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Aqueous extract of Jigal-san ameliorates acute inflammatory
responses in RAW 264.7 cells and rats

Deok Ja Jeong, Sang Mi Park, Sang Chan Kim*
Department of Korean Medicine, of Daegu Haany University

ABSTRACT

Objectives : Jigal-san (JGS, 1-¥#&{#) has been used in East Asia including Korea, Japan and China for the treatment of
breast inflammatory disorders and severe thirst. JGS originated from Euimunpalbeob (¥"1/\#; Yimenbafa) composed
of Lonicerae Flos and Taraxaci Herba. According to previous studies Lonicerae Flos and Taraxaci Herba have an
anti-inflammatory effect, respectively. But, there is no studies regarding on the effects of JGS in the immunological
activities. The present study evaluated the anti-inflammatory effects of JGS /in vitro and /in vivo.

Methods : Cell viability was evaluated by MTT assay, and NO was evaluated by content of the nitrite content in
culture medium. TNF-a, IL-1B8 and IL-6 were quantified by ELISA. The protein expression of NF«B, MAPKs, and iNOS
were assessed by western blot analysis. Furthermore, the effects of JGS on acute inflammation were observed in rat
paw edema model.

Results @ The JGS ameliorates the LPS-activated changes in the protein expression of NF-kB, p-JNK, and iNOS, as well
as the production of NO and pro-inflammatory cytokines. In rat paw edema study, administration of 0.3 and 1.0
g/kg of JGS for 4 consecutive days inhibited the carrageenan (CA)-induced increases of edema and iNOS expression.

Conclusions : These results demonstrate that JGS has anti-inflammatory effect in LPS-stimulated RAW 264.7 cells
through decreasing the production of inflammatory mediators, via suppression of the NF«B and MAPK pathways
(JNK, not p-38 and ERK). In addition, the results of the CA-induced paw edema indicate that JGS ameliorates an
inflammatory edema. Therefore, the present study could provide scientific evidence for the anti-inflammatory effect
of JGS as well as the underlying mechanisms.

© 2021 The Korean Medicine Society For The Herbal Formula Study
This paper is available at http://www.formulastudy.com which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.
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2. AeF " 71+

MIT (3-(4,5-dimethylthiazol-2-y)-2,5-diphenyl—tetrazolium
bromide)2} LPS (lipopolysaccharide; Escherichia coli
055:B5, Difco, Detroit, MI, USA)+& Sigma-Aldrich (St.
Louis, MO, USA)o|A4 F+45+413L, Dulbecco's modified
Eagle's medium (DMEM)Z} FBS (Fetal bovine serum),
9 penicillin, streptomycin Gibco/BRL (Eggenstein,
Germany) 25E FJ515.2H, dimethylsulfoxide (DMSO)
= Gk EE (Junsei Chemical Co., Ltd. Tokyo, Japan)
2ZHE U5t Anti-inducible nitric oxide synthase
(iNOS)= BD Bioscience (San Jose, CA, USA), anti—
inhibitory ¥ Ba (IxBa)+ Santa Cruz Biotechnology
(Santa cruz, CA, USA), anti-phospho-TxBa, anti-nuclear
factor— kB (NF-xB), MAPKs (anti-phospho—c=Jun
N-terminal kinase (JNK), anti—JNK, anti—phospho—p38,
anti—p38, anti—phospho—extracellular signal-regulated
kinase (FRK), anti- 8 —actin, anti-lamin A/C %
peroxidase—conjugated secondary antibody= Cell
Signaling (Danvers, MA, USA)o=2RE st
Griess reagent system< Promega (Madison, WI,
USA)ZRE Fdst e, NC (nitrocellulose) papere
Schleicher & Schuell (Dassel, Germany)oll4 T+5t59.2
™, vjz]o|A TNF (Tumor Necrosis Factor)-a % IL
(interleukin)=1 8, IL-62] cytokine= Pierce endogen
(Rockford, IL, USA)eflA] +-qiet ELISA KitE AH85HA

o FAAESAES 8 EE<Q carrageenane Sigma
Chemical Co.oflA FdstdeH, BEFE SHLS

Plethysmometer (LE 7500; LETICA Scientific
Instruments, Spain)& AHg-5te] Aottt

Az 2uE Jejn)(UPLO= WatersA]  ACQUITY™
ultra performance LC system (USA)®l, WatersAte]
ACQUITY™ photodiode array detector (PDA), HPLC
AH-& WatersAHe] ACQUITY™ BEH Cg column (1.7
m, 2.1x100)= AH8sF92H, softwarer= Empowers
ARg-SFAT

FSE, UPLCol| Zagt Alm FEo] AEH F271=
BransonAt2] ultrasonic cleaner 8210R-DHTE- A8-514
o}, 2Ao] AFE-H methanol (HPLC£)-2 Junsei Chemical
Co., Ltd., oOFFEHEZ(HPLCE)2 JT Baker (Phillipsburg,
NJ, USA), &2 34} Argoer. Adol AR

1

za A2
oI T =

EZE % Luteolin 7-0-B-D glucoside®t Chlorogenic
acidE SigmartZ2FE FYstH 1, Cichoric acid}
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(E)-6-0O—(p—coumaroyl)scandoside methyl ester= Chem
FacesAt (Wuhan, Hubei China) 258 F¢]sle] ARES]
Ak

3. AlZ =Y

A3 0] AN EFO RAW 264.7 cellse SHEA|Z=
A (Seoul, Korea)oll Al FA5H.0.H, A LHfj el
DMEMefl 10%9] FBS, 100 U/mLe] penicillin, 100 «
g/mLe] streptomycing 4Rt HIZE AMESH O H, Al
ZuleF7](Sanyo, Japan)®] HiFEAL 37C, 5% COS
FrAsreh A o] B Al A2l dishe] ¥
Aol 227} 80~90%° 1/ HiFE S ol A& HAISHA
o, Al S1= 208] 5 F71A] 92 cellTh ARESFEL
=8
4. LR 22
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e A& Cichoric acid®t (E)-6-O-(p—coumaroyl)
methyl esterS A FAPECZ =Hs5I9ct. 7zt
1 mg/mLo] %A UPLCE methanolo] ¢
W=, o] HESE UPLCH methanolz

scandoside

TRFE F7sh]
o9t kR BEFEE Az N=
AFotal, ofofl 70% methanol 10 mL& 715}
o INZF 250t FE5HATE 9 AdS T ALK 0.22
me] HEH QI e &2 ojufsto] HH oz AMESFSIT

24 Al column®] 25+ A-2ofA 2451901, PDA
o] B4 o2 Luteolin—7-O- f ~D—glucoside®t (F)-6-
O—(p—coumaroyl)scandoside methyl ester:= 380 nm,
Chlorogenic acid, = 330 nm, Cichoric acid& 310 nme]|
A 245t

oz o2E= 0.1% formic acidE TFSH &, 0.1%

SN EUEZ 23RS ALE-S},

Table 18] 27102 EAs53ltt. 25F T+ JGS AL
2 pL FY5t90H, 42 0.4 mL/min2 AAstT}
E443E= HB7E A7 hold up time)ell o8f &1L st
Fom, faHAH o= HFstqrt.

=
52

formic acid& 53t
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Table 1. Gradient profile for the analysis of UPLC

Time 0.1% Formic acid/acetonitrile 0.1% Formic acid/water Flow rate

(minutes) (%) (%) (mL/min)
0 2 98 0.40
0.5 2 98 0.40
2.0 10 90 0.40
4.0 30 70 0.40
7.0 50 50 0.40
8.0 70 30 0.40
11.0 90 10 0.40
12.0 99 1 0.40
13.0 2 98 0.40
16.0 2 98 0.40

UPLC; Ultra Performance Liquid Chromatography

5. NO 4% &3

RAW 264.7 cellslAl /8% Nitric Oxide®] ¥
Griess AlF& o]-gsto] ZAstt. %, GriessA2F(1%
sulfanilamide in 5% phosphoric acid + 1%
a —naphthylamide in H,O) 50 uLoll Z} A&+ Al
ZejeF ASd 50 4L 96 well platee] 2 =3toto
FA A 1027 9HEAIZ] & 540 nmollA] microplate
reader (Model; Infinite M200 pro, Tecan, Ménnedorf
Switzerland) 2 S4EE A5 NO2| AT
control cellef] gt ZF A9 fold2 LFEF QI

absorbance of treated sample
absorbance of control

NO production (fold) =

6. Al Y=L =34

RAW 264.7 cellsZ 24 well platee]] 5x10* cell/well2
BESH o ]GSE 10 ~300 pxg/mLE AHA|5k, o]F
LPSE At & 37C, 5% CO,9 17401 FA == g
71014 18417t viFRt & N ZAYEES T3l =, ol
& 5 24 well plateo]] welld MTT (0.1 mg/mL) 200 pL
Y 4AZE 71 HieFstth MTTE AEA2S] n|E
:a]o]-oﬂ 1}3_3].01 01—1]./\14 94 formazan— o:]H@-r,]-_ HH
| 2] well HFeFo] A|atof] Fefo] 7halj2] 2] oA vl =]
AMAHA AAsEL ABAE BabA formazan crystal
DMSO®]| 0] microplate reader (Model; Infinite
M200 pro, Tecan, Minnedorf, Switzerland)Z 570 nm
NA SFEE A5 MEAYEZEL control cell

tjste] ZF Algl7o] Mg & LehyQlch

=
=2
=
T—
OF T
¥ =
=

= A4
2
=2

208

Cell viability absorbance of treated sample

(% control) absorbance of control

7. e IE S

JGST} LPSO] 2|7} &2 H RAW 264.7 cellsS s}
17} sh= chl Ao what AA| —,—ﬁ‘éﬂ (whole cell lysate)
o} o sholom, o
S|

£38 ZZ & (nuclear fraction)&
o= 25kl
7], A 2EH2 H2)7F F2E AIEZE ice—cold
PBSZ AlZSE & 25 mM Tris-HCI (pH 7.6) ¥ 150
mM NaCl, 1% NP-40, 1% sodium deoxycholate,
0.1% SDS)®} Halt protease,
LSS

oL

=

Ei

i)
N

rol‘ H

cocktail&

SH
ol

i

phosphatase inhibitor

radioimmnoprecipitation  (RIPA)

buffer (Thermo Scientific, Rockford, IL, USA)E 7}

Stol, 4ColA 308 3F BRSAIZ]AL 15,000 X gollA

108 B¢t diEdsto] A5ds Fstath & 45

S HME FZHo 7 BCA protein assay kits ©]-83}
o] ANE ZZolo] thild olere Haksialrt,

Hale M5 ice—cold PBSZ A & 10 mM
Hepes (pH 7.9) @ 10 mM KCI, 0.1 mM EDTA,
0.5% Noridet P-40, 1 mM dithiothreitol®} 0.5mM
phenylmethylsulfonyl fluoride® &3 &5H2 100
uL 2o] vortexstl 108 Z<F iceo] B & 4°C9
A 16000 g2 52 B gaRelsiat. 2de
T AATdE AAst do] metEo] gl HHE] 20
mM Hepes (pH 7.90 ¥ 400 mM NaCl, 1 mM
EDTA, 10 mM dithiothreitol® 1 mM phenylmethylsulfonyl
fluoride® FAE I=Z=HS 40 pL B & JAEAHA
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iceoll A 1A1ZF WFAIgE & 4°ColA 16,000 Xgi 1087
dHEest J5de dEgEr 4 o 28
BCA protein assay kitg ©]-8oto] Tz “’:].'%k—‘% A

stelow, A3 A7EA] -70°Cell Batstsit.
AMzFEo 9 2 g o] duldetars Skl
Fo| TS Fsto] Eejotgdotuto| = A 7]
(SDS-PAGE; sodium dodecyl sulphate-polyacrylamide
gel electrophoresis) 22 77|95 A|Z1 & nitrocellulose
(NC) membrane® & TS Mol Azt Tl do]
o]" NC membrane®]] iNOS, I-«Bea, p-I-«Ba, NF-
kB, Lamin A/C ¥ B -actin®] 12} antibody$} §¥H-5-A1%1
blocking, washing®t4& #*]1, horseradish
peroxidase”t ZA3H 22 A2}t WESAIAA Amersham
BiosciencesAH(Piscataway, NJ, USA)e] ECL detection
reagents= FAsto] Tl o] WS JHAgksklTt. 7t
A O] FFHATEL [mage analyzing system (Ultra—Violet
Products Ltd., Upland, CA, USA)S Al-gsto] A=Fstst
Rom, Zt ghEd o] w2 controlthH] ZF A¥e]

fold= et ATt

0]
s O 2

oy

Ko}
T

2k o
—

density of treated sample
density of control

Relative protein level (fold) =

8. Cytokine®] &4

Cytokine®] &2 $Joto] RAW 264.7 cells& 6 well
plateo]] 5x10° cell/mLE E535}1 HjJst & JGSE 100,
300 gg/mLe] FEZE AT T, 1AIZF Tl LPSE A

A5t oH, LPS 22| & 1843t qte]] vz & 2]4=5}oq
cytokineS &5t

TNF-a ¢} IL-1 8, IL-6% Pierce endogen®] ELISA Kit
£ ARgSte] S350 ™, 7} cytokine o] EFERC 770

Table 2. Experimental Groups in This Study

w2 225 E{‘—iﬁ‘_—‘% dglem, 7+ cytokine®]

pg/mL= YEFH ST

AdEE 2 AA

AHE RS EESEARA| AR (ECRS; Environment
Controlled Rearing System)ol A ArS3tdoH, 453
130-160 g9 Sprague-DawleyAl 3 2F= o<l
Etlo] 2 (Seongnam, Republic of Korea)Z2 HE T
slgom IZO‘ B AR A-GAIK e
Ape5he] E3lAA oA AR 0] Lx= 20-23C,
HFEe 60% P71 1247k0] fAH =S A5t

3!, At=(Nestle Purina Petcare Korea, Seoul, Korea)

o
T

ot F84+ AREA AFlctes shalrh & Ade
direteietn At d SEAERE9IYRTIACUO) 9]
S90S Y53 S(59l¥E; DHU 2020-059) A¥S
Zegsteit.

A ofut Ak 542 ¢F2 & normalw o ®
AL, carrageenan (100 pL/rat)& T sHEANSH
S-S A= & CATCE o192 H, carrageenan
7 0.3 g/kgol JGSE Tt #+& JGS 0.3 g/kg +

CA+, carrageenan®t 1.0 g/kgel JGSE Fodt &=
JGS 1.0 g/kg + CAH, carrageenaniﬂ- dexamethasone
(1 mg/kg, p.o)e Fog #& DEXA + CA7e= A
Astelct. 2t ARled AF9 we] 4+= SuhEE k3L
t}. Dexamethasone®t JGSE 1¢€ 132 49 A& Fof
stelow, 494 mpx|eb oFEFo] 3 [AJZte] =9
LEZ dtdo] carrageenans 100 pL/rat2 FAFSH

k.

Treatment
Group
CA JGS 0.3 JGS 1.0 DEXA
Normal - - - -
CA + - - -
JGS 0.3 g/kg + CA + + - -
JGS 1.0 g/kg + CA + - + -
DEXA + CA + - - +
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10. Paw edema®] &= 9 =34
49 Fot wid 13] =& F
1AZ¥ell carrageenans FAFSHY] paw edemas
ME} Paw edema®] BEHE+= carrageenans
T 1AREHO, 1, 2, 3, 4A1ZD EAsigom,
A7](Plethysmometer) 2 &35ttt £E9]
normals tH] 2k A9 fold= LR e

Paw volume of treated rats

s, whAet
F2A
e

HZx =
To =

HEE

_I_'

Paw edema volume (fold) =
Paw volume of normal rats

11. 3E2zF0A 9 iNOSEE =4
AREES YA F duie 24S AF5h]

radioimmnoprecipitation (RIPA) buffer 1 mL& ¥1
ZAupa)7(Taco Prep Bead Beater; GeneReach, Taichung,
Taiwan)g olgste] utet 225 FAsHAZ. #4
St " g 15000 xgold 10 &<+ Yot
AedlE d& & o5 BCA protein assay kit (Thermo
Scientific, Rockford, IL, USA)Z whllzo] gk A
i L P L e s SRS P i B =L | G R

o 23 in vitro®) AT FUH SHALt.

12. A= 9 2ty B}

Carrageenan®| paw edema®] 493 JGSO
HAHEE HAuE7] g5 F
2% TA(419°) FRols

439
F270] $mE Y=o ©
Agstel 223 A

d

|

Atk AHE 2FL 10% 2AAE2T0| 24A|7F oA
TR oy 2ot b EofE AARE & 3~4 um

o] FAR pawe] HFFHanterior—posterior longitudinal
section) 22 AHE-E AFoto] H&E (hematoxylin—eosin) 2
O‘jﬂ}\ﬂﬁ}_]’l Park 59 HH§31)_0_ 2935l HS I )
o] miE ZFZtollA Imm?e] oA X

=

= A A= mean + SD.E UeEROH, At
7to]l GoAe WA one way analysis of variance
(ANOVA)Z HASH & Newman - Keuls test2 7%
Skeleh. AR foide p<0.05 E= p.01E St
=8

. A}

1. JGS©] UPLCEA

1L 25259 N EEIE $Isto] waftel
A= Luteolin—7-0O- 8 ~D-glucoside2} Chlorogenic acid,
)2 #hzsveoE Cichoric acide} (B)~6-O—(p—coumaroyl)
scandoside methyl ester& A EAJE O 2 ZAJ5IFict,
2440 2 Ao AREE JGSell= Luteolin 7-0-B-D
glucosider= 4.146 + 0.024 ppm, Chlorogenic acid=
4.630 + 0.019 ppmo] &= AN.eH, Cichoric acid
+ 20.476 + 0.068 ppm, (E)-6-O—(p—coumaroyl)scandoside
methyl ester= 0.703 + 0.010 ppme] 335 A3t
(Table 3, Fig. 1).

Table 3. Contents of four kinds of marker components in JGS Extract

Herbal .
Formula JGS (Jigal-san)
Herb Lonicerae Flos Taraxaca Herba
Luteolin 7-0-B-D (B)-6-0O-(p—coumar
Compound uteo . Chlorogenic acid Cichoric acid oyl)scandoside methyl
glucoside
ester
C(‘I;gflr)‘t 4.146 + 0.024 4.630 + 0.019 20.476 + 0.068 0.703 + 0.010

The Extracts were analyzed for 4 kinds of components content using UPLC. Values are expressed as the means + S.D.

of three independent experiments. UPLC; Ultra Performance Liquid Chromatography.
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Fig. 1. UPLC chromatogram of the four marker compounds identified in JGS

UPLC chromatogram of commercial standard compounds (A). UPLC chromatogram of four marker

compounds in JGS (B). The chromatograms were obtained at 380 nm (Luteolin—7-O- 8 -D-glucoside and

(E)-6—0O~(p—coumaroyl)scandoside methyl ester), 330 nm (Chlorogenic acid) and 310 nm (Cichoric acid).

2. JGS7F NO production®] u]X]E IF
JGSe] FHAFETE BrIstr] fIste] WA LpSel <y
A3k RAW 264.7 cellsoll A NO<| A EE #3
sttt LPSTol A= controldol] Hlwstel NOS| A4
Zgol 3.01 £ 0.054 F7tste] fo4d = NOY &
ZHpC0.0D)S LRI JGS 103+ 30 pg/mLolH=

%
.

21

2.82 + 0.072 2.97 £ 0.062 LPSTe] H|wste] A
stgou, fo4e Yehlixs gkgker, JGS 1003
300 pxg/mLe] AL 2,63 £ 0.099F 2.07 + 0.12
2 LPSttol Hlaste] f2lakA|(p<0.01) FHAshch(Fig.
2).
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3.0
25 A
20 -
15 o
1.0 1

NO production (fold)
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0,0 -

Control - 10

30 100

300 JGS (ug/mL)

LPS

Fig. 2. Effects of JGS on the NO production in LPS—activated RAW 264.7 cells.
RAW 264.7 cells were treated with 10, 30, 100 and 300 gz g/mL of JGS dissolved in DMEM for 1 h before to
the treatment of LPS (1 xg/ml), and then the cells were incubated for 18 h. After the incubation, the
concentration of nitric oxide in culture medium was evaluated as described in materials and methods part.

Values represent the mean = S.D. of four separate experiments for each condition.

p<0.01, #: vs. LPS alone, ## p<0.01.

3. JGS7t AlZAEE] "X = &

1003} 300 xg/mL ®%9] JGS7} LPSe &Js Z71¢
NOE Z#4A17] f4210] JGS + LPS (1 pg/mL)o] N|Z=
gollA 71915 ANAE BEst] fiste], LPS + JGSE
Al 18417 ol MTT assays AA|ste] M| ZAE
&2 T5haih
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*: vs. control group, **
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oA AE-E st
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Fig. 3. Effects of JGS on the cell viability in LPS—activated RAW 264.7 cells.
RAW 264.7 cells were treated with 10, 30, 100 and 300 zg/mL of JGS dissolved in DMEM for 1 h before to the
treatment of LPS (1 xg/mL), and then the cells were incubated for 18 h. After the incubation, the cells were

treated with MTT solution. Values represent the mean + S.D. of four separate experiments for each condition.

* significant as compared to control, ** p<0.01
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oAIgE Zo] NO< Hoohs axel
INOS wHif o] x4y} o] 9L 7FeidS H7lsh]
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e 34
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A= JGS7F NOE ARl JGS7F iNOSe] Id
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Fig. 4. Effects of JGS on the iNOS expression in LPS—activated RAW 264.7 cells.
The levels of iNOS proteins were evaluated 18 h after treatment of LPS (1 xg/mL) with or without JGS (100,

300 xg/mL) pretreatment (i.e. 1 h before LPS). Equal amounts of protein were separated by SDS-PAGE.

The iNOS protein were determined by immunoblot analysis using specific iNOS antibody. The expression

of B-actin verified equal loading of the total lysates (A). The relative iNOS density was measured by

scanning densitometry (B). Values represent the mean + S.D. of three separate experiments for each condition.
*: vs control group, ** p<0.01, #: vs LPS alone, ## p<0.01
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Fig. 5. Effects of JGS on the cytokine production in LPS—activated RAW 264.7 cells.
Pro-inflammatory cytokines were evaluated in the medium of RAW 264.7 cells treated with LPS (1 zg/mL) in
the presence or absence of JGS for 18 h. The amount of TNF-«a (A), IL-15 (B) and IL-6 (C) were evaluated
by ELISA kit as described in materials and methods part. Values represent the mean + S.D. of three separate

experiments for each condition. *: vs control group, ** p<0.01, #: LPS alone, # p<0.05, ## p<0.01
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Aoty 2y o] g LPSof|l 93t 1k Ba 9 F7h=
JGS 100 pg/mL¥}F 300 gg/mLolA Z+2F 0.85 + 0.04,
0.91 + 0.01 ()= F2d AAI(p<0.01) F7FskitH(Fig.
6A, B).
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(Fig. 6A, C).
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H) wsto] 89514 (p<0.01) 4= 2k Fig. 6D, E).
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Fig. 6. Effects of JGS on the NF- x B pathway in LPS—activated RAW 264.7 cells.
The levels of 1« Baproteins were monitored 30 min, p-IxBa and NF-«B proteins were 60 min after
treatment of LPS (1 zg/mL) with or without JGS pretreatment (i.e. 1 h before LPS). The S —actin verified equal

loading of the whole cell lysate, and Lamin A/C verified equal loading of the nuclear fraction (A and D). The

relative density levels of the bands were measured by scanning densitometry (B, C and E). Data represent

the mean + SD with three separate experiments. *: vs control group, ** p<0.01, #: vs LPS alone, ## p<0.01
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Fig. 7. Effects of JGS on the phosphorylation of MAPKs
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o148 AA(p<0.01) HASHATHFig. TA, B).
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The level of phosphorylated form and total amount of the MAPK proteins, ]NK, p38 and ERK (A). The

proteins were monitored 60 min after treatment of LPS (1 #g/mL) with or without JGS pretreatment (i.e. 1 h

before LPS). The relative density levels of the bands were measured by scanning densitometry (B, C, D).

Values represent the mean + S.D. of three separate experiments for each condition.

p<0.05, ** p<0.01, #: vs LPS alone, ## p<0.01
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Fig. 8. Effects of JGS on the Paw Edema in Carrageenan—induced Rats
JGS was administered to rats at p.o. dose of 0.3 and 1.0 g/kg/day for 4 days before the induction of

paw edema. Paw edema was induced by injection of CA (s.c. 1% solution of CA dissolved in saline, 0.1

mL per rat) into the right hind paw. The paw swelling volume was measured at 0~4 h after CA

injection. DEXA (1 mg/kg p.o.) was used as a positive control. Values represent the mean + S.D. of

five animals. *: vs normal group, ** p<0.01, #: vs CA alone. #: p<0.05, ##: p<0.01.
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Fig. 9. Effects of JGS on the iNOS expression in Carrageenan—induced Rats

JGS was administered to rats at p.o. dose of 0.3 and 1.0 g/kg/day for 4 days before the induction of

paw edema. Expression of iNOS protein was determined by immunoblot assay using iNOS specific

primary antibody. Equal amounts of total protein were separated by SDS-PAGE. The expression of S

—actin verified equal

scanning densitometry (B). Values represent mean + S.D. of three independent experiments.

group, ** p<0.01, #: vs CA alone, ## p<0.01
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loading of lysate. (A) The relative density levels of the bands were measured by
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IAE
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Ventrum Pedis Dorsum Pedis

X 100

Fig. 10. Effects of JGS on the paw thickness in carrageenan—induced Rats.
JGS was administered to rats at p.o. dose of 0.3 and 1.0 g/kg/day for 4 days before the injection of CA
(s.c. 1% solution of CA dissolved in saline, 0.1 mL per rat) into the right hind paw. DEXA (1 mg/kg
p.0.) was used as a positive control. A—normal; B-carrageenan (CA); C-JGS 0.3 g/kg + CA; D-JGS
1.0 g/kg + CA; E-dexamethasone (DEXA) + CA.
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Fig. 11. Effects of JGS on the paw inflammation in carrageenan—induced Rats.

JGS was administered to rats at p.o. dose of 0.3 and 1.0 g/kg/day for 4 days before the injection of CA

(s.c. 1% solution of CA dissolved in saline, 0.1 mL per rat) into the right hind paw. The infiltrated

inflammatory cells of the rats was measured 4 h after CA injection. DEXA (1 mg/kg p.o.) was used as

a positive control. Values represent the mean + S.D. of five animals.

vs CA alone, ## p<0.01.
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Fig. 12. The JGS can be changed into many herbal formulas with the addition of appropriate Herbs.
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A cytokine®] HH] helper T cell22] FAAA] 4
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SA3HE macrophage’t H7|% sk, EJF Ealsh
71% sh=dl, S5 ANA = microglial cello] =™,
o= kupffer cell, Hell4+= alveolar macrophage
7} =), wo A osteoclast7t HTt.Y”

SHH, LPSE gram negative bacteria®] €8 ZH &
FE2A, lipid®} polysaccharide® A= o] Qlch®”
LPSi= FHoluf Alae]fo] EAsh= maite] LPS 4
A (LBP;  LPS—binding protein) =} o]
LPS-LBP E3tA7I macrophage EW 2] CD14o] A%t
stA LBP= E&¥rh LPS-CD14 E&AZF macrophage
HEHY TLR4o| ZgstH LPS/CD14/TLR4 E3}AE
o]Fo] IRK (IL-1 receptor associate kinase)®] {143}t
& fkoll, thA] TRAF6 (TNF-R-associate factor
6)°] FASFE HEsted, NF-«B cascade, MAPK
cascade® EAJeote] AZHiANNES-S EAsteict

ol HdEd=E o]Folxl Zo] ofyal, theft
=45 o|fol EAeltt. 3t H29| dd 4A
sh2] ¢, Hlek dASHA] ghow, A7), 5%, AFA
71, AW, 71424, A% 717t wel faAdE
o] o] kAl H9rt Wrkh® oldet AlRbEe
Zeoldte S5st7] flste] & Aol ARSH B
=529 47}1] AES ke E2FE=0dA &

o=
HEAEQ Luteolin 7-0-B-D glucoside= 4.146

e U )
T ol

rlr il

adstal,

+
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0.024 ppm, Chlorogenic acid= 4.630 = 0.019 ppm
of e-fEo] qlslem, A2 Cichoric acide
20.476 + 0.068 ppm, (E)-6—O-(p—coumaroyl)scandoside
methyl estere= 0.703 + 0.010 ppme] &= U3
=8

JGSe] FHFRIE Brksh] ffste], W NOC
BAAFEE TFottt. NO= L-arginine® 2HE AJ

A=]™, NOS (nitric oxide synthase)oll 2J5}o] L-arginine
o] NO¢}t L-citrullinee2 AAETH NO- 7relst U

le}
94 A4 RA Ao Raol} SuE

=
AlshH, E3F @S FAS AAlsh, AEAA
AFES NOE= =7 22k 2-8stH, dsits
odbo|| oJgt xZ o] &ARS zast 4 T} 60

LPSwtol A= NO2O Adze] Fo4 A S71stA
o8, olajgt NOO| Z7k= JGS 1007} 300 sg/mLo]
o5 folstAl Fastact. AMEAELS BHrist At
LPS + JGS 100z} 300 pg/mL FXoli+ LPSHE
Aejgte] Hlawsto] FoRt ME=AS YA oot
JGSE NO = M=/ ofgt Zo] oy} JGS
o] SR HFREHS FES 7 Uk

NOSE neuronal NOS (nNOS; type 1), inducible
NOS (NOS; type I), endothelial NOS (eNOS; type
el Fefrt ik nNOSE F2 Al xde] Holst
, A7, HO E4dolMEs F7lekal, iINOS= HAA|
=40 BAAsHH cytokineo]H}, endotoxind] o5t &
A3t eNOSE 2 FEEDLo] o|g] oist
B, 45220} shear (WIH) stressolAl Z7hetct. >
agBeg 72 AiAs NOQ ZAxet Haste] iNOS
o] IS Gristdh JGSE 300 pg/mlLe] oA
of LPSell oJsf o] F71e INOSE F94 A &
a2A 7 olgt Ab= JGS7F INOSS] BHdg <A}
L olof mwet NO7F A4S ofn|gict
SHH, LPSE ZA3tE RAW 264.7 cells RE A=
TNF-a ¥ IL-18, IL-6, G-CSF, M-CSF, GM~-CSF
59 A58 NS viZShE cytokineo] thFo= A4
e Ao geA e

o] ¥ TNF-a+ monocyte, macrophage, mast cell
so=RH FHEHE JESA cytokinecz, Fafoll=
TNF-a 7} A7pa el gloid 534 A4g2 sh=
Aoz gejx lom® Fet COVID-19 Zgzte] o
&t ATUAER T TNF-a & 2T IL-2, IL-7,
IL-10, G-CSF, MIP1A, MCPlo] ERHC=Z =4
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Efgo] BuEck®? [L-12 IL-1e$ IL-189] 27}
A7F lom, TNFet fAFSHAl dA5uk-gol Fojgict.
IL-1a®t IL-18 &, AWl FHsHA EAot= A
o] [L-180]th IL-6= F2 B cell& AHAA
FA o] e A%

2 ARME RAW 264.7 cellse LPSel <Js|
TNF-a 9 IL-18, IL-62 S Z7HzeH,
JGS 100 gg/mL¥ 300 pg/ml2 S7Hd TNF-o 9
IL-18 & folatA H#AaAZeH, JGS 300 xg/mL-2
LPSoll o3l Z71E IL-65 F25HA] A A Z T

StH LPSoll 9Js ZASHE  macrophage:= TLR
(Toll-like receptor)E &ote] AFH-E= wi7ist=H],

o]9] A5G HRZE= NF-«B pathway’t & &
Z ek NF-«B pathwaye @3Hh-g-2gh ofuat,
FatEC|E BEY, A4 A, thiAdAsks, 4,
A4 FolAE o] gEe] Qe Zor dHA 9l
o} 59

AgtAQl Adstol A NF- « Bi= macrophage®] A|lZ4
ol A NF-«Bo] Al 11 BeF Agtsto] ¢Hg
Fo=m ZEASHAT, LPS] 2=l 9Jsl macrophageZt
2/dste o] HSH-go] BARtEU NF-«B Aedg
A7t E/dste]o] 11 B7} QUAFSIEAL, NF- £ B7F SUj=
ol&3te] iNOS, TNF, IL, COX 59 HAIE fxgt
th 1kBE= a, B, 59 o2 77t JE7F AA,
AEReA 71 ol £AHe A2 1k Ba ot
oeba] 2 AFols ARAoME 1kBa, p-leBa
o] Idze Brkel L, AEgelM= NF-« B Id
F2 7 LPSE 1kBa o] eiishe 747 1
kB o] ML AANRAT, p-lxBa o] AL Z7}
AlZek ey ol ®iske, JGSOl os folAd 2l
A FEHAC EL S]] NF-xBA] LPSA
o F7FstRAL, JGSOll ofsf ol AA A=l
olg|gt Ail= JGS7F 1k Ba o] WIS Alst, ®

A

& NE-cB7} 02 ASAsE HES oAete] 4%
L

LPS+= LBP/CD14/TLR4E Folo] |Fu7iskgo] =
o2 221 MAPK (mitogen—activated protein kinase)
gAststel GFHreS FEeth 0 LS
o]t MAPK®] ¢l4t5}= microglial cell (BV2 cell)**4
2 macrophage (RAW 264.7 cel)™, A=g2HE Eeagh
Kupffer cell®” 5 thofat tiAlAl oA Rar=|9lct,

LPSE c-Jun N-terminal kinase (JNK), p38 12|12

cascades
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extracellular signal regulated kinase (ERK)®] <14+s}
E fkote], @5 TR L, cytokine E chemokine &
o] WAL FRt 0D o)A 7pgte] MAPKE NF-«
Bel HEo] LPSE v dS5Ed9 FAdTo] Hl
S5t J8B8 2 Aol NF-«B pathway2]o]
LPSZ g3t RAW 264.7 cellsol 4l MAPKe] E4&
kst

2 AFONME LPSE thE A7 dmel® Y Zo] NK,
p38, ERKE] ¢litels o4 Al S7HAZH 12y

/7
/ Nucleus

|
(\ e _><:> Target Genes_ /

~

JGS& INK] QI4teks frolstAl eAlstl o, p-383t
ERK 9| Ql4teh= AAIsH] Zskgitt. of2idt ke JGS
7b FEA 02 MAPKS QI4tsts xste] 54l
Tolghs Lrepdt

A9 in vitro®] AFEINE FHSHH JGS= NF-« B
AAFN A Tk Ba o] QWIS A5}l NF- £ BO] 9
o M5 AAlstH, = MAPK & JNK9| Ql4tsts
oJAIste] FEFEIE UERES on|Rith

iNOS
> TNF-a
ILs
~N
N\
\

Fig. 13. Proposed mechanism of the anti-inflammatory effect of JGS.

JGS pretreatment inhibited the phosphorylation of 1xB and JNK, subsequently suppressing translocation

of NF-«B into the nucleus, resulting in inhibition of the inflammatory response in LPS—stimulated in

RAW 264.7 cells.
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AWM carrageenans FAEE 1~4A4]

Hzo sy, JGSE 1~4A171
ot ZEZO APAE Yeigisl £5] JGSE 1.0 g/kg
Fofgl FoMs PR o2 ARSH dexamethasone
AL T FSAAERE Yot 3 in
vitrool A JGS7F INOSE] Ia-E |ostA AAIstE =
BExA ML JGS9 Foi7} INOSY| HaAE {2
SHA| ATy, 22e4Q1 B oMk carrageenan
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oJAE & 03%/‘113154
| Z7t=] 0 g/kgol
R0 100 A, P e
EF22(GYN= in vitrot in vivool A
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RS SRE, Hares AR Qlom Sl
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St HE A=t B AFoME LRk BFEE0]
LPS2 &A43lE RAW 264.7 cellsoA9] dZuj/iE4

o] Wrd W NF-xB, MAPKS ASHGAA,
carrageenan & SAEE FERHA FIZANE
B7RY A3 o2t g2 2SS 4th

1. JGS& LPSel 9J5 71 iNOS9| &S folsH
AAlst.om, ol il NOC| A4 FAl felatA
AAAIZ L. JGSTF LPSe] A= LPSTHE 2]
Hlwste] folgh AEEAE epiA] oForct

. JGS+= Lpsell ol F7bel TNF-a, IL-18, IL-6
59 954 cytokineE frolotA AAISHAT.

. JGS= TkBaf] IS FstAl Alste] NF-

kBRES] @St olAPty, EF FEAoR
MAPK, 53] INK€] Quitets ojAlstol Gzt

£ eyl

4. ]GSE ¥R Zo] S paw edemaS FOJ5HA o

224

ZR
= j=
EO| £ FofotAl FaAl %}E‘r.
olgfet AT AT LB FAT ATt e AT
2ol 72 HEAHoz AT ‘212@1, L g (R
o] motE Tl Jje] B8l HxA ArgE &8
g 5 g AoR Az
Acknowledgement

This study was supported by the National Research
Foundation of Korea funded by Korea government
(MSIP) (Grant No.2018R1A5A2025272).

References

1. Tian DH. Practical Chinese medicine prescriptions.
Beijing:Renminweisheng publisher. 1999:730

. Peng HR. Dictionary of Traditional Chinese Medicine
Prescriptions (Vol.
publisher. 1994:523

. http://ypk.39.net/f20376.html

. Lee SI. Herbology. Seoul:Suseowon. 1981:520-23.

. Shin MK. Clinical Herbology. Seoul:Younglimsa.
1997:411-2, 445-7.

. Professor of Herbology at College of Oriental
Medicine. Herbology. Seoul:Younglimsa. 1992:198-202.

. Suhr SS, Jung SK. Antiviral Effects of Fermented
Lonicerae Flos on A Type Influenza Virus. Korean
J. Orient. Int. Med. 2009:30(3);465-80.

. Bae JH, Kim MS, Kang EH. Antimicrobial Effect

Flos  Extracts
Pathogens. Korean J. Food Sci.
37(4);642-17.

. Cho WJ, Yoon HS, Kim YH, Kim JM, Yoo IJ,
Han MD, Bang IS. Cytoprotective Effects and

2). Beijing:Renminweisheng

Food—borne
2005:

of Lonicerae on

Technol.

Gene Expression Patterns Observed Based on the
Antioxidant Activity of Lonicera japonica Extract.
Journal of Life Science. 2013:23(8);989-97.

10. Seo SH, Bae GS, Choi SB, Jo IJ, Kim DG, Shin
JY, Song HJ,Park SJ, Choi MO. The antioxidative

and cytoprotective effect of Lonicerae japonicae



ez} 9] 291 I NF-«B @ MAPKOAIE 53 LRl B5580) gFoxan|
Jeong er al, Aqueous extract of Jigal-san ameliorates acute inflammatory responses in RAW 264.7 cells and rats

11.

12.

13.

14.

15.

16.

17.

18.

19.

Flos water extracts on the ultraviolet(UV)B-induced
human HaCaT keratinocytes. Kor. J. Herbology.
2014:29(6);63-71.

Moon TC, Park JO, Chung KW, Son KH, Kim
HP, Kang SS, Chang HW, Chung KC. Anti-
inflammatory Activity of the Flavonoid components
of Lonicera japonica. Yakhak Hoeji. 1999:43(1);
117-23.

Yun KJ, Lee EY. Effects of Hot Aqueous and
Ethanol Extract from Lonicera japonica Flos on
NO and PGE2 in Macrophage. The Journal of
Acupuncture Research & Moxibustion Society.
2012:29(1);67-74.

Park SK, Choi BG, Lee EB. Effect of Lonicera
Japonica Flower on CCls — induced Hepatotoxicity.
The Journal of Applied Pharmacology. 2002:10(4);
32-6.

Seo SH,Choi MO. Protectvie effects of Lonicerae
Flos
induced oxidative stress on Human keratinocyte,
HaCaT cells. Kor. ]. Herbology. 2013:28(4);
57-62.

Son Y, Ma CJ. Neuroprotective Activity of

Japonicae against hydrogen peroxidase—

Caffeic Acid Isolated from Lonicera japonica.
Kor. J. Pharmacogn. 2020:51(1);30-5.

Han DS, Baek KH, Kim YO, Choi KE, Kwag
JS, Baek SH. Development of Anticancer Agents
from Korean Medicinal Plants. Part 6. Cytotoxic
Activity of the Ethyl Acetate Soluble Fraction of
Lonicerae flos against Human Oral Epitheloid
Carcinoma Cells. Kor. J. Pharmacogn. 1998:29(1);
22-17.

Kim JW, Lim JK. Antitumor Activity and
flos
Aqua—Acupuncture Solution. Journal of Acupuncture
Research. 1999:16(2);261-84.

Kim HW, Kim BJ, Lim SH, Kim HY, Lee SY,
Cho SI, Kim YK. Anti-oxidative Effects of
Taraxaci Herba Effects on
Human HaCaT Keratinocyte. Kor. J. Herbology.
2009:24(3);103-8.

Lee MH, Song SH, Ham IH, Bu YM, Kim HC,

Chemopreventive Potential of Lonicerae

and Protective

225

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Choi HY. Anti-inflammatory effect and contents
from the aerial part and root of the various
Taraxacum spp. distributed in Korea. Kor. J.
Herbology. 2010:25(4);77-84.

Hahm DH, Sur BJ, Han DO, Park JH, Jung ET,
Lee HJ, Koh Y], Choi HD. Anti-inflammatory
Activity of Dandelion in Mice. Korean ]. Oriental
Physiology & Pathology. 2008:22(4);810—4.

Kim DH, Kim SH. Synergstric action of Anticancer
activity and Anticancer drug on Hepatocarcinoma
Cell of Taraxaci Herba. K.O.M.S. 1995:16(2);
386-413.

Han DS, Chu KM, Kim YI, Lee JS, You IS, Oh
IK, Kang KU, Baek SH. Development of Anticancer
Agents from Korean Medicinal Plants(Part 10).
The Growth—inhibitory Effect of Taraxaci Herba
Extract Against Human Skin Melamoma Cells. J.
Toxicol. Pub.Health. 1998:14(4);489-94.

Baek HY. In Vitro Free Radical Scavenging and
Hepatoprotective Activities of Taraxacum mongolicum.
Kor. J. Pharmacogn. 2003:34(4);324-6.

Lee HW, Ma CJ. Neuroprotective Effect of
Taraxacum platycarpum Extract Against Glutamate—
induced Oxidative Stress in HT22 Cells. Kor. J.
Pharmacogn. 2019:50(2);118-23.

Hong SJ, Choi Y], Lim HS, Son JB, Jung SS.
Effect of herbal dentifrice on dental plaque and
gingivitis. ] Korean Acad Dent Health. 2001:25(4);
347-55.

Peng HR. Dictionary of Traditional Chinese Medicine
Prescriptions  (Vol. 9). Beijing:Renminweisheng
publisher. 1994:433,

Peng HR. Dictionary of Traditional Chinese Medicine
Prescriptions  (Vol.  3).
publisher. 1994:918, 1055-6.

Peng HR. Dictionary of Traditional Chinese Medicine
Prescriptions (Vol. 1). Beijing:Renminweisheng
publisher. 1994:565.

Peng HR. Dictionary of Traditional Chinese Medicine
Prescriptions  (Vol. 4). Beijing:Renminweisheng
publisher. 1994:447-8,

Herbal Formula Textbook Compilation Committee.

Beijing:Renminweisheng



31

32.

33.

34,

35.

36.

37.

38.

30.

40.

Chgtstolst WAEtS|2| A293 H4Z (2021119
Herb. Formula Sci. 2021;29(4):205~227

Herbal Formula Science in Korean Medicine.
Paju:Koonja Publisher. 2020:1507-11.

Park SM, Lee TH, Zhao R, Kim YS, Jung ]JY,
Park CA, Jegal KH, Ku SK, Kim JK, Lee CW,
Kim YW, Cho IJ, An WG, Kim SC. Amelioration
of inflammatory responses by Socheongryong—Tang,
a traditional herbal medicine, in RAW 264.7
cells and rats. Int ] Mol Med. 2018;41(5):
2771-83.

Upadhyay ], Tiwari N, Ansari MN. Role of
inflammatory markers in corona virus disease
(COVID-19) patients: A review. Exp Biol Med
(Maywood). 2020;245(15):1368-75.

Kany S, Vollrath JT, Relja B. Cytokines in
Inflammatory Disease. Int J Mol Sci. 2019;20(23):
6008.

Chen F, Castranova V, Shi X. New insights into
the role of nuclear factor—kappaB in cell growth
regulation. Am ] Pathol. 2001;159(2):387-97.
Delgado AV, McManus AT, Chambers JP.
Production of tumor necrosis factor—alpha,
interleukin 1-beta, interleukin 2, and interleukin
6 by rat leukocyte subpopulations after exposure
to substance P. Neuropeptides. 2003;37(6):355-61.
Ramadan DE, Hariyani N, Indrawati R, Ridwan
RD, Diyatri 1. Cytokines and Chemokines in
Periodontitis. Eur J Dent. 2020;14(3):483-95.
Abul K. Abbas, Andrew H. Lichman. Cellular
and Molecular Immunology (5th Ed). Philadelpia:
Saunders. 2003:25, 282-8, 493, 507.

Jirikk FR, Podor TJ, Hirano T, Kishimoto T,
Loskutoff DJ, Carson DA, Lotz M. Bacterial
lipopolysaccharide and inflammatory mediators
augment IL—6 secretion by human endothelial
cells. J Immunol. 1989;142(1):144~17.

Gulhar R, Ashraf MA, Jialal . Physiology, Acute
Phase Reactants. [Updated 2020 May 4]. In:
StatPearls  [Internet]. Island (FL):
StatPearls Publishing: 2020 Jan. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK519570/
Alam MB, Ju MK, Kwon YG, Lee SH.

Protopine attenuates inflammation stimulated by

Treasure

226

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51

52.

carrageenan and LPS via the MAPK/NF-kappaB
pathway. Food Chem Toxicol. 2019;131:110583.
Wang H, Huang W, Liang M, Shi Y, Zhang C,
Li Q, Liu M, Shou Y, Yin H, Zhu X, Sun X,
Hu Y, Shen Z. (+)-]JQ1 attenuated LPS—induced
microglial inflammation via MAPK/NF«B signaling.
Cell Biosci. 2018:8:60.

The Korean Society of Pathology. Pathology.
Seoul:Komoonsa. 1995:71-104.

Cho YH. Concepts of Human Physiology. Seoul:
Bummoon Education. 2011:202.

Park KK. Oral Biochemistry. Seoul:Koonja publishers.
1999:318-25.

Lee SI. Cheonjin Prescription explanation. Seoul:
Seongbosa. 1995:23.

Seo WG, Pae HO, Oh GS, Kim NY, Kwon TO,
Shin MK, Chai KY, Chung HT. The aqueous
extract of Rhodiola sachalinensis root enhances
the expression of inducible nitric oxide synthase
gene in RAW264.7 macrophages. ] Ethnopharmacol.
2001;76:119-23.

Chiou WF, Chou CJ, Chen CF. Camptothecin
suppresses biosynthesis in RAW
264.7 macrophages. Life Sci. 2001;69:625-35.
Kawamata H, Ochiai H, Mantani N, Terasawa

nitric  oxide

K. Enhanced expression of inducible nitric oxide

synthase by Juzen—taiho—to in LPS—activated
RAW264.7 cells, a murine macrophage cell line.
Am J Chin Med 2000;28:217-26.

Jeremy S Paige, Samie R Jaffrey. Pharmacologic
manipulation of nitric oxide signaling: targeting
NOS dimerization and protein—protein interactions.
Curr Top Med Chem. 2007;7(1):97-114.

Palmer RM, Ashton DS, Moncada S. Vascular
endothelial cells synthesize nitric oxide from
L-arginine. Nature. 1988;333:664-6.

Moncada S, Higgs A. The L-arginine—nitric
oxide pathway. N Engl ] Med. 1993;329(27):
2002-12.

Assumpc¢do CR, Brunini TMC, Matsuura C,
Resende AC, Mendes—Ribeiro AC. Impact of
the Oxide and

L-arginine—Nitric Pathway



ez} 9] 291 I NF-«B @ MAPKOAIE 53 LRl B5580) gFoxan|
Jeong er al, Aqueous extract of Jigal-san ameliorates acute inflammatory responses in RAW 264.7 cells and rats

53.

54.

55.

56.

57.

58.

59.

Oxidative Stress on the Pathogenesis of the
Metabolic Syndrome. Open Biochem J. 2008;
2:108-15.

Higuchi M, Higashi N, Taki H, Osawa T.
Cytolytic mechanism of activated macrophages.
Tumor necrosis factor and L-arginine—dependent
mechanism acts as synergistically as the major
cytolytic mechanism of activated macrophages. |
Immunol. 1990;144:1425-31.

McDaniel ML, Kwon G, Hill JR, Marshall CA
and Corbett JA. Cytokines and nitric oxides in
islet inflammation and diabetes. Proc Soc Exp
Biol Med. 1996;211:24-32.

Corbett JA, Mac Daniel ML. Intraislet release of
interleukin—1 inhibits beta cell function by
inducing beta cell expression of inducible nitric
oxide syntheses. ] Exp Med. 1995;181:559-68.
Cetkovic—Cvrlje M and FEizirik DL. TNF and
IFNy potentiate the deleterious effects of IL-14
on mouse pancreatic islets mainly via generation
of nitric oxide. Cytokine. 1994;6:399-406.

Guha M, Mackman N. LPS induction of gene
expression in human monocytes. Cell Signal.
2001;13(2):85-94.

Williams AJ, Dave JR, Tortella FC. Neuroprotection
with the proteasome inhibitor MLN519 in focal
ischemic brain injury: relation to nuclear factor
kappaB (NF-kappaB), inflammatory gene expression,
and leukocyte infiltration. Neurochem Int. 2006;
49(2):106-12.

Kim MK, Kim DY. Anti-inflammatory Effect of
an Ecklonia cava Ethanol Extract in Macrophage
the NF-#xB/MAPK Signal

via Inhibition of

227

60.

61.

62.

63.

64.

65.

Pathways. ] Chitin Chitosan. 2016;21(4):236-41.
Shen J, Sakaida I, Uchida K, Terai S, Okita K.
Leptin enhances TNF-alpha production via p38
and JNK MAPK in LPS-stimulated Kupffer cells.
Life Sci. 2005;77(13):1502-15.

Park HY, Han MH, Park C, Jin CY, Kim GY,
Choi IW, Kim ND, Nam TJ, Kwon TG, Choi
YH. Anti-inflammatory effects of fucoidan
through inhibition of NF-«xB, MAPK and Akt
activation in lipopolysaccharide-induced BV2
microglia cells. Food and Chemical Toxicology.
2011:;49:1745-52.

Kim SM, Park EJ, Kim JY, Choi JH, Lee HJ.
Anti-Inflammatory Effects of Fermented Lotus
Root and Linoleic Acid in Lipopolysaccharide—
Induced RAW 264.7 Cells. Life (Basel). 2020;
10(11):E293.

Wang C, La L, Feng H, Yang Q, Wu F, Wang
C, Wu J, Hou L, Hou C, Liu W. Aldose
Reductase Inhibitor Engeletin Suppresses Pelvic
Inflammatory Disease by Blocking the Phospholipase
C/Protein Kinase C-Dependent/NF-kappaB and
MAPK  Cascades. ] Agric Food Chem. 2020;
68(42):11747-57.

Rao CV, Verma AR, Gupta PK, Vijayakumar
M. Anti-inflammatory and anti—nociceptive activities
of Fumaria indica whole plant extract in experimental
animals. Acta Pharm. 2007;57:491-8.
Lee JH, Choi YH, Choi BT. The

inflammatory effects of 2 Hz electroacupuncture

anti—

with different intensities on acute carrageenan—
induced inflammation in the rat paw. Int ] Mol

Med. 2005;16:99-102.



