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Effects of Seman Armenicae and Radix Trichosanthis on
the iNOS expression and superoxide formation in the
RAW264.7 cells
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Macrophage play a major role in host defence against infection and tumor development and this
activity is regulated through the production of several mediators. In particular, the production of NO by
macrophages mediates killing or growth inhibition of tumor cells, bacteria, fungi and parasites. However,
over-expression of iNOS by various stimuli, resulting in over-production of NO, contributes to the
pathogenesis of septic shock and some inflammator and auto-immune disease. Therefore, it would be
valuable to develop potent and selective inhibitors of for potential therapeutic use. Thus the agent that
supprees the expression of iNOS mRNA or enzyme protein will be usefull for the prevention of various
diseases. We are intersted in identifying selective inhibitiors of iNOS which might be useful intreating
inflammatory human diseases.

In summary, we have demenstrated that scopoletin, isolated from Seman Armenicae and Radix
Trichosanthis the production of NO induced by IFN-y plus LPS in RAW 264.7 macrophages. The
mechanism for the inhibition of NO production was due to suppression of the expression of iNOS mRNA

or enzyme protein.
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I. #% 2 7k
1. ME

Recombinant mouse interferon gamma(IFN-y)
£ GenzymeAHMunchen, F.R.G.) A E& Al &3}
S 1 Dulbecoo’s modified Eagle’s medium
{DMEM), lipopolysaccaride(LPS) 52 Sigmai}
(St. Louis, MO) A &£& A} &3¢ o, Fetal
bovine serum(FBS)2 Hyclone Laboratories

(Logan, UD 2% H T4

2. RAW 264.7 macrophage cell
lineQ] HHS¥

Murine macrophage cell lineQ] RAW 264.7 4|
E o] % 10% FBSE} penicillin(50 U/mi)
a streptomycin(250ng/ml)e] E 35 DMEMo]
A 7178 288 5% CO, wjg7]oA 37CE
fA &t A sl 2.0 trypan blue exclusion
el o8 ML YE=7} 95% oA A
= A9l Agsin

3, HUSEA ZUEH &F

Reactive nitrogen intermediate(RNI)& &-¢] &
Tt uBold Wwgo] 289 4UL B
Aoz &2z NO,, NO,y, NO 5ol gled ol &
& AZejorol A NO, 5 NO, 8| Welz 27
Bo] 21ch W gelel otgls NOyol ool 54
2g] wh ol Zata] A AT

RAW 264.7 Al X & 96 well platee] 1x
1Q%cell/well M| ZE Yol & th& IFN-yu LPS,

2 Green &

EE TR A 2zte) $Eo) o ok
Eoll Frteta 48A17bF < Wi FF Fofl 2 well
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TiterTek platel]l &71 ¥ F%F<] Griess Reagent
(N-1-naphthylethylen diamine 0.1% in H,0,
sulfanilamide 1% in 5% H,PO)E #7}3tn 10
£ A2 FUo. AA RNI YPFEE
TiterTek Multiscan MC/340(Flow Lab)2. &
540nmel| A 328 3 At o|Hf RNl §&
o g FFEFHL NaNO, & serial dilutiond}
o At
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ASEFY EH
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5. Cytotoxicity assay

RAW 2647 A} X Z 1X 100%ell/wello] HE&
ZA 3t ImA 24-well plated] B3} o g
7t AEBHERE FAtsld 37T, 5% CO,,
E5 100% v F7] oA 2441 v FatF ot uf
FEAEE 2L AR w@slo] 4AT F
QF Wl %k3) & PBSel) 83} 3 MTT(methylthiazol-
2-y1-2,5-diphenyl tetrazolium bromide, 1 mg/ml)
£ 50u/mlE 72+ wellel] @3 34| 2F vl F3H R
th i<k F ujt & 92l 3 DMSO(dimethy-
Isulfoxide)& 200 /weil®] ¥o] MTT formazan
< 83l § % ELISA analyser(Model ETY-96,
Toyo Instruments, Inc., Japan)Z 570nmejjA &
FEE 27 A

6. RNA & % Northern blotting

RAW 264.7 M| Z o)A RNAS] =& LiCl-
urea HHY & A} 8319t 2004g9] RNASY premix
solution(24 10X MOPS running buffer, 3.5
formaldehyde, 1044 formamide)& 7}8la] 20 &
TE g 65TlA 1027 ZA AT o7
ol 5449 gel loading buffer(l.2ug ethidium
bromide, 0.24% bromophenol blue, 0.25% xylene
cyanol, 50% glycero)& 7}l & &, 1.2%
H Ao Ratatd A71GF5E AASHT
A& FF 42} 20xSSC(3M NaCl, 0.3M sodium
citrate-2H,0)2 M| H 3tz A3 E AL 1647 B
ot nylon membranesf] HYAIT ThE 80T oA
241 B AT F el § E82H Yo
Y1 A G 39) hybridization buffer(6x SSC, 10
X Denhardt’s solution, 50% deionized formamide,
10mM NaHPO4, 0.5% SDS)Z 7}8}31 42°¢ ol A
3AIZE BFx)gF &, INOS probeE 431 42T oA

2

A
T
16A] 2t Z9t hybridization g A Al5tE )t FE

E A M H(2XSSC, 0.5% SDS)S. 2 4 H 53 o
€ 29 I8 Xray ZE| ZRAA

7. Western blotting

Cell lysis buffer 3004 & 713+ & & E§slq
A g gt YU F 45 YL E-tube R
711 ZAEL Wt} F5de dRE G
B F g AH&stn YeiA & 12% SDS-
PAGE ¥®l o] o]s] £2]Al7]1 t}S Electroblot
systeme A} £38ko] transfer ¢ & of o] A
250mA Z 1A]ZF5<t nitrocellulose filterdl] &2
t}. PBS gt2 2o = SEZF A 1 blocking &
Aol 1A B & FotFAdct 229 FAI &
o] 9l antiserum® blocking &% o) 1:10002.2
st} A2l sho] AeolA 908 S £
£ o2 200m2] PBSYELA0 2 527} 33
A =t}. Rabbit secondary antibody(ECL kit)&
blocking 8- o) 1:10000. 2 3] A3 Sol-& 33
sta] 1A B¢ MM S EE0] & TS PBS®
S5E4 33 MolFth G4 oA developing
sofution A9} BE 1112 £33 &9 2]
& 2 v} hyper film& ¢lo] 587} exposureA]

A & f4aea.

% A2E B 29 300g8 2o 7t
2419 £g9oz 3N Aeln 1 £
2 FUNA 27 119 $24E AU o
TEHEAL S-HE2E ANEHE st XAD-
) DYz Pelshd lodes) YL AT
o] B8 E.2 t}A] n-hexane : acetone [2:1-1:1

— 140 —~



Seman Armenicae and Radix Trichosanthis(300g)

Extracted with boiling H,0 for 3hr

\

Concentrated in vacuo until 1/ of H,0 extract

XAD-2 column with elution by H,0 : MeOH [1:1]

Silica gel column with elution by n-hexane : acetone [2:1-1:1-1:2]

|

{ T 1
Fraction A Fraction B Fraction C
(inactive) (active) (inactive)

Fig 1. Diagram of extractions of Seman Armenicae and Radix Trichosanthis. Dried and pulverized aerial
parts of Seman Armenicae and Radix Trichosanthis(300g) were extracted with boiling H,0(6 /)
for 3h and the extract concentrated in vacuo until 11 of H,O extract was achieved. This was
chromatographed on a Amberlite XAD-2(Sigma Chemical Co., USA) column(15 X 100cm) with
elution by H,0(4 1) followed by MeOH(4 ! ) to afford an active fraction eluted with MeOH. This
fraction was separated by silicagel(250g) column chromatography {n-hexane:acetone(2:1-1:1-1:2)]
to obtain 3 fractions. Each fraction was tested by the assay.

121 AN & 23te d87-2 2H & ol &
3ted 3709 £E S LAk A4 379 £HE
o thetd HEZEGS AFstn o€ 2=
EAE YA ¥ ddA NOg 84 2
superoxide?] B & AF st 3719 £
Z o A] n-hexane : acetoned] H])7} L:lo]A F&
238 o] NO 2 superoxide®] A< A A #L}
<Fig. 1> @etA}, 8 T4 n-hexane :
acetone} H]7} Llo)A @2 EHE A
NO ¥ superoxide®] A& A &40

3709 £ FolM 840 %
A ELEA S MTT assay WY
<Fig. 2>. <, FF<9 FEEH L RA
A E 3o 10pg/nl-500pg/nl & :
g & 734—]' Ll
mETH =

}—r

25
€ Holl MZSHo] TRHUS

ZHA, £ AT e FEE9] Fo] 100pyml <
238A g bdA NO 2 superoxided]
g4 & HEsd

2, ol M0l FEE0 st NO M
M AM =D}

gel, 379 2227 0] RAW 264.7 X3
o] NO Ao om & AL X 4] 2}
Stk RAW 264.7 A|EF & IFN-y(10U/ml) Y
LPS(10ng/ml)ol| &l3jA A stsd chake] NO
£ gt 23y NO B4 L Addte
NGMMAE IFN-7(10U/ml) 2 LPS(10ng/ml)%
TAlell Melste NOo| 44 F2 dj=2Td F
dstA YeErdTH NGMMAE A ¥ e} 2

,
=
< ARz g AR FEE 00pyml



(A)

LY

404

Cell viability (% Control)

9 10e 208 300 406 S0

Concentration (ng)

(B)

s 3 3

Cell viability (% Contral)

»
2

o 190 200 30 400 300
Concentration {g)

Fig 2. Effects of Seman Armenicae(A) and Radix Trichosanthis(B) on cell viability of the RAW
264.7cells. RAW 264.7cells(1 X 10% per well plate) were incubated in the presence of different
concentration of Seman Armenicae and Radix Trichosanthis for 24h. Cell viability was measured
by MTT assay as described in Materials and Methods. Data are means =+ SE of three independent

experiments.

A2 8E o RAW 264.7 A X390 NO A4
o] AR, #, #FQ A= NO B4
o] 23 $Y5}A YERtTi<Fig. 3>. o] %}
Ze Aate g A7 F2EZINOS A
A& dAdAY T YHE NOE AA e
A4E st Ao B F Yo

(A) 1204

Celi Viability (% Caontrol)

RAW264.7 } EFZ IFN-y(10 U/ml) &
LPS(10ng/ml) 2 A FA)7) 3L 24417 Fof] 4
F AEEE URTY v wEHE W AE Y
Z&o] % 80% A2 ZHAEYE) 23 NO
A& AW NGMMAS FA)o A71sha
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Fig. 3. Effects of Seman Armenicae(A) and Radix Trichosanthis(B) on NO production by IFN-7 plus
LPS-activated RAW 264.7cells. RAW 264.7cells(1 x 10% per well plate) were incubated with or
without IFN-y(5U/ml} plus LPS(10ng/m!) for 24h in the presence or absence of Seman Armenicae
and Radix Trichosanthis(100ug/ml). The amount of NO released by cells was measured by the
method of Griess(nitrite). Data are means = SE of three independent experiments.
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Fig. 4. Effects of Seman Armenicae(A) and Radix Trichosanthis(B) on IFN-y plus LPS-induced cell death
in RAW 264.7cells. RAW 264.7cells(1 X 106 per well plate) were incubated with or without IFN-
v(S U/ml) plus LPS(10ng/ml) for 24h in the presence or absence of Seman Armenicae and Radix
Trichosanthis(100ug/ml). Cell viability was measured by MTT assay as described in Materials and
Methods. Data are means+SE of three independent experiments.

A, 89l 47U F2EL S IFNy(10 Uml) R
LPS(10ng/mi)8} Zro] AL Fd] AHz|slH M X
HEE) FEEA S AYSIA @& HET A
o] ZAY %3 F7HE S B 5 AU Th<Fig. 4>
olg 2 A} Ao AL Y, HFY F
Z2EZ o] NO A4 JA AU NGMMA S T4
& 24¢ Yehizl fEoz Y=o 2
gel, F72 2FEH | N0 A4& JA
AF1ER] ot A4 E NOE AAAIEA
E Northern I} Western g 22 ZALSIIA T
325 9, HFL FEEH L INOSH vd
& & YgER o2 A A TFig. 5, 6>. &,
g, FFQN F2EI L 0=k NOE A%
= &A4Q INOS Hd & EHH o2 JAAA
NO<g| Aol ZAaHAY Aoz Atgdn.
FFAH A = dAAZE NOYd oF
2] superoxide® A/t o] HA LA
superoxides= NOS8} #+-3-3le] B} A|EE 4o
7% peroxynite g A8t FALE ALE AT
AU F9e] 222 Aslalzlt} Superoxide=
Z M Zof] =23t superoxide dismutased)] 2}

sl4 H,0,2 A1 o] R catalases]) 28
A Rei 3 0,02 Agdch a2y, F 247t
A d & & F=x9 9] superoxider} 4
FHE FARA & &3] 2efdrt 2 A7
ol M & lucigenine& o] &3 38 wBHo =

B)

- D DBHD reses
Fig. 5. Northern blot analysis of Seman
Armenicae(A) and Radix Trichosanthis(B)
from cell lysates obtained from IFN-y plus
LPS-activated RAW 264.7cells. RAW
264.7cells(1 x 106 per well plate) were
incubated with IFN-y plus LPS in the
presence or absence of Seman Armenicae
and Radix Trichosanthis(100ug/ml) for
12h. Lane 1. IFN-y+LPS, Lane 2: IFN-y
+LPS+10ug/ml Seman Armenicae, Lane 3.
IFN-y+LPS+50ug/ml Seman Armenic-ae,
Lane 4:IFN-y+LPS+100ug/ml Seman
Armenicae and Radix Trichosanthis.
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Fig. 6. Western blot analysis of Seman Armenicae(A) and Radix Trichosanthis(B) from cell lysates
obtained from IFN-y plus LPS-activated RAW 264.7cells. RAW 264.7cells(1 X 106 per well plate)
were incubated with IFN-y plus LPS in the presence or absence of Seman Armenicae and Radix
Trichosanthis(100ug/ml) for 16h. The cell lysates were analyzed by SDS-PAGE, and iNOS was
visualized by Western blot analysis. Lane 1; IFN-y+LPS, Lane 2; IFN-y+LPS+10ug/ml Seman
Armenicae and Radix Trichosanthis, Lane 3; IFN-y+LPS+50pg/ml Seman Armenicae and Radix
Trichosanthis, Lane 4; IFN-y+LPS+100ug/ml Seman Armenicae and Radix Trichosanthis.
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Fig. 7. Effects of Seman Armenicae(A) and Radix Trichosanthis(B) on superoxide generation by PMA in
RAW 264.7. RAW 264.7cells(l X 108 per well plate) were incubated without or with Seman
Armenicae and Radix Trichosanthis at indicated doses for 6h. Then cells were washed for three
times with HBSS, resudpended in VBS containing 10 #M of lucigenin, and stimulated with
PMA(y 200 nM). Superoxide formation was monitered by six-channel luminometer for 30min.

3Ql, F7Q FZEo0] RAW 264.7 A L2
superoxide Aol of g Ja-g
ZAbslgith PMAG 843td AEXEFE o F
9] superoxide® E®|gth U, A, FE
Qg A A HEZE superoxided] A4 o]
A AelstA] g2 A vndtd g o&EFH
o2 24 d<Fg. 7>

oA =X &

.z =

KRS 2 A% SECREC] e MR
BolM MART BRE T FEERERES
2 R st istela glen. §3) Fiy
Farel BN BHEER Sol B BEHE
g ¥°12 A3, J‘Eﬁﬁﬂ"m Bz AAE
Fgopfix) 23t thFd BREE s W
22]:},21.22)_

A2 ERS R A1) B¥ o] 2H &
ol AEE ERTRS 7 BiEELee K7L

rlr

— 144 —



R Rigoln, MEe o3 EREEE
299 20| thB®),

EEZET F2 EE7T AR Rt &
wIAo A FAMMST REFKY BE
33 st ol fEsit He Aol ER
7} BiR 53] RMmkEe] o] Fog Ul
o] &} i the,

RigolH Nl A Eojoe RMEA W3l
TBEE Rigslele @402 R o
il oA e RERES HBENEE
FE fntERgolst st HFEMES L& T
MHEER7} e Jd 2] T E o T BE
RS EREARE T Mibtfgols g
o RERES E44L BCY FECE T
H, FFRIE :LE]-L REEAHLH,. BES EET

& FE3te ol& zale} 7lA 3 = B
2 EHFRH“ RERES o7 A 41 &
ol el RERES o7& gEholn
R Mol & S0 BipEHES L KERE
off thsjA gt o 858 & JHA] & FERMES 9fn
&3, ELfEHolE d BYe RYES oA
B¢ Ee FEE T2 YA Xete @400
TEYTE VRS UE YU Z2FSIE #
1o o2 J¥Ec] BAgHn 2 FAZ T
B A%E AE == AT BESAY &
ke AafEMol FA PGP0

PR RERES] PiER J8E ste A
Fe THREIREZA B Z(helper) THREER, #0l
(suppressor) THREEEK, #BRE it (cytotoxic) THE
Erk el v BIERBH I EDTH) THRESK 5
o2 FAEH e, M THERS o8
79| cytokine& A& 1 MEEE THREK
7 # A2 E mebEch Hif THERRE 2
Qo|Ao 2 g T MinEt THESIT A
A E A EfEe AP RRRE] Lo
Uz z2dste 7|52 23 Mk TikEke)

M TARESkE MAe RERES 2439
RGLY) THS FA 8t o] o] Figol 7
AW gmel ZA ot MlEE TERe
EEol e AES HF I3l Fiviie
(target cel)E T3 dl=t] vlolgi A ZEME
Y dAE T FRE 3490 EER
BENE THERE 7153822 BEEMk
ERRT AXTES dFFHE B ZoniE
LA A TBEFEEES] 43 BIEBHK
RS 4o A 3t THERRo] T}ED),

HBENRERES T2 A5 EH 53
Holo HEANRERES 45 7145 AX
uzd, dAE Fol 21 715 & E3 e o
o} e fEMEe $e F& ASHeE
Alte] ¥ A 421 fEEMM s 7R o] A®
& 43l g7 e BEERMEE] 3l
o EET G = THiE MAgEe] hiEsd
J&2 otv HMRFEE THER BAREMRE,
EEMR E Hiert T )70,

RIERMEC] At 7ol EEREVET
Fod, BBSdM s £8e KT £, B
e € 2 EEMRE REA Y Al
gen o watAe EEEHFS] KRS
KIEY BRZ HES 53 o] 25 & 283
A& EEERA o] 88 HEIT &
2 @kt BRHE SREM WnEs
5o FEoZ RELERSE Aoz Bifie
TERR VIR, EERE, & MALHS, BRILE, FIR
B 5o 7AH P2 AHIERLY %o
Alq” 7()17)

NO= @AM BHIA X 93
2ejsHo] A& ZHAEA T Fo EHo)
&7 /E 2H3les A5 W2 A (signalling
molecule)2A 288t AG A Sloix = &
43 E A A X (macrophage)st FA +
(neutrophile) E-oll o8] AAAF o] YR A



A& o Eojut Wi Fel A LA IEE MRS
Atdo] 98-S Fx ®e vo] Eal(immune
defence molecule)2A 141
1988 o] = x| Z & o} A NO-like 1A} 7} B4 5
Ao NOE MRE AAHAEERA o] &oF
X F43 A7/t AP o,

#A & NOoj o3 ool &3 s uf
oM AAEHE NOE &g dugrt Al E
F e A2 Y7 1 e, Bt o}
YUzt NO gase] o2 557 283 #d
% 2YLE A2 F AT ol

0% ol &% 444 &% n# stz 9l
T AR gP®,

NO7} @A olA] Fa3 WARAZA 7
£33 Athe o] ¢AATAM BgxH Fof
e FAd NOSe 7| dx 1 2474d
of #ale B2 AFaEC] #HAE ZA HA
ok 53] AAolA T Mlxe; M2
338< olssted #do] He A7 ¥
o}t A A E 9] self-regulation?] 7] 4 &
dated $83 A8} He AZTEHED
1§} #) -7 ol(interferon-gamma) & LPSS] 413
A7) Aol B A7t &Ee] Pz 3ot
¥4, FH, AZMEA N LA A TN
HA LA == NOE ofF £¥e]7] of
Boll s34 A& “‘k% FA we AL
2 goledA 1 glov HHEAE
EollA Y= NOE PAHM] %e e
&57] Q&) nj g &0l JEEAE & o}
NOE AA3te A X A4l 7 F92] A
ojuf 71Tl ARG £ & 2T F
o2 EangojAm k. & E9 &
o A] = superoxide radical®} ¥F-g-8}od peroxini-
vite® HAs 22 £4L 2ot S0
¢ ZE Sdz dadch gl gy
Aol LA E Haclide NOE 4438

Hu‘.

2,

r‘fl

E
o

-

oX, &-

ot
2o
o X

x

¥ m
iy
WL

_IZi

ATH. £

< €74 g3 frgHe HEFS ‘%’
I 9]le] RERAES -r?ﬂ‘?i’b‘q] 719,0}‘—:-
o] ol gt 233 o) ¥ =
A ¥he-dte WA g fUE = BRe
o AF7AA B w2 PSS 22 ¥
2 Q4 399 AAZ7} F9l e umor
necrosis factor(TNF)2} interleukin:1(IL-1) & ol}
ot 258 WM EY SAAH E7}INOSE
T 8tA =u NOE AAAIA 2N 33
NOo) o ¢ BBHY AL $2aA =2 o]
AL HBY 5 ge Axe] YYREE 27
37 9 Aos 4YE T ke,

2 AgdME 2 d29 39, 329 3008
o] x2d L B daggs AMLaz
XAD-2 Zd o g ZEsld 164g0] B A
_f_’__ & o] B3 5.2 t}A] n-hexane : acetone [2:1-

121 A& 2ste 48724 28 S
1%%}"4 37Rhe BE8E AU A7 379 E

Eo tigted AEZELE AF3D ol £Y
Eo] E42 JYeA o= HHYelr NOg &
4 9 superoxides] B4E AZATY 374
23] Zo)A] n-hexane : acetone?] B 7} 1:10] A

£ EEFo] NO ¥ superoxide®] AL oA
A7 G<Fig. 1>.

7Sl B8 oA 840 e 2 E29
HEZEE MTT assay P22 AF gt
2, FFA FEEH S RAW 264.7 A E 50
10pg/ml-500pg/nl & 24A17F B¢+ ] 3 A3}
g, B2 F2E9 #Fo] 250pym BT} B&
o) M X544 0] 2 = Arh<Fig. 2>.

g HFQ FEE 0] RAW 2647 M ZF
o} NO Aol ow g F &S v &3] 2AISE
FTY NGMMAE Xzl & dje 22 uhgo

=
=
Bl A}2Q F2E 100ug/nl HslE S

r“ Morfe my

—_—

é}m

— 16 —



RAW 264.7 A|EF2] NO AAo] Z+4stE 1,
g4, 352 A= NO Ao d27T 5Y
8t A Jebwtch<Fig 3>

RAW264.7 A E£3E IFN-7(10 U/m) 2 LPS
(10ng/ml) 2 B/33}A17] 3 2442t Fol) A ZE A
2L Y2TH M THYS Y HE 4Z g0
%k 80% FEE ZAFAT 22U NO AL
A8} 3t NGMMAE FA]o] A7etA A ZA
&L W2FH YA Jeido. @4, 3
¢, A& FEEH L IFN-y(10 U/m) &
LPS(10ng/mi)s} 7o} MEFo] MR A=
HEL FEEFIE MY G HET A
o] ZAY 47 F71E & £ & AAT<Fig 4>

g, 29U FE 2] N0 B & oA
A7 EA olUd A ¥ NOE AAAI =X
£ Northern 7} Westemn % o 2 A st oy
9l %29 $&£831LiNOS 9 2L F&
o= o 7 oA A ZTH<Fig. S, 6.

Lucigenineg o] &% 38 w3 og 9l
B} 29 FZ 8o RAW 2647 A EF 9
superoxide A Aol i3 &L v]AEXE
ZAEME Y Y PMAS] 43lE A EFe O
o} superoxide® £¥|3ch Y. . =
A& A A @ AEFE superoxides] 4§40
A HYshA ¥ AT Ry vx &
o2 z+Asgth<Fig. 7>

o] ¢ 3 o] F o Eol] AA )M dIHoZ Y
o iNOSe Hd ¥ 2A7|He] dF& NO
o] darH 284 9 N8 FoF FEE AT

T g ez Algdn

v. 2 £

2 dFdME 3. FEA0] 843 E 1
2~ tial g Z 0 RAW 2647 A28 NO ¥

- 147 -

superoxide®] AL 24 ¢ JEAE I3

e o3 2e s AQt

o

3.8, 39 F22d
2=

1. IFN-y(10 U/ml) & LPS(10ng/ml)l| <] &M
A3 E RAW264T A T3 E 2427 &
o MEAYZE0] h2T 7 vl wald 80 %
2 iy, g9, 8 F£E32

& AYG AEZF) NEZYEEL FEE

Ae A g Weg 2y

289, 32 #2840 T4

RAW264.7 A EF 2 NO YA oju g
g ulA A RAEE U, A2
FZEH] NOY A& & &2
2 gAANNE e gARAd

& RAW264.7 N X
F9] INOSe 28 & 5% o EH 2 A4
A7 NOgj AAd<) 4" & $AIT-

L=
4. 99, #5 F2EL RAW2647 HEF

9} superoxide AL & JEHZ 7

&A1 A,

X 3 F

et

ERE : BRARAESR, kit pp.776-778,
1997.

BfEK  HRAESR, FIit. pp.283-284,
564-565. 1988. ,

RERRA NS, EAER F P, péTl,
5772, 1998.

W AR BT RREMEREERE A s,
FEARE. pp.3. 266, 1980.

g% FEREEERAR PEBEE,
25(11) © 55-58. 1984,

BRE 2 REHIEHTRE. & Fel
. pp.25-29, 1984,



7. LB BBREE F  HATBAME, tig

10.

11

12.

13.

14,

15.

16.

LR R, pp.621-635, 1981.
Lin J. Y., and K. Chadee :

cytotoxicity agnist Entomoeba histolyca

Macrophage

trophozoites is mediated by nitric oxide from
L-arginine. J. immunol. 148:3999-4005,
1992.

Moncada S., R. M. ]. Palmer, and E. A.
Higgs: Nitric oxide: physiology, pathophysio-
logy and pharmacology. Pharmacol. Rev.
43:109-142, 1991.

Lowenstein C. J., and S. H. Snyder : Nitric
oxide, a novel biological messenger. Cell
70:705-707, 1992.

Knowles R. G., and S. Moncada:Nitric oxide
as a signal in blood vessels. Trends Biochem.
Sci. 17:399-402, 1992.

Nathan, C., Xie, Q.-W. : Regulation of the
biosynthesis of nitric oxide. J. Biol. Chem.
269, 13725-13728, 1994.

Marletta, M.A. : Nitric oxide synthase
structure and mechanism, J. Biol. Chem. 268,
12231-12234, 1993.

Nathan, C.F., Hibbs, J., Jr. : Role of nitric
oxide synthesis in rx;a:;foﬁhage antimicrobial
activity. Curr. Opoin. Immunol. 3, 65-70,
1991,

Karupiah, G., Xie, Q. W., Buller, R.M.,
Nathan, C., Duarte, C., MacMicking, J.D. :
Inhibition of viral replication by interferon-
gamma-induced nitric oxide synthase. Science
261, 1445-1448, 1993.

Collotta F, Re F, Pollantaruti N, Sozani S,
and Mantovani A. : Modulation of granulo-
cytes survival and programmed cell death by

cytokines and bacterial products. Blood

17.

18.

19.

20.

21.

22,

23.

24.

— 148 —

80:2012, 1992.

Solary E, Bertrand R, Khon KW, and
Pommier Y. : Differential induction of
apoptosis in undifferentiated and differenti-
ated HL-60 cells by DNA topoisomerase I
and II inhibitors. Blood 81:1359, 1993,
Martin SJ, Bradly JG, and Cotter TG. :HL-60
cells induced to differentiate toward
neutrophils subsequently die via apoptosis.
Clin Exp Immunol 79:448, 1990.

Collins SJ. : The HL-60 promyelocytic
leukaemia cell line: proliferation, differentia-
tion and cellular oncogene expression. Blood
70:1233, 1987.

Green S. J., R. M. Crawford, J. T. Hockmeyer,
M. S. Meltzer, and C. A. Nacy:Leishmania
major amastigotes initiate the L-arginine-
dependent killing mechanism in IFN-y
stimulated macrophages by induction of
tumor necrosis factor-a.J.Immunol. 145:4290-
4297, 1990.

g5 o : HE B2 APUH, Ye)
g 3] =, 32(3) + 283-290, 1989.

GEF : FFUY AL, e
3] A, 36(3) : 292-299, 1993.

Aes o @ gofFe] FAA3 AA, AT
F 22 %A} pp.192-200, 1991.

HEA o : oA, A, 4EAL
p.204, 1983.

L AT 9 EgR BT AL ELNER

U HE, pp.I-13, 1994

294 o @yE2e A AL, 3
AL, pp.286-287, 342-388, 1984,

e 9] %E GHEZR] g SB-3
e as g, 26(6) : 959-
963. 1994.

o, d¥ Hu



28.

29.

30.

3L
32.

33.

34,

35.

36.

37.

38.

Sdf 9 AN, AFHE € FLF
2o glo] A Vinblastine ZHA A TY
7o) A4, HdEslx], 18 43-53,
1996.

FQ4 1 Bo] AGFZA, Yoty
3] %], 36(8) : 949-954, 1993.

T4 9 AEY A7) BgrEdd 3l
of AF LTS Wt A F A,
13(1) « 43-50, 1991.

Rt RRMBEBSTERRBRREE
BB, FrpE, off ¢ 12, 1988,

WL S SRIEEREEREARROBA,
T B &R, 12(3) © 22-23, 1988,

BB S BRERUERBBEA ) BRE
IhEeRIR R, PETEERAMES 1303):
171-172, 1993.

Sell, S. : Cell-Mediated Immunity in Vitro in
Immunology Immunopathology and Immuni-
ty(third edition), Maryland, Harper and Row
Publishers, pp.144-166, 1980.

Snyder S. H., and D. S. Bredt :Biological
roles of nitric oxide. Scientific American
Review. 28-35, 1992.

Simmons M. L., S. Murphy :Induction of
nitric oxide synthase in glial cells. J.
Neurochem. 59:897-905, 1992.

Chao C. C., S. Hu, T. W. Molitor, E. G.
Shasken, and P. K. Peterson :Activated
microglia mediate neuronal cell injury via a
nitric oxide mechanism. J. Immunol.
149:2736-2741, 1992.

Flitney F. W., 1. L. Megson, L. M. Thomson,
G. D. Kennovin, and A. R. Butler:Vasodilator
response of rat isolated tail artery enhanced
by oxygen-dependent, photochemi-cal release

of nitric oxide from iron-sulphur-nitrosyls.

39.

40.

41.

42.

43,

44,

45,

40.

— 149 —

Br. J. Pharmacol. 117:1549-1557, 1996.
Manthey C. L., P. Y. Perera, C. A. Salkowski,
and S. N. Volgel : Taxol provides a second
signal for murine macrophage tumoricidal
activity. J. Immunol. 152:825-831, 1994.
Gebicke-Haerter P. J., J. Bauer, A. Schobert,
H. Northoff : Lipopolysaccharide-free condit-
ions in primary astrocyte cultures allow
growth and isolation of microglial cells. J.
Neurosci. 9:183-194, 1989.

Notony A : Immune reactions elicited or
modulated by endotoxin. In endotoxin
research series, Vol.l. Cellular and molecular
aspects of endotoxin reactions. Nowtony A,
J.]. Spizer, and E. J. Ziegler, editors Excerpta
Medica, Inc., Belle Mead, NJ. 329-338, 1989.
Parker M. M., and parrillo J. E:Septic shock.
Hemodynamics and pathogenesis. J. Am.
Med. Assoc. 250:3324-3327, 1983.

Jun C. D., S. J. Park, B. M. Choi, H. 1.

Kwak, Y. C. Park, M. S. Kim, and H. T.

Chung:Cell. Immunol. 176:41-49, 1997.

Lin K. T, 1. Y. Xue, F. F. Sun, and P. Y-K
Wong:Reactive oxygen species participate in
peroxynitrite induced apoptosis in HL-60
cells. Biochem. Biophys. Res. Commun.
230:115-119, 1997.

Radi R, J. S. Beckman, K. M. Bush, and B.

‘A. Freeman: Peroxynitrite-induced membrane

lipid peroxydation: The cytotoxic potential of
superoxide and nitric oxide. Arch. Biochem.
biophys, 1991,

Munoz-Fernandez M. A., M. A. Femnandez,
and M. Fresno : Synergism between tumor
necrosis factor-a and interferon-y on

macrophage activation for the killing of



47.

intracellular Trypanosoma cruzi through a
nitric oxide dependent mechanism. Eur. J.
Immunol. 227:301-307, 1992.

Lee S. C., W. Liu, D. W. Dickson, C. F.
Brosnan, and J. W. Berman : Cytokine

_ lﬁ() —

production by human fetal microglia and
astrocytes. Differential induction by
lipopolysaccharide and IL-18. J. Immunol.
150:2659-2667, 1993,



