Food Science and Preservation
https://doi.org/10.11002/fsp.2025.32.4.717

W) Food Sci. Preserv., 32(4), 717-732 (2025)
@& pISSN: 3022-5477, eISSN: 3022-5485

Research Article

Antioxidant activity and protective effect of ethanolic extract from
Phlomis umbrosa Turcz. roots on H,O,- and PM, s-induced oxidative

stress in respiratory cells

ST Phlomis umbrosa Turcz.) 22| HEE FEE9|

et 2 T dkteleA(H0)2%

OMEXI(PM25)Z REE ASIAEHAN st $57| ME BS Fat

Yeong Hyeon Ju, Hyo Lim Lee, In Young Kim, Hye Ji Choi, Yu Mi Heo, Hwa Rang Na, Ho Jin Heo*

210(d .

Fg - Ol=8 - 223

ﬁ OPEN ACCESS

Citation: Ju YH, Lee HL, Kim
IY, Choi HJ, Heo YM, Na HR,
Heo HJ. Antioxidant activity and
protective effect of ethanolic
extract from Phlomis umbrosa
Turcz. roots on H,O,- and

PM, s-induced oxidative stress in
respiratory cells. Food Sci.
Preserv., 32(4), 717-732 (2025)

Received: January 02, 2025
Revised: March 06, 2025
Accepted: March 13, 2025

*Corresponding author
Ho Jin Heo

Tel: +82-55-772-1907
E-mail: hjher@gnu.ac.kr

Copyright © 2025 The Korean
Society of Food Preservation.
This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License
(http://creativecommons.org/license
s/by-nc/4.0) which permits
unrestricted non-commercial use,
distribution, and reproduction in
any medium, provided the
original work is properly cited.

https://www.ekosfop.or.kr

A[E{X| - 5190| - LI5S - 515X

Division of Applied Life Science (BK21), Institute of Agriculture and Life Science, Gyeongsang National
University, Jinju 52828, Korea

<

ZYTEYHEAT SEYTHB21) SLYSHEATE
Abstract This study was conducted to evaluate the in vitro antioxidant activity and cellular
protective effect of 20% ethanolic extract from Phlomis umbrosa Turcz. roots (EPT) on hydrogen
peroxide (H,O,) and particulate matter (PM),s-induced oxidative stress in human nasal epithelial
RPMI 2650 and human lung epithelial A549 cells. EPT showed high total phenolic and flavonoid
contents, with 42.92 mg of GAE/g and 45.35 mg of RE/g. EPT presented antioxidant activity by
measuring 2,2'-azino-bis (3-ethyl benzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activity,
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, ferric reducing antioxidant power
(FRAP), and malondialdehyde (MDA) inhibitory effect. Moreover, EPT exhibited inhibitory effects
on a-glucosidase activity and advanced glycation end-products (AGEs) formation. Furthermore, EPT
showed significant cellular protective effects by decreasing intracellular reactive oxygen species
(ROS) and increasing cell viability on H,O,- and PM;s-induced oxidative stress in RPMI 2650 and
A549 cells. In addition, EPT decreased the expression levels of inflammatory proteins such as
TLR-4, MyDS88, p-JNK, p-NF-kB, and iNOS on PM,s-induced oxidative stress in AS549 cells.
Finally, the bioactive compounds of EPT were identified as chlorogenic acid and ferulic acid
through quantitative analysis using high-performance liquid chromatography.

Keywords Phlomis umbrosa Turcz., antioxidant activity, human nasal epithelial RPMI 2650 cells,
human lung epithelial A549 cells

1. ME

71298 A AAHog B TA7} AWl Q= T35 HA EAo|th(Arias-Pérez 5, 2020).
T ARSI w2 3k AR 4H] F7F 9 ZAIS) TE QI F7F 5ol 8 8910 = A4S
o, ol= LEEE A4 2 wiES T7HIA A A%l Y2 Pl th(Arias-Pérez 5, 2020). 9]
7o g Qg 17 A= & 7] S0l de] == nAHAe #Ho] Jlth(Wang 5,
2022). B]A|AA] (particulate matter, PM)= =z} 37|71 2o} 357] Y& A&7} 71550, Aol
A GAJAFAZF(reactive oxygen species, ROS), ASIAEFH A, HE NEZAE 52 FUgoZHN &
571 A%s fETHKim 5, 2022b). PM2 37|98k 21740 w2} PM (<10 pm), PM,5(<2.5
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um) 2 ol PM,,1(<0.1 pm)i 5]11] AjHog Ao &
PM, & H739] Ao EAst= Axo s 224 =, 87,
74, FHlE, AF, FRE FAE A7z dFe nH
(Arias-Pérez 5, 2020; Kim 5, 2021). §¥HH, Z]7Fo] Z&
PM, 59 PMy <& A 5of ofsf Ae|R|A] &5kl ¢ Zlo] %5}
of 7|4, 7]3’41] AI71 A, B AR o]FojR] &= sV %o &
AEo] 2 A4 R3S Uehdtk(Kim 5, 2022b). E3,
PME] ?JZ} 7] &0l sFek4] o] PMO] =/ Axto] &
ofgtthWang 5, 2022). PME Sa%, B4 &4, b
= B34 (polycyclic aromatic hydrocarbons, PAHs)?} 2+
o 9].0}%4 g yE: o]—;q _g_J_A kel i:,]./d}quq ]E_g ;\ﬂg
£ ABM7lE At 9 ROS A4S R 3t (Arias-Pérez
%‘ 2020; Kim 5, 2021). ROSE= A|Z9] /‘]'2]— -3 Als 9
7]_‘=_cﬂ] OOT o]— _9__1,]_ q—E]-LH;(]U]- 1 o]—E]:O] }_.—_o].;(] 73] o
DNA, RNA, A4, tid 5 0] 4| BAlel wh-g-sto] A
X 758 A1XE -,{_Jcl'/\] 4 UtH(Averill-Bates, 2024). A%
ol A ZHegt ROS /g2 4Fs} - 2l 7o) B o] FHE o]
AR A A”S] E4FE AHIE Kohe ARIAEYAE
5to] ASHA £ARS of7| ok (Dumanovié 5, 2021).
Hi= &S B90hs 7BOE £ AbA A0 kEEH,
5 33 2700 W2 #HAS AFshe 553 2= s
F71°14 A&How FAEE SRS 54 2 FoFsitt
(Azad -5, 2008). o]={3t # o] FLx0f 7|Qlste oF IS
E5] AESH PM2 Toll-like receptor 4(TLR-4)2} A3g}5|o]
myeloid differentiation primary response 88(MyD88) 2]&%]
A5 AY AZE E3) nuclear factor-kB(NF-«B)E EAJsl5}
o] YSHS= ?:lEZ_]E]'(Wu 5, 2021). T3, c-Jun N-terminal
kinase(JNK)Q] Q1Atsts Alglsto] ot AloAES §Eg
© 22 inducible nitric oxide synthase(iNOS)2} Z+-2 FZ wf
WA 9 BS54 APRIEZIRIY HHS F7HA71L, ol ARt
EAE wi7fsto] AlZAFES ZZTH(Moon &, 2022). ©]
= ¥ 75 Aotz o]ojA g w4 o A, M4, Hdw
22 ¥ Aol Wgo] 7]ojgith Arias-Pérez 5, 2020). ]3]
d PM o] UE A7 ZAE AFst] figt o] Qs
U, Z9E &S Wfomoﬂ olg|&ol EAs71°1 PM &<
0% oIt QUG Y MSAENLE 22 5 Y B
4E 24 MBSl HE R0 Fast
SETH(Phlomis umbrosa Turcz. )} E-E3}0] £ok= thdA] %
2 AEE FE 2 FHOJA AABTITHZhang¥} Wang, 2009).
o]d ditof] w=m, FkETHS protocatechic acid, chlorogenic
acid, rosmarinic acid, rutin®} Z+2 Z2]Hs JGHERE ofY
2} iridoid, phenylethanoid 5-9] t}oFst A& &S S
ol Ath(Nguyen 5, 2018; Zhangy} Wang, 2009). 3T
o BN RelEl HTHBL 4 Fold AL S0l 1,1-
diphenyl-2-picrylhydrazyl(DPPH)Z} 72 itz A7 A4S
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Bl P4 Z3E YErYeH, 18, 3dS 2
J)( = tlopst QS yeEhjs Ao = oA

]TH(Chun
S, 2021; Le ‘3‘, 2019) 5_,]371-01] =, ShEE2 2047
5.0

*}a‘l% OPOWH?; 7155401 E}(Lee 5, 2016) 3t ShSTHO|

A% AE AR Lee 5(2016)0 =M, ST ok
594 %—%O& W A4 &, AH Folof tjAE 9F E dF
*1]37: S0 digt €4S EATHLee 5, 2016). oJ4FH &t

= F “ﬁ A7 gEE AR A7 BaHa 9l
o o= QI ﬁJoPEﬂEﬂ Al BuET QIA|g
7] 7o) #RE AF= FAA mlEeE A%oltk(Shin 5,
2008). wehA], 2 AFEs & B oEE FEEY in
vitro ARG 24 9 H,0,9F PM,s2 ASIAE G AV S5
337 yxo] He g}l jA 712 st e A
dEES 74 2 AT RN 287 A¥S dishe A7
AE 2AEAY ARIA &8 7RsE BrIshaA A

2.1. Mz L Al

£ AYof| ARE-H A2kl Folin & Ciocalteu’s phenol reagent,
sodium carbonate(Na,COs), gallic acid, diethylene glycol,
sodium hydroxide(NaOH), rutin, sodium phosphate, potassium
persulfate, 2,2'-azino-bis(3-ethyl benzothiazoline-6-sulfonic acid)
(ABTS), DPPH, 24,6-tri(2-pyridyl)-1,3,5-triazine(TPTZ), iron
(IIT) chloride(FeCl3), trichloroacetic acid(TCA), 2-thiobarbituric
acid(TBA), vitamin C, catechin, 2',7'-dichlorodihydrofluorescein
diacetate(DCF-DA), 3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyltetrazolium
bromide(MTT), Roswell Park Memorial Institute(RPMI) 1640,
Minimum Essential Medium(MEM), fetal bovine serum(FBS),
penicillin/streptomycin @ H,O,= Sigma-Aldrich Chemical
Co.(St. Louis, MO, USA)9A +93}4t}t. Bovine serum
albumin(BSA)2 GeneAll Biotechnology Co.(Seoul, Korea)of|
Al FQsto] ARE-51910 1, acarbose= Thermo-Fisher Scientific
(Waltham, MA, USA)Z5-E{, aminoguanidin hydrochloride:=
FUJIFILM Wako Pure Chemicals Co.(Osaka, Japan)ZX5-E]
Ak PMys(H 27 1.06 um)y= Powder Technology
Inc.(Arizona Test Dust, Arden Hills, MN, USA)Z 5§ <
5191 2™, dimethyl sulfoxide(DMSO)+= Daejung Chemicals
& Metals Co.(Siheung, Korea)=ZFE| 5}ttt Western
blot assay©]] A& 12} A2l anti-mouse TLR-4(sc-52962),
MyD88(sc-74532), p-JNK(sc-6254), p-NF-kB(sc-136548), B-
actin(sc-69879)= Santa Cruz Biotechnology Inc.(Dallas, TX,
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USA)OJ|A|, anti-rabbit iNOS(18985-1-AP)+= Proteintech Group,
Inc.(Rosemont, IL, USA)OA] FI51ct. T3t 22} A9 horse
radish peroxidase(HRP)7} Z3% anti-mouse IgG(AP124P)=
Merck (Darmstadt, Land Hessen, Germany)olA <+J35}%1 1,
anti-rabbit 1gG(7074S)+= Cell Signaling Technology(Danvers,
MA, USA)lH TLJ5to] Aol AHgsteiet 1 9 AHgdl §
o @ Aok BE 13 ol4e] S3E A8t

22 F=E59 HZE

2 A0 AgE B4 e 3HRE T2 Bl
A AuEo] Bl AXBE 20239 190] FofsteAct. o]
2 Basto] o) Agatgion], BaE A4 Bel 20 g2
20% ofshE 1 Lo T3, 0|S 40°CAA B Wzt spo]

2A17E &% FE51 T 2R oFste] AZT-5S
(N-N series, Eyela Co., Tokyo, Japan)& AR&5}0] 5=5}%1 0.
W, SZAZ7|(FDU-8612, Operon, Gimpo, Korea)E A5
o FAAESG. oF AXL 20°C0] Y5 Bsie A
ol AH8i9ict

23 SHSY HEE 2 55

Fued otbE AT 342 A5k AR | mLY SR
9 mL, Folin & Ciocalteu’s phenol reagent 1 mLE &3}5}0]
A2o0|A 52 &% HHSAIZT °]F 7% Na,COs 10 mLe} 5
59 4 mLE A7jolo] Lo 2417 B WHSAIY T, B
FL=A(UV-1800, Shimadzu, Kyoto, Japan)g AR8-3lo] 760
oA FFEE S SHE FEEE allic acids
Agatol A7 B3 SUsk S Fo) A FERHO
2 3= ShE S AAtelgleon, SuEA skE @
S mg gallic acid equivalents(GAE)Yg T2 UEHH AT

24 EEZHEL0/C B 22X

FEeEolE 3EF 24 fJoto] AR 1 mLe} diethylene
glycol 10 mL, 1 N NaOH 1 mLE &g3}o] 30°Cof|A] 1A]7¢
5 WA &, B A|(UV-1800, Shimadzu)E ARE-5}
o] 420 nmoJ A SFEE S5 SHE SFEE uting
ARESto] AlEet 5Us S Bof AHS aETAH0R B
ZetHo|lE S AXletylon, FIeELolE FFS
mg rutin equivalents(RE)/g T2 UeRH AT

2.5, ABTS 2/ DPPH Z2I0jZt AH ZHM =X

ABTS 2z &7 &4 A4S 5t9] 150 mM NaClo]
Z3EH 100 mM sodium phosphate buffer(pH 7.4), 7 mM
ABTS % 2.45 mM potassium persulfateE E3}5F0] 68°C 3
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252004 308 B 71T 7, LA 108 B Y7t
Act. ©1F, 045 um syringe filterS AHE3] o175} 4°CoA]
2417t B WA Bketglon, 734 nmol A FEETH 0.70+
0.027} == 2A3}to] ABTS 2]z 84S A 233t Al
& 20 uL9} ABTS gttjzh 89 980 uLE &g5te] 37°CofA]
1057 9FSA17] &, B33 A|(UV-1800, Shimadzu)s AFE-
3o} 734 nmel | FYEES 24T 24 7, 2ol 47
B2 of9f A olgste] Atstirt

DPPH &)z 27 &4 24 95l9] 0.1 mM DPPHE
80% HE-go] Bafsto] 514 nmol A FHE} 10020027}
52 z74sjo] DPPH 22 942 Axa}5ch A= 50 uLe}
DPPH 2]zt 89 1.45 mLE EF510] FAloIA 3057k vhg
A7 %, EY = A (UV-1800, Shimadzu)E AR8-3te] 517 nm
AA FBEE SHSIAS. S &, g &7 E4L o

o 42 olgsto] Axstert.

ST 27 BHOO = (-~ x 100

AR

A T3 ¢

2.6. E 222 (ferric reducing antioxidant power,
FRAP) =&

FRAP &%4& 95}o] 300 mM sodium acetate buffer(pH
3.6)¢} 40 mM HCIo] %35 10 mM TPTZ &9, 20 mM
FeClLE 1:1:109] B2 Wl@atal 37°Co|A 1587 vH8-A17
FRAP 29t 92 A £tk A& 50 uLot FRAP £ &
H 1.5 mLE E9tote] A-2o4 3087 AR &, B3
EA(UV-1800, Shimadzu)E ARE-5lo] 593 nmo|A SP=E
&7kl

2.7, XE B SsHE(malondialdehyde, MDA) 444 &)

2y 53

w27 o|83jo] AATsHE A4 oAl B4 2HE 9
olo] 659 A Bagg’s Albino(BALB/c) TF-AE A3F
E TF YA (Koatech, Pyeongtaek, Korea)Z5-E LU}t
URQAS R(2242°C), F(50-55%) 27 SlollA] 12417 &
)2 W3t g TS, e A%el Ang S @
AN ThOAS 17U7F HSAAT ARE 01949 ] &
Mg HBoto] o 2 A 1080] L 20 mM Tris
HCI buffer(pH 7.4)2 A7}sto] FAstseta, FAHL 12,000
xg, 4°C, 15% 27108 Y4Eesto] dojdl ¥ 22 J5H
07 o) AgL NP AR 02 mLs} ¥ 27 Aol
0.1 mL, 10 uM FeSO4 0.1 mL, 0.1 mM ascorbic acid 0.1 mL
£ E345to] 37°CoA 1A F9F HEGAIZAT o] 30% TCA
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0.1 mLe} 1% TBA 0.3 mLE 37}olo] 80°C 24204 20
B2k MRS, PR F S Halo o2 LW

ZA(UV-1800, Shimadzu)ZE AFHE35HA] 532 nmojA] EF=2

zgetith 24 T, ALIE 4 o4 BHL oty
42 o|g3tel AT & AL JYTARSL FEE

9191 3] 591 ot LSBT HH T TE=A
%01 M3 GNU-240405-M0076, 5-21Q: 2024.04.05.).

oo W
o> o

ABaIsHE B4 oA B - (1 - <2 100
TR

A FF= g

2.8 MFETA0|E T/ & a-glucosidase) EE
o g2t 55

a-Glucosidase A g1 24L& QJ5to] A|& 50 uLe} 0.1 M
sodium phosphate buffer(pH 6.9), 0.5 units/mL a-glucosidase
A 50 uLE EFote] 37°CoA] 107 F2t HiYstGit. of
% 7]49] 3 mM 4-nitrophenyl-a-D-glucopyranosideS 7}5}
o] 37°ColA 5& &<t BHAIXl &, ulo] A= EH|0|E 2H7]
(Epoch 2, BioTek Instruments, Inc., Winooski, VT, USA)E
Agsto] 405 ol FAES 2FAAL. 24 T, o
glucosidase ©1] FIR= ofee] 412 o]gsio] AtaIST.

a-Glucosidase 9A| TIH%) = (1 -M) % 100
Ag - Ao

ASEZ /\]E"r_—gﬁ\_ —23’5}5 %}:

Aso: N& S8BT 4

A BAEARA BT G

do: TANE FFE #

2.9. FZ5sH S (advanced glycation end-products,
AGEs) ¥4 X g2 &

AGEs B4 97 83 $4Z #Iste] Al= 0.1 mLe} 02 M
phosphate buffer(pH 7.4), 0.02% sodium azide 0.9 mL, 50
mg/mL BSA 0.3 mL, 1.25 M fructose 0.3 mLE Z3}5}0] 37°C
oA 3Y E29t HRSAIHTE 0]F 96-well black plateo] 200 pL
A BZsto] P30T A (Infinite F200, TECAN, Mannedorf,
Switzerland)E AF8-5}9] 360 nm(excitation wave) E 430 nm
(emission wave)ollA] FJAEE SHIh S &, ST

IR 4 oA Lk ofele] A2 olgstel Axtss

HFIsb= B4 A mI%) =
(- Flse - Flso

——F Y Yy x ]
Flg-Flo ) 00
F.I.SEZ /\]E""__é—.ﬁ\— 6_6]:%}701‘5 %}\-

720

F.I.SOZ /‘]i %%70}_E %JE
Flp JANB+8A FYHAE
Flo: 3ANE 3473% 3

2.10. 357| HE H

2 Ao ARSE T57] AlER] HIZE AIEZ(RPMI 2650 cells)
+= American Type Culture Collection(Manassas, VA, USA)2.
Z5E Frjstglon, H A|EZ(A549 cells)= A ZF25
(Korean Cell Line Bank, Seoul, Korea)© =2 F-E| F1¢J5}0] A}
&5t RPMI 2650 A= Q17H9] v & oA FE Al
EFF, 10% FBS, 1% 50 units/mL penicillin & 100 pg/mL
streptomycin®] -F-5 MEM HjR| & AR&3}o] 37°C, 5% CO,
270 stoll A HiFE AT A549 Al E= Q17HY] H RAOA &
HE AZEFZE, 10% FBS, 1% 50 units/mL penicillin 2 100
pg/mL streptomycin®©] -3+ RPMI 1640 HjA|E AR&5}o
37°C, 5% CO, 27 ofoflA] wieF=| At

2.11. 257] HEWAS LfAEZA 57 FE

$57] MEZRPMI 2650 © A549 cells)of| A ASIAEF A
FEYUMH0; 2 PM5) 08 FH ABIAEA 3 SHZ
915kl DCF-DA #4152 o]-&sto] A9s XI8¥sH3itt. RPMI
2650 I A549 A|ZE 1x10* cells/well WEE 96-well black
plateo]] £5:3F ¥, 2447k B2t Hjgsto] AlZE FAAZH
H,0, A|2of] tjgt ASIAEHA a7 S5 flsto] Al 9
FAHETZ AT sto] 24417 B vl F, 200 uM H,0,
£ Agste] 3AI7F B wigstiTh E3L, PMys A 2o thgt
ABIAEYIA 7 S S Aote] HidHS LASH] 147 5
ob HjFEt 7, Alm E HHETE ATste] 308 St HlY
S}, 100 pg/mL PM,sE Agfsto] 2447k &<t v gstoict.
o}% DCF-DA A2k Azislol 508 5o W8 A7) ¥, %
I A (Infinite F200, TECAN)E A}-8-5}0] 485 nm(excitation
wave) 2 535 nm(emission wave)o|A FF TS S5t

2.12. 257 MEWA S HE Y=ES ST

2357] AZRPMI 2650 X A549 cells)o| A ABFAEF A
FEAH0; E PMy5) 0 & FH Al BEE S4S FIsto]
MTT #£45Z o]&sto] AES 2Pttt RPMI 2650 U
A549 A|ZZE 1x10° cells/well WX 96-well plateo] 33t
T, 2447t &2t Higsto] AlZE FAAZT HO0, 2o o
e A2 AEES gelst] flsto] AR E FdETe A=
Sto] 24A17F 57t HIRE F, 200 uM H.0,5 A 2J5to] 34]7F
St Higstoinh ER, PM,s Ao ek Al BEES gl
st7] fIsto] vigds wAsto] 1A7F Bt vt H, A&
% P RS AFsto] 30& 59 HiFStL, 100 pg/mL
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PMa<E A2jslol 24417t BF wjefalalct. o) MTT Alokg
Aelstel 241 B WAL T WAL AAL T,
DMSOE #H7lol3lom, uto]a2EHolE &t 7|(Epoch 2,
BioTek Instruments)S AR8-5}9] 570 nm(determination wave)
2} 655 nm(reference wave)olA] SFLE 451t &4
T, AlZ AEEL o9 AE o]&sto] A4St

AE AEE(%) = x 100
Axyyzz

A: T34 7k

II.[O[!

2.13. Western blot assay

A549 Aol A PM, 9] Q]3] F'4%E NF«B A2 HdY F=
o ol AHFS FRIsH] Yoto] AS49 AEE 2x10°
cells/well =R 6-well pateo]] 35t H, vjgsto] A2& &
AT 257] AEoA AZ & F4 L ARBIAEH A
T S U £ACE AIEQ PMysE A Foto] Rt
T, TAS 2&517] 98] 1% protease inhibitor(Quartett,
Berlin, Germany)7} 3+ ProtinEx™ Animal cell/tissue(GeneAll
Biotechnology)E Z}+ well B 100 LA £35}0o] A3 QoA
1081 ¥-3A1A AES S5ttt oIF 13,000 xg, 4, 10
2 27102 YyEelto] 45 Ao, o] Bradford
protein assay& &-8-olo] T A-S A thS, 4X sample
buffer(Bio-Rad, Hercules, CA, USA)2} E&sto] MES A=
St AE WSS 20°C0] WE nusie Ago) A8
Aot A229] iA-S sodium dodecyl sulfate polyacrylamide
gel electrophoresis(SDS-PAGE)E 53 I7|¥= Hast, &
215 A& polyvinylidene difluoride membrane(Milipore,
Billerica, MA, USA)C2 & 0] 5A]#A 5% skim milkZ 1X|7F 5
O} blocking3t ¥, Tris-buffered saline with 0.1% Tween 20
(TBST)Z ARE-Ste] 1024 33] A& o]F 0.5% BSA
2} 0.1% sodium azide”} E3§+E TBSTE 0]835t9] 1:1,0000
2 314%k 12} A membranes 4°CollA] 12417t BHE-AIF
on, Hk-go] ZUH 1:5,0000 2 3|4H 23} A9} AL A
LAIZE 9RGAIA T 12} 9 221 A9} §ESAIZ] membraneS
ProNA™ enhanced chemiluminescence(ECL) Ottimo(TransLab,
Daejeon, Korea)Z %FJA]7]1!, ChemiDoc iBright Imager
(CL1000 instrument, Thermo-Fisher Scientific)& AR&-5lo] o
52 248 A0, SASY Uk IS pacting 7]
Zoz vu FAFS AU

2.14. YE/ZHSFS HPLC =4

ANE W g AeBEEES 535] Yot 14 X
A ZZutE 12 T [high performance liquid chromatograph,

https://www.ekosfop.or.kr

HPLC(Ultimate 3000 series system, Thermo-Fisher Scientific)]
g AMgstol BRI ARE S0% WHSE BT H,
0.45 um filter2 oj}o}o] Ao ARE5} 0™, YMC-Triart
C15(250 x 4.6 mm, 5 pm, YMC Korea, Seongnam, Korea)&
AFgto] A4S AR o FAL 0.1% formic acid7} &
|5 £55A)2 0.1% formic acid7} $H-H olNEUEH
B)E = AoH, o] 54 2= 0-30% B(0-15 min),
30-60% B(15-30 min), 60-100% B(30-40 min), 100-0%(40-
42 min)2 AAste] F 4287 EASIIH AR FYFS
20 L, 942 1 mL/minC 2 AAs}9 o, A&7|= diode
array detector(DAD)E AF83ko] 254 nmol 4 BA3ict. o]
T FY o BAE EEEHY HEE AlXH(retention
time, RT)Z} UV spectrumE A|& W peak?} H|W5}o] FAE
2 wdeln, 729 UPHRE] FIRAL Agelact
Chlorogenic acid®} ferulic acid BEEAZ JHFEAS 1
stolon, & REEES 47 2 pg/ml, 5 pg/mL, 10 pg/mL,
20 pg/mL, 50 ugmLe] S7e] w2 TA 3Heto] Az}
YT o R EAS |, AFFAS AAdsteloH, A
o] Al=9] peak HAS tfSdsto] Almo] EAfst= EEEE
9] T AL

2.15. &4 24

£ A7 Zoie 33 wslel Asiglon], BaRan
Az epet 2 ARge] g BAME SAS software
(ver. 9.4, SAS Institute Inc., Cary, NC, USA)E o|&3}o] &
AHE A (analysis of variance, ANOVA)E 53 H7}E 1o,
Duncan®] T3 9] 74 H(Duncan’s multiple range test)O.Z
7 A2 7] 29HE AEIIATHp<0.05).
3. dat § uF
3.1. FH=4 358 L S50/ BEf

ST e 20% oeE FEEY JHE e € 35
gt 0|t RS Bristalon, e AgE ¢ FEY
Hyolto] skeke 7Zk7h 42.92+0.75 mg GAE/g 9 4535+
0.30 mg RE/gO.& =% EATtH(Table 1).

Hzih @ EHEE0|E 55 Xttt EYusE YES
Al ZoA AEE 2% AR dFolth(Han 5, 2020).
EHE2 TFE 190 sk 049 hydroxyl 1E< 29
St FE2E o]F0]A 912, hydroxyl 1F°] ROSE &A%
oz e} FE Y 7lee UEdtHKim 5, 2021;
Moon <5, 2022). &3, A-FEtHZol HAE Fofsto] Atat
282 & 9 ofy e} o} WA 9F 2 thekRt AR 7]
52 7t (Lee 5, 2019). EET}O| &5t rETHS Hls4
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Table 1. Total phenolics contents and total flavonoid contents of
20% ethanolic extract from Phlomis umbrosa Turcz. roots (EPT)

TPC" (mg GAE/g) TFC” (mg RE/g)

42.92+0.75Y 45.35+0.30

UTPC, total phenolic contents.
ITFC, total flavonoid contents.
SValues are mean+SD (n=3).

St 9 EetE ot RHES Tk /lom, oo #s
of AEHE BEEI AE FA FEE 10T F =2 3=
3}8H=E(6.2 mg GAEs/g seed)?t ZEZtELol= II5HE(0.6
mg quercetin equivalents(QE)/g seed)= 7M1 Q= Fo=E
HIEo] th(Kim 5, 2022a; Nguyen &, 2018). FE3}, Sk
2 ferulic acid, syringic acid, vanillic acid 52 #H&AF 515t
& Qo Rt e =8 RSt /e, olg2
U a7 @7 2 A 5Tt Aol e AR Hil
=9} Ath(Nguyen 5, 2018). °o]2{gt A4 S 11T o,
2 Aol YEhd e B 20% g FEES =
ZHEA IFE 9 FEFHL0|E IFE o2 HE
S5 A E4E BY ACR 7|HEnh

o o

3.2. gitsf 24

ST B2 20% oeE 559 ABTS ¥ DPPH |z
2 B Bl in vitro FARE B BTG oM, S
£l 20% Aes $2E9 ABTS € DPPH 2|zt 474 &4
< 5k YEH R FUFsH: A Ul S He
20% oe+E FEE9 ABTS 9 DPPH 2z 474 &9
ICse& Z¥7Z} 1,472.21 pg/mL ' 2,283.99 pg/mLE S5 Q)0
W, A Z9l vitamin C2 ABTS ¥ DPPH |z 47
A9 ICso> 242 114.79 pug/mL & 122.48 ug/mLE SAE
9lch(Fig. 1A%} 1B).

AFEHZdS 1 AA = o9 59
d= 7HA AL Slon, A RARL vHgto 2 AU Al
Z2 9 FAYEE HYPst] &L dofIth(Han 5, 2020).
Nguyen 5(2018)0]] W=, Th&THe] HejolA Rejd FArs}
SFE9] hydroxyl T150] A2t 9 4 GRS FFORE
ABTS 9 DPPH ttjZa} 22 Afet)dZ A7st= 22
2 HUsiolch ehgeyt 22 EEY 4SS B 13 Kim 5
(202222 EEN A& A FEE 1055 W= S}
DS A @Akt Ego] W2 group 1914 /0] &2
group 37H4] 37119] groupC & FFSIROH, A O & group
1, 2, 38 ZF7} 92.3+5.0 pg/ml, 48.3+3.2 pg/mL, 26.4+0.4 pg/mL
9] ABTS vz &A 49| ECy #2, TS 27 141.2+
14.5 pg/mL, 108.7+7.5 pg/mL, 30.0+0.9 pg/mL2] DPPH 2}
gz &7 B4 ECs @b UEHIIH kswe] S &

ol
S5
el
H

X rlo
o
&

o
rE
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7] 8L vitamin CETF B2 2102 SRIFQI oW, Kim &
(2022a)0f W=, FH&ET FAFE group 297 £5F 0 H, ol=
STl AlE A9 dA AR EN Ao R o8d
T 2= AAISHT. Eet, dhEehe] BE]of A £ H iridoid
2} phenylethanoid 3}HE2 4 oA =2 2&sto] DPPH
SO dE AARNC RN At Akt ATE e ZloR
HyEo] QltkLe 5, 2019). WA, k& B 20% g
FEEY A 4L EoHE RkES X9 AYEd
E40A 7|Q1% Ao R wohE

ST B 20% ofghE 552 FRAP 3 MDA 434
Al F4L ol FAZQ it AL BrleIgi T
2] 20% offgkE FEE2°] FRAPZF MDA A4 A &2
&Aoo g FUFehe e WEMISIHE & He 20% o
B FE5E2 4,000 pgml 5E94 1.779] FRAPS 7HA =
Aoz gl=oH, FUETS vitamin C= 200 pg/mL 5
TolA 2.179] FRAPE 7= 22 & ZRIEt(Fig. 10).
At w717t got S AR AEst] of#e vt
H, QFgSt Aelol =gsty] P18 A, T 9 st} e
At B4 Hg Ad iRE fEsto] HE4HE% MDA
£ Sl AoE Ao s BrId & Atk Atmaca 5,
2008). o] ¢ito] wEH, ST 22 B Rl AFu|Hd
=9 MDA A/ oA /2 2tz 47 243 Hwsto] W&
ST AL YeERItkJeong S, 2013; Yalgin 5,
2010). whEbA], kT B 20% oEHe &5 MDA A4
A B ERF W2 FEolA BEEdS el Zos wE
SEQIT. Z1Ejste], MDA A4 oA 24 AdolA= e £
2] 20% o$E F5E9 5L F ABTS ¥ DPPH 2tz 47
24 B7F Aol Hls] W2 =& A5l Addsiltt 1
23}, ST He 20% oS 5529 MDA 44 A 24
9] ICsp2 169.46 ng/mLE SA A0 M, 500 pg/mL 5T
A1 80.39%2] MDA 474 A &/4d& UeQith(Fig. 1D). %%
A 29 catechin 21.09 pg/mL2] ICs 2 H 1, 100
pg/mL EEo] AL 86.73%2] A A OF, 500 pg/mL SE
9] Sh&T B 20% ofetE 552 MDA A4 oA &4
stk

PMOl 88 B W (oo 22 W B4 27 o]
A] Fenton reactiong Y27 ROS I A4 9 ASIAEHA
£ F&st, ol ¥ Ex3} A4, Sl T, 21d 5
T 22 A A 22 R} WHESto] ARSAE A A 179
2429l MDAE AJAStc(Averill-Bates, 2024; Han 5, 2020;
Leni 5, 2020). E3F, PM W 3H3-5 0] Q= PAHS} 22 54
£42 PAH-DNA adducts B4sto] A|3Zo] ol Ho]
a5 TOoE QIR ARt &4 WAUST Aol A71E 1
AthSong 5, 2009). ©]of #3}o], Song 5(2009) ASIAE
gl A0] A A #Q] MDAE &7dsto] o5 Ao tigt 7+

)

Rl

1
(o)

H
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(B) [ 20% ethanolic extract from P. umbrosa roots (EPT) (IC,,= 2,283.99 ug/mL)
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Fig. 1. ABTS radical scavenging activity (A), DPPH radical scavenging activity (B), ferric reducing/antioxidant power (C), and
malondialdehyde (MDA) inhibitory effect (D) of 20% ethanolic extract from Phlomis umbrosa Turcz. roots (EPT). All values are
mean+SD (n=3). Different small letters (**) on the bars indicate significant differences (p<0.05) by Duncan’s multiple range test.

o)

Ql ¥ Harsiet. v, E8HE sRtey} 22 Ak}
AAl= ROS 2 #2710 AAE Folohes 58 SdES
YU glo] A9 4ts} §H3-S Aot IAE B 4
Sth(Lee 5, 2019). Zhang¥} Wang(2009)0] w2, S&tHo]
AEgA] 522 7E% protocatechic acid, chlorogenic acid,
rosmarinic acid, rutin 943t A-fttjdo] xS 7155}
of SHYTt FHIE ATAF =N AT S UEhdtta
H 59t 15| A% chlorogenic acide= Tk WA 2
dojA MDA A4 74 9 2HE glutathione(GSH)ZF 2>
MELY PUSH 27 1S B ARAEAAE F2
o0, olz 1) BRFT AT | A3t B Aot BAE
FARgo] AstEof Fiket E4dS e Qth(Liang?} Kitts,
2016). wEkA], k& B 20% ofghE FEEL AR Fols
= 7|9to = ghd2o] S35, Fenton reactiono] 2|3t T
9] ROSEHE A/JE MDA S4Z AT =M ABIAET
A5 Aot A ALY EdFS 2EY ¢ US AR

> ok

https://www.ekosfop.or.kr

wehEh

3.3. a—Glucosidase 28 % AGEs & YA &2f
717t &=l 18P AGEsQ] A4S ok, AGEsS}
FEFIARE 528 (receptor for advanced glycation endproducts,
RAGE)9] Al Z-8-2 nicotinamide adenine dinucleotide
phosphate hydrogen(NADPH) Atsla 4 A5y n|EEC
o 715 Aolg B ASAEUYLE ZEALITToma 5,
2020). ASPAELLE HAAe BB 7150] F]oiaie Lo

A ol&ES Ao ItHMzimela 5, 2024). °l= WY 7|5
Ao, @8 5 9 I g2 A% SVHE fdsto] HIT
grdyg 9 ¥ 94 1EA 22 Iy dee] el
7103tk (Mzimela 5, 2024). w2bA], SH&H He 20% ofgt
£ FEE9 a-glucosidase 4 U AGEs A A a9 &

=
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3 &2 EF ol ot At #H &4 ool E8o] H=
AAE 2AEA Y &8 7HE B7IsHlH S 22 20%
2 FEEY a-glucosidase &4 U AGEs A4 JA| a7
L EHOE Frloke AFE o, ST e
20% oehZ FEE9] o-glucosidase &4 A A= 2,000
ng/mL B0 A 43.72% $E0F A= A0 F FHolE|g]
TH(Fig. 2A). T3, & B 20% oehE 552 AGEs
A AR A= 500 pg/mL FEOIA 67.66% FEOZ A
stelo, ke By 20% oeE FEEY FHRTLLE
AR5 aminoguanidine®] ICse Z+7+ 175.26 pg/mL 4 35.19
pug/mLE YEFFTHFig. 2B).
a-Glucosidasex= a-1,4 glycoside ¥ a-1,6 glycoside Z9]
IeEsE el gedlES =3 42 9ERE 2ot
o, HFH 0 E Fo| F57t o|Fo|A G TAL] AT XL
FAE S7H7IH(Han 5, 2020). @F =G 37 F7t
o, &2 A (polyol pathway), NF-kB 32 &43}5 X
e theet Asketd A=V A 2EE L, ABIAEF AL
e o] Tl o] vl g AA Ik glycation)E 7H53HE 4= QL
om, o5& AT AWE] G H &9 Yelo] Hrt
(Zheng 5, 2017). ©]2} #&5te], Oczypok 5(2017)> RAGE
9} o 23} 7ko] ATAS RAGE Alg AY A=2o] 23L& o
o] HIlst9ith. RAGEZF HojA 1xa ddEw, ol
AGEs?} A% g5t ROSE 3/sta, A58 #Hd
Ax A2 g F2E BRI ZHN ¥ 955 S7HIA
4 w4 H Ak IEAIA 4 At Oczypok 5, 2017). A
S} Heote] SETE A5 9 AE adE Uels
shanzhiside methyl esterS E35}11 319, shanzhiside methyl
ester= 3ty UREA BHEOA FPF HAYUEE 53l T
FEFoE dE o 58 9 AquR &4 SEEH

R

r =

100

(A) [ 20% ethandlic extract from P. umbrosa rocts (EPT)
ol
w80 a
X
[
=
L7
2
.g 60 |
2
=
£ b
[}
% 40 | c
z
3 d
s
_:.” 20 F
5 ’—:e[—‘
o]
Acarbose 200 500 1,000 2,000
250 pg/mL

Concentration (ng/mL)

(Chun 5, 2021; Zhang 5, 2014). E3}, sk&cho] AMajghs
EZ2I chlorogenic acidt Gkt t9-A LA M35t
T Az HES AAlst GRS T AAE FUHARI
Z107 BIEI QJtk(Kencana &, 2024). Chlorogenic acid=
AGEs A4 wWAHUFZOZ ofsto] AGEs9] ZAQl
methylglyoxa(MGO)& Z3e}= 53o] 93t Zloz &4
] Qlth(Fernandez-Gomez &, 2015). Sk&ho] $-0-5 iridoid
ESE MGO%}F 23519 carbonyl?| & AATO 24 AGEs A
4 Algteal o, NF-kB2t DNAS] 23} 24, aldose 2+
aa 97 9 S F= A3t 55 Bt A T §HE
ARAEA FAEE HEFHATH West 5, 2016). o]& I3}
& B 20% oEHE 259 AGEs A4 A 83= o-
glucosidase &/ A B} Blwsto] YA o2 e A7
FZolA Aol Uit A o= waE . o)A A+
=W, SETe] e sES 4713 A 183
9|3t AGEs A3 Algtol= T3t 45 Elod, 189
kA e A ¥ &) tfgt BS g9 YeRf QI et
A, B Aol UEhd in vitro e B3 B ET H
2 20% et FEES NGO E FLE«e ASAEHA
2 QIR ¥ &4Z a5 s HA AYEAY o& 714
7F = sk

3.4. SE7| MEOAS LfAEZA 5 TIF
ABIAEH A FHEFI(H0, E PMy5)2.2 28 557] Al
I U ROS F SAS B0 & 8] 20% e 25
9] AFIAEHA AR FHE BFUI6ITE HZ A|EZ(RPMI
2650 cells)o|Al H,0, & PM,sTF A3t 2] Al Y ROS
hero A th 27H(100%) the] 22 160.49% 9 145.33%2
Z71=th(Fig. 3A9) 3B). BHd, Sk Bl 20% ot &

100 r

(B) [ 20% ethanolic extract from P. umbrosaroots (EPT) (IC,,= 175.26 pg/mL)
g
s
2 80 [ a
®
£ b
= £
¢ 60+ ¢
w
Q e
<
b
o
D 40
& d
= T
k]
> e
2 o} =5
2
=
£

Aminoguanidin 50 100 200 500

hydrochloride .

200 pg/mL Concentration (pg/mL)
(IC,= 35.19 pgimL)

Fig. 2. o-Glucosidase inhibitory effect (A) and inhibitory effect of advanced glycation end-products formation (B) of 20% ethanolic
extract from Phlomis umbrosa Turcz. roots (EPT). All values are meantSD (n=3). Different small letters (*°) on the bars indicate

significant differences (p<0.05) by Duncan’s multiple range test.

724

https://doi.org/10.11002/fsp.2025.32.4.717



Food Sci. Preserv., 32(4) (2025)

48.02% & 37.72%E ZAAE G oH, FHEE vitamin C
(52.20%; 51.18%)9} H|ale] H7 AZ U ASIAEHAS
SoHA AN A st ESE, ) AJE(A549
cells)o Al Ho0, & PM, 5T A 2|3t 9] Al W ROS T
HA; G Z2(100%) HH] ZH2F 121.06% L 134.61%2 Z7}E
UCHFig. 3CS} 3D). ¥HH, k&t He] 20% ogE 55
100 pg/mLE 23t 29 HZ ) ROS 3R 7H7F 53.78%
9 87.54%2 A% or, FAZRAQ] vitamin C(50.45%;
93.70%)%t Blisto] H AE W ASIAEHAS FARE 52
oF JAAZ AL FRleHAct.

2 20 A4 REEHE HiE AUolA dojuhs At
Sl ¥kSo] AHEQl ROSE QI3 &AFS W] HthPark 5,
2009). ROS9] Y&<1 H,0,% Fenton reaction BH-5-= &3l ¥t
570l mi%- &1l =4do] 737t hydroxyl 2HZ(OH)2| A3/l
715, o= AW E4AE ZHEoto] ASIAEH AT FHT

5 100 pg/mLE A 9 Al W ROS g2 77
o

200
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I ARSHA &44e] =9 HAYE S & A-gRtH(Park -5, 2009).
EF, ABIAEH A= PMOE Q3| §EE = &40k 354
Al 22 Z-gRIt}. Arias-Pérez 5(2020)2] Ao w=H,
HE AANE 9 7% 4 A2e ¥ H1Y 5 vi7hsk=
PME AHEAET T A5 IS Aol AslAEd A
o} ROS9| & 57HA A4l 952 I Arias-Pérez
5 2020). AFSFAEH A0] dfsto] w54 H ST 0| 3t

He2 ROS A8 JAIsHAY ROSE AIATC 22X itst &
g= HEHHo] A|ZE 5% 4 QUrKKim 5, 2021). °o]e} T
stol, Hed 9 S 0|t SRMES kL Qe TS
Ao E GEH 7 AEMHepG2 AlE)O)A superoxide
dismutase(SOD), catalase(CAT), GSH reductase®} 722 it
5} 720 R4S ZTMALH, ol AE o) FHAE) 319)
Aoz A kst B49] BAo] Alselol F71E Alsia
EYAS P4T BE B 2FEL AURORA AT Ao
2 30IZ At Hwang 5, 2024). 3} Lee 5(2022)2 H,0,

oo

S
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Fig. 3. Cellular antioxidant activity of 20% ethanolic extract from Phlomis umbrosa Turcz. roots (EPT) on intracellular reactive oxygen
species (ROS) production against H,O,- and PM, s-induced oxidative stress in RPMI 2650 (A and B) and A549 (C and D) cells. All
values are mean+SD (n=3). Different small letters (*") on the bars indicate significant differences (p<0.05) by Duncan’s multiple range test.
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£ A &5 AEC2CI12 AZ)fA ST B FE2ES A
2 gto 24 ROS o] TAEE AL EIsty o, 4kt
F48 MDA A4 A &AM S5 3

ool ek 2bsl avtE Hustoltt. Skl Al HS g3t

& st ool 4753 2 A7l

Fh&eto] o 229
AlE 9 5F7] AlZOIA H0, X PM,sE Q18] S7H &5}*
EfaRRE 25 adEs Ued Zlog gFE ol

o, chopet 2049 Garsh 39 TS ek *}Q}*Eﬂﬂ
£ fUEE A 47 12 At ABe e 4 9

3.5. 257 HMEAS HE HZES TUF
ABPAEY A QLAH0; B PMys)OE REH 287] A
IO FEES B AE S0l gt A& Ha 20% offg
2 FEE9 ME 23 75 FU/I5HE B AlZ(RPMI
2650 cells)oﬂlﬂ H,0, % ] PM, 55t ﬂﬂﬁl ?:L-g] }"ﬂi }\H}—%—o‘

S
o
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A P R7H100%) TH] ZHE 51.70% 2 34.06%2 ZFAE QT
(Fig. 4A%} 4B). 3H&TF Ba] 20% ofehe 2EE 100 pg/mLS
A2et 9] AE BE&2 717t 86.83% E 78.33%2 F71E
o, FAYZRTS vitamin C(71.22%; 53.80%)2} H] w310
S5 v Az 23 835 YErflth E3E 5 Ax
(A549 cells)ol| Al H,0, & PM,s7F A8t 79 /“”i Ao
A T RT(100%) THH] ZHZE 63.84% L 37.23%2 TAE
CHFig. 4CS} 4D). $H&Th Ba] 20% ofehe 222 100 pg/mL
£ A 79 Ax FE2E&L 47 100.45% 2 57.83%2 F
7FE19. 0, R TIZHQ] vitamin C(90.73%; 62.19%)9+ H] 1.
sto] FARRE £E02 H A2 BS a3E YERHIT
H,0,E HIE3H ROSE thafet 139 AlaoA AY/g=of 4l
S FAR ZAgohs Z0E IHEIL §lon, WEER PJHE
ROSE A|ZE &49] Q102 ZH¢E|A QIti(Wang -5, 2008).
ROSE A|Z9] DNA, A E= Tl da} gh-goto] ASIAE
HAE ] AlZ 715 At 2 AZAFES fE0ta, o=
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Fig. 4. Cellular protective effect of 20% ethanolic extract from Phlomis umbrosa Turcz. roots (EPT) on cell viability against H,O,-
and PM, s-induced cytotoxicity in RPMI 2650 (A and B) and A549 (C and D) cells. All values are mean+SD (n=3). Different small
letters (*") on the bars indicate significant differences (p<0.05) by Duncan’s multiple range test.
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NEE& TAE EA o7 YeEldtH(Averill-Bates, 2024).
4 M2l sl RAR BRS 5

=
215} ASRAEF AT sl W Fgo] $2E 4 UrkWang
5. 2008). o]fFt ABFAEHAZEY Selus SFRE

HE HYy A k= A¥S dele ZCoE Higo
(Rudrapal &, 2022). gk&&o] 3961l Q= &= SltEll
chlorogenic acid= Hy0,2HE M3 E4Jo] S5 QA7F F=
W1 M2 (hLEC A|3EZ)o| A b-cell lymphoma 2(Bcl-2), Bel-2-
associated X protein(BAX)T} 22 AZAPE 2EZ9] IS
Zdsh, Al W ROS A4S At Al X BE&Z 71
AA H0,2 I ASIAEHAZEH AZE BS99t
(Song 5, 2018). T3F, Herath 5(2024)2 PM, 50l 9J3f Arsh
AEY AT} e AP AAME(HaCaT HE)O) A chlorogenic
acid’} PM,s =°f 25t NADP/NADPH H]-2 % NADPH
oxidase®] W +ES FEsHo] Fitst avE HERiRloH,
o|F &l A& U ROS B FAast A2 FEa= 57t
AlA PMpsE FEH ASIAEG AR Qs TAYsH= HlEZARE
| tiek o &3S Bysigich olegt A At HEo]
2 AFoA gold T Hejo A2 T ey
S13HE9] fitof HlRsta] H,0, 9 PMysE Qlsf 4 At
EfARRY 387 AEE HIFOo 2N ¥ HS o
P e HA AEA &8 77 =2 20 & wdEnh

2

k|

3.6. NFxB ASZ=Z EHYE 2515 240/

A549 A|Zo|A PMysE FEEE AEH A0 Ofjt H5HHS:
o] 712} k& Hel 20% oghE 259 B anE g9l
SEALR} PMysE A E 3 A549 cellsoll A @5 mHA Q] dhald o
dFS SHotArt PMysTE A ek 22 A4 thRH(100%) 2
v Wata] 92 upAQl TLR-4(136.39%), MyD88(122.18%),
phospho-JNK(p-JNK, 144.93%), phospho-NF-kB(p-NF-«B,
113.29%), iNOS(149.88%)2] rdo] 2715 AL 3Qlstylct
(Fig. 5). ¥, & Ba) 20% gk 252 100 pg/mLS
A2 et 2 PMys A= Qs S7He dF uh#Ql TLR-4
(124.49%), MyD88(110.19%), p-JNK(118.35%), p-NF-«B
(60.31%), iNOS(111.27%)<] Hdo] FoZH o2 FAE /] o]
£ 5o S He 20% o 580 BHS anE g9
SHCt.

PMO] 3}5HA LAof| o3t E/dehy auto] 8 #4 7|%
< HZ, PMys= A717F #a FHA 0] A7) wfiZof 78R}
Hof| FFste] JAEH, Hx A3 A4S Ftolo] o 3o
& o]ojlth(Wang 5, 2022). PM,s lnE¥} ¥ ¥5 L ASRA
EfA Aolol= DA Fo] 9l A0 YR THLeni 5,
2020). PM ZHA|ofli= ROS A0 & o]ojd 4= Qli= At} - &l

https://www.ekosfop.or.kr

24 o] xtE|o] glon, o= R}t o] ROSE 4
o) ASIAEAAS Qs ¥ 242 SAAHLeni 5,
2020). Zhang 5{(2024) PMO.& QuIE ¥ 24O ASAE
gl 2o] 93 TLR-47} &/d8}=]o] INK ¥ NF-«B F 29} 45
5 AP HEA ol AEgel dAUEeR B
kel Harsieh TLRE A%/ A DAget B0l =
o 95t WA A4, we gs § 9% ol
A A FTh(Wu 5, 2021). TLR-4= PME Ql14]6}
o] GslElEA A oldel ShuEel MyDsss} AT o]
F11, o] TLR-4 9 MyD88 A% A A2E &6l AlZAFE
o Tofst= INK =9} g5 #Hofst= NF«B F=5
ZA3HKim &, 2021). JNK& mitogen-activated protein
kinase(MAPK) 491 A 2ol &5t0, shel T Qlikstas
9] &2 FA3HE Bl Al 9 AeE AYsto] AlZANES
ulj 7R $c}(Averill-Bates, 2024; Moon 5, 2022). NF-xB= NF-
kB ZA3E 9A|5F= NF-«B inhibitor(IxkB)2} Agslo] A=
A UollA] HZAgst AHE EAstY, 25 ol4 TLRsE 531
MZ7} A=E9, kBE QAStoto] A =5 E kBE &

I SOl NF-«B7} #H9s 535 NF-«B7} &/ttt
(Averill-Bates, 2024; Wu 5, 2021). & Y& E0°{7F NF«kB=
interleukin(IL)-6, IL-1p & tumor necrosis factor-a(TNF-a)2}
e G54 Ao]EFICIE} iINOS, cyclooxygenase-2(COX-2)
o 2 fraad A 24 9 IS fsto] 945

¥ &AFS §95HH(Chen 5, 2021). 9% ¥Hgol 5}
S0 7| A5 HeE g Od 24 a3 g g
=

Jang 5(2024)2 31&tho] LPSE Z2E RAW 264.7 A& 2
QB YR (ovalbumin, OVA)C & §L ¥ T4 ufeA 1g)
oAl NF-xB, MAPK, iNOS9] ¥4 744 9 gFilsl §40] &
4 F7FE UEUHSleH, ol& Bl 7k A5 ¢t s B
of & B FEE0] 357] S8 EoplA fEt FAA=E
4T Aol2tal HSkQIt Pak 51(2022)0] Hlgh A 2
o AE, OVAR FrH A vpe-A RdoA gkt & &
=2 7l oA, ZANE 37E A4 ARIEZR 2
OVA-specific immunoglobulin E9] A& dA3] TAAIHL,
7= @53 ¥ 249 Y Bu|E FAAH OH, extracellular
signal-regulated kinase(EPK) @ NF-xB QIAFs} 94| 9Q} matrix
metalloproteinase-9(MMP-9)2] W&y} Bsla] g =7] A
A& Amshe o FAAEo] s AlAFeElth ol=gt A+
AIE oIS o, ET HeY 20% oEE FEES A
& sRMEY Akt 40 248 Fol PMusERE
TE= ARIAEG Ao o3t N2 54 9 HFES do)s
o 387 NZE HIot= b E22 & F U

"ot

pale)
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i
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Fig. 5. Effect of 20% ethanolic extract from Phlomis umbrosa Turcz. roots (EPT) on NF-kB pathway in PM,s-induced A549 cells.
Western blot images (A), the expression levels of TLR-4 (B), MyD88 (C), p-JNK (D), p-NF-kB (E), and iNOS (F) in A549 cells.
All values are mean+SD (n=3). Data were statistically considered at p<0.05, and different small letters indicate significant differences.

3.7. FR He/ZEHEE =0/

$357] A=A H0, © PM,s& Qs Z7HE ABIAET
ARRE BT g9 yehd Sk B 20% oee &8
9 F2 AHTHELE EAstuA HPLC B4& A3
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t}. 254 nmoj|A RT7} 13.3778 2 18.663821 T+ 719 peak
7F 2=l o, ol= & B 20% ofgkE FEEY 8
AlgEdE EAEUAH(Fig. 6). AR% FUT HHoR
HZF5249] chlorogenic acid®} ferulic acidE H-A5to] RTL}:
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UV-Vis spectrumZ B3 A3}, 999.89 9 986.549] A54<
Hgon o]o] w2} chlorogenic acid @ ferulic acidE $H&TH
o] 20 ofekg 320] 20 A2PA 242 2ot
ST B2 20% e FEE0] THE 0] Sl chlorogenic
acid @ ferulic acidE A% 43t 23}, chlorogenic acid 2
ferulic acid $F2 31.00+0.44 pg/mg of dried weight 2
10.92+1.13 pg/mg of dried weight® =% ATH(Table 2).
&2 s sht ol hydroxyl”| & 2= Wd=F 127t
Sh o] EAfstal 1k g AFE A|A” o] A5t Hid
agHow AfeZ U ROS AAAZ Z-&3HHRudrapal
5, 2022). °]= ROSE FHISIAL; AL ARIAEHAE

&= YABHL 24 A5 HAAA A anE UEd
TH(Rudrapal 5, 2022). £3], chlorogenic acid+= cinnamic acid
2} quinic acid®] esterStol| A 32 % o] hydroxyl7]E& 712 ¥
EAto|H, ABIAEF A wi7) FFHEE E FH It v Agt
ol ojel I3, % TS Yo A et g 1
o4 A3} g0 2REl AAE W] ABAEYAS &
3}sth(Liang®} Kitts, 2016). E3, ferulic acide Z2 AR

1807 WVL:254 nm

Similarity: 986.54
v /\“

mAU o g0
A o
1601 (A) NG SN i
Y oM
140-| oH  wo
Chlorogenic acid
120 ) \SlmilarityA 999.89

Wi

Ferulic acid

2-18.663

100

80 1

60

40 +

20

N Lﬂgj
v

-20 min

00 50 10.0 15.0 20.0 250 30.0 350 400
25030 WVL:254 nm
1(C)
200] 1-18.557
1 o o ¥ y = 0.5366x + 0.0691
] o R2 = 0.9996
1907 CH:‘O:@/\)LOH & 20
] X
R HO' @ 10
100 . . g
b Ferulic acid 0 - T r )
1 0 20 40 60
07 Concentration (pg/mL)

S — .
0. 50 10.0 15.0 20.0 250 30.0 350 40.0

Table 2. Quantitative analysis of bioactive compounds in 20%
ethanolic extract of Phlomis umbrosa Turcz. roots (EPT) using
high-performance liquid chromatography (HPLC)

No. Compound Concentration (pg/mg of dried weight)
1 Chlorogenic acid ~ 31.00+0.44"
2 Ferulic acid 10.92+1.13

DAIl values are mean+SD (n=3).

O] E(polysaccharide)o]| 3§ A= o] #+24 FA47 34
o] 7]odsiH, Fitst, FAF, TRt T Bt T2 T4
1

W EI6kL QIth(Zhai 5, 2023). whEhA], & AFoA ok
o B2 20% ofgtE 25| e & R S Alx B
A= chlorogenic acid?} ferulic acid 5-2] Z2|5|& AJEA
71R1%F AolH, ARBIAEH A wj7ff AFHHSl tigt # 7|5 A
Sof| TS & 5 e A AA2A EEVHA7F Hopal T
ot ST £ 20% oghE FEE0IA TEE FA &4
4 357 AZ B3 aik= Sk £ 5k chlorogenic

60.0—

AU WVL:254 nm
1(B)
50,0 1-13.380
] 10 _
3754 HO,_COH 8 y = 0.1449x + 0.1218
i o = R2 = 0.999
]
1o @0) - s
25 0—_ OH o g
1 oH o o : :
125 Chlorogenic acid 0 20 40 60
1 Concentration (pg/mL)
“_\)LJV L,__/‘/J/l’/
] A

1 min
-200 T 7 T T T T

T 1
0. 5.0 10.0 15.0 20.0 250 30.0 35.0 40.0

Fig. 6. High-performance liquid chromatography (HPLC) analysis of 20% ethanolic extract from Phlomis umbrosa Turcz. roots (EPT).
HPLC chromatogram of EPT (A), standard chlorogenic acid (B), and ferulic acid (C) at 254 nm.
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acid9} ferulic acidoh 2-& WA BB 7108 Row
wheee,

4. Qo
B AL BhT B2 20% ofehg FEEC) PAIS WA
H,0, ¥ PMysE FEH ABIAEHAZRRE 57| AIZ B
5 53} 9 7122 Belsky 2o AURHRLL RS A
S A THET e 20% oHE FEE2 w2 ABTS 2
DPPH 2jcjzk 47] 47} FRAP 2 MDA 44 oJ4] 242 5
of 2] - 7HEA 91 FAs A4S BP0, 31 a-glucosidase
W AGEs A4 oA ETIE Ueoinh w3 S el
20% oflghE FEE2 H7 Al22Q] RPMI 2650 A|3Ee} ] A2
Ql A549 NELOA] H,0, ¥ PMys2 FE=H ROSY| A4S o
Aok AT JELe ZANPOEH 557 AE HE an
£ UEHRIT olQjolE, Sh&t He 20% gt FEE2
TLR-4, MyD88, p-JNK, p-NF-«xB @ iNOSQ} 2+ =4 t
900 WE 552 §OHOR AT RN PV, 2 FET
ASHS= A3lstqinh. HHAT o2, HPLCE ARESto] g
o 3] 20% ofehg 2320 o MePHE UL BT 2
3} chlorogenic acid®} ferulic acid7} A4 E it} webA, &
T Aol A vrehd ST B 20% oeE FEE9] A}
4 9 587 AIZ B35 JI= chlorogenic acid®} ferulic
acidg ZE ot Euls SgEolA 7IQIe Ao E w
e, AEE2 357 A% MAel & & S Qe A%
715AEY AAE RN BE 7T 2R wrhEr
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