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ABSTRACT

Studies on the mechanism of Nitric oxide (NO) induction in the
Peritoneal Macrophage by HERBA SAURUI (HS)

Jeon Gil Hwan, Shin Min Kyo, Song Ho Joon®
*Oriental Medicine of Won Kwang University

HERBA SAURURI (HS) has been known to use antiinflammatory drug. To investigated the
mechanism of HS-induced NO synthesis, I evaluated the ability of protein kinase C (PKC)
inhibitors such as staurosporine (STSN) or polymyxin B to block HS-induced effects. HS
alone had only a small effect, whereas in combination with rIFN-7y markedly increased NO
synthesis in a dose dependent manner. STSN and polymyxin B decreased NO synthesis, which
had been induced by rIFN-7 plus HS. Furthermore, prolonged incubation of the cells with
phorbol ester, which down-regulates PKC activity abolished synergistic cooperative effect of
HS with rIFN-7y on NO synthesis. STSN and Polymyxin B potently inhibited HS-induced
TNF-a secretion by rIFN-v plus HS. However, rIFN- 7 plus TNF- « -induced NO synthesis
was not blocked by STSN or polymyxin B. On the other hand, tyrosine kinase inhibitor,
genistein, blocked the NO synthesis and TNF-a@ secretion by rIFN-7 plus HS. In conlusion,
the present results strongly suggest that the capacity of HS to increase NO synthesis from
rIFN~ 7 —primed macrophages is the result of HS-induced TNF-«a secretion via the signal
transduction pathway of PKC and tyrosine kinase. :
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HERBA SAURUI (HS)-
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Figure 1. Effects of HS, RS, or FS on the
induction of NO synthesis in
murine  peritoneal macrophages.
Effect of HERBA SAURUI (HS:10
pg/ml), RAMULUS  SAURUI
(RS:10 pg/ml), FOLIUM SAURUI
(FS:10 pg/mi), or LPS (10 ng/ml)
on NO synthesis in rlFN-7y-
treated macrophages. TG-elicited
macrophages ( 2x10°)  were
cultured with IFN-y (5 U/mb).
The cells were then stimulated
with HS, RS, FS, or LPS at 6 h
after incubation. After 48 h of
culture, NO release was measured
by the method of Griess (nitrite).
Values are the means x£SD of
three experiments.
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Dose-dependent effects of HS, RS,
or FS on the induction of NO
synthesis in rIFN- 7 -treated
macrophages (5 U/ml). After 48 h
of culture, NO release was
measured by the method of Griess
(nitrite). Values are the means =+
SD of three experiments.

Figure 2.

Table 1. Effects of STSN or polymyxin B
on the production of NO by rlFN-
vy plus HS - simulated murine

peritoneal macrophages.

substances NO; secretion
STSN Polymyxin B (M)
None - - <5
rIFN - 7 - - 19 £ 36
+ - 17 12
- + 19 1.1

- - 42 * 58

+ - 35 + 35+

- + 25 = 42+
TG-elicited macrophages were cultured for 6h
with rlFN-7y (5 U/ml) in the presence (+) or

Treatment

H

rIEN -y
plus HS

H

H+ I+

absence (-) of STSN (200 nM) or polymyxin
B (100 U/ml). The amount of NO: released
by macrophages was measured after 48 h of
incubation. Values are means XSD of three
experiments.

*xp<0.05: significantly different from the control.

Table 0. Effects of STSN or polymyxin B
on the production of NO by rlFN-

v plus RS-simulated murine
peritoneal macrophages.
substances -NO; secretion
Treatment “oroy Polymysin B (1M
None - - <5
rIFN - 7y - - 19 = 36
+ - 17 = 12
- + 19 = 1.1
IFN -7
plus RS 6 = 68
+ - 40 * 6.7+
- + 35 £ 5hx*

TG-elicited macrophages were cultured for 6
h with rIFN-7 (5 U/ml) in the presence (+)
or absence (-) of STSN (200 nM) or
polymyxin B (100 U/ml). The amount of NO;
released by macrophages was measured after
48 h of incubation. Values are means £SD of
three experiments.

*p<0.05: significantly different from the control
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Figure 3. Effects of down-regulation of PKC
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on the synergistic cooperation
between rlFN- 7y and HS or RS for
the synthesis of NO from murine
peritoneal macrophages. TG-elicited
macrophages (2X10°) were cultured
6 h without or with PMA (200
nM). A, Then, the cells were
washed twice and stimulated with
rIFN-7 (5 U/ml), HS (10 zg/ml)
or rlEN-7 plus HS. B, the cells
were washed twice and stimulated
with rlIFN-7, RS (10 gg/ml) or
rIlEN-7 plus RS. The amount of

NO: - released was measured.

after 48 h of incubation. Values are
the means = SD of three
experiments.

Nitrite Concentration (u M)
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B Ant TNF (1:100)
00 | L7 At TNF (1:50)
0 .
£ « ;
30 4
204 .
104 { l ; l
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Figure 4. Effects of anti-TNF-« neutralizing

] con

R At TNF (1:100)
o JIZ3 Aot TNF (1:50)
204
4
10+
04

1FN +HS

NOM . 1FN

sttt P S—

CON

Abs on 1lFN-7 or rIFN-7y plus
HS or rIEN-y plus RS - induced
NO synthesis in murine peritoneal
macrophages. A, TG-elicited murine
peritoneal macrophages were
stimulated with rlFN-7 plus HS ;
the cells were then treated with
anti - TNF - @« neutralizing Abs
(dilution , 1:100 and 1:50). B,
TGelicited murine peritoneal
macrophages were stimulated with
rlEN~7 plus RS ; the cells were
then treated with anti - TNF - ¢«
neutralizing Abs (dilution , 1:100
and 1:50).After 48 h of culture, NO
release was measured by the
method of Griess (nitrite). Values
are the means * SD of three
experiments.
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Table . Effects of STSN or polymyxin B
on the secretion of TNF - @ by
rIFN~7, HS, RS, or IFN -7 plus

HS or IFN -7plus RS -
stimulated murine peritoneal
macrophages
substances TNF - secretion
Treatment STSN Polymyxin B (ng/ml)
None - - 0267 £ 0.061
rIEN - 7 - - 3482 * 0055
+ - 0.843 + 0088
- + 0612 + 0.092
HS - - 1.861 = 0036
+ - 1.255 = 0,095+
- + 1.006 = 0.087*
RS - - 2235 = 0076
+ - 1762 = 0.069
- + 1452 £ 0045
TEN -7
blus HS 5803 = 0.066
+ - 1366 £ 0.027+
- + 1456 = 0.076%
IEN -7
olus RS 6578 £ 0.065
+ - 1766 £ 0.027+
- + 1456 = 0030

TG-elicited macrophages were cultured for 6
h with rIFN-7 (5 U/ml) in the presence (+)
or absence (=) of STSN (200 nM) or
polymyxin B (100 U/ml). The amount of
TNF-a secreted by macrophages were
stimulated with HS (10 zg/m!) or RS (10 g«
g/ml) was measured after 24 h of incubation.
Values are means =SD of two experiments.

*p<0.0b: significantly different from the control.

Figure 5.

Nitrite Concentration (. M)

CON FN+HS  IFN+TNF
X Title
74§ ] Nons
B sten
w{i[Zdre
50
40 4
304
%)
0 4
. Er
CON FN+RS IFN + TNF

Effects of STSN or polymyxin B
on the induction of NO synthesis
induced by rlEN-y, rlFEN-7 plus
HS, rFN-7 plus RS. A
TG-elicited  macrophages  were
cultured for 6h with rlFN-7 in
the presence of STSN (200 nM) or
polymyxin B (100 U/ml) and the
cells were then treated with or
without HS, or TNF-o (1000
U/ml). B, TG-elicited macrophages
were cultured for 6h with rlFN-7y
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Nitrite Concentration (u M)
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in the presence of STSN (200 nM)
or polymyxin B (100 U/ml) and
the cells were then treated with or
without RS, or TNF-« (1000
U/ml). The amount of NO released
was measured after 48 h of
incubation. Values are the means
E£SD of three experiments.

[ Genistein

&

3
T

Nitrite Concentration (u M)
B 8

CON FN IFN ¢+ HS
70 4
£ -Genistoin
+Genistotn
0 4
804
404
304
20 4
K 1
L
CON iFN IFN+RS

Figure 6. Effects of genistein on the induction

of NO synthesis induced by rlFN-
v, flFN-7 plus HS, rIFN-7 plus

RS. A, TG-elicited macrophages
were cultured for 6h with rIFN-vy
in the presence of genistein (10
nM) and the cells were then treated
with or without HS. B, TG-elicited
macrophages were cultured for 6h
with rIFN-7 in the presence of
genistein (10 nM) and the cells
were then treated with or without
RS. The amount of NO released
was measured after 48 h of
incubation. Values are the means *
SD of three experiments.

Table IV. Effects of genistein on the
secretion of TNF - & by
rlEN - 7y, HS, RS, IFN -7
plus HS, or IFN -yplus RS
- stimulated murine peritneal
macrophages.
substances TNEF - & secretion
Treatment ———————
genistein (ng/ml)
None - 0.267 = 0.061
rlEN - 7 - 3482 * 0.056
+ 1.582 £ 0.065
HS - 1.861 = 0.036
+ 0.765 * 0.035%
RS - 2235 £ 0.076
+ 1.007 £ 0.089+
rIFN -7
plus HS - 5803 £ 0.066
+ 2165 + 0.078+
rIFN -7
blus RS - 6.578 = 0.065
+ 1.867 £ 0.037+

TG-elicited macrophages were cultured for 6
h with rIFN~-7 (5 U/ml) in the presence (+)
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or absense () of genistein (10 -«M). The
amount of TNF-a secreted by macrophages
were stimulated with HS (10 gg/ml) or RS
(10 pg/ml)) was measured after 24 h of
incubation. Values are means £SD of two
experiments.

*p<0.00: significantly different from the control.
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= &F 459 U 235 v gE
TN ARE A=Y & AT 61 KhiEE M
wEeEel .

B Ao e ZHE HReE -7 -4
ol thgt fEE KM NOAA I TNF-a -+
ol dizt Ade 3 ZAH, =aEY WREE
B Z7)0 98 =¥ TNF-eo#2¢ NOA
AL AEW As AGAZT A PKCEAH =
Aol AT}, ol AEL thg9 o
L = 1K) 7 T = B
Eo2E A% NO BHE 58 + don,
IFN-7 9 Zo] AMRsiAl =d 2239 NOE
AAstdT. IFN-y & 283 Kafiifel
STSN %+ polymyxin BE A &g3d NOAA
of 3 =@k HEEEe} £ PAE &
= Aok kg fFN-7y 3 X 23 T
o= NOAA w F&Fe vt
(Table 1 - 1). EA, rIFN-y &} =@®e
Wew - 2718 AHgsizl "o, PKCEA S

l

l
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down-regulationdl+= PMAE #AA|ZF A8y,
rIFN- 7 oF =5% ] WiREH - £7]& fEE X
fiffEe] NOAA T8 AstAlzth  uke
PKC7t A H o2 rIFN-7 o] <) =" NO
Ao #AohE, KAMKEAPMAES AAZE
2= H PKC7F down-regulation®) o] 4] rIFN-
ol 93] =8 NOAMAS JAgloiol X
vt (Figure 3), 18 A&fllzol PMAZ Axe
3= rIFN-y @5 o3 NOAAol= &
n 22 gkttt 2@ rIFN-y oF =@Ee] #
REE - £7]Akole] NOAAH Wt 43 4
A gdoe S vHY AR, fERE KaM
foll STSNolu}t polymyxin BE A gstd, =
HEe HREE - 79 9% TNF-o-Fd7t
AAE At EAdst Az o3 NOAHY &
L+ INF-e 89 435 ddAe] 7l &
o] (Figure 4A - 4B), =@HE] HEEH - Z7)
of o3 =% TNF-a-Fa2 A7 NOAA
& AsAzl=d AEe 298 vl

in vitro®} in vivodlA HifE Ao e
TNF-o & 9% 4E23421 715¢ st MM
MEdEs SEAdR™ in vitrool A
TNF-o o 842 e 185 - o{bst ohkst
7159 9Egs R HIZ7EA, A TNF-
aRs ALY 71 g E ZF dEA YA
@A "HEFY el e PKC2A3t
TNF-e X3 dAY 7[%o] F23 948 sie
Roz Bu=w Y. STSNe| Y} polymyxin
B7} fIEN-y &A1l rINF-e & JEle K&
fMilEE A= NOAAS A= &3
Ak o] 23+ PKC/F =HEe] HiReE - =
7ol &) =¥ TNF-o 29 ##o] o}
= AS dAE 3otk

2 Yol AnEL& PKC/F =@ ##E
H - 270 & fFEHE Asdde #Aodstn
ATE AL ZEHIA AAS YAN ZEE
o] HREE - F7]d 98 FE=HE NOAYA
g Ak AL oz FHEx gt

“

|2 oy 3%t

] &
=

£

Fa

A9 A28 B9 363

PKC&4 A2l phorbol ester =20 2= NOA
AL 72T 5 A, phorbol ester®t rIFN-
v E %ol AHEsd NO9 AAS Z7MAz
% phorbol esterst Aoz =@[iie] 7
ZH - F7]= LPSY vl 2ES vehyo]
JERE KAEMEd A NOAAS #28 4+ )
e dite =@\Ee WiELE - 2717 PKC
g3} o] thE ANFZAGT| AN E Fosi)
= AS oulstc)

IEkE kAol genistein®.s A2 & =
BEe WREE - 2719 [FN-y 2 Hg3sA
HH, TNF9 NOAAS ATt (Figure
6A - 6B, Table IV). oj9}= WzHo 2 (IFN-
yoF =E®e] MRAEE . ZV2 WA s
o genistein® & A=FEH TNFAA A9
EE vHlEg oy NO9 e JAgAct
Ao Adde fERE KaMEol NO2 TNFA
Ao bz z2da"3” tyrosine ¢AFste] o}
& B2 3o & F e AL AAS

tyrosine kinase A|AlEo] LPS¢t rIFN- 7y
ANsAR  SloJA Fash dwid 7)Ao
tyrosine A4FSIE Walgto =N K AAMMAEA
AdFA A AEE A FAoR Azt
o, W9 TFA LPSel 93t kA &
g8kl oAl src-related kinases (hck<} lyn)
7} 223 9488 dn Ry, =z
of MiileE - Z7|% LPS9} w3 73S n
o]7] W&ol hck - lyn kinased T oRE2 %
ARt "ot gl

ole] AdE Fu Bu) =HEE T
fE, Wi, REGRGY, BAOKEE, e 2o
B3 AE 2T, HIolE gl I
AZER7F e Aoz LA e, &
AL ERRAA fifES Pogadel s A
A¥HoZ [bdsl= Axtolrt, sk wk wp
2 5 Kefigal A g Aoy wEe &
2 08 g2 d947F 2.3
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L S BiReE - E7 98 il ko
el fIFN-7 9 2ol A NOWAHE
FEshnh

2. ZHES] WRERES 715 B K&
o) rIFN-y ¢} o] A2A] AHE NO=
PKCY A Al STSN polymyxin B,
PKC down regulation, tyrosine kinase &7
A Q] genisteinol] &8l A=A

3 =ZpEe e Ere B KeME
oAl PKCYAASl STSN ¥+ polymyxin
B9} tyrosine kinase®] A A ¢l genistein®l 2]
a4 TNF Aol o A=At
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