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& 2k 2HM|o}(Stevia rebaudiana) & ‘gotHEl7E A o] L4kA| Q1 =3t} 2HH] o} &of thdA AEE 2H|
B & (steviol) & 7|8 22 dt= ket w7t 2A)8h 2~H| 8] A o) = (stevioside) $F 2]HF-T] QA}o| =
(rebaudioside) A o] FAEo|th ~HHE |G EL ARRT thuto] 953 Hoju 7mg g de] ALg
HAR L Yt} HZ o =EEAA 2HYE wFgAEo] v 2 g T3 ¥ ool e} IRy o] ERA
ol 2-o) A@E o ok Bart AATh weEbA B Ao s 2HHE wgdAd kT Aol = A
9o g 57 ATE T3 FF olEY ARy A SAF 4E ME e FlstaA st 3 dFE
3l vl A M EQ] RAW264.7 A ZE 0]-&3+ cell viability B 9% 2 Al E7FQ] mRNA @ 28
B339 E A cell viability 282 98l cell counting kit—8 (CCK—8) assayS 3591 AlEEA] 0]
Se AU TEE 250 uMZE A o]F BE S WAL Buler oAl = A HF 24 7]F
AFE= T2 AFH real—time RT-PCR HH-E o] &3t Th LPSH| 23l &/d3}H RAW264.7 th2] A Z oA
gutet eAtelt A X Ax LPS Az tin] iINOS W3 &e oF 47% 7438190, COX—2 =3 41% 24
ST AEE NOY & 3 55 o|EH 02 A4S A EZE LPSE A48/ 2104 5 A4
Aol EFFQl 22 interleukin (IL)—1 e, IL—143, IL—69] 23z 24& 39213k A3} Alo|E7IQI(IL-1 e,
18, 6) &&o] LPS Xzl thy] 40%, 45%, 59% 2 % &4 FoA4 JA Zasth A8z 02 ~HH|
< HigAQl HeT] 24l = AE NO A " AR EZR] EH A B3l 9% vhe< A3lstAnt olzg
Ykt 2Ate| = A9l A FET 24 7S B3l olETAPIEYE A 2ARe o] ZdEh

Abstract: Stevia (Stevia rebaudiana) is a perennial plant of the genus Stevia, originated in South America. It stores
many forms of glycosides, mainly stevioside and rebaudioside A, in which steviol is the basic structure. Steviol
glycosides, widely used as sweeteners, are superior to sugar in sweetness. Recently, it has been reported that steviol
glycosides are involved not only in the skin whitening and anti-inflammatory effect but also in enhancing skin barrier
function through tight junction regulation. Thus, we examined anti-inflammatory effect of rebaudioside A and tried to
identify its potential for improving atopic dermatitis as cosmetic ingredients. To investigate the anti-inflammatory effect,
cell viability and mRNA expression level of inflammation-related cytokines were measured using mouse macrophage
RAW264.7 cells. Cell counting kit 8 (CCK-8) assay was carried out to measure cell viability and the maximum
concentration without cytotoxicity was set to 250 uM. A quantitative real-time RT-PCR method was used for the study
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of the inflammatory suppression of rebaudioside A. Rebaudioside A inhibited expression of inducible nitric oxide
synthase (iNOS) up to 47% and COX-2 up to 41% compared to LPS treated condition. NO synthesis was decreased
by rebaudioside A. Also, mRNA expression of interleukin (IL)-1 @, IL-1 8 and IL-6 in LPS-stimulated RAW264.7 cells
was decreased to 40%, 45% and 59%, respectively, as a concentration-dependent manner. In conclusion, rebaudioside
A inhibited the inflammatory response by regulation of cytokine gene expression. From these results, we expect that
steviol glycoside, such as rebaudioside A, can be used as a material for improving atopic dermatitis in the future.
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HH&7 T ARl 2EHH| ARl B, 2juke-T] A}
ol= A9 WA (tight junction, TN)Z ol tha+ A+
A& ZHHlEo] T 74 @A F syl S2h-¢-
H(claudin)-8¢] T A P A|EZ o] FE st
H|B] 2] 2]3] transepithelial electrical resistance (TEER)
e g AEFERETE ST v 2w A
2HH] A =9} 2]HlP-T] @ AFo]| = Ao A& TEER
o] 7= MEFFHET} Yol a1 u7ApH o] 718}
HATH7]. YHHE o2 3578 (skin barrier)©] T £] 5
EHE JIAE Bosh= 07 ARl 7ss B
Feta vF AdSy dRAHer FA4E =94
e gt JEtolE, A o8 FAEHE 38HE)/
Aslera Ay Oe|a 7 Ak gk M A
Fol &EXnt o] F A A 9&S T
YHAAHL 9Tl EASh= Sl 2 Xl whet
371-9A A, A R 7 E4E e HA-
A Aol dTs syt PARAY Dl HES
#39 9] HPFA F= DAL zonula occludens

proteins(ZO)-1, -2, occludin, BHF7} TH A Q] claudin 5

thatabaEss| A, A 4398 A 2 &, 2017

o] ATHS]. EZF M EZofA o]ed WA
Mol AHo] oA AFER FEHIF He
epithelial-mesenchymal transition (EMT)2} S}aL ©]
A Z2] Mol ol B2 o|tH9]. o] 3 theF3h
AR A e HT AEA ol HAL
= ol=y] I RdAE PR ddo] Uk olEy]
T4 Aol gk 2744] 7Hd o] =T d A 9
3IE Qla) 9 F EREr) F7hste] Aenh-go] ke
the 7H (outside-inside 71H4)3 AEHHE-o] 432 %1
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Table 1. Gene Name and Assay ID Number in Real-Time PCR Analysis

Symbol Gene name Assay ID
IL-1a Interleukin 1 alpha Mm004396-20 mL
IL-18 Interleukin 1 beta Mm00434228 mL
IL-6 Interleukin 6 Mm00446190 mL
TNF « Tumor necrosis factor alpha Mm00443258 mL
COX-2 Cyclooxygenase-2 Mm00478374 mL
iNOS Inducible nitic oxide synthase Mm00440502_mL
GAPDH Glyceraldehyde-3-phosphate dehydrogenase Mm99999915 gL

AAste] NO2l A4 2 PGe] EAS Aslgti17,18].
webA] B A= gukeH QA E A9 B
gd 24 75 D FF ol IR N SE &
Al &4 7Hsds st s

2. Mz A WY

21, A8 M=

B Aol A ARSSE 2] HAQ] 2EHH] Al =
(50956), BIHF$-T] 2 A1 = A (01432)= Sigma (USA)ll
A A3 Fajste] A8kt

2.2, M= HHQE

2 Aol 2 AHEE RAW264.7 A ZE A
EF2Yo A Fefol widstitt M2 37 T,
CO, 5% = FAIE SAolA vjgFsilon, + 2-33]
Al FS AT ol A& wf g
Dulbecco’s Modified Eagles’s Medium (DMEM,
Welgene, Korea)©ll 56 CZ 30 min &<} heat inactivation
gl fetal bovine serum (FBS, Welgene) 10%, penicilin
(100 U/mL) /streptomycin (100 ug/mL) (Pen/Strep, Gibco,
USA)& H7heted AHE-3HA T

2.3, M= =4 Hot

ZH|R| Ao &, 2HT QA= A RAW264.7
Aol AHgstr] A Ha s55 AAs7] Slst
o cell viability assayE s TH19]. A3l EZ-
cytox cell viability assay kit (EZ-1000, Dogenbio, Korea)
E A8t RAW264 7 cell€ 0.6 x 10* cells/well =
96-well plateol] & % 24 h Bk vjoFste] HAA
ZHtt. o] % 7 Eél% S E 3Mste] A3k & 24

h ¢ wigsiaink dsds A|7ska, DMEM:
EZ-cytoxE 10: 12 45 84S wellv}t} 100 uLA
A2k £ 30 min R ¥HSAIZ] Ths 450 nmoll A &

PEE ZHs] x| TS WEI

o

2.4, NO d8% =3
NO A TS SA43t7] Hel Griess ol weh A
S 23Y5FHTH20]. 24-well plateol] RAW264.7 Al
£ we 11 2 0.2 x 10° cello] ¥ =5 BEF3le] 24 h 5
% lipopolysaccharide (LPS, Sigma) 1 ug/mL<}
z} %@% FEEE A3t 20 h F WHEAIFAT
kXl 45N} Griess reagent (G4410, Sigma)
E 1: 12 4]°] 30 min It A4 ¥-3-A1A 540 nmel]
A %%‘:% S5t EFF412 sodium  nitrate
)E o]-gat] AR o, HFEFA
A3t NO A S A3tttk

2.5. RNA =& 4 HMZFX Real Time RT-PCR
RAW264.7 Al ZZE 6-well plate®l] 0.6 x 10° cells/plate
A ZFete] 24 h L UGS & A5 FEe Hsl

LPS 1 ug/mL< 6 h &<t A2jste] A=2 ksl
A5 B FAe mRNA TEFES Hw 24

$]3) total RNAS- TRIzol reagent (Ambion, USA)< A}
g3lo] FE31th FE3 total RNAE —80 Coll 2
#alo] AR89 S, Revertra ACE kit (Toyobo, Japan)
< ©|&3l cDNAE AT A4 cDNAE
Tris/EDTA buffers H7}38te] 1/52 3434 AH8-3H3
o} RT-PCR A &8-S real-time PCR system (Applied
Biosystems, USA)®| Taqman probe (Thermo Fisher,
USA)E o]&3at] AAIFCE FHAE mRNA H3
= B4 Aol AHE-E probeE-S Table 10 3%
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2.6. SAXE
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ety o] BEAA 0 Z Fodicty Astych
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ZHH]E #FAE0] RAW264.7 Al Z2] 23 &
doll A= FEFS FU3H7] 3] CCK-8 assays %
g3t Th Aol AHEE 2ol wxo WM V&
RS 8835k 0-1,000 uME A A3 TE RAW264.7
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sto] M2 A2 £ 24 h ol AEES A= A9
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o gEber A= A A 250 uMZHA] 122 +
14%=E A|Z YEE0] 77T 500 uMelA = 113
£ 6, 1,000 uMON A= 93 + 4%2 7HASH= 7 ako] YEl
Wk ol g MEZ AEE A3 AF RAW264.7 A E
o] AEE| YIS FA Fe oA ZHBI A
E gl guker Aol =AY 35 Stikstr] 913
A T2 250 uMZ AATIY =3 2E Ao
2 -85} Th(Figure 1).
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Figure 1. Examination of the cytotoxicity of stevioside and
rebaudioside A in RAW264.7 cells by CCK-8 assay. As a
result, it was decided to use steviol glycosides at a maximum
concentration of 250 uM. The results are presented as the
mean = S.D. of the percentage of control density (OD) in
triplicate.
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Figure 2. To verify effect on inflammatory regulation by
steviol glycosides, iINOS and COX-2 gene expression was
examined by RT-PCR. (A) The expression of iNOS was
decreased by stevioside or rebaudioside A in the presence of
LPS (1 wg/mL). (B) COX-2 was negatively regulated by
stevioside or rebaudioside A in the presence of LPS (1
ug/ml). # p < 0.05, compared to control, *: p < 0.05,
compared to LPS treated group.

3.3. NO MNaF =Y

LPSZ &4 3}5 RAW264.7 Al 2] NO AAdol 2~H|
Hl-& wi G A 7} oA gt Y-S vX=A] Lotry] 98
Griess reagentE ©]-8-3F Griess assays 33T
sodium nitrate 0-62.5 uM W& 7]FE2E 3} stand-
ard curve® A% & NO9| & 4AHE3H3 th(Figure
3A). oA E AR 2 SAHETS NO 44
FE 100%=2 FtetdS w, LPSE AEe A+
162.16 + 2.71%= 9 < g S7lste 5] A
FAoFE IS skt 4 FAHETS] 2
HH] QA =2 50, 100, 250 uMZE 212} 2 &3S
o] NO A2 151.02 + 4.86, 125.68 + 3.34, 115.42
+ 352%%= A 250 uM Z7oA LPS AT tin]
29% Fashe 2SRl oo FYd v =
AollA gkt eAte|l= AE 712 AEstds o
17422 + 1.48, 152.22 + 3.90, 134.42 + 321%= NO2
A TFO] TEE R, LPS A2l thy] 18% 1H4she]
Zukrjeatol= A E=S NO A Ao TS
o = AATHFigure 3).
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Figure 3. Inhibitory effects of steviol glycosides (stevioside,
rebaudioside A) on the production of NO in LPS-stimulated
RAW264.7 macrophages. #: p < 0.05, compared to control, **:
p < 0.01, ***: p < 0.001, compared to LPS treated group.

3.4, E|HIRCIQAIO|= A0 o5t EF | AOIEFIR!
Lo H3}
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S F38ta guber] Aol = Ao mE I3
2 W3ls #FEATE LPS Ay oA IL-1a 9

< Sz tiRl 843 + 0.994] S8t

A]
o

of dF ol AR olHHeS FAsA

=

o

A A3} 2T QA= A 50, 100, 250 4M
223 A9 IL-1 ¢ & mRNA 3L 7.78 + 1.50, 5.89

+0.79, 5.19 + 1.1481 2 LPS A& thH] 18%, 28%,
40% 723+ cHFigure 4A). IL-13 2] A% LPSE A
glste] ST Y] 944 + 0332 W F FUHE
ISR, BHR-H QA E A 50, 100, 250 M A
2] 2= 774 £ 0.17, 721 + 044, 523 + 0.16H] =
LPS A2l thH] 18%, 24%, 45%=2 4 J+= T4
7} #EEAKFigure 4B). IL-69] #32F wHd o)
LPSE A3t A =T tiv] 23.84 + 0.894] =7}
39S Wl T QA= AE 50, 100, 250 uM A
23 7% 18.98 + 0.28, 1546 + 1.22, 9.76 + 1.358] =
LPS A& tHl 20%, 35%, 59% 7433 thFigure
40). 28y FYs AFxA #EEE TNF-a 9
mRNA &A= LPS A2l iy Zash= I
o] #AHoY FAA Fo43-S ATKFigure 4D).
o] AFEodA FRIEAF0] HukFHl A E AE
A= I 2" Ao)EFRRI IL-1e, IL-13, IL-69
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Figure 4. The expression level of inflammation-related genes was examined by real-time RT PCR. When treated with rebaudioside
A, IL-1a(A), IL-18(B), IL-6(C) and TNF-a (D) gene expression were decreased as a dose-dependent manner. # p < 0.05,

compared to control *: p < 0.05, compared to LPS treated group.
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