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Effects of Extract Mixture (Yg-1) of Anti-Inflammatory Herbs on
LPS-Induced Acute Inflammation in Macrophages and Rats
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ABSTRACT Traditional herbs, such as Lonicera japonica, Arctii Fructus, and Scutellariae Radix have been used
as traditional drug due to their anti-inflammatory and anti-oxidant activities. The aim of this study was to investigate
the anti-inflammatory effects of extract mixture (YG-1) in a model of lipopolysaccharide (LPS)-induced acute in-
flammation in both macrophage (RAW 264.7) cells and Sprague-Dawley rats. YG-1 did not show specific cellular
toxicity in RAW 264.7 cells until a concentration of 100 pg/mL. YG-1 reduced various markers related to inflammation
such as IL-1B, COX-2, and iNOS caused by LPS in RAW 264.7 cells. Consistent with these results, YG-1 exerted
significant anti-inflammatory effects in an acute inflammation rat model. Acute fever and high concentration of IL-1f
in serum induced by LPS were significantly reduced by YG-1. These results were similar to flubiprofen, a commercial
anti-inflammatory and anti-febrile drug. Therefore, these results indicate that YG-1 has beneficial effects on LPS-induced
acute inflammation and suggest that YG-1 can serve as an effective anti-inflammatory and anti-febrile drug.
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YG-1 74 A5 dddF2E AR A& 5 25
eko] s 2ZFg-o i3k Barrk 921 (3), tumor necrosis
factor-a(TNF-@)9] #H] & ZraAZ o224 §dd27] ¢
Fo 37t de Ao R HiEo k). IE 5 T84
FEE9] TNF-a A S AT 224 proteinase-acti-
vated receptor 2(PAR2)Z 13t ¥-F& At WY
cytokine H&#E Foto] HYH S SV AFHE Bavt
ATHE,6). Fao FeFgorE 3 FINT), FAF 3
4(8,9), &4tsl a7(10), LE27] A4 28(11) o] B

=& FE2(YG1) H=

B Aol A g% Q%5 (Lonicera japonica), -3 AH Arctii
Fructus), ¥ (Scutellariae Radix)< &4 3 H(Daegu,
Korea)oll Al F¢j3te] AR&atith. Ads3 $-3AE 247
3:19] HlE2 ¥ 2009 30% ¢IZ2(FH)E Yol 85~
95°CR 3AIZM 23] FZ3fo] of gk & 60°C o] 3fol A
ebss B Axste] YG-AGGE 13.8%)F Axdr). 3
ol 2081¢] 30% 4FZE&(F9)S €] 85~95°C= 3AIZt
A 23] FE33 w5 2 71Xk YG-B(F& 39.22%)E
AZPY. AZH YG-A9F YG-BE 2:39] vj&2 £3519
YG-1< Ax38k3itH(Table D).

M=

Ao AL-g¥ HEE v A E RAW 264.7°]th
A= 5% COg, 37°C Wl F7]0l A vl gt o v
10% fetal bovine serum(FBS), 1% penicillin—strepto-
mycing -3 Dulbecco's modified Eagle's medium
(DMEM) ¥ #](HyClone, Logan, UT, USA)E A}4-3}31t}.
i A= 2~3Ymit}t wEetd o AlE7 80% ol Aske
W] phosphate buffered saline solution(PBS) 2. =2 Al % g+
% cell scraperg AH8-3ke] Adiuleg sk

Table 1. Mixing rate of YG-1

Code Scientific name of source Ratio M1X}ng
ratio
Lonicera japonica 3 )
Arctii Fructus 1
B Scutellariae Radix 2.25 3
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A =24 D AE AEES SA37] 3 MTT assay
otk 2x10" cell/well®] AE LFAL 96 well
plateo] Z}ZF B33k 3 37°C, COo vi%F7] <toll A 2427k
T S A Frh AdAFE AEE FEEE YG-1(up
to 200 pg/mL)S 24A17F S @5 A2 2 YG-1(up
to 200 pg/mL)E 1A1ZF A 223k F lipopolysaccharide
(LPS)(10 ng/mL)E ¥ 2443t &t v s}, 2447k
Hel 20 uL MTT solutions A g|3sle] ] 3A1%F 37°C
Hj F7] ol A v ke & wjx]of MTT A ek& AlASHL di-
methyl sulfoxide A]2F(Sigma-Aldrich Co., St. Louis,
MO, USA) 200 uLE 7}3}¢] microplate reader(BioTek,
Winooski, VT, USA)E ©]-&3to] 560 nmellA FF=E

=430,

IL—18, TNF—a, PGE22| M|E H{QOH L 2H|Z =X
LPS® %% RAW 264.7 A wjekal W IL-18
(interleukin—1B), TNF-a, PGEsx(prostaglandin Ez)2] &H]
£ 4357 98 YG-1 FEES A2 § ELISAZ A3}
otk 5x10" cell/mLe] %= 10% FBSE %7} DMEM
Hjefotol] 8o 12417 B9k b kAIZ & YG-1(10,
100 pg/mL)¥} flurbiprofen(2 png/mL)< 1A A =] gk
%l LPS(10 ng/mL)E A &l3dte 10% FBS7} §-f% DMEM
i) e} Al 244 3F m kit A2 E g e = 7 well
oA AL FFEdnh A5 W 1IL-18, TNF-a
(Abcam, Cambridge, MA, USA), PGE2»(R&D Inc., Min-
neapolis, MN, USA) ELISA kit& AH&38}o] AA1E o)
wel 423 ok 540 nmoll A FFEE Z4 3 cH12).

Nitric oxide(NO)2| M= HH{QkH L} BH|ZF =X

5x10" cell/mLe] F%Z 10% FBSE 3718t DMEM Hj
FHell FFske] 1247 Ft H8SA ¥ YG-1(10,
100 pg/mL)¥ flurbiprofen(2 pug/mL)< 1A]17F A 2] 8k
% LPS(10 ng/mL)E A &8t 10% FBS7}F g%l DMEM
Hj x| ek 37 24 413w FBEGA T 2413t F- S NS 3
3] 50 ul9] Griess A 2F(1% sulfanilamide in 5% phos—
phoric acid®} 0.1% naphtylethylenediamine; Invitrogen,
Carlsbad, CA, USA)& &3 5 AF=2ollA W& At e
2 20% SoF mFe ohe 540 nmoll A FHEE A3

tH(12).

M= L COX-2, iINOS2| western blotting0l| 2|gt @7}

5x10° cell/mLY HE2 10% FBSE #7138 DMEM Hl
FAe FFsk] 12412 T HASIA F YG-1(10,
100 pg/mL)¥ flurbiprofen(2 pg/mL)< 1A17F A =g g+
%, LPS(10 ng/mL)E #lelste] 10% FBS7} g+ DMEM
HiA 9 A 24 A1 7F vl ST 24417 A2 ) B
RIPA buffer 22| ¥ 4°Cell4 15,000 rpmol|A] 15% &<t
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AR gt @lE A2 BCA protein assay re-
agent(Bio—Rad Laboratories, Hercules, CA, USA)E A}
3t 9d sample acrylamide gel 12%°1 A
electrophoresisZ 3}% 1L, polyvinylidene difluoride(PVDF)
membrane®| 719 % 33T Membraned -2 A
blocking buffer(PBS-Tol 5% skim milk)?l] blocking<
3l 5, COX-2, iNOS(Santa Cruz Biotechnology, Santa
Cruz, CA ,USA), B-actin antibody(Cell Signaling, Dan—
vers, MA, USA)E 1:1,0000.2 &} 4°Co| A 24A17F in-
cubation 3}%9t}. Membrane< PBS-T= washing § 42
o] A peroxidase—conjugated goat anti—rabbit IgG sec—
ondary antibody(Millipore, Temecula, CA, USA)S} 1A4]
7r HoF kS A7t} Supersignal West Dura extended
duration substrate(Thermo, Rockford, CA, USA)E Al-&
3lo] Chemi Imager analyzer system(Alpha Innotech,
San Leandro, CA, USA)A] =2 - ZF3 Al A TH(12).

mux
T 1R

o

Ol

2 2g xxtnt A2 B¢
o] AFg9 31H = SD-rat 75 % (220~250 g)(Damul

Science, Daejeon, Korea)o|il R $7& A}8-319 o),

2E AFOd AAE AtRe 55 ARSI ekl
2 ARSI =S a3l o AR Yol A Alg glo] &
OP@E} kel Bdle LPS(2.5 mg/kg)E 57 lE|—°i|3}

LA ATHL3). AP e=L 79 57ty 6172 2
IR 3L YG-12 salinedl €3A1A &7} #2149 1 mlL
A7 ol &38te] AR shglth 2 o 3024 flur-
biprofen(20 mg/kg)(14), YG-1(100, 400 mg/kg)& =
2 ATES Sk B el ARy S22 8a))
AB(JACUC)9 s=d 3 5& ol 21 tH(Certif-
ication Number : 2013-1-0042).
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M2 53

3 H+= FAAA A MT200, Microlife, Seoul, Korea)
AREEte] AR 2] Yo A& STt A Al
A} LPS Fo2 A5 F5 F 1A7ko] A%S
St} o] o= 3k A|ZF TR R Slo] F 12 9] Al
3FA T

2

[o%
tlo mo mlm

£
|
o

IL-18, TNF—z, PGE22| & L 2H|Z &8

A E 7 247 6A17Hpeak time)¥} 124]7Hlast time)oll
2" zoletiDE S & AGAER s fFHsHaL
centrifuge(3,000 rpm, 5 min, 4°C)Z &}o] IS £
st -20°Cel| Hpskirh el 32 6A17Hpeak
time)¥} 12A]7H(ast time) 2.2 W+9] inflammatory cy-
tokineS A3}t N W] IL-18, TNF-a(AbCam),
PGE2(R&D Inc.)e] %2 ELISA kit AHg-ate] AA)g 4
of wel A3 o 540 nmollA FHES SAsUT
(12).
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L XX L] COX-2, iNOS2| western blotting0i|l 2|gt T7}

LPS Fof 3 6417 124740l A3 F5 & BE 34
£ FAste HxAs TEHE QF ST FET HE2A S
S 314 58 RIPA buffer 28] 3 4°CellA 15,000 rpmol|
A 158 Ft AAEY shalth i d A»2 BCA protein
assay reagent(Bio—Rad Laboratories)E AM&3tith &
W2 sampleS acrylamide gel 12%°l 4 electrophoresis

> il

=

£ 3}% 3L, polyvinylidene difluoride membrane electro—
transfer &1t Membrane -2l A blocking buf-
fer(PBS-Toll 5% skim milk)ell blocking & ¥, COX-2,
iNOS(Santa Cruz Biotechnology), B-actin antibody(Cell
Signaling)Z 1:1,0002.2 3} 4°Coll A 24 A7 incuba-—
tion 3}t Membrane< PBS-T® washing & 22| A
peroxidase—conjugated goat anti-rabbit IgG secondary
antibody(Millipore)®} 1A]7F -5-9F RES-A|Z T Supersignal
West Dura extended duration substrate(Thermo)E A}
£3}o] Chemi Imager analyzer system(Alpha Innotech)

ol A A, g Az

e P EE AR XASAT. Uz
(controD)¥} LPS @5 A 2]+ (vehicle) Z18]aL 7} A3
7ke] 2ol & A7) Y3 Student's t-test®} ANOVAS
3l AAssith. Age] B4 A fro FE2 /X0.06%
AR sto] FAs3 T

M

z# 1
YG-12| M= =M &1

YG-10] v}-$-2 2 A 3E RAW 264.79]
=7437] flste] Ax 54 AFSs Fd83dh YG-1(up
to 200 pg/mlL)S sEEE 24417 A v FskslS wl 100
ng/mL7HA = o 2 2} Hli’—:o‘}oq A Ezo] F2lo] A=A
okth 2EY 200 pg/mL =AM E AlEe] F40] tha
HaEE Aol =), uegba YG-19] HAo] yEht
A e WY 100 pg/mLE Hil sEZ AR F o] F
A¥S A8P3FE HFig. 1A). T3 YG-1(1, 10, 100, 200
pg/mbL)E& FEE=2 1AF AAE § LPS(10 ng/mL)E A
28le] 24417k wiFet H AE AEES 54 A7, LPS

=3 8] (vehicle) ¥ Bl a3ke] 10, 100 ug/mL 5 =0l A
X EH R o) A F7FeklTh o] Aol A LPS
A el ofal] AT Al AEEC] YG-1 7 Al 93|
71t AS #3dd 4 Atk (Fig. 1B).

xS

YG-12| IL-18, TNF—a, PGE22| M AN S5}
(e}

YG-1o] vk Gl A EANA EHlsHE TlEH @54
ApolE7h219] IL-189F TNF-adl thate] o4l &a7h Sl
#) eroby] $18he] ELISA kit ol 48] A% wloke) uje
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Fig. 1. Effect of YG-1 on LPS-induced cell death in RAW 264.7 cells. (A) MTT assay to determine YG-1 (up to 200 pg/mL)
toxicity in RAW 264.7 cells. (B) Cell viability of RAW 264.7 cells after treatment with LPS (10 ng/mL) and YG-1 (up to 200
pg/mL) for 24 h. Data are expressed as meantSEM of three independent experiments. "P<0.01 vs. control, "P<0.05, "P<0.01

vs LPS (vehicle).

[L-1B¢} TNF-a9] #H&S SA. IL-13+= LPS &
=l met o4 01741 Z7betaL, YG-1 ez &
Aoz FolA A #AaFA . i S EGEC] flur-
biprofen®} B]a3le] YG-1o|A % B3 oA &35 Ho
FAH(Fig. 2A). TNF-a®] #0822 LPS AF=0l we}
oA Frtst ey, YG-19] wx9 #Agle] ZaEA
o ATHFig. 2B). HgF A wjFH o A 9] PGE; s =
g%k A3} LPS WA 2l (vehicle) ol A= #2174 9L
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Fig. 2. Effect of YG-1 (10, 100 pg/mL) on inflammatory makers (IL 1B, TNF-a, PGE,, and NO) in LPS-induced RAW 264.7
cells. RAW 264.7 cells were treated with LPS (10 ng/mL) for 24 h in the absence or presence of YG-1 (10, 100 ug/mL) and
ﬂurblprofen (2 pg/mL). Data were expressed as meantSEM of three independent experiments. "P<0.001 vs. control, ~P<0.01,

"P<0.001 vs. LPS (vehicle).
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2 W FAeA o]l NO 5%+ LPS @A 8t (vehicle)ell
QA F7eksl e, YG-1 Ag] §le 4o
o A Axsklt 53] YG-19] A#s = 100 ng/
o1 4 =
o}

mLAlA 79%2] A &35 B tZT(contro) I |52
St 7R FAATE Ao BIsHtH(Fig. 2D). Bgh
iINOS9] ¥d-& LPS w53 2] (vehicle)oll A @A 3] 57}
oL, YG-1& AP & F& oEHo =2 FoA
A2ash= Blo] EAHS Y. 53] 100 pg/mLol A= Ao

Fek 237} = Aoz

Z & flurbiprofen®} H] 1L s}le] F-A
g3 tH(Fig. 3A).

YG—-10| LPSOf| 2|5 SE= CcOX-22| w&d AN =1t

ul9-2 A A E RAW 264.7914 COX-29] &l o3k
YG-1 FE 29 oA &7E dolrux COX-29 Hd&
A48kt COX-29] wd-e LPS E&%ﬂﬂ?(vehlcle)oﬂ
A dA8] F7Fskslod YG-15 A7 ¥ 794 ‘”7” e
5= Ao] etk E3 COX AAQ ek éI:H flur—
biprofen3} HluLste] ol W A g3& E ‘zroir’}
(Fig. 3B).

LPSOl| 2|gt &

LPS(2.5 mg/kg)e Fof
A2s SAHS AYE 7HF A2
time)¥} 12A]%H(last time)o =
4A). i Z(control) 3} B3| Z7]o] LPS w52 ]t
(vehicle)@} YG-1(100 mg/kg)w= AAH oz 227 &
7Fabe Aol oy, YG-1(100 mg/kg)w < 6A17F $-9

d T meoA e FA5 kA 2 FE=(YG-D &3

501
A Aol A EE= Aol BT Flurbiprofen(20 mg/
kg), YG-1(400 mg/kg)> A& 5ol IA HEo] §le
102 Hol YG-1(400 mg/kg)w-ol 4 LPS Fojol w& 2
o 9014 Q7 A= QS sels 2 glolu)h. wak
J 2252 flurbiprofene ¥ H]R 3] YG-1(100,
400 mg/kg)S LPS £ 64| 7H(peak time)5-E < #-&
o] H=3HAl dolub= AL FRlelaitiTable 2, Fig. 4B).

m& >\‘

o2
>

LPSOll olalf SE=! IL—18, TNF—a, PGE22| €A L} YG—1
o| Wa AN =ut

218 A& B Aeo] 7P Wol 817 6A17H) A =8
A|ZRQ1 1241718 E ) 454 Atel EFFQIAL-1B8, TNF-
a, PGE2)®l 54 A3 6A1Z3 12A13F B LPS w53 g
T(vehicle)o| A Z718tE= AL #<¢135+9 ). Flurbiprofen
(20 mg/kg)® YG-1(100, 400 mg/kg) Fol el A IL-1B
9} PGE&= 94 A 2do] A== 2S 2el vk,
TNF-a& LPS AHETolMe 4 A S7Fed oy
YG-13} flurbiprofen Fooll A 43S A 51A] Eac}
(Fig. 5). ¥ 239 A3} YG-1¢] LPSe) 93] Z7l5= ¢
T4 Aol BTl S Ao =N o] A H=
Ao 2 AR H T

YG—12| &|Z=Z] L{f iNOS, COX—2 &3 AX| Sa}
YG-1(100, 400 mg/kg)¥ LPS(2.5 mg/kg)E FoI 3+
62 ZHpeak time)¥} 124]3H(ast time) &2 U0 <t
S A7 T A9 INOS9F COX-22] 23S $43
%tk LPS w=A 2] (vehicle)ol A& INOS9F COX-29]

o _|>; _101.

LPS (10 ng/mL)

Control Vehicle Flu2 YG10 YG100
L]
iNOS i
COX-2 - - ~ > -
Bactin| WS ol — — —
A 350 iNOS B 350 COX-2
300 - 300
3 3
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%5 200 - ” %5 200
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.5 150 e +++ -5 .
£ 100 - 2 100 A o e
© ©
> >
50 50
0~ 0
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LPS (10 ng/mL)

Fig. 3. Effect of YG-1 on production of COX-2 and iNOS proteins in LPS-induced RAW 264.7 cells. RAW 264.7 cells were
treated with LPS (10 ng/mL) for 24 h in the absence or presence of YG-1 (10, 100 K /mL) and ﬂurblprofen (2 pg/mL). Data are

expressed as mean+SEM of three independent experiments.

"P<0.001 vs. control,

TP<0.01, 77P<0.001 vs. LPS (vehicle).
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Table 2. Change of rectal temperature in rats treated with YG-1

LPS (2.5 mg/kg)

Time (h) Control Vehicle Flurbiprofen (20 mg/kg)  YG-1 (100 mgkg)  YG-1 (400 mg/kg)
0 37.25+0.4" 37.15+0.4 37.20+0.1 37.25+0.4 37.20+0.2
1 37.25+0.4 37.44+0.5 36.72+0.2 36.92+0.4 36.84+0.6
2 37.05+0.6 36.64+0.4 36.94+0.4 37.1240.6 36.76+0.4
3 37.30+0.1 37.40£0.5 36.58+0.2 37.00+0.4 36.44+0.4
4 37.2540.6 37.1240.7 36.68+0.3 37.96+0.5 36.24+0.3
5 37.20+0.4 37.78+0.4 36.88+0.3 38.08+0.4 36.34+0.3
6 36.85+0.6 38.48+0.5" 37.36+0.2" 37.84+0.4" 37.18+0.3*
7 37.1540.2 38.40+0.2 37.30+0.7 37.75+0.3 37.65+0.6
8 37.25+0.4 38.35+0.4 37.50+0.1 36.90+0.2 37.60+0.1
9 36.95+0.4 38.20+0.1 36.95+0.3 36.55+0.07 37.40+0.4
10 37.000.2 38.05+0.3 36.40+0.4 36.30+0.2 36.45+0.1
11 36.75+0.3 37.95+0.7 36.60+0.2 36.70+0.4 36.40+0.1
12 36.75+0.2 38.15+0.3" 36.65+0.2"" 36.75+0.3" 36.50+0.1"

iiData were expressed as meant=SEM of three independent experiments.
P<0.001 vs. control, "P<0.05, “'P<0.01, *P<0.05, ¥P<0.01 vs. LPS (vehicle).
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Fig. 4. Changes of body temperature. Data were expressed as mean+SEM of three independent experiments.
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Fig. 5. Effect of YG-1 on serum IL-1B3, TNF-0, and PGE; by
YG-1 in LPS-treated rat. Serum IL-1B, TNF-a, and PGE, were
measured in the each peak time (6 h) and last time (12 h) using
ELISA kit. Data were expressed as meantSEM of three in-
dependent experiments. ""P<0.001 vs. control, "P<0.05, "'P<0.01,
*P<0.05, #P<0.01 vs. LPS (vehicle).



HEETE 2 mdol A S oA EF FEFENG-D a3 503
A LPS (10 ng/mL) B LPS (10 ng/mL)
Control Vehicle Flu20 YG 100 YG 400 Control Vehicle Flu20 YG 100 YG 400
iNOS D e S S— iNOS pr—
COX-2 ¥ S ——— - COX-2 - N . e
B-actin | NS EED W —— B-actin | CNEED GHES TEE T
300 - * - iNOS 300 - ** ‘ ‘ + COX-2
I
. 250 1 250 -
g s \
c =1
§ 200 - § 200 A
15} “—
é 150 :\Z 150 4
= <
o S
-‘E 100 4 :r% 100 -
S =
~ 501 S 5
0 + 0+
Control Vehicle Flu 20 YG 100 YG 400 Control Vehicle Flu 20 YG 100 YG 400
LPS (2.5 mg/kg) LPS (2.5 mg/kg)
300 + ** + iNOS 300 - ** + COX-2
|1
250 1 2501
s s
S 200 - S 200
o o
G G
s 150 - s 150 1
5 5
E 100 4 E 100 -
S S
> 50 > 50
0 - 0
Control Vehicle Flu20 YG 100 YG 400 Control Vehicle Flu 20 YG 100 YG 400
LPS (2.5 mg/kg) LPS (2.5 mg/kg)

Fig. 6. Effect of YG-1 on production of iNOS and COX-2 proteins in LPS-treated rat pineal glands. iNOS and COX-2 protein
expression were measured in the each (A) peak time (6 h) and (B) last tlme (12 h) using immunoblot analysis. Data were expressed
as meantSEM of three independent experiments. "P<0.001 vs. control, “"P<0.01 vs. LPS (vehicle).
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