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(NO) AAAAZAE RAW 264.7 MEFE o2 2389 39tk 1 23 steviol B —glucopyranosyl
ester (SGE)7} 5Y3 w5 2719 SG oA 7P & AABAAS BRyFTh E3 interleukin—1a (IL—1
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Abstract: Chronic inflammation is known to have effects on various diseases such as gout, cancer, dementia, atopic dis-
ease, and obesity. In addition, since some signal cascades involved in the development of inflammation are known to
affect the damage and aging of the skin tissue, studies are being conducted actively to control the inflammation
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mechanism. In order to mitigate or prevent inflammatory response, a number of researches have been made to develop

anti-inflammatory materials from some plants. In particular, Stevia rebaudiana produces steviol glycosides (SG), a natural

sweetener with a distinctive flavor. Studies on some of SG have been shown to have anti-inflammatory activity.

Researchers of this study expected that more SG also possess anti-inflammatory activity, besides stevioside, rebaudioside

A, and steviol. In order to confirm this possibility, the researchers screened inhibition activity of various steviol gluco-
sides for NO production in RAW 264.7 cell lines. As a result, steviol S -glucopyranosyl ester (SGE) showed the highest
inhibitory activity among steviol derivatives treated at the same molar concentration. In addition, we found that mRNA
expression level of interleukin-1 @ (IL-1 @), interleukin-1 8 (IL-13), cyclooxygenase-2 (COX-2), nuclear factor kap-
pa-light chain-enhancer of activated B cells (NF- # B) and inducible nitric oxide synthase (iNOS) was also decreased

in a dose-dependent manner. These results show that SGE inhibits anti-inflammatory activity and NO production in

mouse macrophage RAW 264.7 cells. It was confirmed that SGE has potential to be applied as an anti-inflammatory

material.

Keywords: steviol [B-glucopyranosyl ester, anti-inflammation, NO, inflammatory cytokine, bioconversion
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H71= gt o] HA )= nuclear factor kappa-light
chain-enhancer of activated B cells (NF- « B)2} cyclo-
oxygenase 2 (COX2)°| & o] Ao YPdTGA A T8
gk 93-S ity gElA Atk COX2+ arachidonic
acidE A5 A5 EZ < prostaglandin E2 (PGE2)Z
oA 7= Aol AHZ O E AAst= G4=, H
2~H| 20| =A|(non-steroidal) HSHAEZS /NLst=
Bl g 3t A7t o] FolA| AL lem, NF-«B
+ MMP-1, MMP-3, IL-6 && 9 nitric oxide (NO),
PGE2 & &3 59 2ol Aot A0 E 4yl
ZAFQI AH(transcription factor)©]TH5]. E3k NF-xBZ
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Ry
C d R R Average molecular
ompoun 1 2 weight(Da)
Steviol —H —H 31845
Steviol glucopyranosyl ester — B-Glc —H 480.59
Steviolmonoside —H — B-Glc 480.59
Steviolbioside —H — B-Glc — B-Glc(2—1) 64273
Rubusoside — B-Glc — B-Glc 642.73
Stevioside — B-Glc — B-Glc — B-Glc(2—1) 804.87
— B-Glc — B-Glc(2—1)
Rebaudioside B —H 804.87
B-Glc(3—1)
— B-Glc — B-Glc(2—1)
Rebaudioside A — B-Glc 967.01
B-Glc(3—1)
— B-Glc — o-Rha(2—1)
Rebaudioside C — B-Glc | 951.01
B-Glc(3—1)
— B-Glc — B-Glc(2—1)
Rebaudioside D — B-Glc — B-Glc(2-1) | 112915
B-Glc(3—1)

Figure 1. Structure and average molecular weight of STL and
SGs. Gle: glucose, Rha: rthammnose.
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SGo| T/ AT T2& Figure 19 Q59 vlie} 2
o AAA 8 SGE TS EEFY tiFES B-F
Ego =z, AuedA Esi7t of7] wEol dFe] A
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Al Z-8ste = FAYE FASJUHN1T]. L7

Tol| A= Z=HH] 0}%%% HE=A A& SG7F A
dAEA 2HE
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B, IL-15 ¥ IL-62] S A= ATFE 3
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21, Nt

B A4 A8 STV, REA, REB, STB, RUB,
STL2 Sigma (USA)A ull3le]  dimethylsulfoxide
(DMSO, Sigma, USA) &wjo] =] AL&3}9Th

22 AHHISHIER| A2 Z=H]

STM % SGE9| &4 ¥ AAl= 71&9 A7 &<

A+ 2319 D‘r[zz 23]. RUBEZY-E STME A x3}7] 948,
RUB 2 g= 80% (v/v) ool 83JA1Z] F 2 g NaOH
£ 718kl 45 TollA 200 ipml-Z 12 h B¢ 75
afetick. 7k 8l $ 9SS FF3kal pHE 3.02
Z A% F, 4000 rpml A 20 min 5 Y4 E-E] 5}
I F/HRTE AASE 34 S 33] vhEsta [ xsto
STME dlth STVEHRE SGEE Ax3str] {3
Aspergillus oryzae’s yeast-mold broth (YM broth, Difco,
USA)oll 28 C=Z 48 h &3 vt H, ]& GF/C ¥
HZ oslal 4u) ot 2 sty z7bR3)
A4S Atk AAD E4E 0.01% CaCLoll 343}
of 48] FejE ARESATE 7R RS 3
3F7] 918 &4l STV 2 g& #7I8kal pHE 48=
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Table 1. Gene Name and Assay ID Number in RT-PCR Analysis

LR

R T REE

Symbol Gene name Assay ID

IL-1 e Interleukin 1 alpha Mm004396-20 mL
IL-15 Interleukin 1 beta Mm00434228 mL
NF- £ B Nuclear factor kappa-light-chain-enhancer of activated B cells Mm00476361 mL
COX-2 Cyclooxygenase-2 Mm00478374 mL
iNOS Inducible nitric oxide synthase Mm00440502_mL

Z43 H, 40 CollA 96 h &<2F 200 RPM o2 w RS}

ot YAEEE Y FFRTE MHse FAHS 33 HkE
3t Ax3dte] SGES AUtk
2.3. NMR

Az" 2"H¥LFA] AISE9] nuclear magnetic
resonance (NMR)-A1S 9131 400 MHz NMR (Advance
11, Bruker, USA)E A3t Al S+ CD;OD (Sigma,
USA)ell 3Aate] E43F3 S, chemical shiftss
(ppm)=, coupling constant= Hz= 7]|&3}3 T}

2.4, MS

Mass spectrometry (MS) Hl°|H = ol =z A
AE A7) EA} o] 238} (Electrospray ionizer, Waters,
USA)E A #FE-2]7](Premier Quadrupole Time of flight,
Waters, USA)ol| 443l -3 ATE AEE 0.1% for-
mic acidE $Hf-3= methanol : acetonitrile (1 : 1)Z 3]
Aslal BT AI-A] FEZE AMEste] T3

2.5, M|ZHHQF

RAW 264.7 A|3E5= American type culture collection
(Rockville, USA)ZF-E] F-oFiic) njofo] ALEE nj
A= fetal bovine serum 10% (v/v) 2 FAYA|(100 U/mL
HUAH, 100 pgmL 2EZFErlo]iyl {2
Dulbecco’s modified Eagles’s medium (DMEM, Welgene,
ROK)Z 56 CollA] 30 min %<} heat inactivation A
FHISHATE A A, AlEE 2148 ajx] e} A 2 x
10° cells/well®] =7} H =3 96-well plateol] E-F3F
F 5% COsE Fidte] 37 ColA MiFe S

2.6. NO &g =24
NO 2tee Z743t7] flal Griesse] ol whe}

thetabaEsls| A, A 4498 A 3 &, 2018

FYEATH25]. AlF A RAW 264.7 Al Z= 02 x 10°
cells/well2] H]-&°] F == 24-well plated] 5 3}
24 h B¢ wgEN e, o]F V& AF=EEdd A
29 ¥52 Fuste] STL 2 SG= 7 welloll thale]
60 ug/mL7} F== M7}kl LPS(Sigma, USA)E 1
pg/mL FE7F B =5 A7SEET21]. o] % A5
Griess A 2f(Sigma, USA)} 1 : 12 E35te] 2-20f A
30 min ¢+ ¥HSA17) 31 540 nmoll A ERES =43
Atk FETAL AL} EF(Sigma, USA)S ARE-3}
=05k T

-

27. NZE =457t

71Ee] AFUY LS Faste] AESAZBIME 59
3FITH24]. RAW 264.7 Aol 2~E|B]& 2 ~HH|-&
A S Agstr] 93 Adees 2435k 9sl
EZcytox cell viability assay kit (EZ-1000, Dogenbio,
Korea)E AR&3}] cell viability assayS %3y Th
[24]. RAW 264.7 cell& 0.6 x 10* cells/well 2 96-well
platedl] 53+ 5 24 h B2 w0 F 72+ &3
= FEHEE A5t A Ed 3 24 h Bt FIIE )
st o] % 45 & AAStaL, DMEM : EZ-cytox
£ 10 : 12 3143t Z} welloll 100 L2 2|3+
30 min &<k W3k 450 nmol A FF =S =S}
opl= Ao F2 Ftetit

ol

2.8. RT-PCR

AMaze] HFAIEZIRl W AS A = o] 2
Fe ZRI5t7] Y5l 6-well plateo] RAW 264.7 A| &
6.0 x 10° cells/well® E55}o] 24 h <t st &
LPS 1 ug/mLE 6 h &< AElste] GFHe< =
Atk ojuf, AFHHE A mRNA HAFS &
3}7] $13] TRIzol reagent (Ambion, USA)E Al-&-3}¢]
total RNAS FE35}3 ) FE3F total RNAE -80 TColl

of
-
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S 8
*
*

-
o

o

CTRL LPS REA REB STV STB RUB STM SGE STL

60 pg/mL SG with 1 pg/mL LPS

Figure 2. Inhibitive effect of SG on NO production in LPS-
stimulated RAW 264.7. CTRL : LPS free control, REA :
rebaudioside A, REB: rebaudioside B, STV: stevioside, STB:
steviolbioside, RUB : Rubusoside, STM: steviolmonoside. SGE:
steviol glucopyranosyl ester, STL: steviol, “p < 0.001 compared
to CTRL, “p < 0.01 compared to LPS.

B35} 2™, Revertra ACE kit (Toyobo, Japan)& ©]-&
3te]  complementary DNA (cDNA)E HA33HATh
¢DNA= Tris / EDTA bufferell 1/ 52 3]43}e] AL8-3}
Aot FAAE mRNA 32 real-time PCR system
(Applied Biosystems, USA)ll Tagman probe (Thermo
Fisher, USA)E ©]&3le] X359tk Ao A=
probe 5 7|EY AFE FxEt] AR oM,
Table 1o 717H€ vkl Zo21].

2.9, Az
B = Student’s t-testS T3t p ghel 0.05
HRkl B9-5 FAASOE Fo3 Ao Adsith

d

3. &8 &dn
3.1. AHHISHEAH S 28 ST

B =RoA §53F STM¥ SGEZ} A A% BEAp1x
of BHA FAHJEA &elstr] $1ste]  400MHz
'HNMR ¥ MS #4& F3st. STMS| 74,
'HANMROA &= o2& edaFS 7435 €20
I C18Y FAERE F#HF 6 1.04 GH, s), & 112
(BH, 5)E FIT 7 Ao, o]lsAITE=E T3
 FAZERE FEU3 6 52 (J=324)F A3
S, 5 3.1 ~ 4594 C139] 2dd TEHOlA
e JIE ATk MSE 53l S4E EAFS
M + H]' = 48127 m/z& EA5Uc} SGEQ 7%,

120
100
80 1
60 4

40 Lig—

Cell viability (%)

20

CTRL 50 100 200 500 1000

Steviol glucopyranosyl ester
(mg/ml)

GV

2500.
2000. #
1500.

1000

Relative IL-1a
mRNA expression

CTRL LPS S0 100 200

Steviol glucopyranosyl ester

(ug/mi)
®)

700 —

600. |
500. 1
400. 1
300.

200. 1

Relative IL-1B
mRNA expression

100.

-

CTRL LPS 50 100 200

Steviol glucopyranosyl ester

(ng/mi)
©
Figure 3. Cell cytotoxcity, gene expression of IL-1 @ and IL-1
B in RAW 264.7 treated with SGE in addition to LPS. *p <
0.05 compared to CTRL, *p < 0.01 compared to CTRL, *p <
0.001 compared to CTRL, CTRL: LPS free control, ‘p < 0.05
compared to LPS, “p < 0.01 compared to LPS.

'HNMROA & o2& wed1EFS 743 €20
3 C189] 2 FAZHE F% 6 1.04 (3H, s),
8 1.18 GH, s)& &R1T =+ Jon, o|eddT=E
T8 TAEREH FHld 6 49 J =324F &<
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Foll A Fest T35 FASATE MSE T3 =
BAS M + H]' = 481.29 m/z2 B2 %1t}

sy
—
d

o [

3.2, NO MM ™ A3E|H
STL ¥ SG7} LPSE Z%1H RAW 264.72] NO A4
ol ouwl gt FEFS v X|=A &R13t7] 215k Griess
assay= T3t ThFigure 2). oFF-A S A E|3HA] 22
AdTs SAUERTOE At NO AAEFS 71+
o= vt A3 LPSE X 45 LPS "AE o
Z7 thH] 41782 F7hete] dEHkgo] RS &
QstA Tt o, LPSe} 7 REA, REB, STV, STB,
RUB, STM, SGE, STLE 217} 60 uM 71813 w2
NO Ay &2 742t LPS v|A 2] izt thH] 45.1, 44.0,
46.7, 41.7, 40.0, 46.9, 26.2, 37281 2 EA At} o=
F3te] Agd AH8-E SG T SGEC] NO A4 A&
o] 71 =& ZoE RIS
3.3. AHH|Z HIEHIES MZE =4 FIt
ZHB& g 2HH|SH] A E0] RAW 264.7 A
Ao v X = 9T gRlshr] 913l CCK-8 assay
T35} THFigure 3A). Al@oll AH&-3F =29 W4
71%& =2S Fx3ste] 0-500 ug/mLE AAEITH
21]. MIEZE 24 h 5 vjgst] AExs54ES
A3 200 pugml7HA = MEZAQ] ZA7F HEE XA
oo}l SGEC| HEEEE 200 ug/mLE 3t ZE

fr e to

—

3.4, SGE7} €& Y AIO|EFI2I9] mRNA ESZk0|
0%l B

SGE7} LPSell 93t F715+= E5 8 A ET}
ole] RIS Fo|ER 07 ZhAaAT|EA] 8RR
T} o] = £J3}a] RAW 264.7 A|3E] LPSE 6 h &3}
o] IL-1a, IL-1 82 mRNAAA S £Z3F9 1, SGES
HAdEE 200 ugmL 704 A Ad AP}
H] 23} tHFigure 3B, 3C). IL-1 2 &) 7% LPS A2+
o 2] mRNA & =Fo] LPS 18] iz thH] 1771
H} S7F= AT} ¥4, LPSeF 34l SGEE 50, 100, 200
ugml FEZ A2 AP 49 IL-1¢ mRNA &
deFo] 242+ LpS vA Y w29 1,847, 1,398, 5264
T SFHE AS2 ERIE U tHFigure 3B). IL-1 5 <]

h3ksl-Eska] 2], A 449 A 3 5, 2018

R e e L.
25.00
& 20.00 A #
N9
% @
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O g
g §
w < !
% g 10.00 .
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5.00 A
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Steviol glucopyranosy! ester
(ng/ml)
(A)
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v o e
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il
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® <
T Z 100
o
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(ug/ml)
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o 5 : |
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©
Figure 4. Gene expression of COX-2, i-NOS and NF-£ B in
RAW 264.7 treated with SGE in addition to LPS. CTRL: LPS

free control, *p < 0.05 compared to CTRL, p < 0.05 compared
to LPS, “p < 0.01 compared to LPS.

739 LPS A 2]72] mRNA Z& o] LpS vxjgl of
H] 6479) Z71=|dch Wb, LPSe} €7 SGEE 50,

100, 200 ugmLe] F=Z A3 A g9 45 IL-1
8 mRNA @& aFo] Z}zF LPS A 2] tlZ72] 454.3,
202.3, 27.78) O R fHAdke ZAoE AHAT
(Figure 3C).
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3.5. SGE7} NF—kB, COX2, iNOS2| mRNA 3iZfof|
0|xl= F&

SGE7} LPSell 9]sle] Z7}¥]l= NF-«B, COX2,
iNOS9] mRNA A FE FEoEF 07 A=
] gRlstAth o5 98t RAW 264.7 A3 LPSE
6 h A2]3}e] NF- £ B, COX2, iNOS2] mRNA A4S
71893, SGEE 3 A Els Ald+ vyt
(Figure 4). COX22] 73-%- LPS A 2]-o| 4 2] mRNA &
dFo] LPS HA 7] tiZ&7 tiH] 17.8812 7= AT
1, LPSe}F 7 SGEE 50, 100, 200 ug/ml &%
;qazﬂ_ }\] :TL/] 7(:)]_?_ COX2 mRNA m—agato] 71—71—
LPS "|A g thz7 ti¥] 151, 11.8, 7.3 &+=Fo.2 7+
Aste 10 E FIE U THFigure 4A). iINOSS| 745
LPS A&l A2l mRNA Zd ?‘*01 LPS "|xg =z

o i8] 2,18 2 S7FE QLT B, LPSe}F 34| SGEE
50, 100, 200 ugmlL FEZ A3 AP AS
iNOS mRNA F&zFo] z+zt LPS WA g o+ ti]
24, 1.6, 09812 W3}sl= oz SRIE A THFigure
4B). NF- k B9] 74-%- LPS A 2|0l 412 mRNA & zF
o] 3*%111?01 LPS "]AE] thx iy 3502 5
7}3 Atk WhE, LPSeF &7 SGEE 50, 100, 200 ug/mL

=2 A AP 4 NF-£B mRNA HdTF
] Z¥Zy LPS "X 8] tiZ7 U] 3.6, 2.2, 1192 #H3}
st Ao ® 1= A TKFigure 4C).

O

.2 B

ol& 95l 713 WA Griess reactions ©]-£3}
Y T=AA9 dEF EE 238 T O
A7, Figure 20014 YERd vRe} Zho] R29IX|o o]
A=A 252 STL % SGES] NOAA A& Ado] =
A Yebgon, 2% = SGES] E4d0] B E& A
S 2 IRIFAG. o]& T3t 2HHIE A S RI
Aol ol 2H 2 AgEAUE Fol 528 A
o ojA T8I &S Fst= AORE AT
Hlem, R2 YX]oll Y7 &2 STL A2 NOAA

) ﬂ%L e Asste AoE oAETh =3 STL
2 SG7} 39l ©Ale] - JAR] INOS B HARRIAR]
) ﬂ FE Ust7] Ystd mRNAS] HA g XA
3t A3} NF- B 2 iNOSS mRNA A o] w5 7+
2F A olHe FAFAHLS STVE U E 3 7|&E
o] AFAAE ERld uF ATH19). olHAF AP
COX29 mRNAAE w72 gel=Egith uhat
A1, STL % SG 4| 959 zlsfolu} THHFOE
3 7HslEe o] BAS AT Tl
gl

SGE®]| #H&- 7|xlo] Bt} iAol A fref= =4
3157 #sted, ~HHIE 9 SGEE A &|$ RAW
264.72] IL-1 @, IL-1 8 HdA S ZABIIY. 1 23}
Figure 30 YR vie} o] 7} ILES] mRNA LdTF
w3l A Ao E FRIFRIT B AFEA d&
AsdGAA s B AP A A8 o, SGEx
HF Al EZIRIRI IL-1 o] TS dAsta, 954

A EZRRD AL T d o] - AR NF- ¢ B LA
S ZAaAFS B ol COX2 A EAJo] o8
Aoz 31FTH19,26].

HAEX O ZE, SGEE A Afo| BRI LS AR
she AAlol FES = 4 A= THsAe) Eua
(Y. T8 2EHE 2 ~EH B w7}
&3] oju g AE 9} FEzrgste] 1LY 2dd &
ogt=Xol tislA= ofd ¢eizl vt ©BA dom,
A2 AHE NF-¢B7F o2 o]53dle] o]& o

Al kel FeAgshe AErt AP o Wt
sheAl ol B3 A5TE SEA] Brhe AolA F7HH <
A7 Basity Ty ohekek STL 3 SG7FILe| &
ol Hsh= FedA e ellE e Featgste £
ATz AT i, Al oA Hdd As o
WAge F5e FHs= ATE ﬁﬂv&t}ﬂd, Hey
g3tslA STL 2 SG] &g MAUES 933 54
of ¥R A M2 S o 5 9l
Aoz oidd
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