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Effect of Fractions From Stachys siebol/dii Mia. Root on Antioxidant,
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We investigated to analyze total flavonoid content and fatty acid composition of Stachys sieboldii
Miq root. In order to determine antioxidant and anti-inflammatory effects of fractions from S. sieboldii
Migq. root, we conducted 1.1-Diphenyl-2-picryhydrazyl (DPPH) and 2,2'-Azino-bis (3-ethylbenothiazo-
line-6-sulfonic acid) diammonium salt radical cation (ABTS) assays for antioxidant and measured nitric
oxide (NO) production induced by lipopolysaccharide (LPS) in RAW 264.7 cells. In addition, we exam-
ined an inhibitory effect of fractions from S. sieboldii Miq. root on smad signaling induced by trans-
forming growth factor (TGF) B. Among the fractions, n-butanol (n-BuOH) fraction showed the highest
flavonoid content (16.67 mg/g), followed by n-Hexane, water and 85% aqueous methanol (85% aq.
MeOH) fractions. The fatty acid composition of S. sieboldii Miq. root was in the following order
: n-6 fatty acids (54.3%) > n-3 fatty acids (21.2%) > saturated fatty acids (19.7%) > n-9 fatty acids
(3.6%). As a result of the antioxidant efficacy, the DPPH and ABTS assays showed that n-BuOH
fraction had higher scavenging activity compared to other fractions. Inhibitory effect on NO production
showed that all fractions decreased LPS-induced NO production, indicating an anti-inflammatory activ-
ity of S. sieboldii Miq. root. 85% aq. MeOH and water fractions showed a higher efficacy in inhibiting
transforming growth factor (TGF) B induced smad signaling. From the results, it suggests that food
processing products using S. sieboldii Miq. root will be developed as a functional food for promoting

health.
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31]. =3k M U vlEZ =g o} 4FS AR reactive nitro-
gen species (RNS)7} A2 4 9 ow[35], 4+3} thA-A
oA I =3}A A E reactive oxygen species (ROS)/RNS
L goFdt d& A=A Z 283 pro-inflammatory AFO]
E7IIS 8 9 #HlE 2Yste o2 RuHd
2] AAL(NO)E A7 gE B dede] mAYEF(3]
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Aoz dHF o™ 1 F prostaglandins 2 FSHHS,
715 B AEAE e F&A o 2H S %EO]'E

A4 w7 A o] TH39]. BE3} A4 F eicosapentaenoic
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7t Q= Ao BuEom[1], Maleki S[29]& 2 E4
Qe SR rol=e] gz &A 5 93] ROS/RNS7}
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A ZF E<F 100C ol 4 7HEsiganh 147 & 7

] WZHAIZl O3 n-Hexane 2 ml®} S/ 2 mlE
ThA] 47C, 3,000 rppmol| A 383 AR T A5
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o A Fo A EElE AWihE 1w FHke Atk £48
gas chromatography®ll F=¢} 3t A WH4ks £413H 4 TH37].
A g4E A0 AE-3 EFE8 W2 )5 Nu-Chek-PrepAt
9] 462 standard®]™, ©] €% columna
umn (CP-7856, 60 m x 0.32 mm inner diameter X 0.10 pm
film thickness)©|T}. 7]17]9] 4] 2712 injector 250C, de-
tector (FID) 250°C, oven (initial 130C, 3 &71&2 175
C7HA] 4C/min, 210C7A] 1°C/min, 245C7A] 30C/min),

carrier gast™= LFS AMESIATH A B 2E 8

9] retention time ¥} Blw3te] AR, WHE 222

==

silica capillary col-
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(22: 3n-3, methyl ester) 2 ©]-&3}e] & XS A F3HA
o Ztzto]l A4S ZA peak areal] HAEZ 4+E3}

AT

£ U 2=
2479 {7181 FE5 #1389 acetone:methylene

chlorideE 1:1 HI &2 &3t 243to] F13] W7 =
5 8hof 2423 WAZE F FE5AT o] HA S 23] W
Holo] A2 o2 40C 5
orator (N-1000, Eyela, Japan)= & =35} acetone/methylene
chloride (A+M) FZE& AUTH AtM W2 FZFHXA

el A rotary vacuum evap-

%2 A E-S methanol (MeOH)E FE3t A} Fe AL
AtMF} 5 F2] MeOHS o] ¢ LT Wi o g 23]

HHESE & 55351 MeOH FEES AUt F SM=5
H A E £53 FZES TFsto oA & 5400
we} =2FH o2 23831 p-Hexane, 85% aqueous meth-
anol (85% aq. MeOH), n-buthanol (n-BuOH) % water +¥
ES AT AdolE 742t FEEE dimethyl sulfoxide
(DMSO)ll o A=A 2 Ba3 52 3|48t A}
B3tk AlaZu]eFoll AHE-E DMSO9| HFF =+ 0.1%
o|3l7} H =% 3t3th

& EZajucolS B &%

AT T F RS9 =(flavonoid) $FF2 Chae 5[6]
o S Wyt o5 o] ZAHEAT. §uE =
21zF Bl B8E | mgS MeOH 1 mioll FHof A&
F sk 10 ml9] diethylene glycolS 7}l & &3+3t &
1 N NaOH [ ml 747]—0]-04 37Ceol A A7 B3 HH-SA1 A
t}. Hk§-o] 1 & UV-visible spectrometer (Helios beta,

Thermo Electron Co., Rochester, NY, USA)E /\]-%O]-Oi 420
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1,1-Diphenyl-2-picryhydrazyl (DPPH) 2}C|ZH AJ{&

Z47F B 2359 DPPH A% &2AZAY =4
sl AA 2 BEES McOHE BEE R 3]4sla] A
311 TH9]. DPPH 2 mgS- ethanol 15 mlol =< DPPH ¥
< ZA54th DPPH €4 1.2 ml¢l DMSO 0.5 ml$} etha-
nol< 3 mlE &§3te DPPH 3448 AH-8-319Th DPPH
sl R o] FFE7} 094-0970] HEE ato] AFo AHE
&t3lth Al 0.1 mie} DPPH 3|49 09 miE 412 & 10
& UV-visible spectrophotometer (Helios beta, Thermo Elec-
tron Co., Rochester, NY, USA)Z 518 nmol| A A3} T}
oluf tZT& HAgH4FSIA|Ql L-ascorbic acide} 34 &
Akl A AJbutylated hydroxyltoluene (BHT)E AF-&-3F% T}
A 5¢] DPPH &tz &2AZG L 59 Ao wt ALt
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2.2'-Azino-bis(3-ethylbenothiazoline-6-sulfonic
acid) diammonium salt radical cation (ABTS+) 2CI2
AEN

ZA7 By B8 5o )3 ABTS+ S &84S
ZA3t7] 93l 7 mMe] ABTS+9} 2.45 mM<] potassuim
persulfate’S 7138} radical A& 213l FAolA 16413
WS A 71 734 nmoll A FF =7} 0.68-0.72 7 HEE
EtOHZ 3]4138}99TH36]. ABTS+ 3]41<H 0.98 mle} £38&
0.02 mIE EFste] gFaolA 1023t A2 5 Uv-
visible spectrophotometer 732 nmol| A FFE=E ZS435I%
ot 2o 2= HAAGAES A Ql L-ascorbic acid2} 34
akstAQl BHTE ARS8 T A5 ABTS+ 2o &
AEd-& DPPH &£AEA 2] 2o wa} A4tss .

M| ZZHH 2k

= Al2F SPH N2 RE vk A A
Raw 264.7 A9} QA A S A ZMHT-1080)F 4
2 AP LNA wfFstEA Aol AHESHIATE Raw 264.7
A Z 9} HT-1080 A3+ 100 units/mL 2] penicillin-strepto-
mycin (Gibco, USA)¥} 10% fetal bovine serum (FBS, Corn-
ing Cellgro, USA)7} 72 RPMI 1640 (Lonza, USA)< At
431 37°C, 5% CO, incubator (MCO-15AC, Sanyo Electric
Biomedical Co., Ltd., Japan)oll A #}] &3} %t}

S

MIZ LW nitric oxide (NO) MM £X
Raw 264.7 AIZE 96 well cell culture plate®l] well B
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5x10* cells/ml7} S| == 33} 37C, 5% CO; incubator
ol A 2443t 53t vl Bkt Wl L 10% FBS7F 2
H MEM HIAE WA & 243 By EYE55 123
S AAYsa, NO HAEE F=3H7] H8l lipopoly-
sacchariede (LPS) (1 pg/ml = 1 ppm)E A 2]+ 3, 48A|%¢F
59 37C, 5% CO, incubatorol] 4] v sttt o] & AA
H NO9 %2 Griess A 2F0.1% N-(1-naphtyl)etylenedi-
amine : 1% sulfanilamide = 1:1)& ©]&3}] 570 nmoll 4]
EF=E =439 sodium nitrateS A8t S
TEER 2E948 2Hdste] NO9| =8 §3EE
A

EEIHL 48ATe] Agald A4E N

o
fo 12 1o 2

(2

H A28 3 assay diluent 200 plE EF3 &
AZE FQt WA SEATE A A& Ao Z 4 A
gk & plate®] 2 welloll A& 100 pE A 3tate] 4

A 2RI B HAEE T AlE S 5N E 4 A
% avidin-horseradish peroxidase® 100 pl< 2 3}3}o] ThA]
Ao A 302 FF FA AT AHE FFAS 5H Al
23t & tetramethylbenzidine®] Z & 7] &Y 100 ul< 2
slato] Ao 158 5t WA T stopH S 100 pl ¥
= 7tk Hb&-& AA A HTh optical density= ELISA
(Bio-Rad, Model 500, Hercules, CA, USA)E ©] &3} 450
nmol A S TH21].
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Western blot

A ZZ 6 well plateol] 5x10° cells/wello] ¥ =2 33}

B2AZ v 247 e B85 4A Ay & &
TGFPBR1 (proteintech, Illinois, USA)E 1A1Zt A 2]3l<] Hj
FtAt) vl gE AE medias 353+ 12,000 ppm o=
57 AAEE Fte 35 WS 92 T Bradford assay
(Bio-rad, Hercules, CA, USA) [19]Z ©]&3lo] &9 o
A& AFstAch. A& 2 Gl E-E 4-12% Bolt™ Bis-Tris
Plus Mini Protein Gels (Thermo Fisher, CA, USA)Oﬂ 7149
&3} Polyvinylidine difluoride (PVDF) Mini Stacks (Thermo
Fisher, CA, USA)ol Tl A& F2AZTh Aol AR
p-Smad3, Smad2/3 &= Cell Signaling Technology (CST,
MA, USA), GAPDH &}A|+= Proteintech Group, Inc (Protein-
tech, IL, USA)ol Al F+3te] A&ttt &Astaizt &t
= @z 1z FA 9} 23 FAE ¥-§ Azl F ECL
kit (Thermo Fisher, CA, USA)E A}83}°] ImageQuant
Las500 (Cytiva, Incheon, Korea)ll Al el d Wt J2 &
2l3kATH17].
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Table 1. Fatty acid composition (% area) of root of S. sieboldii

Table 2. Contents of total flavonoid of fractions from root of

Migq. S. sieboldii Miq.
Fatty Acid % Total flavonoid contents
Sample . 1)
14:0 0.18 (mg rutin QE/g)
16:0 17.5 n-Hexane fraction” 7.2241.30°
18:0 1.01 85% aq. MeOH fraction 3.89+0.56"
20:0 0.31 n-BuOH fraction 16.67+0.74"
22:0 0.67 Water fraction 5.19+0.37°
Total Sat.” 19.67 - ;
ol e YValues are expressed as mean £+ SD and ‘Means with the
18:1n-9 228 different letters are significantly different at p<0.05 by Tukey's
20:1n-9 0.19 multiple range test
22:1n-9 0.13 2)n—Hexame; n-hexane fraction, 85% aq. MeOH; 85% aqueous
Total Mono.2 2.60 methanol fraction; n-BuOH; n-butanol fraction; Water; water
fraction.
18:2n-6 54.27
Total n-6 54.27 water 288 2 85% ag. MeOH 4=0] 21T}, Jeon} Park [16]
18:3n-3 20.82 —8_‘ }_/_\j ZF 'E‘ ]'5;] EE]'E_.]I.O]E 3]'3]:—9‘74 33+2.69 mg
20:3n-3 0.35 quercetin (QE)/g dw= YEISTEY H 318 H T} Kang &
Total n-3 2117 (18] &) 2E8lc] Pojd 22859 £ Zun
"Sat, saturated fatty acids. ol FFE BA% 2 RHE>qHE>E>FEEX
?Mono, monounsaturated fatty acids. ES59A 2EE9 o7 YJEgon F ZdiH ol
ol /M & HEhg FEE-2 521:0.08 mg QE/g dw
ZoA FIAHS AU AEHAZFLS Tukey’s testS olATH R USFATE Lee 5[26]2 A% E23) oull )
ANstel 7+ 75 The] o4 Yo wASAY e A7) uﬂa—% Fael § ool Yol 42t

=AM 2|9 X[Hat =M
22Xz ma] QA 24 F n6 A HHH54. 27%) >
F n-3 AAHQR2LI8%) > F E3A MK

19.70%) > % n-9
A HAH3.60%) =02 UERG o AWAE F n6 AL
2l linoleic acid (LA, 18:2n-6)& 54.27%% WENSAL n-3 A
&2l linolenic acid (LNA, 18:3n-3)7} 20.82%=% UEFSTH
(Table 1). 247 ¥g]E n-34] A2 INAE Ad
st o] LNAE AWM T=Ex3} AighE]l

EPA ¥DHA Z tAE I o) & n3 Al = EX3A A
- prostaglandins= I 95 &37} O‘% o2 HIAE
ATH1]. =3 Calder [5]= LNAE EPAS] ATEZ & EPA
+ Arachidonic acid (20:4n-6)= 5-E] WEHQ 4934 pros-

taglandins 2] A4S AL 54 Aol BT A S

AdAlGe =N FAT A3E et st

il

EME 2| 2eg0| & BalEc0|S By

27 Welo] gud $ERe| F Bejuicols e
Table 20l YERAATE 243 ] £ 5 n-BuOH &
¥ E-9] 16.67+0.74 mg rutin equivalent (QE)/g dw Z 7} =
< Fg R ol TS YEPA S, TH 22 n-Hexane,

5
25 9 A 2 FE 20 59 Abold 7% A
Z A AZ Benedec 5[2]2 652 StachysE2] E8H %
ol= FR/E B3 A3} isoquercitrin, rutin, quercitrin, lu-
teolin & apigenin® UERGTIT H 13T Luteoline
LPSE 2% RAW 264.7 Al 4] TNF-2F IL-69] &S
AAFe 2N FHAF AFAE Yebdtt . R E ATHA41].
T3+ Tank 5[40]2 quercetin®} quercitrin> LPSE A}=-¥
macrophage B35S AAHAIL 4H5ld 2EHY 2T A3
skl B skl

& ATHEY

_|

& 2| 22 =2 DPPH 2iC|&
ZH #g] B3 50| DPPH o)z £AZAH L B4
Ak AAE 4 A= 52 EDA (electron donating abil-
ity, %)= Fig. 19 JeRIATt 2 vl 23 E-S 0.025,
0.05, 0.1, 0.25 18] 3L 0.5 mg/mlgl =
bic acid, BHT)&} B3}t 8 &5 5 n-BuOH £33 &
o AH3 »E FxolA EDA Ztol A YEhton, 05
mg/ml2] FEolA 8535%2] AATE HEFNAT o=
n-BuOH w8 E9] £& o & STt co|ty) Ay
o] itk AR} Kang S[18]% DPPH & ABTS 2}t
4 aABAES T FYUEEo|E o] e HEE FF
Eoll 9% AAZAHEIF ¥ E34Tha RSk

=

M 1x
4=

O

== control (L-ascor-
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= 35% aq. MeOH fraction === n-BuOH fraction

iy ater fraction @ |_-ascorbic acid e BHT

120 ¢
;; a a a a a
£ 100 } (c, S © ? ©
E_n 80 F
2 60 |
s
£ 40 F
~
-7
)
« 20 F
a
53]

0

0.025 0.05

0.1 0.25 0.5

mg/mL

Fig. 1. DPPH radical scavenging effect of fractions from S. sieboldii Miq. root. DValues are expressed as mean + SD and “"Means
with the different letters are significantly different at p<0.05 by Tukey's multiple range test. ?n-Hexane, n-hexane fraction;
85% aq. MeOH, 85% aqueous methanol fraction; n-BuOH, n-butanol fraction; Water, water fraction.

Z=MZE 88| 2559| ABTS 2iC|2 AHEM
2% B8 &9 ABTS &z 274 E€4 = DPPH 2t

Z AN n7IA 2 AAFEo]5<Ql EDAE Fig. 20
UeERITE 2 & 29 &S 0.025, 0.05, 0.1, 0.25 1
213 0.5 mg/ml2] &%= 2 control (L-ascorbic acid, BHT)3}
Hlw stk DPPH &tt1Z &AZA A # 9} v 81 A n-
BuOH #3E&E°] 0.5 mg/mle F=A 90.22%= control
I FARE 2He UERATE 85% ag. MeOH £EEX 0.5
mg/mL 8] FZA 90.77%Z2 & SJUZd £245S B

ey 1-Hexane fraction

o o]sle FRAMNE vE gEFHOZ guyd &2A%
S st AFATF 6] A 245 Be FE2EE
of o3t AATA éﬂroﬂﬁi Z EFTRLEolE §EFo
=2 A+M FEEA & DPPH ¥ ABTS Sz &7

=ME | 2EE2| MIZE LY nitric oxide (NO) MM Xaf

k=)
247 EYEo] X U NO A4 Asllol duprt

= 85% aq. MeOH fraction === n-BuOH fraction

iy \Vater fraction @ |_-ascorbic acid G BHT
120 r
e
)
& 100 | 2 2 2 8 &
= a5
=
oD 80 F
E 60 F
8
> 40 F
2
!
< 20 F d e
- ° e

0.025 0.05

0.1 0.25 0.5

mg/mL

Fig. 2. ABTS radical scavenging effect of fractions from S. sieboldii Miq. root. YValues are expressed as mean + SD and “*Means
with the different letters are significantly different at p<0.05 by Tukey's multiple range test. Yn-Hexane; n-hexane fraction,
85% aq. MeOH; 85% aqueous methanol fraction; n-BuOH; n-butanol fraction; Water; water fraction.
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A=A Lotr 7] A Al vl Y °ﬂ ~ 2] st
, AT AL LPSE o] &3l AEE AFAIZ & AlE ul
Bl Griess A 2FS HE-SAIA IS ATHFig. 3). 54
YEMIA] &= 555 1 mgmlo|ste] =2 A48l
F3tATE A EE 05 2 1 mgmle) F52 A3ty
gz o2E A8 t4l PBSE A 2|g control ¥} LPS
A 2lstA] &2 blankT S AFE3ATH LPSE A%
control:rL«] 3% NO A Fo] AUl oz &9kom LPS
& X235 %2 blankT-2 NO YA o] ”EH Zog ot
A vebgth 2E £8EE50°] 05 2 1 mgmle] FxolA
control¥} 213 Zo]l& H YA (p<0.05) 3= |EH o=
NO A4S AsfatAth LPS+= A el 5S¢
7] inflammagen2. 2 d&] AME-FHo] gfom dF
Ao F4H 94&&-& st NOF 22 5
A-=8t o] AFuiAAS NEAHZE A=
2 AN =243 e 2= LPSE A=
26474 A NO B8-& ABATE T2 E(14]
ShokAl AFQ] FASAE LPSE A=-8 NO S oA
AlZ 3L ©]= inducible nitric oxide synthase®} cyclo-
oxygenase-22] mRNA &g EHH o2 ZFaAAH &4
% Z37F ety B sk Th21].

lﬂl 2o o o2 Rl of
ok

—Eé.

=ME gd| 2282 TGFB signaling A &1t
TGFpE W& &34 A} 34 pro-inflammatory 2

A 120 -
a

100 S

- b

g g0 |

£ 60

3
40 ¢

o

z d d
[ ] B
" :

Con Blank 035 1 2
mg/mL
C o
a
100 L sl
§ 80
é 60 -
= b
S c
o 40 d
z e
0 y
Con Blank 5 1 2
mg/mL

Fig. 3. Effect of solvent fractions from S. sieboldii Miq. on production of nitric oxide (NO) in Raw 264.7 cells.

anti-inflammatory¥H-&-< FA13l= thFst © ]19] A
3 Ritol| Fasittil HiE o 0)\‘:}[ ]. Adste
TGFB12 A5 - ES 2138 R-smad T AQ! smad2/3-& &

F3lar Q14ks) 1] co-smadQ] smadd o} S E|ZEFAE

A8 1 b smad BA = 2F FHAAe A
Ag 2] A oz AAHCR0. 24 e B
%] E°] TGFp signalings At 11 39|24 Tzl

smad39] A4k} AA| EFHE F2lsr] HalA AFA L
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superscripts indicated significant differences at p<0.05. A, n-Hexane fraction with n-Hexane; B, 85% aq. MeOH fraction;

C, n-BuOH fraction; D, Water fraction.
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Fig. 4. Inhibitory effect of solvent fractions from S. sieboldii Miq. on smad3 phosphorylation. A, Western blot analysis in whole
cell lysates HT-1080 cells. B, Quantification of pSmad3/Smad2,3 protein levels in using the Imagel software is presented.
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