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Inhibitory effect of Scrophulariae Radix
extract on TNF-a , IL-1B, IL-6 and Nitric Oxide production
in lipopolysaccharide - activated Raw 264.7 cells

Sung Hui Byun®, Chae Ha Yang, Sang Chan Kim®

Research Center for Biomedical Resources of Oriental Medicine &
College of Oriental Medicine, Daegu Haany University, Korea.

ABSTRACT

Objectives : Scrophulariae Radix (SRE) is commonly used in combination with other herbs as a
nutrient and health strengthening agent, and to remove "heat” and replenish vital essence. The
water-based extract of this herb can lower blood pressure in both anesthetized and concious animals,
and exhibits an anti-inflammatory activity. But, there is lack of studies regarding the effects of SRE on
the immunological activities in molecular levels. The present study was conducted to evaluate the effect
of SRE on the regulatory mechanism of cytokines and nitric oxide (NO) in Raw 264.7 cells.

Methods : After the treatment of Scrophulariae Radix methanol extract, cell viability was measured
by MTT assay, NO production was monitored by measuring the nitrite content in culture medium.
COX-2 and iNOS were determined by Immunoblot analysis, and levels of cytokine were analyzed by
sandwich immunoassays.

Results : Results provided evidence that SRE inhibited the production of nitrite and nitrate (NO),
inducible nitric oxide synthase (INOS), interleukin-18 (IL-1B) and interleukin-6 (IL-6), and the
activation of phospholylation of inhibitor kBa (p-IxkBa) in Raw 2647 cells activated with
lipopolysaccharide (LPS).

Conclusion : These findings suggest that Scrophulariae Radix can produce anti-inflammatory effect,
which may play a role in adjunctive therapy in Gram-negative bacterial infections.
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1. F&5E&89 Az

"4} (Youngnam pharm., Daegu, Korea)2 300g
4 8 3Le Wx M HEE F FEEE A=
2 1&A st 3000xgol M 383 dAEEsta,
AEAute #Hale 02um filter (Nalgene, New
York, USA)Z o3t o AFAE rotary
evaporator (EYELA, Tokyo, Japan)2 SZ3dZx3}
I AR 7R -20TAM B@ssch dide F&
2 867% Qe A¥A EMEMY %o A8-3tyul),

2. A Xuj g

Murine macrophage cell line¢! Raw 264.7 cells
e VFHAEFATAG (HL)IA FYstHoH,
Dulbecco’s modified Eagle's medium (DMEM)el
10% fetal bovine (FBS), 100 U/ml
penicillin 2100 pg/ml streptomycing &g 9%
£ AMg3ste 37T, 5% CO; incubatorof A wj %3}
gk AgEdyge EE 80~90% <}
confluency | X A d3H d71A
B& cellgt AHE3ME T

serum

cells-&

i1, 20 passagese

3. AleF

LPS (Escherichia coli 026:B6; Difco, Detroit,
MI, US.A)$  3-(4,5-dimethylthiazol-2-y1)-2,5-
djphenyltetrazoleuxﬁ (MTT)& Sigma (St. Louis,
MO, USA)elA TYsRI, fetal bovine
serum(FBS) = antibiotics &= Gibco/BRL
(Eggenstein, Germany) 2 %8 T3P oH,
Antibody® BD Bioscience (USA), Cayman
(USA), Zymed (USA)lA 9138t 1, NC paper
+ Schleicher & Schuell (USA)SlA FsiaTh
TNF-a, IL-1Bs} IL-69 ELISA Kit&
endogen (Rockford, IL, USA)ll M T &)

Pierce

4 AE AEE =24

96 well plated] 5x10°
SREZ ®5d=2 X359

Raw 2647 cellsg&
cells/well2 ¥F3F thg
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ALY AEEE P A Xl 01 - 3.0 mg/ml
o] ¥=& SREE AAstiL 37T, 5% CO2 A uj
oFstct AYF AEATN MTT (05 mg/mhE
4N AR S F wAE A7 YA Y formazan
DMSO°|  xo]  Titertek Multiskan
Automatic ELISA microplate reader (Model
MCC/340, Huntsville, AL)E 540 nmel A FZEE
ZAstgry. AEAYELE control cello] WE Wi
&2 JERC. [ie viability (% control) =
100%/(absorbance of treated sample)/(absorbance
of control)].

crystals&

5. NOAE & =4

Raw 2647 MEXF=2He AAHE nitric oxide
(NOY®] Fe AxE wjgdy Fo A= NO2 9
HeZA] Griess A& o] gstq FAsATt HeH
A At AZald 45 100 it GriessAl
°F (1% sulfanilamide in 5% phosphoric acid +
1% a-naphthylamide in H.Q) 100 (& &% 3ld
96well plateso A 108 T &A1 ¥ 540 nm
ol 44 Titertek Multiskan Automatic ELISA
microplate reader (Model MCC/340, Huntsville,
ALE F3F=E F43%dch NO: 9
sodium nitrateg # 43l FFEE SAHSH HE
THE BT

=
FEE

6. Immunoblot analysis

20mM Tris CI (pH 75), 1% Triton X-100,

137mM  sodium chloride, 109% glycerol, 2mM

EDTA, 1ImM sodium orthovanadate, 2bmM
b-glycerophosphate, 2mM sodium pyrophosphate,
ImM  phenylmethylsulfonylfluoride® 1 mg/ml

leupepting -3t bufferE AVE3od cellS lysis
A #Axh Cell lysatesZ 10,000xgZ 1083 ¥423
ate] debris® AASHTE INOSE COX-29 #d
& antimouse iNOS, COX-2 antibodiesE Al %3}
Hodaidh s whyo g B4 2Asigrth 240 antibody
+= alkaline phosphatase conjugated anti-mouse}t
anti-goat antibody & AF& & Th INOS2F COX-2
protein®] bandi= ECL western blotting detection
reagents (Amersham)& A}-8-3 manufacturer's

instructionel] oF&F Ao}

a0l LPSE $5¢ Raw 264.7 celll M8 TNF-q, IL-1B, IL-6 @ nitric oxide 4§/l PlA& 3 9

7. Cytokine®] =%

Cytokine® Z437] 935t 6-well platel cells
(1x10%ml)& #5381 SREE ¥=¥Z HX¢ b,
1AZE Fo LPSE HAsth LPS HAF 6-124]
ol WA E F=A8Y cytokined ST AR
WA EHAAA 70T Bassic. TNF-q,
L-1B9+ I.-6%= ELISA Kit (Pierce endogen,
Rockford, I, USA)E Al&ste] FA3on, 49
o] W& manufacturer’s instruction®] Wk},

a3

1. SRE7} LPSE %% Raw cell
9] NO productiond] ¥ X& <33

Raw 264.7 cellelA] SRES] NO AAAAL=E

B &7 98t} SREE 0.1-0.3mg/mis] 522 A
zo HAgste] FAEE NO¥E S4&Ach LPS
Tl e controlitell BlEate] NOO A ol Al
ez e ZFrbstgon], SREE AT AT
o4& 18h9t 24hell A Fred A NOY A4HE <
Askaet. (Fig. 1.
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Fig. 1. Effects of SRE on the production of NO
in LPS stimulated Raw264.7 cells. Raw264.7 cells
were treated with various concentrations of SRE
dissolved in EMEM for 1 h prior to the addition
of LPS (1 peg/ml), and the cells were further
incubated for 6-24 h. Control cells were incubated
with vehicle alone. The concentrations of nitrite
and nitrate in culture medium were monitored as
described in the Experimental procedures. Data
represent the mean + S.D. with eight separate
experimets. (¥ significant as compared to control,
#+P<0.01, + significant as compared to LPS
alone, at concomitant time +P< 0.05 ++P<0.01).



10 SN A N B

2. SRE7} Raw cell9
0] 2= 93

A& &0l

SREZ7} 0.1% 03mg/ml (18h, 24h)8} FEo|A
LPSZ §%¥ NO9 44& #4417 7ol SREY
M EZE544o2 A% cell population®] A afell A 7181
FRE=AE BHY] 95, SREY FEE A4
Heo wel, MTT assayE dA8h cell viability
€ 338 4924 SREY 01 ¥ 03mg/ml
FTEE 6-24AL B4 FAF HAEZEAEL YR
¥n} (Fig. 2).
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Fig. 2. Effects of SRE on the cell viability in
LPS stimulated Raw264.7 cells. Raw264.7 cells
were treated with various concentrations of SRE
dissolved in EMEM for 1 h prior to the addition
of LPS (1 pg/ml), and the cells were further
incubated for 6-24 h. Control cells were incubated
with vehicle alone. Data represent the mean *
S.D. with eight separate experimets.

3. SRE7} LPSZ 4 5=49 Raw cell9]
iINOS &Hdo) wjX+= g3k

NO &4 A&7 3] @8 iNOSEHH] o
ZAHEE7] 18t Immunoblot analysisE ©]
AZ AN 9 INOSEHF e LHge xAbe)
k. LPSAH A Aol 3= INOS @A) sl §55
S, LPSo] SRE 0.lmg/ml& A A3 2834
iNOS®] #Fo] ZFo] E92W, SRE 03mg/ml<
A gk AP AE INOSY o] de #A3] 7t
&3l SRE 5% 9JEFHog iNOSHAe] ko)
FrEe RS BT £ AAY (Fig. 3).
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iINOS
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Fig. 3. Effect of SRE on the induction of iNOS
by LPS. Inhibition of LPS-stimulated iNOS
protein expression by SRE. The level of iNOS
protein was monitored 18h after treatment of cells
with LPS (1 gg/ml) with or without SRE
pretreatment (i.e. 1h before LPS)

4. SRE7} LPSEZ #%% Raw cell9
COX-2dof mlxl&= 4

ProoxidantY proinflammatory stimuli (i.e. TPA,
LPS, TNFgq, ROJ etc)ol 93] MEKK-1, NFxkBY
a43e 73t A== COX-2&
prostaglandin synthesis® ZF7HA1A gFutgd 9l
old 33 d%e F*® B A¢oX LPSHR
Alelle COX-2 <ol #HatA FEHJoH,
LPSel SRE Olmg/mlg HA3F HAIZANME
COX-29] #Fo]l £9JE% 2, SRE 0.3mg/milS =
g Ay COX-29 Feol 0F dAF &
o}Eo] SREE ¥k &30z COX-29 A
g Y. (Fig. 4).
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0.1 0.3 {mg/ml)

Fig. 4. Effect of SRE on the induction of COX-2
by LPS. Inhibition of LPS-stimulated COX-2
protein expression by SRE. The level of COX-2
protein was monitored 18h after treatment of cells
with LPS (1 pg/ml) with or without SRE
pretreatment (i.e. 1h before LPS)
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5. SRE7} LPSZ %% Raw cell9)

TNF-adl vz &= 43

TNF-oE= LPSHHE9) 2 wi/lxRA  innate
immune responses] $1o1M F83F 4¥L Fop
Macrophage®t mast celldlA #u8]5= TNF-a+
tumor celld] MESAS Jeuiy, wAddFH ¥

23 B0 Ao’ B Mgl LPSE TNE-a
¢ ¥ug ZzAZow SRE 01 2 03 mg/mle
TNF-0& #9484 #2AHAD (Fig. 5).

100

e TNF-c

Fold Increase (Relative to Control)

SRE 1.0

Control  LPS SRE 3.0 (mg/ml)

Fig. 5. The effect of SRE on LPS-inducible
TNF-a production. Production of TNF-a was
measured in the medium of Raw264.7 cells
cultured with LPS (1 pgg/ml) in the presence or
absence of SRE for 6 h. The amount of TNF-a
was measured by immunoassays as described in
Section 2. Data represent the mean + S.D. with
three separate experimets. (%!
*xx P<(001,+:

compared to LPS alone, ++P <0.01).

significant as

compared to control, significant as

6. SRE7} LPSE %% Raw cell9
IL-1Be vixl&= o8k

IL-1B& monocyte, macrophage, B-cell,
dendritic  cell, endothelial cell, neutrophil®

hepatocyteo] A ¥4 %0} TNFa, IL-2, IL-6% &

7| proinflammatory cytokine® ©4] ofe] WA

253 Agse d. 53 IL-1B¥ T-cell®l
activation, B-cell®] maturation, NK cell®] activity
2 A0, ¥ A¥dA LPSE IL-189] ¥4
4 AA vﬂ*]?ii’)ﬁ, SRE 30 mg/ml&
LPS2 #=€ IL-18& FAA%A #2412
U img/midlAE LPSE 4=¥ IL-189 #A
7F Ve A ggket (Fig. 6).
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Fig. 6. The effect of SRE on LPS-stimulated IL-1b
production. Production of IL-1b was measured in
the medium of Raw264.7 cells cultured with LPS
(1 pg/ml) in the presence or absence of SRE for 6
h. The amount of IL-1b was measured by
described  in

procedures. Data represent the mean + SD. with

immunoassay  as Experimental

three separate experiments. (%
#*P<0.01, +
compared to LPS alone, ++P< 0.01)

significant as

compared to control, significant as

7. SRE7} LPSi
IL-6o "Al= 9%

=¥ Raw cell®]

%3 Monocyte, macrophage IL-6%, B-cell©]
plasma cell2 E3HE d A% GAE 437
i, antibody®] £¥E& £33t L-69 level®
zHaoA B Frtad?”

BoAgee LPSE IL-69 Fol 4 LA
=7t A 24, SRE 1.0mg/ml 2 30 mg/mie LPS
IL-65 2t (Fig. 7).
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Fold Increase (Relative to Control)
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Control

Fig. 7. The effect of SRE on LPS-stimulated
IL.-6 production. Production of IL-6 was
measured in the medium of Raw264.7 cells
cultured with LPS (1 xg/ml) in the presence or
absence of SRE for 6 and 12 h. The amount of
IL.-6 was measured by immunoassay as described
in Experimental procedures. Data represent the
mean * SD. with three separate experiments. (x:
significant as compared to control, **P<0.01)
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90% MeOHZ & HAAAA 47149 M2E
indoid glycosides, 8-O-E-p-methoxycinnamoylharpagide,
8-0-Z-p-methoxycinnamoylharpagide,
6'-O-E-p-methoxycinnamoylharpagide,
6'-0O-Z-p-methoxycinnamoylharpagide %
E-harpagoside,  Z-harpagoside®}  harpagide’}
glutamate® =¥ neurotoxicityE F3AIZHE B
EH z2lo 4ol phenylpropanoidd #
o] CCLE =¥ 754l digty RIARXE 7}
A& Busga, Stevenson 2L #4e acylated
iridoid glycosides7t AH A9 &7& 7P & 21
&%tk =% Tohda $2¢ #4te] methanol32E
o] substance Po] 93 HE=¥ itch-scratch
response® ZA7A71E anti-pruritic %S 223}
feuy, COX-2, iNOSTY 9Fadadyz ¢
cytokined] iE @3 B3 Ao}

metA, & dFe @49 Wadg F+2E (SRE)
o] NO production, iNOS, COX-2%¢d % IL-18,
IL-6, TNF-a 59 Alo|E7lQle] PixE 43S 4
HE a2 HABA T

A3t A A (nitric oxide; NO)E ROSe| dFoz
L-arginine 2 2% E nitric oxide synthase (NOSs)
g Afsted BAHE radicalZ, AEWAA 23 A
sAGREN 28 982 #9. Inducible NOS
(NOS)= dFA dEex 4=, constitutively
expressed NOS (cNOS)= AFToA Aayoez
283 NOSsE  constituent NOS  (cNOS)}
inducible NOS (iNOS) ZA ¥ 71NE vE 4 3
=4, cNOS ¢+ AAME ZEA3E neuronal
constituent NOS (ncNOS)$F W= A FEeol] &R 3t
endotherial constitute NOS (ecNOS)Z o]& gt
cNOSe| 93 NO9| A4 Ay F4A4e =4
o 8% 9% st Aoz g#A g ojge
2] iNOSE lipopolysaccharide (LLPS), interferon—
y (IFN-y), interleukin-1 (IL-1) ¥ tumor necrosis
factor-a (TNFa)& <] #=o] o)s) diAAx, ¥
JEZAE, WHAE, TAEG HIHEZ FolA
AAZ o] NOE AAste A= 4=y Ao

NOE AEFA =e 434 #H8& A AL

2 geir glov, AAY ¥ T NO AL &
FAEe] 3, shockdl 23 IAFF ISFNE
Srarel o3 A9 A E AT F U olFA
AEstr A MAe Aem dEAd du
TR et NO A4 AsiAlE septic shock,
shd A g 2 dEuszdAdAEe] sleAd
Sol #e A7l EUshA o] Foixl vt
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Raw 2647 cellelA SREY] NO AHAAAHEE
#2387 $sted SREE 0.1-03mg/mly T=& Al
X HAstd YHHE NOY S HAHsAH LPS
ToME  controldtol wBlEe NO9 AA o)
LPSs= &My Fristdon, SREE 013
03mg/ml A2e dFFAME 18nst 24hell A 9]
AJA NO9 AAHE dAsHer, SRE7ZF 0.1%
0.3mg/ml (18h, 24h)9 F =AM LPSE # =% NO
8 AAE #HAAZ o], SREY AEsHAHo=m
@ cell population®] AstellA 7|Ast A=A E HF
3l7] $l3ted, SRES] H=¥ A7td Ame] ug
MTT assay® HAl&te cell viabilityE ZA3ty
o AF¥F 7 SREY 01 2 0.3mg/mlEEE 6-244]
T B g AXEAL JeEA gt

NO 44 oA 7zt B3 iINOSTEHEe #¥
& =A8H71 938t Immunoblot analysisE ©]&
3t} AE AWM INOSHHF o HHAFE FA}
3ttt LPSH A Aol &= iINOS @wWiadol 7atA #
£ ot LPSel SRE 0.lmg/mig A3 A¥
TolAdE  INOSe  #Feo]l FolESer, SRE
03mg/ml& HA% AFPTAME INOSY Fe] o
S dA3] Fasle, LPS SREE FAAA
SRE ¥ o&FHoz iNOSEwde Fo] 7t
€ A& 33 F U9

Prooxidanttt proinflammatory stimuli (i.e. TPA,
LPS, TNFqa, ROI etc)] 23] MEKK-1, NFxB9]
#Z45 s 73 frshd A EHE COX-2+
prostaglandin synthesis& Z71A1#4 G293 <l
olN E%7FA ggg ™™ E Monocyted] A
COX-29] w&d2 proinflammatory agent$! IL-18,
TNF-a2} LPS, fibroblast growth factorsel <]}
A 27181, glucocorticoid$} IL-4, IL-13¢] 23}
oAt frad?. ez CoX-24 dHA
{1 inhibitor® AL EF9 A8 target
moleculeo] 3 ok, B A E LPSHA A
of COX-2 wiidol AstAl F=HU2H, LPSH
SRE 0lmg/mle HA3 HdIZGAdE COX-2¢
o]l Zolgden, SRE 03mg/mlg HAg A
oA E COX-29 o] #AA3 &

TNF-a¥ LPS¥&9 Fa w/NAEAM  innate
F83 Age o
Macrophage®t mast cellelA #H 5% TNF-ae
tumor celle] MEE4E vebde, gL EFE W
&3 A QYo B A g LPSE TNF-a

o) ®ulE fel4UA F/ANACH, SRE 01 ¥

e

—_

immune response®] 1o} A

0.3 mg/ml& Fo% 7FAE JeERAAC 4, 111
B+= monocyte, macrophage, B-cell, dendritic cell,
endothelial cell, neutrophil®} hepatocytecl* ¥ 1)
5v], TNFa, IL-2, IL-69} &7 proinflammatory
cytokine2 24 ole] HALH #HEEH dAys o
Atk E3] IL-1Bx T-cell9 activation, B-cell
maturation, NK cell9] activityS &4 sahcp?”. w
§ IL-12 septic shock™, burn™, 7teldl £4& %
injury®" 9] 7§l

platelet-activating
factor, nitric oxide5 ¢ wiNEAEAHS F7H2A
d3uheg Yehdg®. & dgeM LPSE IL-18
o] FulE foAA4UA F7HAR 28, SREE= LPSE
=¥ IL-18%€ SRE 0lmg/midiMe #RAIFR
23199, SRE 03mg/mle] FTAMe #HA3)
Z A A7}, Monocytetd macrophageol A} £18] 5 &=
I thE cytokine$l IL-6%, B-cell®] plasma cell&
®alge o9 aAE A 32A7]13, antobody ]
Bolg 238t A0Z, [L-69 level® @54 49
A oy Fste Aer RaHm ddT B Ay
olA LPSE IL-69 ¥HE FAUA 7R
U, SRE¥ LPSE #&2d IL-6% #4&A71A %3
At

9] ischemia-reperfusion

prostaglandins, leukotrienes,

2 £

ZE WHL£5E80 LPSE #%¥ Raw 2647
cellef 2] cytokine®l  level, nitric  oxide
production, iNOS 2 COX-2¢9 2@} mixe 9%
S zAEtgY 2 A3 XEE NO9| WAZF 4
iNOSY Zd & gAsHen, COX-28 df &
o wHEEL JAEPY. L I IL-1B 92
TNF-a9] proinflammatory cytokine® #2134 o
Astgrr. olalgt AdE ol gram-negative
bacterial infectione] <8 9% &, #F NO
2 7t#ke] proinflammatory cytokine3Ad ¥ #HF
Agxiged F49 F UL AAITH
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