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2 AFXM = $E(dchyranthes japonica, A} Lactobacillus plantarum©. % W& 3t 9-E(AJ-LP)= 5714 £1(E, A&,
A, oM EATY, FEe) R FEt0] RAW264.7 ALollX @45 el mlA= P8-S RIS lipopolysaccharide
(LPS)Z 5% RAW264.7 AH3Eof| A nitric oxide (NO) ! cytokine /32 =733l 2™ western blot 2= cyclooxygenase-2
(COX-2)$} nitric oxide synthase (INOS)2] ¥d =& HABITE ME 542 CCK assays &3l ERIsHion =4S
7HAA] = FER1 100 pgmLE 23S z13seicy. NO B4 A3l &4 21} AILPE ceh&(E)Z FZ¢F A&7t LPSRE
12] 8k controloll H] &l °F 74%Z A& &o] 71 =3k A5 cytokineS! Interleukin-6 (IL-6), tumor necrosis fac-
tor-@ (TNF- @), and Interleukin-1 8 (IL-1 8)2] A E <F 57, 70, 74%°] AHE&Z -3t 55 HATh COX-29}
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Abstract

In this study, we used extracts obtained from five different solvents (water, ethanol, hexane, ethyl acetate, butanol) of Achyranthes
Jjaponica (AJ) and also AJ fermented with Lactobacillus plantarum (LP) to confirm effects on the anti-inflammatory activity
in RAW264.7 cells. Experiments of measuring nitric oxide (NO) and cytokine production were performed in lipopolysaccharide
(LPS)-induced RAW264.7 cells, and the expression of both cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase
(INOS) was observed by a western blot method. The cytotoxicity of RAW264.7 was confirmed by the cell counting kit (CCK)
assay at a concentration of 100 pg/mL, which has no toxicity. As a result of the inhibition of NO production, the inhibition
rate of AJ-LP extracted with ethanol samples was about 74% higher than that of using the control group. Interleukin-6 (IL-6),
tumor necrosis factor- @ (TNF- «), and Interleukin-1 3 (IL-1 8), which are inflammatory cytokines, also showed an excellent
efficacy with inhibition rates of about 57, 70, and 74%, respectively. Comparing to the results of COX-2 and iNOS expression
in the AJ group, the inhibition rate of 20-hydroxyecdysone was the highest than others. On the other hand, the COX-2 ex-
pression level of AJ-LP group decreased about 16% compared to that of the control group, and the iNOS expression level was
also decreased about 7%. These results suggest that the extract of AJ fermented from L. plantarum can be used as an anti-in-
flammatory natural material.
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3k Ji, A 43k DNA &7 2 o s gk ohygt B3
A ABE fdshe 54 AR fx) wdo] FUHATH2 3] WY
ARG M EE 12FH0Z vlolg A, M, w3FA|E, A
5o AATH: BAAE-E st A EL T cytokineS wH| 81
2212 0 2 WSS EMYSIAZITH4]. ti2 A EeA AAAdE A
7NEZo] velglol Wl=4:2! lipopolysaccharide (LPS)2} 2> A}
SEA =F9 79 RAW264.7 macrophage©ll*] interleukin-1 4
(IL-1 B), interleukin-6 (IL-6), tumor necrosis factor-@ (TNF-a@ )%} 7
2 ASZNAIEQ! cytokines HH]|3FL cyclooxygenase-2 (COX-2)2}
inducible nitric oxide synthase (iNOS)7} &4 3}=|©] nitric oxide (NO)
= AATH5T).

Catalase peroxidase, SOD (superoxide dismutase)$} -2 SAFs}t &
2~ H3= vitamin C, tocopherol, flavonoid 52] SAFSHAI= YA UlollA
A7 (free radical), &4k W SRS JAlshs S-S 7Y
[8]. ikt atsld AEg Ao o3t &0 RNE Ana2E HEE)
7] S18te] &lsl =4S Aakshe a4, nlaad 713ks Fal A
Ul ik 54 oA, ofe] 7H] EakAe] A 9 Holdg-g ¢l
THO). =3t Lactobacillus plantamm% A ke Aslsh [k
o] F& AT st Aol Al A5 Wdel w37k ik
o] ArH10].

E(Achyranthes japonica)> SHgelA HF-E2] BEE A
H 5 thdx 2Eoln g, F5, Y& 52 ofrlo} x| Sef B9
SHA| B E ] IeH11]. 52 AT AE S 2= oleanolic acidA
saponin, steroid7| £ -sitosterol, stigmasterol, rubrosterone™} “1 ¥}<] in-
okosterone, ecdysone, 20-hydroxyecdysone 5-©] H.ilE o] QTH12]. &
e ok, AT, £F, B4, 48 A5 AREY FAF 1
R gAaks], 3t A8 0] AlE] E4o] ®ary]e] QIri13]. FHE -
&9 in vitro AT oM £ T olES a{14], FZAE} 2
A 23k g315], 5] ARGE T VI A6, =HET At
R FFEES 54 Wol[17], 318/ ¥ &l st R3[18] T
o] Byxo] glom, &8 &, duks, WehE 9] vkt = F
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2 AP FARrY A2 L plantarum 0% WEAZ] &3,
g S AAA G S5 BW), EEE), FAH), cHIE
AY(EA), FeEB)2 5714 SvlE 53 F LPSE d5s 1%
g RAW264.7 A A ZoM G5 F2 ui7fE4dA NO A4 oAl &
7 8l COX-29} iNOS®] el vl IS Ayate] FHT 24
& ol A} g
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2.1. A ME

2 Aol AMHE $E(Achyranthes japonica, AT (F)A|e] AT ol
A1 39 FEHE T8It SEA)S & FAC] sullel sgE
= B¥5E JUBK, L plantarum® W E S $5(AJ-LP)S & F
A2l sufjel] sldel= Hitr W & FAC] 1%l WS3= L. plan-
tarum= 73718 - 37 C shaking incubatorol|A] 3 52 wjFsSic)
o]% AJ9} Al-LP %% FA19] sulel] e E(W), NE-E(E),
GAKH), oFHIEAIE(EA), Feh&B) SlE 247 w= 71810 37 €
shaking incubatoroll A 1Y &<t FE3H3th 595 3,000 ppm O =
10 min <+ PAF2]3F] Whatman No. 2 filter paper (Whatman
International Ltd., Maidstone, England)® ¢33+ & 719} 5% (Eyela

3sEt ® 30 A A 2 =, 2019

Rotary Evaporator N-1000, Rikakikai Co., Tokyo, Japan)3}o] 5471
Z T AEE AMSGItE txT o2 $E2 ARdwo R 434
$1+ 20-hydroxyecdysone ((20-H), Sigma, USA)= AME-3I3Ath

2.2. M|ZHHQF

Aol AR vhe-A A EFER) RAW264.7 Al S
M EFLYKCLB, Seoul, Korea)ollx] okilol ARSI 0 10%
fetal bovine serum (FBS)®} 1% penicillin-streptomycins &3t
Dulbecco’s modified Eagles’s medium (DMEM)< AME-3le] 37 C,
5% COx% A€ Hf7]elA i dataiet.

2.3. Cell viability

A w5 e AESAS gRIs] $3 RAW264.7 A9
CCK assayS AA18FItE RAW264.7 AlEZS 6 x 10° cells/well®] &
T 96-well plateol] Z53F & 24 h g2t wslo] F2AF . o] &
7} NE W Yx7S 5980, 62.5, 125.0, 250.0, 500.0 pg/mL)E 3]
23k 24 h < w38 CCK solutionS 10% (viv) HEE ¥
12 h e ke = microplate reader (Multiskan, Thermo Scientific,
Korea)E AFH8-310] 450 nm 3FgollA F3LE ST Al AL
Ho AEN kst ERE e V1o R Hlusich

2.4. Nitric oxide 44 X5 &}

AlS} AI-LPE SvHE FE3 A|R2 NO WS S5 ¢
3l NO assay= Al&3IATE RAW264.7 AEZS 6-well plateo]] 2 x 10°
cells/well Z 5= - 24 h &<} vjYste] F2AIZATE 100 pg/ml 55
2 A8 W xS A28k 1 h 3 LPS 1 ug/mLE A28l 24
h &< WAL WSS vk AHe T griess reagent (Sigma,
USA)E 1 : 1% 410 15 min §<F 2204 HES-AIF 540 nmolA &
FEE S8tk AlEERE AAE NO2 ¥ NaNO, 3EF9 9]

FEES V|Fo R AXrEnh

2.5. Cytokine &3

A&7} LPSE] A=oll o A== IL-6, TNF-« 9 IL-18 2] A
Aol mA= avE S4s8] 918 NO S99 22 o R A
= wjekst 3 ZF welleld AS5dS 395190tk ELISA kit (R&D
System, Minneapolis, USA)E AF&-3lo] AA|E we] wha} A2jst
2 &3 % 450 nmoll A ELISA reader® 73}t

2.6. Western blot

NOZ74 7} 22> W o2 AEE kst 3 PBSE AZ5k3L 0.5 M
EDTA %} protease inhibitor cocktail (P3100, genDEPOT, USA)°] &°]
%+ RIPA buffer® AXEE &3l|A1A 4 C, 14,000 rppmel 4] 15 min
Bt Atk 1§ 459 Bradford protein assay (Sigma,
USA)E ol&all dids ARsialtt 35 pgdl WL 10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)=Z -
2]5}3L PVDF membrane .= transferd}ITth 5% BSA (sigma, USA)
7} &% TBS buffers AM&3lod 1 h H<F blocking ¥ 22 A|eko
2 12} FA(COX-2, iNOS)E 1 : 1,000°0.2 3]Alslo] 4 TollA over
night 33tk 71 3 0.1% Tween 20°] 527} TBS buffer (TBST)E
63] AHakaL 22} A= 5% skim milk (volo, Korea)”} 5% TBS
buffers AH8-3t0] 1 :5,0009] Bl&= 3|4 § Ao 1 h &< 1k
SAAY 712 63 AlZ St 3 enhanced chemiluminescence (ECL,
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Figure 1. Effect of various extracts from Achyranthes japonica on
RAW264.7 cells viability. RAW264.7 cells were treated with various
concentrations of extract solutions (a) and L. plantarum fermentated
extract solutions (b) for 24 h and cell viability was determined using
the CCK assay. Data were expressed as percentage of control (20-H;
20-hydroxyecdysone, AJ; Achyranthes japonica, LP; Lactobacillus
plantarum, w; water, E; ethanol, H; hexane, EA; ethyl acetate, B;
butanol)(*p < 0.05, **p < 0.01).

Dongin, Korea)= *2]3}aL CHe-BI (Neoscience, Korea)Z 7}A] 3} 2
etk

27. SHSH A4S

A A PR e 2FEEAkE Yepiglon fo4d AlelE A
5171 $13l SPSS 20 (SPSS Inc, Chicago, IL, USA)~Z 2 1388 AME-
3141 one-way ANOVA 4] F P < 0.05 &
tests HAIBHATH

“=oll4] Duncan’s multiple

3. dup ¥ aE

3.1. Cell viability
RAW264.7 Al3EellA] 2} Alge] AEEA of-E dolry] ¢
CCK assays E3l0] AE AESS Q?l S} th(Figure 1). AT$}
AJ-LPE ZtZte] e &3k AR W dlZ2F(20-H)S FRH(0,
62.5, 125.0, 250.0, 500.0 pg/mL)= x{ﬂﬂ A} txTelMs e
oA 90% o] AEES Btk AJolAE 125 ug/mL o3}
FEONA 80% )] AEE-S(Figure 1(a)), AJ-LPOIAE 250 pg/mL
ojate] Lol 90% ool WEES HYlTHFigure 1(b)). Wl

(b)

Figure 2. Effect of various extracts from Achyranthes japonica on
LPS-induced nitrite production in RAW264.7 cells. The cells were
pretreated with 100 pg/mL of extract solutions (a) and L. plantarum
fermentated extract solutions (b) and LPS (1 pg/mL) for 24 h. The
amount of nifrite in supernatant was measured using Griess reagent
(20-H; 20-hydroxyecdysone, AJ; Achyranthes japonica, 1P; Lactobacillus
plantarum, w; water, E; ethanol, H; hexane, EA; ethyl acetate, B;
butanol)(p < 0.05).

BE AR RAW26AT AT FHE A g 28 89
or] A2 FEES 100 pymLE 40] 7 NS

3.2. Nitric oxide MMXofl &1}

ASHESo] E4J3}= L-arginine®l| 4] nitric oxide synthase (NOS)
o o3 NO7} A ¥ ™ FEdk NO AL dZ=o] Azl 1= Qs
Z2 o] &4 2 erH23]. wEbA AT9} AT-LPE] FE84'E NO
A Adles Lotrr] 9e RAW264.7 AIEES LPSE A=AIZ F,
A& 2 2T 100 pg/mL SE2 3718l NO A 9S4
SFAth(Figure 2). LPSYE %]2] 8t controli©] normalofl ¥l NO A
Aol e A0R Hol ¢dFo] fEH Ag RIStk 2w
control]l H]3l] 66%<] NO A4 Asi&S UehSL, AJE E, H,
W, B, EAZ F%3 A|87} control-oll HIa 2+t 69.9, 67.6, 50.3,
28.5, 18.6%2] NO A2 A 8&-& JERATKFigure 2(a)). AI-LPE EA,
E, W, H, BE %3} A8 controli-oll BI&| Z}2} 74.6, 74.2, 72.2,
71.6, 28.4%2] NO A Asl&S Ve ITKFigure 2(b)). WA AIS
E9} HE 53 A|59} AJ-LPE W, E, H, EAZ 53 A8+ Uz
THT NO oAl §5°] Hojds & < ASITh
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Figure 3. Effect of various extracts from Achyranthes japonica on
production of pro-inflammatory cytokine in LPS-induced RAW264.7
cells. IL-6 (a), TNF-a (b), IL-13 (c) was detected at 450 nm by
ELISA method (20-H; 20-hydroxyecdysone, AJ; Achyranthes
japonica, LP; Lactobacillus plantarum, w; water, E; ethanol, H;
hexane, EA; ethyl acetate, B; butanol)(p < 0.05).

3.3. Cytokine &3

AE7} LPSE H5¥ RAW264.7 MM BAEE pro-in-
flammatory cytokine (IL-6, TNF-a, IL-13)2] Aol u]X]= &S
otr 7] 95ke] ELISA W o2 S g thFigure 3). 1L-62] I} o]
A control 0] 527.3 pg/mL, tFET- 328.4 pg/mLE YEFSTE ATS
H, W, ER &3 A|57} 27} 281.6, 280.9, 252.5 pg/mL, AJ-LPollA
= EA, H, W, EE 3%3 X877} 22} 3189, 272.8, 265.6, 228.2
pgmLe FE= thzTol &) IL-6 A o] vkt £3] AI-LLP-E
7} control-ol| B3 56.7%, thEToll Bl&] 30.5%%2 7FF =2 IL-6
AE& WCkFigure 3(a)). TNF-a & A3 controli-
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Figure 4. Effect of various extracts from Achyranthes japonica on
COX-2 and iNOS protein expressions in LPS-induced RAW264.7
cells. The level of COX-2 and iNOS were determined extract
solutions by a western blot analysis and B-actin was used as house
keeping gene (a). (b) shows the expression of COX-2 to B-actin and
(c) of iNOS to B-actin (20-H; 20-hydroxyecdysone, AJ; Achyranthes
japonica, w; water, E; ethanol, H; hexane, EA; ethyl acetate, B;
butanol).

EA, W2 &3 A8 controlol Bl&l] 22} 54.7%%} 70.0, 63.2,
59.8, 59.6%% UIZTHT} =& A3&S Rt £3), AJ-LP-E=
controliol] BI3}| 70.0%, thz-oll H]&l 38.6%% 713 %S TNF-«a
Ad &a3= YePATHFigure 3(b)). IL-143 2] A3o|A controli
704.0 pg/mL, ThETS 412.6 pg/mLE thE-| controli-oll H]3f
41.4%9) IL-1 8 As&S el AJE H, E, W2 FE3 A 59}
AJ-LPE H, E, W, EA, BE FZ3F A|E7} control-el B3] 51.0,
50.6, 49.6%S} 747, 743, 73.3, 73.0, 65.1%2] IL-1 8 A&f&S et
WKFigure 3(c)). AJ-LPE BE FE38 AlEE dellx] AHE IL-6,
TNF-a A/doA aioq bizrio vasd @2 A5 a3&5 1
SFA, IL-1 B oM = tl2THT 22 A a3 vepdloh 2as)
A 9 LR fAFCE 958 TaFS ul cytokine wH| O]
o Aos 4S8 & 4 99lor, degR 5% A Ert UE &
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Figure 5. Effect of various extracts from Achyranthes japonica on
COX-2 and iNOS protein expressions in LPS-induced RAW264.7
cells. The level of COX-2 and iNOS were determined L. plantarum
fermentated extract solutions by a western blot analysis and A-actin
was used as house keeping gene (a). (b) shows the expression of
COX-2 to PB-actin and (c¢) of iNOS to [B-actin (20-H;
20-hydroxyecdysone, AJ; Achyranthes japonica, LP; Lactobacillus
plantarum, w; water, E; ethanol, H; hexane, EA; ethyl acetate, B;
butanol).

LE AFEES W R} IL-6, TNF- @ 9k oba} IL-1 8 oA con-

trolell HJ3l cytokine #8]%©] 50% o]’ AT FHAHIT

3.4. Western blot

LPSel & &4d3tE RAW264.7 MIEo)X AT (Figure 4)9} AJ-LP
(Figure 5)°] COX-2 ¥ iNOS & Adll avE Lotr7] 913l west-
emn blot= FSFATE AEL] W& A Tof 2Fo]7} ¢l house keep-
ing gene® & g -actine 579319 COX-29} iNOSS] W& | wsk
S tH(Figure 4(a), 5(a)). A AJS] v COX-2 WA ¥ control
off Hlgl TS 52%9] AAES B, AJS] S FE AE F
E7} 464%% =& Al %55 B0 EATF 20.0%E 7P @
A G55 B THFigure 4(b)). AJS] §u iNOS A3} control

te = 149

s}

ol
fol
o

Ty 559

[e

ol H3l] tlzro] 82.6%2] AEE 7MY #okow T oRE E
7} 66.2%% As&o] =Sk thFigure 4(c)). AJ-LP2] € COX-2 &
HAAT} hZTL controlTol &l 67.7%2] Ad&S Yebdom, H,
E, W, EAE= controli]l H3l 78.9, 78.0, 77.7, 70.7%2] A&&= tf
ZTRY A UebsthFigure 5(b)). AJ-LPO] 3-vi'd iNOS Hd
controlzel] H|& EE elA 70% o) AsEE JERI
AJ-LP-B7} 88.1%% 714 =2 iNOS Adl&S YEFATKFigure 5(c)).
ol#fdt Axt2 B w) Altell vl Al-LPito] COX-2 X iNOS &
dAs vy o Adshs Fow ke

.4 B

B Ao LPSE U5S 58 RAW264.7 thAAIZ )4 NO
e cytokine?] MAH, COX-28} iNOSS] whd whe ks 3o
L. plantarum .2 TE3 $LAJ-LP)S] 95 T2 595 Lolr
1AF BRdch AT AJLPE ofE] 7HA §ulE FEe AlRS] AE X
d& Elsly] 9lall CCK assayE T8RO AR S5 100
pgmLE 3t o]F AFS F3YSHGItE. RAW264.7 T A A
LPSHF 2% control2] NO H5E+E 134 uM $5F0 2 Z7)8131 0
o, IZTY] NO ¥5E 453 uME control ¢l H]3l| 66.4%2] A3l
&5 Ut AJE E9 HE FE3E Al59) AJ-LPE W, E, H, EA
2 3E3 A8 dxET 52 NO AdES velith 95 44
ZAF QIAR] cytokine®] AAdS dotHy] 18l W& IL-6, TNF- @
9 IL-1 85 SA3IT) IL-69] AiellA= AJE W, E, HE FE3
A|E9} AI-LPE W, E, H, EA £ F&3 A|87} Uz As&x)
A YEREom, TNF-¢ o A3o|r= AJ-EQF AJ-LPS W, E, H,
EA & A&7} %279 Adgrwet =4 Jebdth 783l I-148
o] AnolAl= AJE W, E, HE 33231 A|59} AI-LPE W, E, H, EA,
BE F&3% Al57t vz Adgrtt =4 Jelsth Avdow
AJ-LPE EE FE3 A|R7} IL-6 W TNF-a Adeo] 71 wgkoe
W, AJLPE HE %3 A8E IL-15 Ao 7P @A ekt
o} TEsh TNF- @ = IL-69] Ave} v)sest Aas Uepllon 7 47
B AJTHTE AJLPUolA Ad] &5l HolRtTth Cytokine
pro-inflammatory agent®l| &J3l] ZFEH = o] HF7} HAN= COX-2¢}
iNOS 9| WS Aw A} AJ79] ofe] §u] % AE7F uxT
Huh =2 A A4S VERIAE SUAIRE, AILPTOlE W, E,
H, EA7} COX-2 & AolA] 2T} =2 A3 &4 7Hxle
1 EA, BE iINOS '#d AdollA] dixa it 52 Al 845 et
Witk Yang[22] 59 Aol A= TNF-a 7} iNOS W3S ==a}o]
NO E1]E FX3h= 10 HuFo] gt} # A dy AJE o
SHlE FE3 A2 TNF-o A/dZo] iNOS EdZ W NO Ad%
Aol FARSE AEE Bk ol iNOS &AWk oA d5o]
NO % TNF-¢ A= 93-S F+= Zlo= aAck) 9 249E5S
FTHHor Ay BFsH] o2 $EHthe Ao R wE
3t & AR 3T 2 Howon, g A E dekER F
Zo A|57F Akl AE# e 7] BAMAE TAAFIOEH
LPS A=l &8 cytokine 2 COX-29} iNOS 2HlS 2JAAA &4
% E7} Holds &R1g = SIStk Lee[23] sollA Akt Has

[o5

Q19 e el maels 34 i, 5 wil, W
5ol o B3| L plantarum>- AE WA F<5 o]
PO 2 BAAAE A8 AkA U] Sl disk vl del Sl
Q3 QS sty BaEo] Qlvk webA 2 ATA% L plan-
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