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Antioxidant, Antibacterial and Anti-inflammatory Effects of Stachys
sieboldii Extract

Jeong Ho Lee*

Researcher, Sunchang Research Institute of Health and Longevity, Sunchang 56015, Korea

Abstract - This study was conducted to evaluate antioxidant, antibacterial, anti-inflammatory, and digestive enzyme activity
in water extract (SAW) and 60% ethanol extract (SAE) from Stachys sieboldii. As the treatment concentration of each
extract S. sieboldii extract increased, antibacterial and antioxidant activity increased. The total polyphenol and total
flavonoid contents of SAW were 106.25 +0.94 mgGAE/g, 24.4 + 0.24 mgQE/g and SAE were 124.61 + 1.11 msGAE/g, 45.2
+ 3.52 mgQE/g, respectively. The 400 xg/mL of SAW and SAE performed more than 53% protective effects against
oxidative stress in HepG2 cell lines. All extracts were not showed cytotoxicity to RAW 264.7 cell line at 100 ug/mL. NO
production was reduced to 44.3 + 1.4% for SAW and 45.1 + 1.0% for SAE at a concentration of 100 ¢g/mL. The production
of inflammatory cytokines each TNF-a, IL-1[3, and IL-6 was inhibited in a concentration-dependent. S. sieboldii extract did
not showed Caco-2 cells cytotoxicity and inhibited NO production in concentration-dependent. As the concentration of the
S. sieboldii extract increased of a-amylase and protease enzymes activity, which are digestive enzyme. As a result of the
experiment, it is judged that it can be used as basic data for the development of health food using S. sieboldii.
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oxide dismutase (SOD), catalase, peroxidase 5| AF3}4 A
EYARRE A5 Rogith s ke ol A A7} H]
B 02 AFeiAU Al AEF A AAAI7)A] Hol
QA esfo} ZHEA S I G4tk 84 42 phe—
nolic compound, flavone-3-=4|, tocopherol$t, ascorbic acid,
carotenoids, glutathione, o} 1At 5-& & QFAAJo] W1, o
A AESIAQ1 butylated hydroxytoluene (BHT), butylated
hydroxyanisole (BHA) 52 A|ZthAL, AW oy =] AL &
A Weleh, oS ke 5o =4 FAkgo] Alot
(Doh et al., 2011; Je, 2015; Lee, 2007; Soory, 2009), @54t
2 (inflammatory response)> 7+, 3leHE2 & QF.0] 2}=+
S 2 RE QA &4 Wofol S 22 B1RA7 = QA |
oukgolt}, H5 B9k A E(macrophage)oflA] &
v &l AZ0) 74| (inflammatory mediators)2} Ao]E7}2l
(cytokines)o]] &J8]jA] ZHEITHCho et al, 2009; Guzik et al
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2008; Kim et al., 2021). Aol A5Hke0] EA¥SHA lipopoly —
saccharide (LPS), reactive nitrogen species (RNS), cytokine
5ol olate] FsHEG0] B/ o o] nitric oxide (NO), prostag—
landin E2 (PGE2) 5-2] &2:212}9} tumor necrosis factor—a

(TNF—q), interleukin—18 (IL—13), interleukin—6 (IL—6) %
o A4 AlEZIRIS AR NO= RNSO| dFo=
INOS T gof ofgl] 28 ¥, O, 9F §HE-510] peroxynitrite
£ A/d3ITh, Peroxynitrite= A7t Tl H o] IS fie
AlA AZEAL Yo 71tH(Cho et al,, 2009; Lee and Kang,
2018; Park et al,, 2011), AN ZE= AU WE 22 of ZA3}
= Ao ® 7| S AAINA AAIE Bosi, o
S W B2 RHlsto] vlog| 2, Al 59 fellEEE o
2 ujZA|71cKPark e al, 2016; Radi ef al, 1991). A2HES
o) A 0.2 pAIElE HUAIET) s B o] o

ojN -

B A A oA, A2, B9, AV IRelAE, e
AL o, BN, F548 F A 52 Yo ZItKChiou et
al,, 2001; Min and Park, 2009; Park et al,, 2016), LPSZ
RAW 264,7 A| 325 A}=51H L-18, IL—6, TNF—« 52| AJo|&E
7RI IHS ST HEEH AR EFIRIE AN EZE
DA AFEeS Yo7 WiAAAIE 2R8gtct, whetA
AP E7IRIE] AA|= S A52 AlsEet & 4= Qlrt, AR}
A AE, 58, FE 5

tannin 5-2] phytochemicals2

=o]| §+8-% polyphenol, flavonoid,
A=) o7} AR A £
o] A9 9, 25 W] gt A2 W AZEA A
QJItHKim, 2020; Salagami et al, 2007). ZXZHStachys
sieboldii) 2 E-Z1HLabiatae)o] &3l 1WA REAIEZ A
ofgoll Yo] skl Agoll= Hej7} ol Koks shal itk
S, iRk, 22, HAlof FolA = AL glow, thef?
715730] S E A et Al A o] FrlskaL
o}, AR WAt A7 e oA 710 S, X
A Q1 AJuf o, A3h7) ¥k 7S}, Rk, B,
oFHR], HHHZRE- hyarulonidase JA4|, acetylcholinesterase %
monoamine oxidase B/ A 5ol B50] Y= A= UHA]
ek, 2FeJsHA 52 ol gl ofdn AE S gl 715
FIAA AAE 23 71H, 7S FA| stof S WA s,
AR, mH) 2, B, AR, 71971/ AR, A
Aol a1} Qe AL R UejA QlthHwang et al., 2015;
Kang et al., 2017; Kim et al,, 2017; Ryu et al., 2002), &L
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stachyose, phenylethanoid glycosides, flavonoid, iridoids,
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fatty acid, caffeic acid, n—methowybaicalein, palustrine,
palustinoside 52 3-3-8}11 Q)tHHwang et al., 2015; Kim et
al., 2017).
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2 o1p0] AFHE] A 20194 A2 ol Akl 2]
O SATEENENBYIN TG T S AL,
IIShinBioBase, Dongducheon, Korea)E 0]-&35}0] AZXAIZ
o} 9FA3| AZE 2A7HS HA)7|(HR3752/00, Philips, Ams—
terdam, Nederland)E ©]-&3}0] H2)3}31 100 mesh A= A7
AR F 50 ARRSIITE FE2 AR 55 SHER
&, 60% oeh)E 115 &= E9Jslo] S5 100T, 5K
T} 60% e 40T, 2/ 2N &G0, =2 &
YA E2]7](Super—22K, Hanil Science Industrial, Incheon,
Korea)5 ©|-8-5}%1 3,000 rpm, 1587 Al e] AlA 1@ &S
8| AAsIL, SAAZE Sl & FEE(SAW, 5,40 g,
& 27.0%) 2} 60% ofehE FZE(SAE, 7.09 g, =& 35.5%)<
Alzsto] Aol AR5k

Az @ Aok
2,2—diphenyl—1—picryl hygrazyl (DPPH), 2,2—azino—his
[3—ethylbenzothiazoline—6—sulfonic acid] (ABTS), Folin—
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Ciocalteu's phenol reagent, ascorbic acid, gallic acid,
quercetin, 3—(4,5—dimethylthiazol—2—yl)—2,5—diphenyl —
tetrazolium bromide (MTT), potassium persulfate (KzS;Og),
amoxicillin, lipopolysaccharide (LPS), sulfanilamide, n—
ethylendiamine dihydrochloride, 2',7'—dichlorofluorescein
diacetate (DCFH-DA), MEM medium, 2,2'—azobis(2—ami—
dinopropane) dihydrochloride (AAPH)+ Sigma—Aldrich (St,
Louis, MO, USA)A} A&, LB Broth, Miller (Luria—Bertani),
brucella broth= Difco (Detroit, MI, USA)A} A&, Fetal
HyClone (Pittsburgh, PA, USA)A} A
% Dulbecco's modified essential medium (DMEM)-2 Welgene
(Korea)Al A&, penicillin—streptomycin (PS)2 HyClone
(Pittsburgh, PA, USA)A} A&, mouse TNF ELISA set-S BD
Biosciences (San Diego, CA., USA)A} A&, Hank’s balanced
salt solution (HBSS)= HyClone (Pittsburgh, PA, USA)A} A

E2 A8,

bovine serum (FBS)+=

Fits &4

DPPH 2tjZt 4 - (2005) 9] A% 3|
skl 4 3]’11\‘4' 312,510,000 ug/mL =& ZA|H
A& 40 ¢ L2} 0.2 mM DPPH 890 180 4 L= &315}1L 3770l A]
3087t B1-8-A171 3 microplate reader (Infinite M200 Pro,
Zurich, Switzerland)S ©]-8-8}o] 515 nmol| A G =E =45}
%t DPPH 2ht)Z A7) %-2 off| 4] S-45}o] Ab&s}al 2
U8 50% 714xA]7]= IC (Inhibitory Concentration)sy 5
2 EABIY o, 230 & L-ascorbic acidg A3t

e o

DPPH radical scavenging &3 (%) =

ABTS o)z 47 ' (1999)9] /“@Hohﬂ% o
2 9o 23015, $H5-89S 7 ABTS §A3t2
mM potassium persulfatesS 23F5lo] 12A]7F E2t ‘,ﬂl— S XA
7} 734 m ool A 1.00] B8 ZAsto] BT
erw@ 225 A2 10 Lok ABTS H-80 190 1.2 53}
5lo] Ad2oflA] 1087t BES-AIZ] 3 microplate reader & ARES}
o 734 molA] FHEE Z510] S5t ABTS ehriz 2
s 2 ot A1 THB310] AH2EIT TS 500 LA
IG5t o2 FAJSFH o, o 240 & L-ascorbic acidE& AR
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% Bk (Agilent 8453, Agilent, CA, USA)Z 0]23}
725 meA FFEE EAEIIH F EYjHlE T gallic
acid®] FF241(25-200 yL/mL, 3HA4] y = 0,0055x—0, 0318,
R’= 0,9969)& &-85to] 2451921, ng gallic acid equi—
alent(GAB) /g0 2 - Eelols 218 Liehgict. 5 Sy
o] = SIEL Moreno et al, (2000)2] APHH O 2 274319
t} A& 0.5 mLoj| 10% aluminum nitrate 88 0.1 mL, 1 M
potassium acetate 8- 0,1 mL, ethanol 4,3 mL %7}5}o] Al
20f|A] 4087 HESAIZ] T 415 mol| A SEEE EA5H3IT
Z ZofR 0| & RS quercetin®] #F241(20—-100 yL/mL,
74 y = 0,0014x + 0,0011, R’ = 0,9989)-< BHg-5}o] 245}
dom & ZotE 1o|t 3RS mg quercetin(QE)/g o & LE}
wslch

UZE 7 NIZF(HepG2 cell) W 43} &4

Cellular antioxidant activity (CAA) £4]-2 Liu and Huang
(2015) 9] S 3-83te] S48I3ITh HepG2 AlLE 96
well plated] 5x10° cells/mL L& B8} 37°C, 5% CO;
incubatorol| 4] 24417} v FSE S HBSS o]-8-5}0] A2 s}3ict,
I3 NaE s 2AIE MEM H#iA] 100 xLe} 25 uM
DCFH-DAE 7} wellof| 14|17} &<t A 25l Sie}, A 2] AlZs
HBSSE o]-8310] A% 3100 4L AAPH 842 H7}5}0] 147}
108 7FA© 2 emission 538 nm, excitation 485 nmoj|A] &
gkt

ot o
_llN' rf

AZEA
T2 A E3= RAW 264.7 A3} AR A ESF Caco—2
AlZo tfet =4S 24351 RAW 264,7 A|ZE 1x10°



cells/well 9] FE2 E35101 37°C, 5% COy W F7|of| A 244
&t uloRRt 3 Avdofl ARg-SIGITE, HjoFE Alxo] s
ZAE AEE A2star 24417t F2t vt £ 0.5 mg/mLe]
MTT -§H O = 4A7F 52t BESAIT] F A5 AlASHSIT
A= formazan-S DMSO 100 L& 7151 540 nmol|A] %

£ =45} tHAlley et al., 1988; Boligon et al,, 2014),
Caco—2 M| ZE 96 well plate©] 2.5%10° cells/well2] FE=
H51AL, 37T, 5% CO, B 710l A 24417F F2t vRoFet 5 4
7|9} Zost v o g =A3519Itk(Shon et al, 2010; Walia
and Chen, 2020).

NO 23/ A3
RAW 264.7 AJEZZ 0]-83F NO AYA

(1982) 9] A o2 §-8-5t0] S7dsoiet. vl RAW 264.7
H|izpol TR 2A1E ARE 2417 5¢t A 2skal NO
O] B =5 $I5to] LPSE 1 ug/mL A 2]t - 24 A7k 53t
37°C, 5% CO; incubatorof| 4] vjeFstgiTt, o] % uljekolo] griess
Al2K0.1% N—(1—naphtyl) ethylenediamine : 1% sulfanilamide
= 1:1)Z A28t WH--A17] & 570 mmol| A S4=E 2451
t}, Sodium nitrate®] EEAE T3] NOQ| ghke AL
51l NO A4 Aol 5 H7Fsteict, 17F 273217k A4l
Caco—2 A|ZEF2 e AYAE NOLJ %& Romier—Crouzet et
al, (2009)°] AHHHZ 383t S5, Caco—2 A2
2.5%10° cells/mLe] &2 B33} 377, 5% CO, vjeF7] o]
A 48A17F et & A719F S g W o2 S5t

AZA) cytokine(TNF—a, IL-18, IL-6) A3A
3719 e 273004 24A13E vl RAW 264.7 A 320 &
ZATE A 5E 247 59 HA 2 S LPsE A 2]sto]
52 Ut o 450 SAAsto] Aol Abgstaict. o
Z4 Apo|E7}el& ELISA kit (ELISA MAXTM Deluxe Set,
BioLegend, San Diego, USA)E o|-83}o] TNF—, IL-13, IL—
62] AT manufacturer’s instructiono] whe} 2481tk
(Green et al., 1982; Jo et al., 2019; Romier—Crouzet et al,,
2009),

Rl o)
L, monocytogenes, S. typhimurium®} H pyloriol] Tt 2|
AAAI A= (Minimum inhibitory concentration, MIC)2}

%] A5 (Minimum bactericidal concentration, MBC)-=-

B

A F2R0 sk a9 39 B

broth microdilution methodS -2-8&38}o] 2434t} I, mono—
cytogenessh S, typhimuriunel TN A 29 BFBHE 24
5t7] flsto] seEE 2ARE AlR7F H7HE LB brotho]
negative control¥} @5 A e|w- U0l Z4zke] F-& Fds}
Al HF7E 5 37°CAA 24A1ZE HjRE 5 600 o M FEEE
2gsiston], poeol A ek Eole MICE Z4slsict
ool djat Al2e) RS selst Fere] e
AEel] 9lelo] A 202 MBOS AHSITh 72
T ujFxdol WEs uljokst s Felof AlEE MICk o
& 552 400 mg/mL7HA] 715l LB agar B Ao =3t
ARZEENFAIA A5 S5t AFEE w71 99.9%7F
s MBCO2 A8t A pyiloriol tit @+t
S 2A517] Yo s E ZA = A|F7F d71E brucella
broth ¥j2] & H UM B8t $ #5+E 0,5x10" CFU/mLA
H71ste] 24 X171k 59F 37°C, 10% CO, ¥iF7| o A1 wioFst3ict,
0] A vk A RS Abjoh gre w0 2 BK1sH
o] MIC2} MBC =5 AA3IIT) (Jo et al, 2019; Lehrer et
al., 1991; Takarada et al, 2004).

ol o H
N,

rr

S

ul

2384 g4

a—Amylase A28 Bernfeld (1955)9] AEHHE ¥
3o 24313t} 1.0% (w/v) soluble starch solution (20 mM
sodium phosphate buffero]] 6,7 mM sodium chloride, pH 6.9)
250 LeF A5 500 pLE E3}dte] 37°CollA] 3087t BES-A]
71 % 96 mM dinitrosalicylic acid (DNS) solution& 0.5 y L
H7¥ste] 100C oAl 54 <t WESAIZ T 4ol A 387 §Zt
3} & UV—spectrophotometer (Specord 200 Plus, Analytik—
jena Co,, Konrad, Germany)E ©]-&5}0] 540 moj| A 4 =&
=23}, FE2A2 0.2% (w/v) maltoses 0|-8-3]] 2HJa}
Fom FA AT (unit definition)= A7) HHS 2 A(3770,
pH 6.9)0)4 starch2FE 15 Fo] A== 1.0 ug?
maltose & 1 unitE A 2]} th Protease 4L Kim
et al, (2011) 9] WS WHEsto] S33Tt. 0.65% (w/v) casein
buffer (casein 6,5 g/mL, 50 mM potassium phosphate buffer,
pH 7.5) 1,25 mLe} A|=% 0.5 mL £8F5}e] 37Tl A 10481t
HF-3-A]7] 2 110 mM trichloroacetic acid 2,5 mLE 7}5}¢]
Hh3-S AAAIHT W A= 37T ollA 30 52 AAAIZ]
7l ke 3AE2 0.45 ym syringe filter S 0|85} o}
SFct, of #Hel 2 mILof| 500 mM sodium carbonate solution 5
mL%} 0.5 M Folin & Ciocalteu’s phenol reagent 1 mL3 &3}
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gk & 370l A 307t BEE-AX] F| UV—spectrophotometer
S o839 660 molA FI=E ST EETAS
L-tyrosineS Al7]9} 53t HpH o 2 HAEte] 24819 o
), 1 unite= 18 1

of AXFskGITt.

=

F9t tyrosine 1 g A 7]+ 2 SHAKSH

SAAE

HE A5 9] A 2]= Sigma plot (sigma plot for window
version 10,0, USA) programa ¢]-85}0] 7} 24 719 Hi +
BZUNS AREE1G.00], t—testS AR310] 501438 p €0.05
zold HEeAT, S8 Tolt 9l
ANOVA (Tukey’s multiple comparison test) S A3t}

Q9= 7L one—way

Z o
atst g4
2% 2255 312,5-10,000 ug/mLe] &=of A DPPH 2}

oz 2753 ABTS izt 274%5% S7d5H3lthTable 1),
DPPH 202 47 5(1Cy)-& SAW= 5,96 + 0,05 mg/mL, SAE
+ 4.34 £ 0.04 mg/mLE YEPTE HRAOE AR L
ascorbic acid= 0,19 + 0,00 mg/mL=Z F4%]¢jt} DPPH #}t]
2L 50% AAGH=t] L3 A5 Q] =91 ICs%)T} positive
control 2 AMEE L-ascorbic acid®] IC5ZFS 7|50 2 relative
activityS B3 A3}, SAWE 3.61%, SAE= 4.38% %

DPPH 2|z 227%50] YElE{th, ABTS )z 22751050

SAW 6,44 + 0,06 mg/ml, SAE=5.05 + 0,06 mg/mL= LFE}
Yok 202 AREE L-ascorbic acid- 0.10 + 0,00 mg
/mLE Z7E|QIc}, ABTS 2}t|Zh2 50% 4~ 5k=t] BR3t Al
29) =9 ICs3k} positive control® ARE-%E L-ascorbic

acid®] 1G4k 7|5E20 =2 relative activitys H| gt A1}
SAW= 1,56%, SAEE 1,98%& UEFGHTE,

106,25 + 0,94 mgGAE/g, SAEE= 124,61 + 1,11 mgGAE/g O &
HAE QAT F S eo| = FHES SAWE 24,4 £+ 0,24 g

QE/g, SAE= 45.2 + 3.52 mgQE/g .2 A% 3lth,

217t 74t M| ZF(HepG2 cell) W] 3HALS) Q‘H

Cellular antioxidant activity (CAA) assayS = 3
Z25.0] HepG2 A E Y| A8} S48 =7 o]—Oﬂl:]- 247 7
%25(0-400 ug/mL)¥} DCFH-DA probeZ F-Aof| 22|51
1A]7F HHOFst 3 600 1 M2] AAPHE 100 1L A 2]3}o] ROS A7
4S Z7g5I%tHTable 3). SAWE= AAPH A 2] djH] 100,
200, 300, 400 ug/mLe] oA 2F2+65.1 +1.8, 58,4 £+ 0.5,

Table 2. Total polyphenol and flavonoid content of Stachys
sieboldii extract

Total polyphenol Total flavonoid

!
Sample (TEGAElg) (eQEY/g)
SAW* 106.25 £ 0.94 244 + 0.24
SAEY 124.61 + 1.11 452 + 3.52

Gallic acid equivalent.

YQuercetin equivalent.

SAW: S. sieboldii water extract, “SAE: S. sieboldii 60%
ethanol extract.

All values are expressed as mean + SD of triplicate deter-
minations.

Table 1. Measurement of ICs, value for antioxidant activity of Stachys sieboldii extract

DPPH radical

ABTS radical

Sample ICs¢” (mg/mL) Relative activity(%)” ICs0* (mg/mL) Relative activity(%)’
SAWX 5.26 + 0.05 3.61 6.44 + 0.06 1.56

SAEY 434 + 0.04 4.38 5.05 + 0.06 1.98

AAY 0.19 + 0.00 100.00 0.10 = 0.00 100.00

ICsp: value in the concentration (mg/mL) of sample required for 50% inhibition.
"Relative activity: a ratio of ICsy value compared to positive control (ascorbic acid).
SAW: S. sieboldii water extract, wSAE: S. sieboldii 60% ethanol extract, "AA: L-Ascorbic acid. L-Ascorbic acid was

used as a positive control.

All values are expressed as mean + SD of triplicate determinations.
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Table 3. Cellular antioxidant activity of Stachys sieboldii extracted with water and 60% ethanol against oxidative stress induced by
AAPH in HepG2 cell model

DCF fluorecence intensity (%)
Concentration (£g/mL)

Sample

0 100 200 300 400
SAW* 100.0 + 1.8° 65.1 + 1.8" 584 + 0.5" 583 + 0.8" 532 + 1.8"
SAF 100.0 + 1.8* 67.8 + 2.7 60.5 + 2.7 577 + 1.8" 541 + 0.4"

SAW: S. sieboldii water extract, "SAE: S. sieboldii 60% ethanol extract.
All values are expressed as mean + SD of triplicate determinations.
Different superscripts (x-u) in a column indicate significant differences at p < 0.05 by one-way ANOVA.

Table 4. MTT assay on RAW 264.7 cell culture incubated for 24 h with Stachys sieboldii extract

RAW 264.7 Cell viability (%)

Concentration (£g/mL)

Sample
25 50 75 100 125 150

SAW* 106.8 + 0.6 102.1 £ 0.9" 106.4 + 1.2% 104.8 + 0.6 95.7 £ 0.2 97.0 £ 0.2"
SAF 100.5 + 0.3* 101.6 + 0.6 102.2 + 3.2% 100.5 + 0.4* 99.8 + 1.6 102.1 + 0.3*

SAW: S. sieboldii water extract, "'SAE: S. sieboldii 60% ethanol extract.
All values are expressed as mean + SD of triplicate determinations.
Different superscripts (x-u) in a column indicate significant differences at p < 0.05 by one-way ANOVA.

Table 5. Nitric oxide (NO) production inhibitory activity (%) on LPS-stimulated RAW 264.7 cell culture incubated for 24 h with
Stachys sieboldii extract

Samol Control LPS Concentration (¢&mL) + LPS (1 pg/mL)
ampic ontro
P (1 pg/mL) 25 50 75 100
SAW? 66.1 £ 1.4™ 592 + 127 51.1 £ 2.4™ 443 + 1.4™
1.9 + 03 100.0 + 0.0
SAFY 642 + 13 543 + 23 502 + 0.6 45.1 £ 1.0

‘SAW: S. sieboldii water extract, "'SAE: S. sieboldii 60% ethanol extract.
All values are expressed as mean = SD of triplicate determinations.
Means with different letters above a bar are significantly different at ~p < 0.001.

58.3 + 0.8, 53.2 + 1.8%= ROS AJAJo] ZHAE| Q) SAE= NO AA A3l|et dZA Alo|EFfole] A &4 =2 AAE)
AAPH A2 tiu] 67.8 +£ 2.7, 60,5 + 2.7, 57.7 + 1.8, 54.1 St LPSE o] &5fo] g0 G- =% RAW 2647 A|3E0] 24

+ 0.4%= ROS 44/do] Z4E|qich 2 7F 3225295 50, 75, 100 ug/mLE 2|3+ 3 NO A4 A
B ST A 7 2 E2 TE YEY 05 NO S Al
A5+ 9 No A4 A8 31 THTable 5), 24 2250] Ae|%% 25, 50, 75, 100 ug

RAW 264.7 A|3E MIT assay AFH O 2 242 7} 228 /mLe] Ewo| A SAWE 66,1 + 1.4%, 59.2 + 1.2%, 51.1 +
of| &t M ZEAL 24519 THTable 4), 247 7t 2582 2.4%, 44,3 +1.4%, SAE= 64,2 + 1,3%, 54.3 + 2,3%, 50,2
= H(25-150 ug/mL)E A 2)3t A3} SAWS} SAEE 100 ug + 0,6%, 45,1 £ 1,0%= NO AJAJo] A=)},

/roLL 0512 FIeof A 100% BE-Eo] SH U ol w2t = Caco—2 M|2£E MIT assay A2 243 5= o
7do] HehtA] ok =5 100 ug/mL °0J312] w2 Ao}, A=Y S Table 6). 243 2 38285 5
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Table 6. MTT assay on Caco-2 cell culture incubated for 24 h with Stachys sieboldii extract

Caco-2 Cell viability (%)

Concentration (£g/mL)

Sample

50 100 150 200 250
SAW? 100.5 + 0.9 105.3 + 2.0% 101.8 + 0.6 101.8 + 0.2* 95.6 + 2.4"
SAEY 102.7 = 1.2° 104.5 £ 1.4° 103.8 £ 4.2° 91.8 £ 1.3% 84.7 £ 1.5"

SAW: S. sieboldii water extract, "'SAE: S. sieboldii 60% ethanol extract.
All values are expressed as mean = SD of triplicate determinations.
Different superscripts (x-v) in a column indicate significant differences at p < 0.05 by one-way ANOVA.

Table 7. Nitric oxide (NO) production inhibitory activity (%) on LPS-stimulated Caco-2 cell culture incubated for 24 h with Stachys

sieboldii extract

S | Control LPS Concentration (#&mL) + LPS (1 pg/mL)
amplie ontro
P (1 pg/mL) 25 50 75 100
SAW* 66.1 = 1.4™ 592 + 127 51.1 £ 2.4™ 443 + 1.4™
0.9 + 0.1 100.0 + 0.0
SAFY 642 + 13 543 + 23 502 + 0.6 45.1 £ 1.0

‘SAW: S. sieboldii water extract, "'SAE: S. sieboldii 60% ethanol extract.
All values are expressed as mean = SD of triplicate determinations.
Means with different letters above a bar are significantly different at ~p < 0.001.

(50250 pg/mL)= A 2|3t A2 SAW= 200 ug/mL 05}H2] &
T=of|A] 100% A AEE0] S LT, SAEE 150 ug/mL
0[5t s=oll4] 100% AHE-&o] S E UL ol wet =4
YERHFA] = 58 100 ug/mL 01319 5= 2 HAsal, NO
e ST AL I 228 T AEHCZ NOAEE A
SHAIZTH Table 7). 243 F+589) A@)EE 100 ug/mLe] &
O] A] SAWE 44,3 + 1,4%, SCE=45.1 + 1,0%% NO A4Jo]
A= 3.

@34 cytokine (TNF-a, IL-18, IL-6) 34
Cytokine®] A4 94| H5-& ZA45}7] $Jate] LPSE o] g5}
of RAW 264,7 A|20]) A28 b7 | L 224 5
23t T TNF—, IL-18, IL-6 AL =
TNF- o AJ43-& LPS THE A 2]kollA] 11,9
2 22 2.5 + 0,0 ng/mLE SAEG O, 2 7 22
£100 ug/mL S04 SAWE= 9.0 + 0.7 ng/mL, SAE= 10,1
+ 0.2 ng/mL2 A= 3Ic}, IL-6 A9 LPS T A 2] 2ol A
24.0 + 0.2 ng/mL, ¥ 42| 272 0.4 £ 0.0 ng/mLE 27
Hglom A2 7F 228100 ug/mLoJA] SAW=14.9 + 0.2
ng/mL, SAE= 154 + 0.9 ng/mLE A=t} IL-18 AL

LPS T Aol A 75,5 £ 4.7 pg/mL, H|A ] thRa-2 24,9
+ 3.5 pg/mL=E S7FE|G o, 2A% 7} 3255 100 ug/mL &
oA SAWE=39.7 + 0.6 pg/mL, SCE+=40.0 + 2.2 pg/mLZ
A=k, 24 25 Al st 571l whek TNF-
a, IL-18, IL-6 A/Jo] s oEAor AA =k

FHEA
2 A% 2259] I, monocytogenes, S typhimurium, H
pylori®] a5 AR = 2|2/ Al s =(MIC) = 2+t
Aol AEEA] Yhe TR AAkglal, FailatsE(MBC)
2ARE 74 22 2E 400 ng/mL 7] 7HHL 244171 okt
#7499.9% oo HaEweE SH6 Ut Table
9). L, monocytogenes?] MIC= SAWS} SAE H5=of| 4] 100 mg
/mLE ZAE 9o, MBCL SAWS 325 mg/ml, SAES 275
mg/mLE S E AT S typhimurium®) MIC= SAWO|A] 125
mg/mL, SAEE 75 mg/mLE ZAEom, MBCE SAWO| A
325 mg/mL, SAE+= 225 mg/mLE Z =]\t H pyloriol Tiet
314 & MIC= SAWOl|A] 125 mg/mL, SAE= 150 mg/mLE 274
E]glon], MBC= SAWS} SAEC]A] 400 mg/mLE 37 =1t
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Table 8. Pro-inflammatory cytokines (TNF- o, IL-6, IL-1 ) production on LPS-stimulated RAW 264.7 cell culture incubated for

24 h with Stachys sieboldii extract

Samol Control LPS Concentration (#g/mL) + LPS (1 pg/mL)
ample ontro
P (1 pg/mL) 25 50 75 100
TNF-o,  SAW 11.0 = 1.6 9.6 £ 02" 9.4 + 03" 9.0 £ 0.7
. 25 + 00 119 + 03 EETY sk wokok Hokok
(ngmL)  SAE 112 + 0.1 10.6 + 0.1 10.6 + 0.3 10.1 + 0.2
1L-6 SAW” 221+ 037 18708 167127 149 £ 027
04 + 0.0 240 £ 0.2 s s
(ngmL)  SAFE’ 203 + 0.1 17.0 + 0.2 158 + 0.6 154 + 0.9
IL-1 SAW* 554 +£367 504177 449 £217 397 x06
249 £ 3.5 755 £ 4.7 - rr
(pgml)  SAFE’ 622 £297 486 + 2.1 47.8 + 3.0 40.0 + 2.2
SAW: S. sieboldii water extract, YSAE: S. sieboldii 60% ethanol extract.
All values are expressed as mean + SD of triplicate determinations.
Means with different letters above a bar are significantly different at ~“p < 0.001, “p < 0.005.
Table 9. MIC and MBC of Stachys sieboldii extract against L. monocytogenes, S. typhinurium and H. pylori
Bacterial Samol Concentration (mg/mL) MIC MBC
acterial ample
P€ 795 50 75 100 125 150 175 200  (ngml)  (mg/mL)
SAW* + + - - - - - 100 325
L. monocytogenes
SAFE’ + + - - - - - 100 275
SAW* + + + - - - - 125 325
S. typhimurium
SAE + + - - - - - - 75 225
SAW* + + - - - - 125 400
H. pylori
SAEY + + + - - - 150 400
+: Growth, -: Growth inhibition
SAW: S. sieboldii water extract, "'SAE; S. sieboldii 60% ethanol extract.
Table 10. Evaluation of digestive enzyme activity through ¢ -amylase activity of Stachys sieboldii extract
a-Amylase activity (Unit/mL)
Concentration (mg/mL)
Sample
5 10 15 20 25
SAW* 03 + 0.0 0.6 £ 0.0 0.7 £ 0.0 0.9 + 0.0 12 £ 017
SAEY 0.5+ 0.0 0.7 0.0 0.9 + 0.0 1.1 £0.0™ 12+ 00"

‘SAW: S. sieboldii water extract, "'SAE: S. sieboldii 60% ethanol extract.
All values are expressed as mean = SD of triplicate determinations.
Means with different letters above a bar are significantly different at “"p < 0.001.

AR 7} S E ol TR A8 SATRE 2% A

4 FEE] 7Rl S7Fekl Wt a —amylase A2

= |
T 375l tHTable 10), SAWE= 25 mg/mL 5 =04 1,2 £ 0

24
=

unit/mLE EAEQ) o A% Q) 5mg/mL (0.3 + 0.0 unit/

S
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| mL)RTHof sl 7] ST SABE 25 ug/mLolA 1.2 +
0.0 unit/mLE EAE|9lon #&%wol 5 ug/mL (1.3 + 0,0
1 unit/mL) BT} ¢F 2 48] =7 2= 9o}
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Table 11. Evaluation of digestive enzyme activity through -amylase and protease activity of Stachys sieboldii extract

Protease activity (Unit/mL)

Concentration (mg/mL)

Sample

20 40 60 80 100
SAW* 0.05 = 0.00™" 0.07 = 0.00™" 0.09 = 0.00™ 0.12 + 0.00™ 0.15 + 0.00™
SAE 0.10 = 0.00™" 0.17 + 0.00™" 0.25 + 0.00™" 032 + 0.01™" 0.40 + 0.00™"

SAW: S. sieboldii water extract, YSAE: S. sieboldii 60% ethanol extract.
All values are expressed as mean + SD of triplicate determinations.
Means with different letters above a bar are significantly different at ~"p < 0.001.

7Fgol S7Fekl Wt protease AAEAIE 718K Table
11), SAW= 100 mg/mLeJlA] 0,15 + 0,00 unit/mL= E-4%|9)
om A% %9l 20 mg/mL (0,05 + 0,00 unit/mL) H T} 2F 34}
=7 A9t SAES 100 mg/mLef|A] 0,40 + 0,00 unit/mL
2 BAE o A% =9l 20 mg/mL (0,10 + 0,00 unit/mL)
B} oF 4 £ SHEct,

il

2

AN} Akt Bt AAIE =37l R0 5 24
AYE FEAY, g 2752 AW ket A28
AR ORE FAAZ|= QAtelnh URHA o2 HAES] ghat
S} &S 2wt} Mt} A4S W]l Sh= DPPH 2|z &7
53t ABTS &tz a5 0 2 Z431cHDoh et al,, 2011; Lee
et al , 2020; Lim et al., 2020a). X%} 7} S=&E 0| 4] DPPH
2]z A7 %5(1Cs0) 0] SAW= 5,26 + 0,05 mg/mL, SAE= 4,34
+ 0,04 mg/mLE A =%} Kim et al, (2017)2] A4 =
AR Qo e 2 80% ollehE: F5=9] DPPH iz &:7%
(ICs0) AolA o 252 0.69 mg/mL, ¥ F2521.90
mg/mLE A Tkl B AR AvRE Ths We- 2ol U
BRI, o= AR 52 8aliQl oljeh&e] S Afolef ofFt A
S5 HEET Kim ef al, (2012)9] HtollA 7| EAR} A,
FEE0 et 2 et Aol A F+==7F DPPH

<& e okke I

B

anthocyanidins 5°| 9T}, duldos ZelHo|El 3}
8 R w2 glon), e 9, e, % Fol 2l
2 2517 = 5FA|9F t5-E rhamnose, glucose, rutiose 5
o] et ofe|2 A i FAI = EA sk, A} St 3

o, FATA, Futole] s, HASH, HAEH A3}, 2] A
3} =0 Ae|eAd-S 241 QItH(Doh et al, 2011; Heim et al.,
2002; Kawaguchi et al., 1997; Kim et al., 2017), &&|#lx 3}
TEe AE oA YRR et S8 Holsh] flsh
A A=A A AZE YA B = B4
oltt Z|Wl= 3HE-2 phenylalanined} tyrosine & 25 E
P = 22 JAMEEZA] hydroxyl7|(-OH)7F T 5

Ad) SR Adste] ] e FES, It WS
5] Qe eHAdS ZH=tH(Kim et al,, 2002; Kwon et al,, 2018).
whepa] Aol o Eeluls SlphEe] oFe dAtst
2o A3tet g 4= ik, Eejulis o 4L el At
o} - 2helHh3-& 5-8-3k0] S48k A 2= phosphomolybdic
acid®} W55l FA o= M wl= lE] S o] -&sto 4RIt
(Doh et al., 2011; Kim et al., 2012; Kim et al., 2017), Z22%+
7t F5E0 T EYuls IS SAWE 106,25 £ 0,94 mg
GAE/g, SAE+= 124,61 + 1,11 mgGAE/go & BEA Lt} Lim
et al, (2020b)9] AT thF & FE5=9 T Eelvls L
©] 15,68 + 0.11 mgGAE/g S = FA = 3{rkal H e -4
Hep 7 Uelth § SohEeo|= R SAWE 24.4 +
0.24 mgQE/g, SAE= 45,2 + 3,52 mgQE/go & A =3t
Kim et al, (2017)2] Aol A] 2 A% Qlarf fie] S ofghe: 5=
S29 & EofulE o 27} 236,35 mg/gt 20,44 mg/gO| 3
o, F Zeh o) = Rk 212} 101,76 mg/g ¥} 11.51 mg/go]
okl Hue A2 F Eelulsy) § SohEeols
3ol A A4 E|Qih CAA assay= DCFH-DA probeS
o] Z45}= fluorometric assay=A] SFALSHA| Q] Al E2

At AL AAPHO 2 G5 peroxy radical &7 &
L5 Z54% 4= ¢Ioh(Liu and Huang, 2015), 34K} &2
A2zl 2]t ROS7F &A% o] RFU glo] 34| Hrt,
%O ROS=DNA, T, A| = W 7] 55 S&AA &

ol
T+
a}

e
-

I\

oX ¥ o
ox

i

L
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Foha ok A glon], 2| olLo) A BHAlet BAS
S| 2 925 ROS7} 47 %|0] HepG2 Al AR
RUEICHYang et al, 2021), CAA assay S 53
5.0] HepG2 M| U 3JAl3} 8H] 24 o)A =%
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d Ak Hupy, d=stow,
', 2017; Doh et al,, 2011, Lee and
2009). WebH HAZ] NO A4 o= Qlle] 954
AA7)= A FEet g 4 9tk (Kwak and Choi, 2015;
2017; Yi et al, 2017) H py]onoﬂ 7 Loﬂg@ ‘:ﬂﬁlxﬂ

tlo
Jo
L
>
N
=]
>
<l

s N
o
2

1= Jo ofN ofX
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oM,
v
e
o2
o|N

2,

%E% RAW 2647 *1]:‘59} Caco—2 *1]:‘5011*1 5@1%} Zr —ir%
= S50 NO S AR, Aol

A|3zo Al EH] B T A A HAA L) F4], B, 'ﬂﬁ}
A 5ol sl ASe St A7l E5 miziIAtelTt
(Chang et al., 2002; Namkoong et al., 2015), tJAIA| L=
-ﬂﬁvoﬂ 404 sto] %529 ‘*Oﬁ}ﬂ”é Z], HEHEgol

=3 1‘&315}04 odz‘?lg & g“éﬁw ek Kang et al., 2014;

Namkoong et al., 2015), TWetA Al E71R12] oA|= A54

38 AAA 7= X EO|tHChung et al., 2001; Mannick et

al, 1996). 9% o N2 0] T A= Aol )

E)71 e & Tob oA g KRNI of|
o

Z2 W st
vl o] XA A] oko™
1;]__ NF—q = Odzo] =13

LY g = A
A Aol A A=, HE, 8] HEZAE, FFAE
o 4% U L AZEHL QO7)E Aol ErelolckKim ef

al , 2021; Laksmitawati et al,, 2016; Seo et al., 2018; Tanaka
et al , 2014). LPSE o|-8-5}o] RAW 2647 A|3Zof 952 G4t
A7) 35, 2497 7 5250 o INFa, IL-16, 1L-69] A4

A 3B L A 9 U A

=S ATsE “]"‘24 O 2 AA|=|SITt o —Amylase= &
F3H29] @ —D—(1,4)—glucan AE-S 7FrE|oh= AARA]

a—amylase Z/Jo] A =H A <] o] 2bds] Eaf=|A]
oko} of x| Z4=7} A=t Protease= THlZS
AR HEfo|E ARk 7haaafisto] ofn| ikt g
RS A AEh, thal Al o] Bajlo} 43k 9l A zo] B gt
28 A A S Kang et al,, 2017; Lee et al., 2008), ZA]
2} P _%_%_,] J_g}g_]_zz}/d ;%} 7=1_L]_ x/dxl 7_' _‘7_?5%
7)eF0] 571tol w2t a—amylase} protease HAZE
Z7Velgich ojekgo] AR dkAlE) B Fh W A3

2 BhAJo0] S25to] AZFAIE S @ AuE 7R=Ao] 9l0.

TR AZAE AE] 72 AR gheet 2 9le
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2 SAWE 5,26 + 0,05 mg/mL, SAE+ 4,34
+ 0,04 mg/mL=E UEEOH, ABTS 2ht)Zh 2A5(1C0)&
SAW= 6,44 + 0,06 ng/ml, SAF=5.05 + 0,06 mg/mL& L}
Wtk & Z2vis SRR SAWE 106,25 + 0,94 mgGAE/g,
SAEL:= 124,61 + 1,11 mgGAE/g, % Ze}H 10| & FFeFo SAW
9444024 mgQE/g, SAEL 45 2 + 3,52 mgQE/g.0.2 54
E)QJt} CAA assayS -85 HepG2 A £] 3P4 248 400
ug/mLo] =0l A SAW= 53,2 + 1,8%, SAE=54.1 + 0,4%%
ZAaE ) SAWS| MICE: I, monocytogenesS 100 mg/mL,
S typhimurium®t H pylori& 125 mg/mLE S E|%]0
MBCE I, monocytogenes®}t S typhimurium 325 mg/mL,
H pylori 400 mg/mLE ZAE|Ich RAW 264.7 A|Zol|A] 7
228 25 100 g/ ofte] S0 50| kLA k9t
o 25100 ug/mL T of|A] SAW=44 3 + 1.4%, SAE=
45,1 £ 1.0%% NO A& AstAzlth. G54 Alel&71e1el
TNF—¢, IL-13 ¥ a1l -6 }\HHQ =T ‘q]}_xqgg “Zﬂ/\]iz‘,\l’/]—.
Caco—2 Al|FZof| A SAWS} SAE 5= R S/do] UEUA| o
Ao, Fe oEA 08 NO S AAIAMZITE @ —Amylase
2} protease AZA L 247 2559 28] 7 2715
uje} fae] PAE S
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