSNO 3 134200 355+2009 11£2.0 1.78 £ 0.05
10 204+£9.5 280 £ 9.6* 16 +0.8 1.62+0.01*
30 236+3.6 245+ 6.2* 19+£3.2 1.57 £ 0.04%
60 250+ 173 233+£16.7¢* 17433 1.55 £ 0.04*
Control - 125+5.8 350+6.2 23+2.4 1.77 £ 0.03
SNP 10 147+5.8 333+4.5 20+2.0 1.73 £ 0.04
30 154463 328+ 7.3*%  18+44 1.70 £ 0.02*
60 171+£9.0 326 £ 8.5% 3:+2.6 1.69 £ 0.02*
100 190 + 12.1 300+ 13.1* 10+3.5 1.67+0.02*

Data are shown as mean+ S. E..

n = 4-8 from 2-3 replicate cultures for each treatment group.

*P <0.05 as compared with control
NDI = (Ix I N) + (2x IIN) + 3x IIN-IVN) / 500
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Fig. 1. Effect of 200 M L-NAME on 30 £ g/ml LPS induced nitrite
production in RAW 264.7 macrophages. Data are shown as mean =+
S.E.. *P < 0.05 as compared with control. **P < 0.05 as compared

with LPS alone.
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Fig. 2. Cytotoxic effect of SIN-1 in RAW 264.7 macrophages in
12hrs incubation. Data are shown as mean = S.E.. *P < 0.05 as

compared with control.
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Fig. 3. Cytotoxic effect of SNAP in RAW 264.7 macrophages in

12hrs incubation. Data are shown as mean == S.E.. *P < 0.05 as

compared with control.
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Fig. 4. Cytotoxic effect of GSNO in RAW 264.7 macrophages in

12hrs incubation. Data are shown as mean = S.E.. *P < 0.05 as

compared with control.
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Fig. 6. Cytotoxic effect of LPS in RAW 264.7 macrophages in 2hrs
incubation. Data are shown as mean = S.E.. *P < 0.05 as

compared with control.
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Fig. 8. Effect of lipopolysaccharide (LPS) on micronucleus
induction in RAW 264.7 macrophages in 2hrs incubation. Data are

shown as mean = S.E.. *P < 0.05 as compared with control.
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Fig. 9. Effect of lipopolysaccharide (LPS) on micronucleus
induction in RAW 264 .7 macrophages in different time. Data are

shown as mean = S.E.. *P < 0.05 as compared with control.
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Fig. 10. Effect of Catalase (CA) on different NO donors induced
cytotoxicity in RAW 264.7 macrophages. Data are shown as mean
+ S.E.. *P < 0.05 as compared with control. **P < 0.05 as
compared with different NO donors alone, respectively.
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Fig. 11, Effect of SOD on different NO _donors induced

cytotoxicity in RAW 264.7 macrophages, Data are shown as mean
£ S.E,, ¥*P< 0.05 as compared with different NO donors alone,

respectively. *P<0.05 as compared with control.
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Fig. 12. Effect of L-NAME, Catalase or SOD on LPS induced
cytotoxicity in RAW 264.7 macrophages. Data are shown as mean

+ S.E.. *P < 0.05 as compared with control. **P < 0.05 as

compared with LPS alone.
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13. Genotoxic interactions among 75 ¢ g/ml SOD with

Fig.

Data are shown

different NO donors in RAW 264.7 macrophages.
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*P < 0.05 as compared with control.
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as compared with different NO donors alone, respectively.
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Fig. 14. Genotoxic interactions among 75 g/ml Catalase with
*P < (0.05 as compared with control. **P <0.05
as compared with different NO donors alone, respectively.

different NO donors in RAW 264.7 macrophages.
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Fig. 15. Cytotoxic interactions among Ara- Cwith different NO
donors in RAW 264.7 macrophages. Data are shown as mean £ S.
E.. *P < 0.05 as compared with control. **P < 0.05 as compared

with different NO donors alone, respectively.
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Fig. 16. Cytotoxic interactions among Ara- Cwith different NO

I+

donors in RAW 264.7 macrophages. Data are shown as mean S.

E.. *P < 0.05 as compared with control. **P < 0.05 as compared
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Fig. 22 Photomicrograph showing changes in cellular morphology

induced by SIN-1. RAW 264. 7 macrophages were incubated with IrmM~

SIN-1 for 12h (400X ).

Fig. 23 Photomicrograph showing changes in cel lular morphology
induced by SNAP. RAVW 264. 7 macrophages were incubated with 100

«M SNAP for 12h (400X ).
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Fig. 24 Photomicrograph showing changes in cel lular morphology

‘induced by GSNO. RAW 264. 7 macrophages were incubated with 100

M GSNO for 12h (400X).

Fig. 25 Photomicrograph showing changes in cellular morphology
induced by SNP. RAW 264. 7 macrophages were incubated with 1mM

SNP for 12h (200X ).
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Fig. 26 Photomicrograph showing changes in cel lular morphology

induced by SNP. RAW 264.7 macrophages were incubated with 1mM

SNP for 12h (400%).

Fig. 27 Photomiograph showing changes in cel lular morphology"
induced by LPS. RAW 264.7 macrophages were incubated with 30

wg/ml LPS for 12h (200%).
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Fig. 28 Photomicrograph showing changes in cellular morphology

induced by LPS. RAW 264.7 macrophages were incubated with 30

rg/ml LPS for 12h (400x).
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