Food Eng. Prog.

Vol. 27, No. 2. pp. 129~145 (2023.5)

DOI https://doi.org/10.13050/foodengprog.2023.27.2.129
ISSN 1226-4768 (print), ISSN 2288-1247 (online)

TR

Food Engineering Progress

=0 | - = = =] =
HIARI=Y| 2452 FE22| 7[sdE K Silst 2y
Z2u) - Al - A - 2R - Hohal*
FEAGH FUEAHN TABANE 7B

Antioxidant Activity and Functional Components of Salvia plebeia R. Br.
Extracted by Enzyme Treatment

Mi Jin Kim, Hee Sun Yang, Ji Yeong Kim, Jeong-sook Choe, and Ae-jin Choi*

Functional Food & Nutrition Division, National Institute of Agricultural Science (NIAS),
Rural Development Administration (RDA)

Abstract

This study selected the optimal conditions for enzyme treatment that can promote the extraction of functional com-
ponents from Salvia plebeia (SP) and confirmed solubilization characteristics, functional component contents, and
applicability evaluation in pilot-scale, antioxidative, and anti-inflammatory activity. The optimal conditions of pecti-
nase, 1%, and 2 h (P) were determined through the enzyme treatment of SP. The water-soluble index and total poly-
phenol content were the highest in P compared to 100°C reflux condition for 2 h (CON). Component analysis
performed using liquid chromatography-mass spectrometry revealed that flavonoid contents were increased 6.6-9.5
times in the P compared to CON. There was no difference in component content when comparing the measurement
lab-scale and pilot scale. CON and P indicated cytoprotective effect against H,O,-induced RAW 264.7 cells. CON
and P pre-treatment also reduced the production of nitric oxide and proinflammatory cytokines in LPS-induced RAW
264.7 cells. Furthermore, P showed higher antioxidant and anti-inflammation activities than CON. These results sug-
gested that P has a higher concentration of bioactive compounds through enzyme treatment than that obtained from
CON. Thus, it can be used as a primary material for industrial utilization, such as developing functional food mate-

rials using SP.
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Table 1. Analytical conditions of UPLC for Salvia plebeia extract

Items Conditions
Column CORTECS® UPLC® T3, 2.1 x 150 mm, 1.6 um
Pre column CORTECS® UPLC® T3, 2.1 x 5 mm, 1.6 um
. A: 0.5% formic acid in H,O
Mobile phase B: 0.5% formic acid in ACN
Detector 210-400 nm (representative wavelength, 350 nm for flavonoids, 320 nm for phenolic acids)
Flow rate 0.30 mL/min
Injection volume 1uL
Column temperature 30°C
Running time 40 min

Gradient condition

0 min 5% B, 20 min 25% B, 25 min 50% B, 30 min 90% B, 32 min 90% B, 35 min 5% B, 40 min 5% B

T P)2 FL2 7ITAEES 435171 9l UPLC-DAD-
QToF/MSE AM&-3te] A3S Ysidint. Az =
CORTECS® (UPLC® T3, 2.1 x 150 mm, 1.6 um) Z-3 3}
CORTECS® UPLC® T3, 2.1 x5mm, 1.6 pum pre Z-&-S A}
g3t T3 AR I=ZrtE Ty SCIEX ExionLC AD
UPLCS} 914% X500R QTOF-MS (AB SCIEX, Framingham,
MA, USA) A4 71E o]&ste] &A1 8th A& ti%
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350nmE WxIFeZ AN 4EH LELEe
30°C, 42 03mL/mino| T} o]EF 2= &) A
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in ACN)Z ARE-3HSTE &7 =7 BE 5%= A&
3ted 20 minZHA] 25%, 25 minZ7HA] 50%, 30 min7HA] 90%=
7M1 T 2min ¢ A3 35 min7hA] 5%
ThA] ZHAA)Z]5L 40 min7HA] A 8FA T, A #REA] 71 & o]
43 A= JeliA L positive ion modeZ st 2
EXZAS 2 capillary AL 3.5kV, sampling cone
AL 40 VE 7}z A5 Ton source =& 120°C
! 500°C2 AAsA T, 23 27 W9+ m/z 100-1200
2 A5tk 2 ¢ 2714 Table 1, 20 JERROH,
¥ A E-S Flavonoid Data Base 1.0. (2016)S 312, Zz}
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Table 2. Analytical conditions of LC-MS for Salvia plebeia extract

Items Conditions
lon source gas (psi) 50
Curtain gas (psi) 30
Ion source temperature (°C) 500
Declustering potential (V) 80
Collision energy (V) 15+10
Spray voltage (V) 5500
CE spread (V) 10
ITonization mode Positive
Mass range (m/z) 100-1200
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FEEP)= 27 52 71%3% T phosphate buffered saline
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A7vste] 24 h W FEATE W TE T AE AEELS
Ez-Cytox cell viability assay kit (DAEIL Lab, Seoul,
Korea)E AH&-3FA 0™, A|ZALS] A Flol| whet S48ttt
Hz27e $EE 42 7IFo 2 AUEd Alx AEES
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Reactive oxygen species (ROS)
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wello] == HE9 5 24470 wjFsidet. 24 AlEE
TR AP 1h & 0.5mM H,0,5 A7kt 24h
wj ksl th AlEZE PBS (Gibco)Z AAH 3L 10 uM 2',7%
dichlorofluorescin diacetate (DCFH-DA, Sigma) &S %]
g3t 1027 AT vk T8 § PBSE Al
A3+ 3307 (Leica Microsystems, Wetzlar, Germany)
2 fluorescence microplate reader (Tecan)Z 33 =(Ex:
510nm, Em: 560 nm)E =439t dl2we] JE= 3
< 71E o2 JA <l ROS A S skl
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24h wFettt. 4 AEE FEHE AP 1h &
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SOD 45 H7Esh7] 8l MEE lysis buffer (BioVision)
2 &g & a4 &4 HrtE S AIRE ARSIt
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EAEE SH3A catalase S-S H713H7] S8l Al
assay buffer®2 &3]3 & &4 4 H7IE 93 A|5E
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%—‘,Joﬂ developer mix 50 pLE ¥3L 10 min &<k ¥E-&-A]Z]
% 570 nmolA FBEE S8 2 33
S 7|Fo 2 A 54 448 v wsisith
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Nitric oxide (NO) S

RAW 264.7 M EZE 96 well plate®l] 4 x 10* cells/well©]

=5 AT A 24h vt 74 A EE R
2|33 1h % 100ng/mL LPSE 718l 24 h v skt
UES FE T AENS 5] NO BE SHL A% AR
AHE-3IAR T NO 5%+ Griess reagent assay kit (Promega,
Madison, WI, USA)E A}&-3te] S5t om, AxALE]
R w2t A8t dAEIE A TR kito] £
EF§ 0 2R A EEIAT vlwstel AYe
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HEE HE3 F 24h vt 4 AIEE FEHEE
A sta 1417 F 100 ng/mL LPSE A 7}ske] 24 h vl
sttt Bk FE § ATAES FAst A HRE ARSI
o, Alo]E 7L ELISA assay kit (Bio-Rad
Laboratories, Hercules, CA, USA)E A8-315 0.1, A FALL]
Ao wat 2435 th Tumor necrosis factor-o. (TNE-
o), interleukin-1p (IL-1B) 22| interleukin-6 (IL-6)%] &

= kitell Z3He 2F 8N o2 RY AEH FFFAF 1

E=
skt
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A79] BA 4 A2+ SPSS (Statistical package for
the social science, Ver 12.0, SPSS Inc., Chicago, IL,
USA) program2 ©]-&3}e] E4HEA(ANOVA)S A3 3]
B BEAAE AESN, BE A A3e 33 v
& SAst] Ueidllth 2k AR 7F ZpelE AFE] 918l
Student’s t-test ®=+= Duncan’s multiple range testS A] 33}
o foFE s%AA TAA FoAdS AFIA

eE: nk-
FOoIARRE| =A

HjQEAt27] FEE] AN 2 wE FEE
A(WSD), F Z2|3=(TP) ¥ F ZTH >0 =(TF) &%
=4 A= Table 30 UEtATE WSIE tix72 €5
Z A2 F(CON)O| 27.77%, TAxt &3 F5FE A2+
(C-CON)°| 2832%A o™ F thx+ 7+ Fo4
AN F71 ?‘?ﬂﬁ'ﬂﬂ(s CON) =+ TFAA
CONYE 7tst A% A+ Z2H2 33.12, 35.57%=

Table 3. Water solubilization and functional components content of Salvia plebeia extracted by pre-treatment with citric acid

Pre-treatment” WSI (%)? TP (mg GAE/g) TF (mg CE/g)
CON 27.77+1.239% 48.91£2.71°¢ 37.82+0.20°
C-CON 28.32+0.18¢ 42.61+1.49¢ 39.06+1.63°
S-CON 33.12+0.79¢ 57.07+1.51° 49.28+1.68*
P-CON 35.57+0.31° 58.744+0.92% 48.10+0.39*
S-PCV 40.38+0.62* 60.27+0.83* 49.29+0.84*
P-PCV 41.05+0.68* 59.85+1.36" 48.62+1.52%
F-value 189.030™" 61.238"™ 47.688""

YCON, 100°C reflux for 2 h; C-CON, addition of citric acid 0.8%, 100°C reflux for 2 h; S-CON, pH 5.5 adjustment (addition of citric acid 0.8%, steam
treated, 100°C, 15 min), 100°C reflux for 2 h; P-CON, pH 5.5 adjustment (addition of citric acid 0.8%, pressure treated, autoclave, 121°C, 15 min, 1 bar),
100°C reflux for 2 h; S-PCV, PCV 1%, 2 h — T, termamyl 1%, 2 h; PCV, pectinex + cellulase + viscozyme (1:1:1); pH 5.5 adjustment (addition of citric
acid 0.8%, 100°C steam for 15 min); P-PCV, PCV 1%, 2 h — T, termamyl 1%, 2 h; PCV, pectinex + cellulase + viscozyme (1:1:1); pH 5.5 adjustment

(addition of citric acid 0.8%, 121°C autoclave for 15 min).

2WSI, water solubility index; TP, total polyphenol; TF, total flavonoid; GAE, gallic acid equivalent; CE, catechin equivalent.

3)All values are Mean£SD (n=3).

Means with different letters within the same column are significantly different from each other at »<0.05 by Duncan’s multiple range test.

Sy

p<0.001.
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CONell Hlgl| fre]xo® Frleidinh. 571 AL 2 (S-
PCV) & 74 b8A e g 438 HP-PCV)= 2t
7} 4038, 41.05%=Z CONe|l H]&|| <F 1.58] F7lstdom
frelxo® 7 =& e YERATHp<0.001). Go &
Choi (2016)= 3% &=°A A4t At &Y r32&
< ASEA7IA AR S W H &5 JEReH
ol 7hpEalE o] A EC] TSIt R 2
AFAHAE FAHsF= Aolgt Atsdr). o8 e A=
v ka2 7o AN HA P E Fate] 1A 02 AbEE &
YA ZH L a47F 28T e HH A4S Fuist
sto] 83t FE7t A veRd 210 = A7t

TPE C-CON©] 42.61 mg GAE/gol1.em o]} H|w 3]
< w S-CON (57.07 mg GAE/g)©] 1.34}, P-CON (58.74
mg GAE/g)e] oF 1.4v] ©9ron A3 LAz S 3
F428 79 S-PCV, P-PCVE oF 158 A= fFodo=
=7 YEbStH(p<0.001). TF X3+ TP} A1 4 ol e
B C-CON©| 39.06 mg CE/go] 3L, 74t 57] F+a4kA
7 e g AR E5FE Ao AT
2% CON (37.82mg CE/g)ol ®l&] =z ke <F 1.24)
5718t p<0.001). THFeE 25 711 Z2jssA &2
E2 3 £} Yl phenolic hydroxyl (OH)71E 271 ©]’¢
o] 7kl W sebEs UERH, SRS Bd 9 &
gE o= 3ts) At FaEY § ohds Ay
715 7HE A2 4#A Sth(Yoshizawa et al,. 1987).
T3 Zvs B84 sHEo] A8 Al AgtE o]
UTH7F BAe o TR 2 U RES ol AY Ee
a4t FEo| goldt el Qe §EFH o &

2ol 713k Ao 2 AZHEtH(Cinar, 2005). ©]432] A3E
o E83 A (F7] B 4E) By tig Aole
DAA G, 3F8HA A (AL 2 47 Al e
WSL, TP 2 TF $=Fo] S7tshe A& st o +
Ak & GAAEE s WS FH oz HAASIATH

SANE| BR

kA=) 220 aAAE F/ e 83 54
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2 WSIZF 32.63%A3 &% TAaA TS pectinaset
cellulase  (PC), (CV), pectinaset+
viscozyme (PV)E 43.44-44.03% A2 UEISOH {294
o7 714 =4 e tHp<0.001). FE-FEA| FE(WAI)
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CV, PV, PCV A& 7ol fro]HQl Apol= vrepubA] 24k
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3] x}o]7} A7]= Aolgtal 4k Makkar, 1999). CON
°] TFE 32.32mg CE/go 2 7P Wkal PollA] 56.84 mg
CE/ge 2 foAoz 71 wokom TP} vlszeh e
2 Yehdes A4S ZR1e A tHp<0.001). FHTS)= 4.91-
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Table 4. Solubilization characteristics and functional components content of Salvia plebeia extract depending on type of enzyme

treatment

Treatment" WSI (%)? WAI (g/g) TP (mg GAE/g) TF (mg CE/g) TS (%) RS (%)
CON 32.63+1.129% 8.07+0.64¢ 34.56+2.55" 32.32+1.56° 5.47+1.24° 3.46+0.29°
CON-1 29.31+0.88° 9.10+0.82" 39.83+0.50¢ 37.65+1.38¢ 4.91+0.66° 5.36+0.29
CON-2 28.56+0.27¢ 9.96+0.04* 37.08£1.56° 35.87+0.86¢ 5.55+0.49° 5.2940.37°
P 41.68+0.26° 5.53+0.26° 59.55+1.14%® 56.84+1.01° 10.42+0.46° 6.61+0.07°
C 39.20+0.24° 6.05+0.09% 57.32+0.79° 53.32+1.37° 10.41£0.26° 3.52+0.17¢
\Y 40.95+0.36" 6.06+0.31% 54.06+0.39¢ 49.39+0.85° 10.97+0.17* 6.87+0.37*
PC 43.76+0.06" 5.52+0.31° 58.63+1.28* 52.93+0.27"° 11.45+0.06® 6.51£0.16"
CV 44.03+0.90* 5.76+0.06* 57.73+0.05% 52.33+0.32° 11.70+0.49* 6.60+0.23*
PV 43.44+0.26* 6.00+0.30% 54.98+0.71°¢ 49.30+0.85¢ 10.76+0.23% 6.76+0.20"
PCV 41.05+0.68° 6.38+0.10¢ 59.85+1.36° 48.62+1.52¢ 10.99+0.32% 6.40+0.52*
F-value 292.540™" 53.313™ 190.636™" 153.339™ 67.552"™" 59.418™"

DCON, 100°C reflux for 2 h; CON-1, Non added citric acid, 50°C autoclave for 2 h — 93°C autoclave for 2 h; CON-2: addition of citric acid 0.8% (pH
5.5 adjustment), 50°C autoclave for 2 h — 93°C autoclave for 2 h; P, Addition of citric acid 0.8%, 121°C autoclave for 15 min — P, pectinex, C, cellulase,
V, viscozyme, PC, pectinase + cellulase (1:1), CV, cellulase + viscozyme (1:1), PV, pectinase + viscozyme (1:1); PCV, pectinase + cellulase + viscozyme

(1:1:1) 1%, 50°C for 2 h — termamyl 1%, 93°C for 2 h.

2DWSI, water solubility index; WAI, water absorption index; TP, total polyphenol; TF, total flavonoid; TS, total sugar; RS, reducing sugar; GAE, gallic acid

equivalent; CE, catechin equivalent.
9All values are Mean£SD (n=3).

“Means with different letters within the same column are significantly different from each other at p<0.05 by Duncan’s multiple range test.

ko

9 p<0.001.
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Table 5. Solubilization characteristics and functional components content of Salvia plebeia extract depending on time of enzyme

treatment
Treatment" WSI (%)? WAI (g/g) TP (mg GAE/g) TF (mg CE/g) TS (%) RS (%)
CON 32.63£1.12°9% 8.07+0.64" 34.56+2.55¢ 32.32+1.56¢ 5.47+1.24° 3.46+0.29¢
1 39.69+0.33° 5.74+0.03° 56.29+0.56° 52.43+0.26° 10.33+0.31* 7.28+0.08°¢
P 2 41.68+0.26" 5.53+0.26" 59.55+1.14° 56.84+1.01° 10.42+0.46° 6.61£0.07¢
4 39.26+0.31° 6.03£0.05" 54.2240.43 49.33+£0.91° 10.47+0.02% 8.41+0.06"
6 40.03+0.23° 5.96+0.07° 53.73+0.86°¢ 48.71+0.59° 10.98+0.19* 9.35+0.28"
F-value 116.3317 32.681°" 164.191" 251.449™" 41.609" 392.804™"

YCON, 100°C reflux for 2 h; P, addition of citric acid 0.8%, 121°C autoclave for 15 min — P, pectinex 1%, 50°C autoclave for 1,2, 4, 6 h — T, termamyl

1%, 93°C autoclave for 2 h.
P Abbreviations are the same as in Table 4.
YAll values are Mean£SD (n=3).

“Means with different letters within the same column are significantly different from each other at p<0.05 by Duncan’s multiple range test.

9 p<0.001.
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Table 6. Solubilization characteristics and functional components content of Salvia plebeia depending on concentration of enzyme

treatment
Treatment" WSI (%)? WAI (g/g) TP (mg GAE/g) TF (mg CE/g) TS (%) RS (%)
CON 32.63+1.12%% 8.07+0.64° 34.56+2.55¢ 32.32+1.56¢ 5.47+1.24° 3.46+0.29¢
0.2 37.46+0.37¢ 5.88+0.08" 57.05+1.86% 51.75+0.52° 9.5440.08* 4.76+0.09¢
P 0.5 38.46+0.25° 5.84+0.12" 54.28+0.68™ 50.66+0.18" 9.94+0.04° 6.61£0.07
1 41.68+0.26° 5.53+0.26° 59.55+1.14° 56.84+1.01° 10.42+0.46" 6.61+0.07°
3 40.42+0.23" 5.95+0.12" 51.35+0.53¢ 47.67+0.23¢ 10.67+0.15* 8.89+0.18"
F-value 116.483™ 31.155™ 108.242"" 301.174™ 38.404™ 475.420™"

YCON, 100°C reflux for 2 h; P, addition of citric acid 0.8%, 121°C autoclave for 15 min — P, pectinex 0.2, 0.5, 1, 3%, 50°C autoclave for 2h — T,
termamyl 1%, 93°C autoclave for 2 h.

Y Abbreviations are the same as in Table 4.
Y All values are Mean+SD (n=3).

4

ok

9 p<0.001.
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'Means with different letters within the same column are significantly different from each other at »<0.05 by Duncan’s multiple range test.

FZ% CONZ P A2+ LC-QToF/MS

Mo ZRE AL chromatogram3} fragmentation ion patten
< H@st A3= Fig. 13 2T} Flavonoid Data Base
1.0. 2016)= EHE FHZF 659 &S sAsIAoH, 5
Fol Zehuwol=sl 159l i AROR FHe
TZ 549 FFEL &ARE 6-hydroxyluteolin 7-O-
glucoside, luteolin 5-O-glucoside (galuteolin), luteolin 7-O-

glucoside

(cynaroside),

Table 7. Mass fragmentation ions of 6 kinds of compounds in Salvia plebeia extract

nepetin  7-O-glucoside (nepitrin),

Peak

Compound names

Formula

Rt (min)"

Mw?

Fragment ions [M+H]+

1

6-Hydroxyluteolin 7-O-glucoside
Luteolin 5-O-glucoside (galuteolin)
Luteolin 7-O-glucoside (cynaroside)
Nepetin 7-O-glucoside (nepitrin)

Hispidulin 7-O-glucoside (Homoplantaginin)

Rosmarinic acid

C,,H,,0,,
C,H,,0,,
C,;H,,0,,
C,,H,,0,,

C22H2201 1

C18H1608

15.45

17.60

17.78

18.84

21.00

21.50

464

448

448

478

462

360

303.0502 [M+H-Glucoside]",
465.1032 [M+H]"
287.0549 [M+H-Glucoside]",
449.1078 [M+H]*
287.0551 [M+H-Glucoside]",
449.1083 [M+H]"

317.0652 [M+H-Glucoside]",
479.1179 [M+H]*

301.0700 [M+H-Glucoside]",
463.1224 [M+H]"

117.0333 [Caffeic acid+H-2H,0-COJ",
145.0283 [Caffeic acid+H-2H,0]",
163.0386 [Caffeic acid+H-H,O]",
343.0814 [M-H,O+H]",

361.0921 [M+H]*

— N —— e — e e — e —

YRt, retention time
IMW, molecular weight
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Fig. 1. (A) LC Chromatogram and (B) positive ion mode MS spectra of 1-6 compound from Salvia plebeia extract. 1, 6-
hydroxyluteolin 7-O-glucoside; 2, luteolin 5-O-glucoside; 3, luteolin 7-O-glucoside; 4, nepetin 7-O-glucoside; S, hispidulin 7-O-
glucoside; 6, rosmarinic acid; A, P, addition of citric acid 0.8%, 121°C autoclave for 15 min — P, pectinex 1%, 50°C autoclave for
2h - T, termamyl 1%, 93°C autoclave for 2 h LC chromatogram; B, Positive ion mode MS spectra of 1 to 6 components.
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Fig. 2. Comparison of LC chromatograms of (A) P, (B) CON from Salvia plebeia extract. 1, 6-hydroxyluteolin 7-O-glucoside; 2,
luteolin 5-O-glucoside; 3, luteolin 7-O-glucoside; 4, nepetin 7-O-glucoside; S, hispidulin 7-O-glucoside; 6, rosmarinic acid; ISTD,
internal standard, nepetin; P, addition of citric acid 0.8%, 121°C autoclave for 15 min — P, pectinex 1%, 50°C autoclave for 2 h — T,
termamyl 1%, 93°C autoclave for 2 h; CON, 100°C reflux for 2 h.
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Table 8. Quantitactive analysis and functional components content in Salvia plebeia extract (mg/100 g)

Compound names CON" P F-value
6-Hydroxyluteolin 7-O-glucoside 6.29+0.03 49.38+1.25 15.305™"%
Luteolin 5-O-glucoside (galuteolin) 2.97+0.02 19.72+0.33 14.285™
Luteolin 7-O-glucoside (cynaroside) 1.59+0.01 10.88+0.12 4571
Nepetin 7-O-glucoside (nepitrin) 7.72+0.02 63.91+0.49 13.250"
Hispidulin 7-O-glucoside (Homoplantaginin) 8.29+0.04 79.06+0.26 10.906™"
Rosmarinic acid 618.20+1.85 672.91+0.81 3.819"™

" Abbreviations are the same as in Table 4.
DAl values are MeanSD (n=3).
I p<0.001.
Table 9. Solubilization characteristics and functional components content of Salvia plebeia extract by pilot scale
Treatment” WSI (%)? WAI (g/g) TP (mg GAE/g) TF (mg CE/g) TS (%) RS (%)
L-CON 33.83+0.11%M 3.85+0.02° 72.71+0.82° 53.34+0.37° 7.69+0.05° 3.18+0.01°
L-P 52.89+0.12° 2.33+0.10° 85.58+1.42° 68.78+0.56" 13.65+0.24° 5.11+£0.01°
L-CP 32.58+0.06° 4.66+0.03" 58.28+0.62° 47.39+0.33° 7.10+£0.02° 3.06+0.03¢
F-value 39547.414™" 1206.329™* 5471177 1949.603™* 2609.874™" 9488.998™

DL-CON, 100°C for 2 h; L-P, Addition of citric acid 0.8%, 121°C autoclave for 15 min; P, pectinex; pectinex 1%, 50°C autoclave for 2 h — T, termamyl;

termamyl 1%, 93°C autoclave for 2 h; L-CP, 100°C for 8 h.
9 Abbreviations are the same as in Table 4.
YAll values are Mean£SD (n=3).

“Means with different letters within the same column are significantly different from each other at p<0.05 by Duncan’s multiple range test.

9 p<0.001.
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Fig. 3. Comparison of error range depending on different
extraction capacity of Salvia plebeia extract. Abbreviations are
the same as in Table 4. Express error range (L-P) in preparation
for lab-scale (P) standards.
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2

w
R Bolste] 715gRe)
gl

CHAIM|ZE MEZ0] O|X= Hef

RAW 264.7 A Zol|A CON3} P #2729 Al W it
3} 2 gg= FAL HrlEr] 9 222 AAE7] 96|
RAW 264.7 A 3Ee] F2o] w]x= CONH P 22|79 Al
E AEES Fdsth BFE F=(0-800 pg/mL)2
CON P7} Al2lel 271oA 2447F 5k ¥H&3F RAW
2647 A E AEE] ATh= Fig 49 2ok iz AE
AEE 100%2F HlaLstlE ™, CONZ P A 27 800
ngmL F=7HA] 22 FARE ¢ Oi AEE] fA
HALH, 5 ZF oA ztole Itk ol tiA A =
W kst 5 s 442 # 7}0}71 9% CON P A
g9 A3 FEE 800 pg/mLE AT T3 Asa

S EUIE RAW 2647 Al X0 d35A AFUeze
1 pg/mL LPSE(Kim et al., 2021), At3}3 ~Eg X 2=
YLe2= 0.5mM H,0,&(Kwon et al, 2019) Z+zt 2|3}
of WjkRt=7] FEE o] EAE Hrhskalat skt
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Fig. 4. Effects of CON and P on viability of RAW 264.7 cells.
RAW 264.7 cells were treated with CON and P at various
concentrations for 24 h. Cell viability was tested using EZ-cytox
cell viability assay. Data are presented as the mean+SD of three
independent experiments. Abbreviations are the same as in Fig. 1.

L5 X=01| ciek CHAMI=
TJrEkS’J 244 2FAF(ROS; reactive oxygen species) A3 4
TEHE ASY AEYAE A ELE AT Z3

S g

1= A
oﬂ H] }W“ﬂ HEkE frEshed, Wl 2 ROS +
sl H0,% thdsh Aol 229 &4 % APES f
Tole Aoz d# A thSimon et al., 2000). ©] 01] =

A= HO0,5 Aeldte] RAW 264.7 Aol k314
ZEHAE FE3 & CONF P A2 7] AX BE 24
< W7ketaAt akglek. CON P A 2]+5 1h A2t
0.5 mM H02§ H7kete] 24h F AE AEES AT
A3, H0, &5 A2l iz vlaste] A2 AEE
o] 59%= 2Rt CONZ P HE]+E AAEd 4
FolM e Al BEE0] S7HekiTh 531, 800 pg/mLe]
EEE RAW 2647 Al Zo] AXZ S W, CONS 71%,
P A2 7= T1%E A BEEe] S7ste] CONt P A
T7F HO,2 F5d A5ha AX 45 A8 5 ot
2 FAE AT Meng et al. (2022)¢] AFolA] v kat=7]
o] o ZFtHxo|l= wFAQl dihydrohomoplantagin}
homoplantaginin®] 4Fs} #] 8 & 2] ¢ 2 (ox-LDL)] 2] 3]
=g A WA Ee] 2hsla &4 B APES oA
e Zow i_]j}g’i\:} T3+ Kim et al. (2023 it
Az7] degs FEE 2 WA=l F8 e

rosmarinic acid’} dexamethasone®l] 9|3 =% Z85A
FEo] AdshA &3S AL Hzé}c’ﬂt}. ool A
EE Hol, CONH P A 2|72 thajAlE u
FxF=7)e] FHE St eol= Jﬂi*%ﬂ «]a 244
2 AaE ek T3 CONF P AT F4S
< ], 400 pg/mL ©]Fe] FEE AT Al p ﬂﬂ%ﬂ
CONET} fojzor =2 tiAE BE 445 Yehil
tHFig. 5). ol= wigat=71E 84 AHPe b STE=
ol gl HZ4k ol Sk Aot dAGE Hew,
B AR 7R &) S wigxt=r] 44
g7 e H0,2 =8 A3ty 2EHAZRE A xE



140 EA L] AR =i AP B B

120 - OcoN  @p
2100 { = % #
£
g *

*
‘; 80 A * L
#

8 60

£z

5 40

s

>

= 20 |

o

5 ; ; ; ; i

H,0, 0.5 mM) - + + + + +

Extract (ug/mL) = + 100 200 400 800

Fig. 5. Effect of CON and P against H,O,-stimulated cytotoxicity
in RAW 264.7 cells. RAW 264.7 cells were treated with 0.5 mM
H,0, for 24 h after pre-treatment with or without CON and P
for 1h. Cell viability was tested using EZ-cytox cell viability
assay. Data are presented as the mean+SD of three independent
experiments. “P<0.05 compared with the control (none) group,
P<0.05 compared with the H,0, treated group, P<0.05 compared
with CON and P of same parts. Abbreviations are the same as
in Fig. 1.

| E3F AFES 100% EHT 7] 5AE F300 FEsitt
Y THKim & Kim, 2019; Sultana et al., 2009).
HOPX]-Z7].4 F9 EE EeZ nepetin, luteolin,
homoplantaginin 2 rosmarinic acid 5= &7 T/ 2 Y]
ol e} F= o] Gk B olE(Li et al., 2014),
7158 % 92 vtk (Ngo et al., 2018; Zengin et al.,
2019). & AT BA AT E wAR=71] 75EE
EZ0] S E o] 4t REHAENE hAAE BT §
5 =R o, a4 A B3 FE287E 100% = A
S Akt #2448 yehl= CONF P A2 +¢] 5%
(400 pg/mL ©1’%)7t v &5 & Jvkal AdEHUAST 2
fFr718uf ] 2E A H 2nAp ARZe] 2 771
FEHET AT a4 MU wiRt=719] 7s
= B 7I5A8ES THAE F e A AAE
ol2}ar Y 7tE et

CHAIMIZE L SFAgAEA odX| &R

=o i1

Ho 3345 =Y 7 AU gt Al ddE & CONz} P Ag]7-9] thAAE B35 &A4o] H0, A=
ANZ2RE FgEwols, ZuE 9 dsit 5 AEAYE S7H ROS &7 &3 #dsk=A BH7leksith. CON#
o] & FE& Fol7] fdl f18vWE At glem, P AZFE 1h AXESIAL 0.5mM H,0,5& H7lske] 24
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g 250 4 » )
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o
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H,0, + P (800 pg/mL)

Fig. 6. Effect of CON and P against H,O,-stimulated ROS generation in RAW 264.7 cells. RAW 264.7 cells were treated with 0.5 mM
H,O, for 24 h after pre-treatment with or without CON and P for 1h. After staining with DCF-DA florescent dye. (A) DCF
fluorescence intensity was measured using a fluorescence microplate reader. Data are presented as the mean+SD of three independent
experiments. “P<0.05 compared with the control (none) group, "P<0.05 compared with the H,O, treated group, P<0.05 compared with
CON and P of same parts. (B) The morphological images were obtained by a fluorescence microscope (magnification 200%, scale bar
50 um). These images are representative of at least three independent experiments. Abbreviations are the same as in Fig. 1.
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AlZF & DCFH-DA probeE ©]-&3te M2 Ul ROS A4
AEE FIsHdth 2 43 H,0, @5 AHEwtedAde= o
Z3 ¥ sk 210%2 ROS A4 o] Z71skith 12y
CON# P A& HA2atds o, 400 pg/mL ©]732]
TZoA H,0, &5 X2t Hlaste] ROS Aol f<]
Ao g 7+Aaslth 3], 800 pgmL FEE A6
o], CON 172%, P A2 135%=Z ROS Aol 74
stem, P A7 CONEL fodoz w2 48
UERATHFig. 6A). =g F3An| 4 B2 A3jol|A = ROS
AGE Yele 25 39 Al7I7E H,0, B A E]wel
A Z3aA JEbse v CON# P A2+ 800 pg/mL
FTEZ AAHE AxdE PThdhes AL g 5= gl
ATHFig. 6B). Chang et al. (201502 £ ZE|¥s % &
grrolEs i3 widAt=7] EFEE0l  ferr-
butylhydroperoxide (~-BHP)Z A= ZHH| L oA Zpitd
ROSE oAlste] M AEES F7HZ F AT 1
slGltt. o] AnER Hol, FEds 9 o=
o $Hdke CON# P A2+ H0, A= E STt
o] ROSE UaAZ F e, o2 Qlal] ti2Ax
o] AELo] Z7HRIS Aow AdHdTh T3 CONET
P Ag)F2] AIZ U] ROS &7 4o § FA vepd 3
2 FAAYE F e € F P xol=e] £
FeFo] Skt AdEH AR gtiar A A

wa

CHAIMIZZ LY SHttst &4 &y

A= ROSOl Wojslr] Qe vais Te ai4% ¥
2kl Ml AUSS 7 e, 244 28-S ROS7F Al W
Ao &8 F7] Aol ROSE A7 252 its}
ol zhg-olt}, tjiE Al g4kst T2 SOD (superoxide
dismutase)= ROS®] 3}+?] superoxide anion radical S
H,0,2 H3A]7It} E=8k SoDol <& A€ H,0,5 Al
Aste 7P 359 2kl GAE catalase® AFshE A
EY22RH NEE B3de 98-S $hKim & Ham,
2003). & A= H0, M2 FdE 4ty 2E)
2o gk CONZ P Ao tAAxE AlE oA o
ROS &7 &Alo] d4k3l §4:2 SOD$} catalasee] &4
I} FEsHEA] g2l CONF P g5 1h AAg
&3 0.5 mM H,0,2 F718le] 24h § @l dS 353}
ikl a4 A48 Hrkstdth L A, H0, &5 A E
FollM = 2T vt SOD 42 55%, catalase
AL 68%= Tttt 23y CON P X +E A
23S wj, SOD ¥ catalase A o] =713l SOD
FAL 400 pg/mL ©]A2] FEOA, catalase TS
800 pg/mL ©]7¢e] F=A H,0, &5 A2} vlashe]
fre]A o g2 gigo] Frtatdth. 53], 800 pg/mL FE=
A2 ete] catalase &4 W3S F218t9S w, CONO]
81%, P A7} 86%= ket e, P A2+ CON
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Fig. 7. Effect of CON and P on activity of antioxidant enzymes
in H,O,-treated RAW 264.7 cells. RAW 264.7 cells were treated
with 0.5 mM H,O, for 24 h after pre-treatment with or without
CON and P for 1 h. SOD (A) and catalase (B) activity was assessed
by enzyme assay kit. Data are presented as the mean+SD of
three independent experiments. “P<0.05 compared with the control
(none) group, ‘P<0.05 compared with the H,O, treated group,
#P<0.05 compared with CON and P of same parts. Abbreviations
are the same as in Fig. 1.

HT} fojFo g w2 48 Uelth(Fig. 7). Kim et al.
(2014)9] Aol A wiFRt=7] WS FEE°] SOD
AL g B gtsE 245 UEi RS T8 sgEdd
rosmarinic acid, homoplantaginin, luteolin®] 2]3+ Zo]2}aL
BUE90m, Qu et al. (2009)2] AFolME wiYa=7]
o] F9 3}51E<l homoplantaginin®] &4F3} g9 &4
S T7MA H0,2 =¥ Atsd 2EH A2 HE 7HA
xo] Ee dAlEdvL skt ool AFAER
wol, bala e 2] tg CONS P A2 el tAA
¥ B3 3es widR=rE el ZEtRkolE, H)
E4 59] 7]5AEo] SOD, catalase®} 7+ Fakst a4
o B4g wYo2H ROST 275, AFHonE o
AAEe] VRS olAlRta A7 SOD el e

ZF ARl ZfolE E1E 4 glUAINL, catalase
ONET} P A 2]7-9] 3itst a4 2ol
o A Yepd e 524 AR Ve £ 2
o] ks A¥het dA) it A= A

I

i)
0>
iy,
L)
K
>
)

NO % HEH AO[E7IR] M4 AN &
Lipopolisaccharide (LPS)= WAl |5 w7 &2 o]
o, M 2e] gt S-S FEste] NO 2 954 A
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Fig. 8. Effects of CON and P on production of NO in LPS-treated
RAW 264.7 cells. RAW 264.7 cells were treated with 100 ng/mL
LPS for 24 h after pre-treated with or without CON and P for
1 h. The concentration of NO in the culture medium was detected
by the Griess reaction. Data are presented as the mean+SD of
three independent experiments. “P<0.05 compared with the control
(none) group, "P<0.05 compared with the LPS treated group,
#P<0.05 compared with CON and P of same parts. Abbreviations
are the same as in Fig. 1.

oJEAS] BHE F/HIAI 0% FHIHE NO
z

4 ik-g- o}

AHolE Yo7]|3 thest AHS sttt g#A ok
(Yoon et al.,, 2009). CON¥} P

LPS #F=toll €gk NO 2 HE4 Al E7RIe AdS o
AT = A=A Hrrsiadh 2 A3, LPS @5 A 2]kl
Az 23 vlalste] 13w o]+l NO7F A = At
a3y CONZ P A275 A2 P2 o, CON 400 pg/
mL ©]3e] FEA, P A2+ 100 pg/mL o]’ %
A fFelH o R NOo| o] 7Hastqltt. 53, 800 pg/
mL TEZ AAZAS ul, LPS @5 Azl v|ws}he]
CON< 294, P= 348 NO B4< #ZHAAIH T CON
P A7 NO A4 oA €4S HwsklS o, 400 pg/
mL o]’ T2 AAe] Al P A2 F7F CONETE {2
Zog o FAS YelHTtHFig 8). &3 LPS ¥ A
Y-S 2w Blaste] 4F4 Al EFRRIQD TNF-a,
IL-1B, IL-69] A/do] &3] F7bstdct. 224k CON
P A& AAHAE W, G548 AelETIIS Aol
st NO A A E43 fAKeE 4945 B &
3], CONZ P A2l#& IL-1p2] AL 7P axdow
A eFATh &, CONH P A2 +E 800 pg/mL == %
A2 S w, LPS @5 X&)+ vlwste] CONS 7.7+,
P A= 11.79 IL-1p A S ZaAZ T CONF P
Ao A5 Aol BRI A JA| &S v wstilS
o], TNF-a2] A4 A Aol F A7 7 932 =}
o]Z eld = AAE, IL-69F IL-1p2] A A 24
ANM= 200 pg/mL ©17Fe] FEE HAE Al P A7t
CONET fo8o g =2 &4dS& YeplithFig. 9). LPS
2 958 453 A ENA Jeong et al. (2012)&
Hj 227 B FEE°] NO%} prostaglandin E2 (PGE2)2]
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Fig. 9. Effects of CON and P on production of pro-inflammatory
cytokines in LPS-treated RAW 264.7 cells. RAW 264.7 cells were
treated with 100 ng/mL LPS for 24 h after pre-treated with or
without CON and P for 1 h. The concentration of cytokines in
the culture medium, including TNF-a. (A), IL-6 (B), and LI-1§
(C) was measured by the ELISA Kkits. Data are presented as the
mean+SD of three independent experiments. “P<0.05 compared
with the control (none) group, "P<0.05 compared with the LPS
treated group, *P<0.05 compared with CON and P of same
parts. Abbreviations are the same as in Fig. 1.

S AA YT B EN 0™, Lee & Kang (2020)
Hjkxt=7] gu) =0 kst &40 =S5 NO
2 ASA APlEFRR] A oA &Ado] =A vERTE
J BTG Choi et al. (2015)2 rosmarinic acid,
homoplantaginin 5 652 IFo|EANZAS g3k v L=}
=7 Wgg FEE0] HEY nhes BX A4 A
o|EFIRI AL AAlste d5S sAH TR BaEe]
o} o)lide] AxER Hol, CONZ P #2]+7} LPSZ A}
SE tfAAZANA NO 2 578 Aol ETRRIS] A S &
HFH o7 AAIG AL A= i SR eclE, HE
2b 5o Fo|EAN A AAF o] il AZFETE NO
2 A3 ALl EFIRI A oA &/do] kst &3 W
ZHAZ CONETH P A7k =4 vepd A2, At
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