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ABSTRACT

Effects of Semen jugrandis on the iINOS Expression and
Superoxide Formation in the RAW264.7 Cells
Goo-Moon", Su-Mi, Ko
*Dept. of Internal Medicine, College of Oriental Medicine University, Iksan. Korea

Nitric oxide(NO) is synthesized via the oxidation of L-arginine by a family of nitric oxide
synthases(NOS), which are either constitutive(cNOS) or inducible(iINOS). The induction of iNOS in
tissues can lead to the sustained production of high concentrations of NO which may exert
pro-inflammatory effects including vasodilation, edema, cyototoxicity, and its activity can be
mediated by various pro-inflammatory cytokine, including interferony (INF-7y ), tumor necrosis
factor, IL-1 and IL-6. The enzyme, iNOS, became a new target for pharmacologcal research with
the aim to find new substances for the treatment of chronic inflammatory disorders. Murine
macrophages produce large amounts of NO when activated with TFN-7 plus LPS. The murine
macrophage-like cell line, RAW 264.7, is a suitable cell model on which to perform vitro studies
regarding the iNOS system.

Semen jugrandis is a fatty walnut seed found in Korea. The walnut have been used in foik
medicine to improve virility, to relieved asthma, and to relieve constipation. Sesquiterpenelactones
were isolated from this plant. In the course of screening for NO inhibitory activity from medicnial
plants, the aqueous extract of this plant was found to have a significant activity.

The result are summarized as followings.

1. The viability of cells incubated in the presence of semen jugrandis increased mare than non

incubated cells.

2. Semen jugrandis suppressed the production of NO in tissues dependent on density.

3. Semen jugrandis suppressed the induction of iINOS in tissues dependent on density can lead

to reduced production of NO.

4. Semen jugrandis suppressed the production of superoxide in tissue depend on density.

According to the above mentioned results, semen jugrandis could be applied effectively the
production of NO and superoxide can lead to reduction of chronic inflammatary.

And as a depence matter come into a virus of microbe and tumor cells.
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1. A ¢

Recombinant mouse interferon gamma
(IFN- 7 )& Genzyme*t (Munchen, F.R.G.)
AZEL A8l 3, Dulbecoo's modified
Eagle’s medium (DMEM), lipopolysaccaride
(LPS), 5& Sigma*l (St. Louis, MO) A ¥
& 223l 29, Fetal bovine serum (FBS)
£ Hyclone Laboratories (Logan, UT)Z €]
T4

2. RAW 264.7 macrophage cell line®] ®j<k
Murine macrophage cell line¢! RAW
2647 AEF2 WYL 10% FBSS} penicillin
(50 U/ml) ¥ streptomycin (250 ng/ml)°] X
g5 DMEMIA &717F S83 5% CO: Hl
%7lolA  ITE FASEA  wigstH o,
trypan blue exclusion B¥le] 2o|s] A Lol A
E57) 95% o]4el AL Aol A&t

3 e AAFEZAS &4

Reactive nitrogen intermediate (RND)+=
o]z mE vjEo]d HIHkS Fod gF
<€ Fx= Aoz 4#HA NOs;-, NOs;-, NO %
o] gled gL MEuGFHAA NO:-%
NOs-9 #el2 FAH o] o) wjgdo =
olgls NO:»-9 %9 2HL Green 5 P9
b 3t AA|stA )

RAW 264.7 Al & 96 well plated] 1x105
cell/well AIX& ¥oE & IFN-7 Y LPS,
e 9E ANYS 747y wxd u w g
M Eo H7IE 1 482 7HE < vi%E Fo) Z+

..E_.
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wellZ -6 100p8 o] HiFHE 3 8ld
ELISA TiterTek plated] &7 % E39
Griess Reagent (N-1-naphthylethylen diamine
0.1% in H:0, sulfanilamide 1% in 5%
H:PO.)E H718ln 1087 Ao TRk A
A RNI MAATE TiterTek Multiscan
MC/340 (Flow Lab)2Z 540nmol A &3

£ ZA9c. ol RNI 5o g E-u:-—‘?
A& NaNO:E& serial dilutiond}e] 2t}

rm

4. 98 MAEFRERY &4
ZEFFV AT/ A Lo A T3 A4
= Aoz 987 reactive oxigen intermediates
(ROI)8! O (superoxide anion)vt H-0-
(hydrogen peroxide)®] &% & o|&3 uk3-3}
o] chemiluminescence (CL)E &3l ZE4)
& A5+ luminometer2 & 733kl ol
amplifier2+% O2 (superoxide anion)o] o3}
Eo}dlA W&t lucigenin (10 10’ ~dimethyl-
9, 9'-diacridinium)e # &%= 0.3mM=ZE 3}
o gt} EF o] "ﬂi%i st 7
ROIE AA8 %2 phorbol ester = ¢
PMAE #HZ%X 150nMZ Fo] AXZE =
ANZATH EFTE 1X106 cells/300 1 &7 o
AMEE 1-2 X106 cells/300 12 veronal
bufferel]l F-#A]#A polystyrene luminescence
tube (lumacuvette/Abined, Dusseldor FRG)
o Yol ZEAHE 7}e F LB9505e] 10&7H
A wjdA 2l ©b& 7+ channelo]l PMAE 73t
o] ojujie A4tsE ROIZ cpm (counter
per minute) o2 F3s At
CL9 &AL 6 channel Biolumat LBY505

(Berthold, wildbad. FRG) luminometer® 4=
gedod 37CE FAANA 608 FAHE
At

5. Cytotoxicity assay

RAW 2647 A Z 2 1x10° cel/wello] %
2 zAdsd 1 ml® 24-well plated] FF3}
o d8 7HA AEEHEZDS Hrtste 37T,
5% COsz €% 100% siF7]ol A 242137 Hi<k
st WY AExE AR wAE ug
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ate] 4A1F Fot wi%E § PBSel &8
MTT (methylthiazol-2-y1-2,5-diphenyl tetrazolium
bromide, 1 mg/ml) &% 50 w/mlE 2z well
of ¥il 3A17F stk wigF ¥ ul g
< v i DMSO (dimethylsulfoxide)&
200 pé/well® Yol MTT formazang &3
g % ELISA analyser (Model ETY-96,

Toyo Instruments, Inc., Japan)® 570 nmol
N =g =Hsqac

6. RNA %% 2 Northern blotting

RAW 2647 M X4 RNA9Y F&2&
LiCl-urea #8& AL&st9 k™. 204g2] RNA
o) premix solution (2 g 10X MOPS
running buffer, 35 ¢ formaldehyde, 10 ¢
foramide)E 7}8te] 20 w2 WE & 65T
oA 10837 #HASAT A7 5wl gel
loading buffer (1.2 pg ethidium bromide,
0.24% bromophenol blue, 0.25% xylene
cyanol, 50% glycero)& 7}sld L =,
12% 33 Ao Fdlstel #7195 & AA3)
AY. A& FHF 20X SSC (3M Na(l,
0.3M sodium citrate-2H20)2 A& stz A H
® AL 16A1F T nylon membraned) A
AAZ o B0TANA 2412 < FYch F
& "UHE Zay 9o Y HGFo
hybridization buffer (6X SSC, 10X Denhardt's
solution, 50% deionized formamide, 10mM
NaHPO4, 0.5% SDS)& 7}stx 42Col A 34
7+ %A F INOS probeE 41 42 C°ﬂ*1
16A) 7+ &<} hybridization® A A4t =
EHE A (2X SSC, 05% SDS)e 2 Hl’li
g1 ol& ¢ g X-ray TE] ZHAZA
o},

7. Western blotting

Cell lysis buffer 30018 713t & & £%
ste] ARSI YAEY F AEde
E-tubeZ £713 I HEL ¥Ig. FEd9
ARE ez HF] Algsi vHAE
12% SDS-PAGE =3 o] EalAzl &
Electroblot system& A}£3}o] transfer 92
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B oA 250 mAE 121752 nitrocellulose
f11tex°1| 4T PBS g0z 587 4

I blocking &9l 147} AT FolF AUt
42}9] A7t Eol9le antiserum? blocking
S el 11100002 Ao A2t 42
A 908 F¢ 89 & vE 200mie PBS
dEgdoz 587 33 ME=th Rabbit
secondary antibody (ECL kit}& blocking-&
o] 1:10002.2 ;l*dﬂ 44-g Agste 14
E AAE EE0 & S PBSE 5%
A 33 Ao ‘_‘3}. 4o  developing
solution At BE 1112 E¥3 £4g g
3 & F ulE hyper filmg Yo 587
exposurer Z1 5 "HAFs A TH

o AIE N
1L 559 3% 2 $443

Semen Juglandis (300 g)
[
Extracted with boiling H20 for 3hr
|

Concentrated in vacuo until 1 ¢ of H20 extract

XAD-2 column with elution by H20 : MeOH [1:1]
|
Silica gel column with elution by n-hexane :
acetone [2:1-1:1-1:2]

!
Fraction A

Fraction B Fraction C
(inactive) (inactive) (active)
Figure 1.

Diagram of extractions of Semen Juglandis. Dried and
pulverized aerial parts of Semen Juglandis (300 g) were
extracted with boiling H20 (6 1) for 3 h and the extract
concentrated in vacuo until 1¢ of H20 extract was
achieved. This was chromatographed on a Amberlite
XAD-2 (Sigma Chemical Co, USA) column (15 X 100
cm) with elution by H20 (4 1) followed by MeOH (4 1) to
afford an active fraction eluted with MeOH. This fraction
was separated by silica gel (250 g) column
chromatography [n-hexane: acetone (2:1 - L'l - 1:2)] to
obtain 3 fractions. Each fraction was tested by the assay.
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Figure 2.

Effects of Semen Juglandis on  cell viability of the
RAW 264.7 cells. RAW 264.7 cells (1 x 106 per well plate)
were incubated in the presence of different concentration ol
Semen Juglandis Tor 24 h. Cell viability was measured by
MTT assay as described in Materials and Methods. Data
are means £ SE of three independent experiments.
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Figure 3.

Effects of Semen Juglandis on NO production by IFN-
v plus LPS-activated RAW 264.7 cells. RAW 264.7 cells
(1 x 106 per well plate) were incubated with or without
IFN-7y (5 U/ml) plus LPS (10 ng/ml) for 24 h in the
presence or absence of Semen Juglandis (100 pzg/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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Figure 4.

Effects of Semen  Juglandis  on  (FN-7r  plus
LPS-induced cell death in RAW 264.7 cells. RAW 2647
cells (1 x 106 per well plate) were incubated with or
without IFN-7 (5 U/mD plus LPS (10 ng/ml) for 24 h in
the presence or absence of Semen Juglandis (100 gg/ml).
Cell viahility was measured by MTT assay as described in
Materials and Methods., Data are means * SE of three
independent experiments.

iNOS

B —actin

Figure 5.

Northern blot analysis of Semen Juglandis from cell
lysates obtained from IFN-7 plus LPS-activated RAW
264.7 cells. RAW 264.7 cells (1 x 106 per well plate) were
incubated with IFN-7 plus LPS in the presence or
ahsence of Semen Juglandis for 12 h. Lane 1; IFN-y +
LPS, Lane 2; IFN-7r + LPS + 10xg/ml Semen Juglandis,
Lane 3; IFN-y + LPS + 50 #g/ml Semen Juglandis, Lane
4, IFN-7 + LPS + 100 zg/ml Semen Juglandis
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iINOS

Figure 6.

Western blot analysis of Semen Juglandis from cell
lysates obtained from IFN-7y plus LPS-activated RAW
264.7 cells. RAW 264.7 cells (I x 106 per well plate) were
incubated with [FN-7 plus LPS in the presence or
absence of Semen Juglandis for 16 h. The cell lysates
were analyzed by SDS-PAGE, and iINOS was visualized
by Western blot analysis. Lane 1i IFN-y + LPS, Lane 2;
IFN-7 + LPS + 10z g/ml Semen Juglandis, Lane 3; IFN-
y + LPS + 30ug/ml Semen Juglandis, Lane 4, IFN-7 +
LPS + 100 zg/ml Semen Juglandis
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Figure 7.

Effects of Semen Juglandis on superoxide generation by
PMA in RAW 264.7 cells. RAW 264.7 cells (1 x 106 per
well plate) were incubated without or with Semen
Juglandis at indicated doses for 6 h. Then cells were
washed for three times with HBSS, resuspended in PBS

containing 10 ¢ M of lucigenin, and stimulated with PMA - 3

(200 nM). Superoxide formation was monitored by
six-channel luminometer for 30 min
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(immune defence molecule) 24 QA= 1 9]
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ook, Ag74A H3 7 nEZ= LPS9
Helg Qa3 Fo WM T/ By
&= tumor necrosis factor (TNF)$} interleukin-1
(IL-1) S d&te] A= WA FEYG &4
AE7} INOSE =3k =9 NOE A4A

gl offf 2 rlo re £

S st Hia o)A IAEY 5 & 4
o] d¢AsE YA He HoZ 49
ATH?. ol g ol f uwjEo] Ao
1z H o2 dojibE INOS wEa 247
AFE= NO9 o443 &8 % 89
& ABE AFTY F o AtmnHTh
2 Agores 2 AdFH 3% 300 gl &
18 E-HEEg AMEu2 e XAD-2
2 F8te 164 go £ duth
g g2 tvA n-hexane acetone
& ANEu2sle Hes-A 7
Hdg ol&sld 37 £8& L F 474 3
Mol BFE sl MESAHES
EHEo] E4& UEUA e HHA
A NO9 24 % superoxided & 7
stgoiy 379 28 FeoA n-hexane
acetone? Bl7} LilolA ¥d& EFo] NO %
superoxide?] 44d& AdAAAH (Fig. 1). 3
Mo B FolA &40l e FE EFHe
AZLEAHE MTT assay oz #AEFs%
Hy 3% FEEY o] 250pug/miET =
g mo] AEEAo] LHAFAT
5 FEEZHo] RAW 2647 MEF2] NO
Ao ojwdt FFS "R XAEIEY
U NGMMAE AHg de 22 Wyge=
T% FEE 100p¢g/ml HEddE& of RAW

ofN ¢ nz 1
ooy R

fo

7}
=

264.7 AEFS NO Aol ANz, 3%
AAE NO Aol dzvd LA e
wot (Fig. 3). £ #2538 IFN-7 (10
U/ml) 2 LPS (10 ng/ml)e} 7ol A|EFo
xHzlsld MEAAEEO FEEAELE A
%e wHt Ao ZAY A4 FEE B
F Ad9ld (Fig. 4.

35 FZEZ NO9 AAHE JAAIE
A otld AAHE NOE AAANIEAE
Northern Z} Western 22 ZA}3g oY
o Ay 32 FEEFIL INOS 9 wE&
T &z AdAANZL (Fig. 5, 6).
QATo) e lucigenined ©]-&3 3wy
o2 3% FEEol RAW 2647 HIEFS
superoxide A4l oY L WIHNEAE
zAE9HY PMAG ZAsld AExFE
o} g9 superoxideE #Hldlg ot 2@y, &
=2 A AgF AEF¥E superoxided A

T

M to

1

o]l A HsA ¥ A v FE 9
Exo 2 i) (Fig 7).

ol A2 & 4 3=FEELX NO ¥
Superoxide?] AA4E& fd¥o=z =HEE F
Qe v, BAEF A 2 HArAED

1

E dyode a7t g48E v~
AMEFQ RAW 2647 AHFES NO
superoxide®] A4S ZFE F Y=AE

Tl thga 2e 23 Ptk

Rowe 2

1. IFN-y (10 U/ml) 2 LPS (10 ng/ml)
of oairx BA3E RAW2647 AZEFE 24
At Zof] MIEAEEO UFREI B R
80 %= HA}PYoY T 222AL A
B HEFY AFEHEELS
312 %€ "R FrbsArh

2. 3% 32838 43" RAW264.7
MEF9 NO9 S 3 gEHez o
A A Z3 o}



J

Z
Z

o
L

SN
AEF 9 INOS &

k
|

RAW?264.7 A EF9]
dEHoz oA A
t},
RAW264.7
= gEHexs

3 &% #3EYL
INOSS| #HE BE

QERE

2

off

superoxide A4
Zt}.

ol4el A3z

2 Superoxide?]

1 SR BEAZA A& KKt pp 183,
194, 195, 1995.
2. dfEsR, PLAEE Mg F L, pp

63-65, 1989.

3. R BECER, BrC MR, pp 1348-1349,
1982.
i, p 544(_ k), 365(F), 1985.

5. Aeign oHie, F4E Mg
g &, p 130, 1986.

6. k. HHWRBLEERD. A&
166, 229, 326, 1977.

7. WA B T R R
32(1) : 60, 1991.

8. BRIEZE. M EEAREEIR. WiE - WERER
i Mk, pp 5-8, 40-42, 327-330, 1990.

9. BHELC. FBERPFIEEERF. Wb ¢ WAuRHEE
flr AR TE, pp 1-24, 1992.

DARHEE IR
qe

[ERL i

10. &5, k. MRAGERE. A& 0 R
fit, p 53, 1985.

11 ZFE@ZE. FA B9E Mg 0 HEXE, pp
5-8, 33, 204, 215, 382-384, 1932.

12. o] ZF. #HY9AES AHg @ FEH, pp
171-235, 1992.

13. Lin J. Y., and K. Chadee. : Macrophage
cytotoxicity against Entomoeba histolyca
trophozoites is mediated by nitric oxide
from L-arginine. J. immunol 148
3999-4005, 1992.

14. Moncada S, R. M. J. Palmer, and E. A.

s

uperoxide

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25,

2 g0 ohex
S

ol A £ RAW264.7 (159
Gagoh oA 4% -

Higgs. Nitric oxide: physiology,
pathophysiology 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 1 12231-12234, 1993.

Nathan, C.F., Hibbs, J., Jr. : Role of nitric
oxide synthesis in macrophage antimicrobial
activity. Curr. Opoin. Immunol 3 @ 66-70, 1991.
Karupiah, G., Xie, QW., Buller, RM,,
Nathan, C., Duarte, C., MacMicking, ].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
granulocytes survival and programmed
cell death by cytokines and bacterial

products. Blood 80 : 2012, 1992.

Solary E, Bertrand R, Khon KW, and
Pommier Y. : Differential induction of apoptosis
in undifferentiated and differentiated
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,
differentiation and cellular oncogene
expression. Blood 70 : 1233, 1987.

Chao C. C, S. Hu, T. W. Molitor, E. G.
Shasken, and P. K. Peterson. : Activated
microglia mediate neuronal cell injury via

159



(160) - The Journal of Korean Oriental Medicine : Vol 20. No 1. 1999 -

a nitric oxide mechanism. J. Immunol 149
1 2736-2741, 1992.

26. Flitney F. W, I L. Megson, L. M.
Thomson, G. D. Kennovin, and A. R.
Butler. : Vasodilator response of rat isolated
tail artery enhanced by oxygen—dependent,
photochemical release of nitric oxide from
iron-sulphur-nitrosyls. Br. J. Pharmacol
117 © 1549-1557, 1996.

27. 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.

28. Gebicke~Haerter P. ], J. Bauer, A.
Schobert, H. : Northoff. Lipopolysaccharide
-free conditions in primary astrocyte
cultures allow growth and isolation of
microglial cells. J. Neurosci. 9 : 183-194,
1989.

29. 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 : 4250-4297, 1990.

30. HEF : FFA AAHUL. W] ey 3
2} 36(3) : pp 292-299, 1993.

31 AAE  4AGsH WYL, YEEAE
A 8(1) : pp 73-76, 1986.

32. 253 Bge¥e HEFH oty

33X 239 : p 762, 1980.

33 M, BES, EAD REREE ME

& 3iit, pp 68-90, 1990.

34. B 0 HBEE A KHEMmEkeERe
Natural Killer(®NK) &Gl B BgE. of
ghol sk 81 A 24(6) : pp 503-508, 1981.

3. HBEE - AR GIEE, JEEE. B
32(5) @ 57, 1991.

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

37. Jun C. D, S. J. Park, B. M. Choi, H. J.
Kwak, Y. C. Park, M. S. Kim, and H. T.

160

38.

39.

Chung. : Cell. Immunol 176 : 41-49, 1997.
Lin K. T., J. Y. Xue, F. F. Sun, and P.
Y-K Wong. @ Reactive oxygen species
participate n peroxynitrite induced
apoptosis in  HL-60 cells. Biochem.
Biophys. Res. Commun 230 @ 115-119,
1997.

Lee S. C., W. Liu, D. W, Dickson, C. F.
Brosnan, and J. W. Berman. : Cytokine
production by human fetal microglia and
astrocytes.  Differential  induction by
lipopolysaccharide and IL-14. J. Immunol
150 @ 2659-2667, 1993



