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Abstract

Objectives : Stevia rebaudiana is a well-known herbal sweetener in the Korea, Japan and China, and its medical
uses were originated from countries in South America. Although it has been shown the various medical effects of
S, rebaudiana including contraception and treatment of human diseases such as hyperglycemia, it has almost not
been studied about the efficacy of S, rebaudiana methanolic extract (SRE) on the acute inflammation and its action
mechanism,

Methods : To investigate the anti-inflammatory effects of SRE, we treated SRE and examined the level of
inflammatory mediators in LPS-stimulated Raw264.7 cells,

Results : Treatment of macrophage with LPS markedly induced the production of NO, PGE; and pro-inflammatory
cytokines, Pretreatment of SRE blocked the induction of inflammatory mediators and the expression of iNOS
protein. More importantly, LPS-induced phosphorylation of I#B-a was suppressed by the treatment of SRE,
suggesting SRE inhibition of NF-#B activation, Furthermore, SRE blocked LPS-induced phosphorylation of MAPKs.
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Conclusions : SRE inhibited the induction of NO, PGE, and pro-inflammatory cytokines in Raw264.7 cells, SRE's
effect may be mediated with its inhibition of NF-#B activation and MAPK phosphorylation, which suggests its uses

as an anti-inflammatory agents.
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LPS (E col), 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyl-tetrazolium bromide (MTT),
reagent Sigma (St, Louis, MO, USA)olA T3}
9}, Dulbecco's modified
(DMEM), fetal bovine serum (FBS), penicillin,

Griess

eagle's medium
streptomycin GibcoBRL (Eggenstein, Germany)
oA U8t Dimethyl sulfoxide (DMSO)T
Junsei Chemical Co,, Ltd, (Tokyo, Japan)ollA] -]
sl%loH, iNOS A= BD biosciences (San Jose,
CA, USA)IN Fet9iaL, 1#B-a 9} NF-«B 3
+ Santa Cruz Biotechnology (Santa Cruz, CA,
USA)9lM 74383t} Phospho-1«B-a (p-1«B-
a), phospho-p38 MAPK (p-p38), phospho-Erk 1/2
(p-Erk 1/2)9} phospho-]JNK 1/2 (p-JNK 1/2) &
+ Cell Signaling Technology (Danvers, MA, USA)
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S, rebaudiana®l 100% W[EHE-S 7}l Ad-ollA]
72717 Fob F&310] No.2 filter paper (Nalgene,
New York, NY, USA)Z o33t & odg 7133]
A5Z%7] (EYELA, Tokyo, Japan)E AMg3te] 53

sl9itt, F29S Ultralow temperature freezer

(Operon, Korea)"ﬂ 12A)7F Fot FAslo] 541z

7] (LABCONCO, Kansas, MO, USA)Z FA7z3}
I AREE WA 20Ccol Bask
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Raw264.7 A|EE F=HEF23 (KCLB, Seoul,
Korea)olA| #5o} 10% FBS, 100 Ufnl penicillin,
100 ug/ml streptomycin®] 3% DMEM H|A|E o]
£319] 37°C, 5% CO, 2NN wlokstart, wjoks
A|Eo]| SRE 3 - 100 ug/m& 1A7F Fot AR A5l
LPS (1 ug/n)E F7t2 A=|5te] vjoket &, wjA] 9
AES e,
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Titertek Multiskan Automatic ELISA microplate
reader (Model MCC/340, Huntsville, AL)Z o]&3}
of 570 mellM FBFEES SAAT. AE AEES
RAAE A9 AEeT vmetel then ge &
20| 2J3] F7}st9dtt. Cell viability (% control) =
100 x (absorbance of treated cells)/(absorbance of
control cells)
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Raw264.7 AE27E A4E NO & AlZ v
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Raw264.7 A|Z9| SRE 3 - 100 ug/nl-S 212} #]3}

AIZE 3 LIPS (1 ug/ml)E 12417t Fot A5}
xﬂjs wopele Satelct AE v} A5 50
9} Griess reagent (1% sulfanilamide in 5%
phosphoric acid, 1% « -naphthylamide in H,O) 50
W2 Bl ¥u 158 Fob wksaAlyl &
microplate readerE ©]-83}0] 540 moM FFE=E
ZA519ct.



6. Enzyme—linked immunosorbent assay (ELISA)

SRES} LPS7H AHAE AE wjokd F9| PGE,
TNF-a % IL-69 %2 mouse anti-PGE, (R&D
Systems, Minneapolis, MN, USA), anti-TNF-a 2
anti-IL-6  (Endogen, Woburn, MA, USA)%}
biotinylated 22} A= o]-83 ELISAo| 23 A
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ANE FZY (whole cell lysates) L 3
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One way analysis of variance (ANOVA)Z 1&
8948 FHrketth, 271 o)Ae] 1F9] §oA
712 95lo] Newman-Keuls testZ Z-83}9) \:}
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SRE9] g% &5 % oo #dE A &
A5t710l oA SREZF tAMIEFQ] Raw264.7 AIE
of AEEAS el #2s17] gstkod, 1 x 107

ml FEZE 24 well plateol] 27t B35l vt &
oF 809%2] confluencyoll] 12A|7F FBS7} @7}541]
22 DMEM i A|of}A] ulokstoit, o] AEo| SRE
3 - 100 ug/ms FEERE 2447 B AAF &
MTT 4 (5 ng/ml, 42|71 7Fste] A€ formazan
< 570 molX FF=E EHslo] SREY] AEZAS
golsloitt, FAAT AEoM #EE AT A&
&2 7]1F 02 SRE 3 - 100 wg/m-S FEEE X5
agolM FAHCE Fod AE AL ¥
#2484 QIckFig. 1). o] A= 3 - 100 ug
[ml SREZ} Raw264.7 AM|Eel ME=AE frdsA|
8-S oulan, o]F 100 ug/ml ©]8te] SRE &=
Ageto] & A& 2dsit
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Fig. 1. Effect of SRE on cell viability,
Raw2064.7 cells were treated with 3 - 100 ug/ml of SRE
dissolved in DMSO for 24 h. Cell viability was measured by
MTT assay and expressed as a relative percentage of the
control cells without the addition of indicated SRE. All values
represent mean £ SD. of three independent experiments.
SRE, S rebaudiana methanolic extracts,
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Fig. 2. Effect of SRE on LPS-mediated NO and iNOS

protein expression,

(A) Raw264.7 cells were treated with 3 - 100 ug/m! of SRE for
1 h prior to the addition of LPS (1 wg/ml) for 24 h. The
concentrations of nitrite in culture medium were
measured by Griess reagent.

Expressions of iNOS protein were determined by
immunoblot using specific anti-INOS antibodies, £ -actin
was used as a loading control (Upper pannel). The
relative levels of protein bands were measured by
scanning densitometry (Lower pannel). Values represent
mean * SD. of three independent experiments
(Significant as compared to control, ~p ¢ 0.01; significant
as compared to LPS alone, " p ¢ 0.0l),
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3= ligand9l LPSE o|4-3}9ic}, Raw264.7 A Eo|
3 - 100 wg/ml SRES 1A7F F9tF AAXE 5 1 ug/
ml LPSE 24A7t Fot Ax|ate] wigdel freld
NO2| %% Griese reagent= o]-§3}a] 540 me| &
Beola 2431900}, 1 ug/nl LPSE Raw264.7 A%
9] NO #elE % 5 v A= S7HAIZT), LPSel| o3
7He NO9| %2 3 ug/ml SRES]| oJ3) 723k 7
S Byou, SAA froAde sigith 2Ed 10,
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02, NO A4 #ofeh= iNOS Tl 2] A&
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2 =3t 30 wg/ml SRE AA A& iNOS
sk 8% YR, 100 wg/nl SRE A
A& LPS ©= A2| A9} Hluwste] iNOS LE&
FAACE frodt FFoR JAsGItkFig. 2B).
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Fig. 3. Effect of SRE on LPS-mediated PGE2, TNF-¢ and IL=6 productions.
Raw264.7 cells were treated with 30 or 100 ug/ml of SRE for 1 h prior to the addition of LPS (1 wg/ml) for 18 h. The
concentrations of PGE, (A), TNF-a (B) and IL-6 (C) in culture medium were measured by ELISA. All values represent mean +
SD. of three independent experiments (Significant as compared to control cells, p ¢ 0.01; significant as compared to LPS treated

cells, “p ( 0.01).
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Fig. 4. Effect of SRE on the LPS-mediated NF-x B activation in Raw264.7 cells,
Whole cell lysates or nuclear extracts were prepared from vehicle, LPS (1 wg/ml) with or without SRE (100 wug/ml) treated cells,
Phosphorylation level of 1#B-a protein (A), [#B-a expression in whole cell lysates (B), and NF-#B expression in nuclear

fractions (C) were determined by immunoblot analysis .

B-actin or lamin was used as a loading control for whole cell lysates

or nuclear fractions, respectively (Upper pannel). The relative levels of protein bands were measured by scanning densitometry
(Lower pannel). Values represent mean *+ SD, of three independent experiments (Significant as compared to control, “p ¢ 0.01;

significant as compared to LPS alone, “p ¢ 0.01, "p ¢ 0.03).

45.8% TEoE A7 A2 ZHFig, 3, B-O)

4, tHAMZNA SREZt LPSO 2lsf &-43te|
NF-x B M3 YEYI0| 0|k &

rir

A EE LPS A=l 28 inhibitory- «B (1«
B) kinase7} 24J31EH 1-£Ba o] Q1A3le] oJgt 2

a7F £XHaL, 1-«Be 2HE fre2ld NF-«B7} 8
o7 o]Fste] @5 "Wl e ZeRHC A%
o] o5 e BHS sl B, me
Al SREZ} 0|5 @5viZiQIAke] Walel #ofshe NEF-
kB ASUE A v|X& %8S immunoblot ¥

Mg B B39} Raw264.7 AE 05417 &
ot 1 ug/ml LPSE AX|g A, 1£B-a 9] QAs17}

59



ghQtolQIFE A5 A6 A3(2013 89)

718k, AEA W] 1«B-a Tl ool 7hAs}
otk o9} tiEo] dMogel NF-«B thld (p65
sudunit)] 0] F7FstAckFig. 4, A-C). 100 ug/
nl SRE ZAX|& LPSe| 9|gt NF-«B 213 UE$3A
o &gsks B AskSItkEig. 4, A-C), o] A
£ SREZ} Al ElM LPSO| 28] 243} E= NF-
£B 213 UESIE JAste] LPS =4 g5l

Ao f21E oA 4 9es ANfE,
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Fig. 5. Effect of SRE on the LPS-mediated MAPKs
phosphorylations in Raw264.7 cells,

Lysates were prepared as described in figure 4.
Phosphorylation levels of JNK, Erk and p38 were monitored
by immunoblot analysis. The results were confirmed by
repeated experiments,

AA A LPS Aol oJsf SAfste= & o
£ ¥4 AlF+= mitogen activated protein kinase
(MAPK)Z2A  EH-FolME  extracellular  signal
regulated kinase (Erk), p38 protein kinase (p38),
c-Jun NH,-terminal kinase (JNK) 3%2] ©hilldo]
deiA 9k, SRES o3t LPS =4 @il
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2kl g GAlel glo] AE Ul MAPKS] E43]o|
HAE G F7ks] Hsetod, A Eelx SREZ}
LPSe| o3} F7ksh= MAPKY| Qlakstel wlx|= 9
& HA3E Raw264.7 ME] 05417 B9t 1
ug/ml LPSE AX3 AH, 352 MAPK (NK 1/2,
Erk 1/2, p38 protein kianase)?] Q1XF3}7} B5F 57}
8dc}, 100 wg/ml SRE A= LPSel| ¢ Z7}st
+ JNKI1/2 ¥ p38 protein kinase2] 91XHlS Erk
1/29] Qlitstel] vlwste] Al AAletirkFig, 5).
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3k iNOS| Wl Astlct, ofe} tiEo] 30 - 100
ug/n SRE HAA= LPSel| oJ3 PGE:9| 2] E3
AAstgiet. ool Aak= SREZF tlAAEA A LPS
o o8] BN} AE U 3% AT B4 L AA
olzte] oAlE %3 iNOSS COX-2 Wals A
T e ARFEE,

ASuiznelztel os SAdstE tjaxEzE Nogt
prostaglandin®] #-2]9} t}&0] TNF-«, IL-65 ¥3}
3k TRt cytokines AJAJsto] 7+ 2719 4% ut
28 ZZINAG?, INF-a: septic shock 2
toxic shocks X33 AAA GFH-EA] 9 Ulo
S7Fke B2 cytokine 2 ZA] TjAA ] EA]
3l9} 89 autocrine EF o] 23] T}E cytokines]
FEES Y, 65 &3], Houks, 9
ABNE] 715 Tl o] Fa3 9T Fasit
Y )z BHmTe YA hAME
LPS 252 TNF-a 9} IL-69] A4 2 fr2lE $7M
ZA2H, 100 ug/m SREX LPSOl| ¢J&] 7}t TINF-
a9} IL69 NS BAHoR fofdt FFo07 9
Akt

B Ao]a ##3 iNOS, TNF-«a, IL-6& NF-«
Bo} MAPKe| of3) Wdo] 2d=e tiaAdl 44
Aol ™ NF- ¢ B As| whl el 1¢B-a 9}
B3A9 Hez BdAs)so] Axdel EAgi
LPSE 3+t 9FA=L 1£B kinaseZ SAI31A]7]
3 o]o 8] 1«#B-a 2] N-terminal 49 serine
A7 QI I-kBa 9] Qlitsh= 14B-a 9
lysine Zt7]9l| multi-ubiquitinations =3} o]
o3} proteasome EFA ol o3 L3l E g},
B-a 9] 233 NF-#B/I«B-a B4 7150
A Y NF-«B EgA9] & o]F A go| =&
glog olfste], A A ZERE At
A5 Wl e TS o ke wEs
FEY, QAAEIN NE-xBS S A
Tl ot AsEale 4sie A AeHes
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L)

61



ghQtolQIFE A5 A6 A3(2013 89)

7P dEHQ] As g = MAPKO[th, MAPKE £
FFollA Erk, p38 MAPK, JNK¢| 3%2] member
7} BuEglon, INKe 79 1«B kinased] 232
ol QxkskE 3l NF-«B 25 UESAE 43}
N7l Ao BIHYT, o9} tiEo] MAPK
+ AP-1, activating transcription factor-2, cAMP-
responsive element binding proteing X33t T}
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Ao, 7)Ee] £3 Hugh Zo] B AFNE
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< &8 9% W Al Hds 248 < gl
= AR
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) A 9 v A A5 7154 AFAAR
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of tigt 2t o] BF ATEA, FAEF dd
A5fsE WHEFS B85t Pskgla,
Aoz oo #dd EA|dE AFeksiH. oF S
rebaudian FEE°] F& T FAAF B <t
ARl g 3% A7t AP, S rebaudian
FEEY &8 Tk tEo] A FET LAEA
et 454 23] A5 242 7 IS o=
71,

Y oX

dle

2 g
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1. Stevia rebaudiana @ WEE FEFE (SRE)2
Raw264.7 AENAM 3 - 100 wg/m ] = W
A AE 548 YA gl

2. SREE LPSe|| 9J3l] Z713k NO ¥ iNOS T d o]
FAE T &R JAstort.

3. SRE: LPS o3 #=¥ PGE: % HFA4
cytokine (TNF-a, IL-6)¢] @81 A3} gic},

4. SRET LPSel| oJ3l| &AJ3tH 1« B-a 9] 9latks} &
w3, NF-#B9| @y olF A4S §3to] NF-«
B 43 JEHIE AL o9 TEo]
MAPK®] QXslE A3}t

olefdt SREY FUT & P EAI
AT Stevia rebaudianaZ T3 A IFA &

3ho] o} 1l WA 7 oFE-o] Algf 33} AAlEA
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