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Anti-inflammatory mechanism and Anti-oxidant Effects of Naesohwangryun-tang
in LPS-Stimulated RAW 264.7 Macrophage Cells
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Abstract

Objectives : The aim of experiment is to examine anti-inflammatory effect and anti-oxidant effect of
Naesohwangryun-tang (NSHRT) in LPS-stimulated RAW264.7 macrophage cells.

Methods : In the present study, The cell viability was performed by MTT assay. Nitric oxide (NO) production
and prostaglandin E, (PGE,) synthesis were performed by NO assay and ELISA KIT. The anti-oxidant effect was
performed by DPPH and ABTS radical scavenging activity. The inhibitory effects of pro-inflammatory mediators
and cytokines were confirmed by realtime PCR and western blotting.

Results : NSHRT was no cytotoxicity at treated group. NO and PGE2 production were inhibited compared to
the LPS treated group and also mRNA and protein expressions were significantly decreased compared to the LPS
treated group.

Conclusions : According to the above experiments, we confirmed that NSHRT has anti-inflammatory and
anti-oxidant effects. It is suggested that NSHRT is potential ingredient of skin diseases.
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gt A 57, s}, I, ol digt o 50, LPS
2 455 Fet d519] o)A WBC count, IL-6
A4S B3 290 gigt ¢t 5'00] glont, FiZ 7]
Ao #3t At wBlgt Aolok SEAYE 2 2
oflA] FUHS Sache FFEAIA ARESI] B4 7H
[Foz o] Aol tigt FHe
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2. ME BHY

2 oM Culture
Collection (ATCC; Manassas, USA)°IA FQigH
RAW 264.7 "R dAAIEE ARESIGICH, 1%
Penicillin/Streptomycin  (Gen DEPOT, USA)¥}

American  Type

101



gtoMIs T R ta]A] A33E A22(20208 59)

10% fetal bovine serum (FBS; GenDEPOT, USA)Z
Skt Dulbecco’'s Modified Eagle Medium
(DMEM, Gen DEPOT, USA) vi¥FHollA 37T, 5%
CO, 2719] HiF71= vigsisitt

Table 1. Contents of NSHRT

I;Ilearrl;)lzl Scientific Name W?Sht
B Angelicae Gigantis Radix 16
e Forsythiae Fructus 24
TEIEE Paeoniae Radix Rubra 24
K# Rhei Radix et Rhizoma 32
TEHD Arecae Semen 16
bet Gardeniae Fructus 16
HE Scutellariae Radix 16
ot Coptidis Rhizoma 16
HEE Glyeyrrhizae Radix 8
o Platycodi Radix 8
A& Aucklandiae Radix 8
] Menthae Herba 8

Total 192

3. MZE =4 87t

NSHRTE] A2 =< 5785171 18l MIT assays
AT RAW 264.7 AlIZE 96 well plateo]
7x10%cells/well2 B35} 37T, 5% CO, FA°]
v 1ofA] 24417 Hiefsllet. ol A4S Aol
I NSHRTE 5%=HZ (62.5, 125, 250 2 500ug/md)
Agstar 24417 BESAIFTE  olF  3-(4,5-dime-
thylthiazol-2-y1)2,5-diphenyltetrazolium bromide
(MTT; Bio basic, Canada)2 H&jslal 4A17F HESA]
O™, dimethyl sulfoxide (DMSO, Bio basic,
Canada)g ¥al ¥EAIZ
(Synergy HT, bio-TEK, USA)E °o]-8519] 570mOllAl
BT =42 s},

T o=

% spectrophotometer

4. NO M4 =%

RAW 264.7 MZoA d54

J R #QI nitric oxide
NO)9 &7Fe A7) el LPS (1ug/m)e} 5=
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NSHRTZE (62.5, 125, 250 2 500ug/mf) =I5kl 24
A7t lsl9ie). ©]F Griess reagent (Sigma, USA)
O} J5HE FYUT HIER Slof A20flA BESA7|L
spectrophotometers ©}185] 540meollA 4% =
< ool

5. PGE2 &%

NSHRT®| PGE, A3 Z7gsl7] 91af ELISA kit
(abcam, UK)E Al85}la] 245199t RAW 264.7 Al
= 6 well-plateo]] 6x 10°cells/well2 B3} 3
7C 5% CO, incubator©A] 24A17} BiFsITE. o]

T AZHS Aojyjil NSHRTS 5EEE (62.5, 125,
250 2 500ug/m) Aokl 2447 ¥ESAIFE. o]F
F5HE Akl 9Al #2] T ELISA kito] WRt=
Fgstion, HEH 0w 450molA SB=E S5t
k.

6. DPPH 2i0/Zt 4745 573

NSHRTS| #itet asts Z4sh] s DPPH
radical 2755 Z7sIgitt WEeSH 5778 52
ot Hlgg 42 89S iz AREslo] 250pMO
DPPH&¥} 58 NSHRTE (62.5, 125, 250 ¥
500ug/ml) AIZ 3L 96well-plate] 2504M DPPH
B9l7} =8 NSHRT (62.5, 125, 250 E 500ug/md)
£ 53l HlE&E Sglola spectrophotometera—' o]
&5t 517meld s Sl tixt
200pM Ascorbic acid (Sigma, USAYS /\}—QO]- E]'

7. ABTS izt AHs &

oz

NSHRT] #ilet asts 34sh] 9si ABTS
radical &75& SHsIlth ol B4 S8l
7mM  2,2-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt 2}  2.45mM
potassium persulfateE Sokela WS ;'(]Ja-ﬁ‘]- ZAd

A 2447 RESAIZIEE °olF ABTS Fdk: gio]
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AAE 9] 291 1 LPSZE A E RAW 264.7 tiAMESolA pgiaidine] iz 714
Aojyal PBSE 2-33] AJH
Inhibitor

(62.5, 125, 250 9 500ug/md)2 Akl 24417 Bf

diethylpyrocarbonate
treated-water; Sigma, USA)Z -83dllofal AJ=Fotict:

0.7-0.8 Alo]9] Fo] HrE Wy s NSHRT
(62.5, 125, 250 % 500ug/mlyE AlE3t] ABTS &% oItk e
100} 5= ARE 201E Yo] AdE A2olA Halt™ Protease and Phosphatase
3087t HESAIZl & spectrophotometers ©]8-5}9] Cocktail kit (Thermo fisher, USA)E 7}t RIPA
734mellA S3% SHE SI3ith Lysis and Extraction Buffer (Thermo fisher, USA)
2 AZS S 1 & 2027F 4T, 12000rpm
8. Real-time PCR 9] 270 U4 EElohl ThlES Aqrh FEH
RAW 2647 GhAAZOIN NSHRTS] aoi= miel ‘fﬂ"ﬂ@% BCA assay (Thermo fisher, USA)Z A&
oSl mRNA ul 2ze golsh] ol 5199, e TS 10% polyacrylamide geloll
5x10°cells/well 552 6 well-plated] B3t 3 loadingﬁ—}il A719% AFA Gel2 membrane 2
7C. 5% CO, incubatorolA] 24417 HesIILt o] transferﬁ]-_T’_;S%:cﬂ _sl—dm milkE 5({%1’\]?1‘%"5
% 45 FolT NSHRTS @625, 125,  Dockns®t ¥ P Rk over nighteiy 4
250 % 500ug/m)E AJSIaL ThA] 24417 HESAIR Tris Buﬁiered Sali{le‘ WEh "_I‘W?e_n 20 (TBSD)Z 5%
t}. Trizol reagent (Ambion, USA)/E AM851 RNA AR 33 Nk A “?‘_ZZ}_%LHM' 2ARFERL B
AR o T 2 SIS
(DEPC
10. 3AZM
LE tole= 33] ¥HEs} o, SPSS 12.0 version
(SPSS Inc, Chicago, 1L, USA) & 73S o|85}%

t}. Student t-testE Fol0] Bl EAs9oH, IE

Fasi9,
dolehe BE + REUAR BAGRE (p0.057)

cDNA 4] kit (Revetra ACE-A-;Toyobo, Japan)&

ALe3 AFE RNAZ cDNAZ ¥4 ¥ Tagman
master mix (Thermo-fisher, USA) 10w, B 4
ul, primer 1ul, cDNA 55 S3tsto] AARIO R F
Wee Ssleict
S0z §9)
9. Western blotting
RAW 264.7 ShAIMZAIA NSHRTS] 994% 2 & . &z
Kok Bl fAkEe] Tl Wl SES Felsp] 9]
3 1x 10%ells/wellZ 6 well-plateo] B35} 37T, 1. NI MZ=g =X
5% CO, incubatorOlA] 24A17F Bl 24417 &
sl MIIEO] AT AZL-L2
AEOIg ZOMIL IS (Iig/ndo} =8 NsHRT ORI FRH RAW 2647 AR AR AEaS
Table 2. Gene Name and Assay ID Number in Real-time PCR Analysis
Symbol Gene name Assay 1D
GAPDH Glyceraldehyde-3-phosphate dehydrogenase Mm99999915_g1
TNF-a Tumor necrosis factor alpha Mm00443258 m1
COX-2 Cyclooxygenase 2 Mm00478374_m1
IL-18 Interleukin 1 beta Mm004344228 m1
IL-6 Interleukin 6 Mm00446190_m1
iNOS Inducible nitic oxide synase Mm00440502_m1
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SEE(62.5, 125, 250 % 500ug/m)= SRISH A},
At 5=(62.5-500ug/md)oA E43o] §las BRI
ottt ofwfe] ME =& 77t 102.48+6.7%,
99.03+3.5%, 105, 94+3.8%  104.59+4.6%,
103.83+11%= Uepston, ofof & Aol 500
wg/miE 1 s AR eIk Fig. 1).

2. NO &g Xolf &t

NSHRTO| T3t RAW 264.7 AJE2] NO A4 #I4]

80
60
a0
20
o
125 250 500

control 625
NSHRT({ug/me)

Fig. 1. The Effects of NSHRT on Cell Viability in
RAW 264.7 Macrophage Cells.
Control: untreated group. 62.5, 125, 250 and 500

ug/ml: treated with various concentrations of
NSHRT.
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Fig. 2. The Effects of NSHRT on NO Production
in LPS-induced RAW264.7 Macrophage
Cells.
Control: untreated group. LPS: treated with LPS
(lug/md). 62.5, 125, 250 and 500ug/ml: treated
with various concentrations of NSHRT with LPS
(1ug/ml). Values are relative to the control. *p <
0.05 indicate a significant different from the
LPS.
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AIE (62,5, 125, 250 E 500ug/m) = SRIgH
2y, 239 2 98.46+3.79%2 UEREC
LPSHE A2Jet 32 812.05+4.96%Z HER}t NOAY
ggol Aol B2 A gkIglon], NSHRTS 5%
2 At FolHE 741.7445.46%, 657.38+
3.08%, 392.54+5.08%, 202.03+19%% ULER}
LPS Ago] vlsle] Bk 9&H o7 A gl
SHAHFig. 2).

3. PGE2 44 Xall &1t

NSHRTO] thgt RAW 264.7 Al=2] PGE, B4 A]
3 a3 BE62.5, 125, 250 ¥ 500ug/m)E &
st Axf, thRt] Fh 52.02+0.5%2 HERES:
LPSEt A2jgt 22 10022 Ueht} PGE, A% A
5] W2 A8 ERIFIE NSHRTS sz AZet
oA 86.74+1.75%, 80.80+1.88%, 66.37+
1.99%, 50.80£2.3%= WLt LPS A2l sl
Tk gEH o AsiES SRISHIKFg. 3).

120 4

PGE; (pg/mt)

Control LPS 62.5 125 250 500
- + +

LPS + + +

NSHRT{ug/m€)

Fig. 3. The Effects of NSHRT on PGE2 Synthesis
in  LPS-induced RAW264.7 Macrophage
Cells. Control: untreated group.
LPS: treated with LPS (1ug/md). 62.5, 125, 250 and
500ug/mi: treated with various concentrations of
NSHRT with LPS (1ug/mf). Values are relative to
the control. *p < 0.05 indicate a significant
different from the LPS. *p < 0.05 indicate a
significant different from the LPS.
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4. DPPH % ABTS radical 275 &3

=

NSHRTS] @48t 52 ERIsk] s DPPH ¥
ABTS radical £45& 7513k

DPPH 4762 Z¥719] 5&(62.5, 125, 250 ¥
500g/mE  AAEE  UERReH, HEgem
Ascorbic acid (Sigma, USAYE ARSItk Zk29]
SE(62.5, 125, 250 E 500ug/m)E A3 o,
DPPH &A% Z7F 18%, 39% 56% 59%9]

=

radical 2452 YeRioH, ABTS aAsL Zzt
5%, 15%, 24%, 35%9] radical 245 UL
ct.(Fig. 4).

5. Real-time PCR

NSHRTO]| gt RAW 264.7 A|=2] iNOS, COX-2

35
30
25
15
10
0 -

Cortrol 62.5

ABTS radical scavenging (%)

NSHRT(ug/mé)

Scavenging activity (%)

Control AC 625 125 250 500

NSHRT(ug/me)

Fig. 4. The Effects of NSHRT on DPPH and
ABTS Radical Scavenging.

Control: untreated group. Positive control:

ascorbic acid (200im). 62.5, 125, 250 and 500ug/

m{: treated with various concentrations of
NSHRT.

9 pro-inflammatory cytokine (IL-6, IL-18, TNF-
@9 mRNA & 3 2RI Azt LPS Azt
H WIS 1 TNF-e= 527t S71t wet 7214

o7 J7IeIeH, TNF-eg A2et YA QRS
Sk &Aoo g Taelqlrh. o] A8 NSHRT
o] A5 5= HERtFig. 5).

6. Western Blotting

NSHRTol tigt RAW 264.7 AlZ9] iNOS, COX-2
4 pro-inflammatory cytokine (IL-6, IL-18, TNF-
@) protein Td £ EQIE A INOS
COX-2&= &7t 371l wet foj o= Zhasiel
o A9} A 29 MAPKs (ERK, JNK, P38)
o] QWlsh= o1 SIA Aotk (Fig. 6).

V. 1

2k

NSHRT:= #HiiEft 2] (ST ovi B ol
S2rjo] Qlom ", KU —RYE, SRR I
W, SRR, BRI, BRI, AR R
A, A, (TS, P 08 B3| 4%
7} 733t WS AZSHE Ao AXEo] Qltk.

= THeleh njEASQl bt 7 F SAEo] A= AL
2, S HRAZC] Sk Atk Ui wEe)
dFog WpPROp} kst T SuikiEEsT 4
TEFeRiBTEA] Bgo] AT il Sl S Siaket
o 5 ESE . TR 5 2Biko] YEh= o]
AT, = Atk fUlst: pabo R NUERIC] LAtk
AT} 5} BgiAolol WAleks M Un]
BRG] MY it #aels S0] Ao,
o]g]. 71—0 @"4 EX] 3 oi‘, HT—;Q 0171 %i(]: 7]15_
Aollo] AR Hol 22| &AJo] gt A9 A7t
Hoisg 0] shtel 9% ukgo] AkZolet £ 4 9l
E]_M)_

AEHESA WLl ] A|Fo] AR&SH= NSHRT
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R HE R OKHE, R e $E HE H 2 955 NO, TNF-¢, IL-6, iNOS 52 A= A
RS, AF, H= Y Ao opE 3 | ozl @S- 5-lipoxygenase Y elastased] Thgt

ol s thEt o] Ao AT KEE2 LPS A 24 9 free radical A Al2=oA XA

120 140

100

80
=+
60
40
. 1 I
] ]
LPS sz 5 115 250 snn LP5 sz 5 125 zsu soo

Corrrol

expression (%)

Relative IL-1B mRNA

Relative COX-2 mRNA
expression (%)

&

Comtrol

LPS LPS
NSHRT(ug/m) NSHRT(p1g/md)
120 120
100 100
< 2
= — o —
°E= -BS- 80 EX w
c v £
©w o o .8
= 'a & = 9 &0
o0 T
25 : 5
_E = 40 'ﬁ x40
2 o
20 = 20
i .
o 0 — ||
Control sz 5 115 zso Cortrol LPS sz 5 125 zsn 500
LPS LPS - + +
NSHRT (pg/ml) NSHRT(ug/ml)

expression (%)
= =] ra [ w F= )
BB B o8 & 8 &
g 2 & =2 2 2 8

Relative TNF-a mRNA

wn
=]

s 525 s 20 50

Control
LPS -

NSHRT({ug,/ml)

Fig. 5. Effect of NSHRT on LPS-induced iNOS, COX-2, TNF-a, IL-6 and IL-18, mRNA Expressions
in RAW 264.7 Macrophage Cells.

Control : untreated group. LPS: treated with LPS (lug/ml); 62.5, 125, 250 and 500ug/ml: treated with

various concentrations of NSHRT with LPS (1ug/mf). Values are relative to the control. *p { 0.05 indicate

a significant different from the LPS.
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ERK b e e e

e el e A3
p-ERK D

p38 ay G GEED GEEED G S—

p-P38 _— S —
JNK
A— - e —
p-JNK Ty Ce— S— - .
LPS (1 pg/me) - + + + + +
Control LPS 62.5 125 250 500
NSHRT (ug/me)

Relative ratio of p-JNK
Relative ratio of p-P38

Relative ratio of p-ERK

Control 3 625 125 250 500 Control LPs 625 125 250 500 Control Lps 625 125 250 500

NSHRT (ug/m2) NSHRT (ug/m2)

NSHRT (pg/n2)
iNOS i
COX-2 GEENG  —— G W——— —
B-aclin | ey c— I S C—— S
LPS (1 ug/me) - + + + + +
Control LPS 62.5 125 250 500
NSHRT (ug/me)
70 as
w ~ 2T
=] X s |
= [=}
5 S =
(=] L - *
8 e ” . -
© '
© - 10
] 1o
=4 g 5 F
o

Control LPs 62.5 125 250 500 Control LPs 625 125 250 500

NSHRT (ug/m@) NSHRT (ug/m@)

Fig. 6. Inhibition of iINOS, COX-2, MAPKs (ERK, JUNK, P38) Protein Expressions of NSHRT by
Western Blotting in LPS-induced RAW 264.7 Macrophage Cells.

Control: untreated group. LPS: treated with LPS(1ug/mf); 62.5, 125, 250 and 500ug/mi: treated with

various concentrations of NSHRT with LPS(1ug/mf). Values are relative to the control. *p { 0.05

indicate a significant different from the LPS.
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35 IAlok= AoR, fire &% gEHoE NOAY
3 Asfa8ol = genipind} PGE,] 2] oA 2
£o] L‘E crocing &9 ¥¥S EIV} = Al=,
2 % baicalein®] NF-«B ZIAIE
B3 iNOS ¥ Wﬂ% Sk ZoR, Wl AR
9] pinoresinol, isolariciresinol, woorenosides®]
TNF-¢ #H1E A ok= Z°=, S NF-«4B
AE B3t A Z8o] & prosapogenin D methyl
ester’} SREAEORE Q= Aogd EmEo 97K
B 2 paeoniflorigenone©] NO AA2A1e} T-Yx}
Fo| 4] A APt Y= Ao, e FEA
% arecoline©] pro—inﬂammatory cytokinesS!
-6 Al Ao AFS LPSE H=E
*o%loﬂﬂi NO, TNF-¢, IL-6 ,IL-14E Alsk= A
9, i LPSE SEE 9% ARelA NO,
PGE, TNF-¢5 #2A71= 208, ¥ DNCB
= A5 %ol TNF-a, IL-6, COX-25 9
Zﬂ sl Aoz, Hii= INOS 243t 94 % NO,
PGEE HaA7l= 3371 e o= ¥=A Stk
2
NSHRTE dsk= 7id FE0] 39 adks =
o 2} o] A7 Ho glont, A oSS Het
91 NSHRTY| 74 staphylococcus aureus 5 ™
3t o] digt A 5] =10, ksl P9, o]
T o 50, LPSE FEE Rt TH9] FoollA
WBC count, IL-6 #45 53t 4% et ok 500
AoLt, I anet FAF 7% digt A5t 1l
H[gE AAolglct  olof % ﬂ:r‘%_—‘ IPSE f=H
RAW264.7 cellsolq & NSHRTY] &5
a9 71 Akt 34—— lﬁ7}°} Act.
deARE ARHA 52 34 HAEESOlA NO,
= ook A5 W7l 2 TNF-e, 1L-18, IL-6

OIN t—‘ [‘-{E

i

P

e

3F5l= pro-inflammatory cytokinesg Z&s}
= AmoltPd. NO: L-arginined] 34 FAQ
NOSOﬂ o5 A/d=H, NOS= 3F5Hd EAdof met 3

7IA9] E72 WHoAL) Typel (neuronla NOS),

fr e 3

108

Type I (endothelial NOS), Typelll (inducible)¥] 3
7F NOS ¥ Type I, IIi= Aol @4 EAskaL A
or, Typelll NOSTF EAH 0= [PSe} 22 9F =
o] oJaf FALF. FAH NOE Tt 2] 24
4 Hoj7jato g Agsht I Al AEEReS £
AA 2AT AR & EPAFIYE COX-2=
arachidonic acidE prostaglandins® 2%+ A] &
Sk B4R 27FA7F gloH, COX-12 ”o}”qoﬂ/ﬂ
Z&SHARE COX-2+= FF-FolA Edo] =m <
T ole} o] g} Aol 0“3114). ?]i
A2 02 AP|EZRIS] Ao HES 5 AL
SR QT ARIEZIRIE £ -840 4
o} A thidol] ASE et Lpset
HAF ofsf 493k thA] AlEoA TNF-a
6, 1IL-18 59] S ARIEZRIS] S X
A5 RIS fwsh, IL-1p% E3H A E
& A 9} T QAR T A A7E
o 2 DRAL Frdhchar 5107, TNF-¢ o)
N G574 dghE 2Eth [L-6= AR 9 344
St P A A= sh TS A=
Age oIy, E3} TNF-¢, IL-18 E IL-6 9
22 pro-inflammatory cytokines & THAQ] 34
A} &2 MAPKs®} nuclearfactor kappa B (NF-«
Bel <e zEdch A AeolM  NF-«Be
inhibitory kappa Ba (¢Be)°l 23} MZZofA BA|
7} =9, A% Rk Alo] [kBe25E Hoix] 23} =
t} A8t © NF-¢B= AjEZox doz Eo7}
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