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ABSTRACT

The purpose of this study is to provide evidence for discovering functional materials through
the anti-inflammatory efficacy screening of randomly selected medicinal herbs. We prepared
70% ethanol extracts from 10 herbs and evaluated for the inhibitory effect of NO production on
LPS-stimulated mouse macrophage cell line Raw 264.7. As a result, it was confirmed that the
Chrysanthemi Zawadskii Herba (CZ) extract had the highest effect of inhibiting NO production
induced by LPS. We therefore measured and compared NO inhibitory effects at different
concentrations (10, 50, 250 ug/mL) of 70% ethanol and water extract of CZ. It was observed that
both ethanol and water treatment groups inhibited NO production in a concentration-dependent
manner in both ethanol and water treatment groups. In particular, it was confirmed that the CZ
70% ethanol extract (99.97%) had a higher NO inhibitory effect than the water extract (93.32%) in

Received  March 19. 2022 the high concentration (250 zg/ml) treatment group. There was no effect of CZ extract on cell
Revised  March 24, 2022 viability at all concentrations used in the experiment. Moreover, it was shown that CZ ethanol
Accept April 05, 2022 extract remarkably inhibited the expression of VCAM-1 induced by TNF-e, and it was slightly

decreased even by treatment with water extract. This study suggests that Chrysanthemi Zawadskii
Herba has potential as a functional substance that regulates vascular inflammation.
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9= (inflammation)S ¥YA, B4 &4 9 3}
St 4% 22 9fF A= ik Ho wheom Axe

oAl arachidonic acid’7} &% 1, lipoxygenase E
= cyclooxygenase (COX) Z8& E3f| nitric oxide
(NO), prostaglandin E2 (PGE2) ¥ ¥Z4 Alo|E7}Ql
I 22 A5 B39 oheket wiziAI7E A H T AN E
= olggt AEF WAAE Erlst dF5 v miANgh
o}, Aggk k9] NO= B 2oty %2 Atdsts 5 4
A}A 0 Hhe o =g 42 Hoste dshe shA Ut

429 g5 WS = 9Ee :
=g NO B2 G5 9eS ASAA 23 &4, &
A o] 9 4173 &4 I 4= At (Bosca et
al., 2005). W&t ASE 2Fs517] At a3 Uy

ol @asiH, AAF W7l AAE 2EFC2A IS &

(Kim et al., 2020).

F A7) B¢ A AAFHCE QM FHS v o =R g
AFolsks B st AMEsl ftom, Tt F&AlE
o] oFjatgo] oj&sto] AEE X EetA sH3lth A
o

Az A 9 71X 7t A QA E L Utk (Ghasemian et al.,
2016). A=o] BAtsh= 23 HiAl Abe2 AT E o
9] 8% 7 & AFst=s sadelH, @4 AMEE= A
Al FE9 W2 7t HAEZHE o=t o] =gt 4
o FEAZE T UHFEES 9548 Y ARE A &
o]- 8% 3 9tk (Mohammed et al., 2014).

FAX% (Lysimachiae Herba)e W23 (Iysimachia
christinae Hance)?] Az2A 3toA 3 9 &
AFY Am HHo= AEHT A Ut (Deng
et al., 2015). &3 4% FE2E9 =4 B35, 9]
I, AR XE &3 o] Bxud vl 9tk (Kim et al.,
1996; Choi et al., 1997; Gan et al., 2010). 2d=&
A} (Actnidiae Polygammae Fructus)= it v
(Actinidia polygama Miquel)9] EW&2 &%, HujE
2 B8 9 HEFOl A HUS (Park, 2016). ¥x
(Radix Veronicae)= @47} (Scrophulariaceae) Y=
(Veronica sibirica 1.)9 B8|2A4 FHE|ZE o|d o3
& X 5ol AFEE o] 2t} (Gao et al., 2004).

A2 (Geranii Herba)® #<£°0]Z%} (Geraniaceae)

ﬂH

Mo

o]2E (Geranium thunbergii Siebold et Zuccarini)
T Ve SETAAEY AGFEEA Eol 07 A E
= o] @ o s, F=AHol, FIFT ¥ P4
2371 gt B EQ (Choi et al., 2012). AAl
(Cassiae Cortex Interior)E® SUWF3 (Lauraceae) 5
Al (Cinnamomum cassia Blume)2] €744 31
O AAASZES M AL FEOoF o, A NAZHCZ 7t
gy o] &= FAE F SIUE AE, T8, FE 4
oJoF& o] AFZHTH (Mishra et al. 2009). A4S A&o
Sho| Al AL A, 1 8AESY ABAE SEE AT
(Yang et al., 2010). A1 (Fraxini Cortex)= &3+
E (Fraxinus rhynchophylla Hance)® €7] AZAZA
AAb A, 18AE S 59 ARAE AHEE o] fitt
£% (Humuli Herba)= #UE 3} (Moraceae) SHE =
(Humulus japonicus Siebold et Zuccarini)®] A5
2 Jgojmoro g @Adst 9 oliwztgo] Q= AoR
A itk (Park et al., 1995). +&8% (Chrysanthemi
Zawadskii Herba)® =3}#} (Compositae) 182
(Chrysanthemum zawadskii Herbich var. latilobum
(Maxim.) Kitamura) & A28 % (Chrysanthemum
zawadskii var. coreanum (Nakai))®] Ax=2 A &
Abe}, PR 9 FH 2t = AR HIEG
o} (Kim, 2017). &% (Allii Fistulosi Bulbus)2 3}
(Allium fistulosum Linné)9 AASH H|E&7|2A4 &
Ars}, FRd 9 FFaIAF A Ao (Kyung, 2011).
%74 (Alpiniae Officinari Rhizoma)2 73}
(Zingiberaceae) 1137} (Alpinia officinarum Hance)
o] He|E7|2A TolstolA QAR A, LA,
A, FTLEA, g, 134 4 JFA=E AHEE o]
et (Lee et al., 2009).
2 AFoA = Sl diEE 4o 1052 F4H9

Aot FAF oy F4S glstn

2 Aol ARESE Aok AE FPA 2 2ERRloA
T-doto] B T ARESHR L, AE0] d-HSE S
of BA5IATE (Voucher specimen. No. KM-1~10).
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2 4d oA Has| £25 AEF TE
Table 1. List of medicinal herbs for this study

ok AEE 318 01252 ¢
2F=x (LH) 25 Lysimachia christinae Hance (Primulaceae) rSES
Z2XMZ (AP) Tt Actinidia polygama Miquel 2, 7HX|

= (RV) RES Veronicastrum sibiricum (L.) Pennell Ha|E7| Ha)

S= (GT) (E=t~ Geranium thunbergii Siebold et Zuccarini QA =7

A4l (CC) S Cinnamomum cassia Blume EMkarS

A1 (FC) 2oyLtR Fraxinus rhynchophylla Hance =7\ 4H

2= (HH) shate= Humulus japonicus Siebold et Zuccarini Kot
2x% (C2) amz Chrysan%‘hemum zavyadsk/'{' Herbich var. Mz

latilobum (Maxim.) Kitamura

Z4 (AF) I} Allium fistulosum Linné HISZ7|

2FZ4 (AO) = Alpinia officinarum Hance HaE7|
MoF i Hx FEFO| Hx ZAA A2 ETE A A7 Y5 (-200)°] B2

Aok 7+ 100 goll & 7Foto] 1 L= & ok 87 ¥2t
Z7]914 100~120C & 7}g5to] 347t S0 S
I3t &, 45T ooty =EAF0A A 55U o]
HE 52 AXT|NA AXAA @2 BL-S AT A7HA
B3 (-20C)°] skt
ARz B3 100 gofl & £ 70% e 892 71st
L= g & &7 ¥7 F+&7]04 100~120C= 7t
sho] 3A1ZE BRF &5k o7t &, 45T oot &
AollA A BFHA. o] BENES FE AxX70A A

E

16

39929, 10 mg/mLe] =& DMSO &3A17] o
0.45 ym membrane filter2 o3}t A3 of A&,

MEZE S MR =2

oA A EZFQ] Raw 264.7= ATCC (American
Type Culture Collection, Manassas, VA, USA)OIA £%F
dhol A5t th. AlXZE 100 units/mL penicillin-
streptomycin¥t 10% fetal bovine serum (FBS)°] -4
Dulbecco's Modified Eagle Medium (DMEM, Gibco,
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Grand Island, NY, USA) 8iA& Ar&-8llA 37C, 5% CO2
incubatorolA 39 7|2 At vjgsto] AMESHAT

17 g5 HEZ AE (Human aortic smooth
muscle cells, HASMCs)= ScienCell Research
Laboratory (San Diego, CA, USA)ojlA] EQFrto} Ao
AESERlTh AlZs B4 9 H[E4 o4l BB, &

7l 4 57] 3lgtE, SR, A AR v F1E 9 2%
FBSE Z3t5t= BE AlE HiA] (ScienCell) stollA &
FO& 37°C, 5% CO2 vjg71olA vigstalet. At v
< 99l 0.01 M EDTAE $H3-5F= 0.125% trypsine A}
&5to] A ZE EFotch

DFRA CHAMIZZTOIN Yot £S89 NO 44 X

—
2 7_I=Io-l

Yo FEE9] vhA thAA o] it NO B4 24 &
5& % Cd St Raw 264.7 =3 (1 x 10°/mL)°l A3
oF 58-S 250 yg/mLe H=2 AZ|5to] 2h Bt &

LPS (1 pg/mL)E 7Fsto] 24h viFstar, 45HS 96 Well
plateo] Y1l griess reagent (1% sulfanilamide in 5%

9 o

phosphoric acid and 1% a-naphthylamide in H20)
o} &3t AL20) A B3t & microplate readerE ©]
&5t FFEE S5

Mo 252

o M& MEZ0 0|X|= He

A= 2% 10° cells/wellZ 96-well plateo] FZ3}aL s
3 5= Aok FE2ES Aot 24h WiF * AlE A
£S5 =435} }. Cell counting Kit-8 (CCK-8) A]<F
(Dojindo, Japan)2 Z+ welloll 715t 1A17F St wjjok
P2 450 nmolA SBEE ST Al s A
A2 4 g0 2 AA|sto] thR3} v asho] A 4ksEei T

ook ok

Western blot analysis

TAZ FE2=0 9t @3 AZRF lE VCAM-1
o] I gQlst7] s Western blotZ AAISHA .
HASMC liTi of +8% FtOH F= & F£ES 2 9
Tol 83 B F I%E (250 pg/mL)E 247 B¢
Xdﬂﬂlob&}. AZE wjx 2 H&3st3 TNF-a (10 ng/
mL)E Z35t= HiAE 7hsto] 8AIZF E<t Bl
M ZZE PBSZE 23] M&slaL, lysis buffer (50 mM Tris-
HCI [pH 7.4], 150 mM NaCl, 1 mM EDTA, 0.5% [v/
vl NP-40, 0.1% [w/v] SDS)E H7}sto] 1A17F B9t &

SAIZ] F 1500%x goll Al 108 5<% HAEZTH lysate
2 #8519 Y. ©t2 2 & Bio-Rad protein assay kit
£ AHESto] did & AT & oid &=
(20 ug)S 10% SDS-PAGER &3}, 223t ghulg
< immobilon-P transfer membrane (Amersham,
Arlington Heights, IL, USA)oll AA} (transfer)st{ch. &
Aol HA} (transfer)® membrane 5% skim milk&
2417t blockingdtil, VCAM-1 antibodyE 1:10002.2
slAsto] Yar 1AIZE Bt WA H THA] 23 antiboby
1:10000.8 8|45} Y1 1417 =
oF W85t T}, chemoluminescence kit (Amersham)
£ AHESto] I AEE A 22 WHeE
-acting S5t 2722 ARSI

(Anti-mouse [gG)E

mean+S.E.2 YEA L,
Zy gd A 7F Zolof st 942 GraphPad Prism
(version 2.0, USA)E ©|-&5t9] Student’s t-test2} one
way analysis of variance (ANOVA)Z 45} th. A%
HAH O Z Tukey testE 5% Fo+=0 2 A5}t

0
J
4
rlH)i-
|_o
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o
(0]
Z
e
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olrr
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oC

frese Aoks A= H‘sﬂ_-—}oq = 5L

—’;\— A5 Adstr] 918l LPSOll &fs AF=3F tiAlA| =
nitric oxide A4 9A 23 8JL AA 5t}

Nitric oxide (NO)& WA Y o3t 715& +Fsh=

A AARRA, DAAES} e Q14 S8AE o

33U BES YASHE NO% 22 A4S vhAE 84
slo] = wke-S goxith of A Byo] fEy e

A

e

i

ﬂil

T FSHESo] A& et Ay o] DA IF
= =0l A A w2, N0 A4S Alste A

<= TS 2AE FHAs=T ojd Sa%t BH o R AR
=3 Ut Lipopolysaccaride (LPS)= 1% &7 Bt

ofo] Nz o] RO mA HAANES 7 FEtt &
% StuolH, LPSel ofsf &/d3td thAAZ & ]1:_]'611:?":
T2 cytokine 9= NO ¥ 7|} A5 tojzda 242
F WAAIE st AoE dHA ot
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Fig. 1. Inhibitory effects of NO production in LPS—induced Raw 264.7 cells by the 70% ethanol extract of medicinal

24

herbs. Each bar represents the means + SEM (n=4). Significant values are represented (*p¢0.05 compared to
control, #p{0.05 compared to LPS alone). LH, Lysimachiae Herba, AP, Actnidiae Polygammae Fructus, RV,
Radix Veronicae, GT, Geranii Herba, CC, Cassiae Cortex Interior, FC, Fraxini Cortex, HH, Humuli Herba, CZ,
Chrysanthemi Zawadskii Herba, AF, Allii Fistulosi Bulbus, AO, Alpiniae Officinari Rhizoma

F gl S (LH), 242 (AP), Y& RV), & 20| O}RA [HAIMRO| [H3H MEEM

Z (GD), A4 (CO), 1 (FO), €% (HH), +&¥x (CD),
S (AF), 17 (AO)9] 70% oller-E &2 !t NO
A Al 52 FsH] st &2 250 pg/mLe]
BEE Raw 264.7 Al2o] A 2Jstal LPSE A=6fo] vi%F
&, HFYel EAsk= NO AdF<S vlustge. 1 2
¥, LPSE AFsHA g2 U= vu e b, LPS
o= AZZolA NO AAFel F2AsHA St A
°f —*r%% & 7Ex F2& (CZ) A=ZolA LPsoll 2fsh

=8 NO Aol 74% FaHol 1059 4 B 5
NO A % AAsh= Bs0] w2 A2z yehht (Fig.
1. 2oz Ay &5 (FC)}E LPSo| 93t NO A4S

18% AA|5}¥ o, LR 8F9] ok 2£EL 905t Z
I7F ERI=]A] okt (Fig. 1).

18

Ak 2EE9] Raw 264.7 Al 2ol tist A= =& g
lstr] Hsll, AM2E 2+ B 2= 250 yg/mlE =
St HiA|of] 24417 B2t #iFst & cell counting Kit-8
(CCK-8) A%< o] &slo] Nx BE2&S 57 0}9&‘:}. F
SEZ AYsHA g2 A4dHx
7= 10022 Aoty Alg A9 FLE 32 T4lbst
of Alitstaict. 1 A, i Aok FEEY 2E ATl
A A SFEE 98% ol o2 t2yHe] 393t Alo]
7h WEE A Aokt wEbA, 2 Aqto] ARgRE 34 %, &
AR, Yz, dx, A4, A, &2, +4x, T, 15779
70% ethanol 250 yg/mL &=0lA Raw 264.7 A9
3t A ZE=Ao] gl Ao =2 Folxgith (F1g 2)
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Fig. 2. Cell viability of medicinal herbs and LPS on Raw 264.7 macrophages. Each bar represents the means + SEM
(n=4). LH, Lysimachiae Herba, AP, Actnidiae Polygammae Fructus, RV, Radix Veronicae, GT, Geranii Herba,
CC, Cassiae Cortex Interior, FC, Fraxini Cortex, HH, Humuli Herba, CZ, Chrysanthemi Zawadskii Herba, AF,
Allii Fistulosi Bulbus, AO, Alpiniae Officinari Rhizoma

Z0| T2 OfLA CHAMIZEL] 3A). k] & GuE A 70% ethanolS ol H3| |
2 HYY FEHE FE8E0] e T & E0E
&4 A T} (Sun et al., 2015).

£ a7 o3l 1052 Bf 2=l tigk NO A4 E3F, Raw 264.7 AlZoA Higt CZ-EtOH % CZ-

e 12

A ~3EgolA 7 548 858 YER A Ex

70% ethanol (CZ-EtOH)I} & (CZ-Waten2 272y &
sto] & g ukeA AA| o] NO A4 A &t
£ v]wslth. CZ-EtOH E+& CZ-WaterE ZH2} 10, 50,
250 pg/mLe] FEZ Raw 264.7 A|ZEof A5t LPSZ
AFot9S W NO %S vl sttt Raw 264.7 Al
FZE LPS A= 98 NO Aol F-95tA S/t
o, CZ-EtOH ¥ CZ-Water A& RFoA & o&
Ao g NO A37g0] JA== Ao] TEE AU E5], As
T (10 pg/ml) Aol & & &+ 25 LPSE &
TH NO B4E 32% 5L =202 JA 5192, 1L
5 (250 pg/ml) AEFolA CZ-EtOHE 99.97%, CZ-
Water 93.32%%2 8% 70% ethanol F&E0] & &
EET NO A4 9A 537t &2 Fo] 1= AT (Fig.

)l

Water?] AIZE4 &35 CCK-8 cell viability assay
WS Aot Hrletqth. 2= CZ-EtOH ¥ CZ-
Water2] Ago] AHg3st A &= (10, 50, 250 pg/mL)oflAl
Az A& YFE vIAA &utt (Fig. 3B).

FAZxE A5t ol dAy 2EO0R HxE A
Hstol M, 1WAY, 71, AT, PG, LU,
35, A3 2 19% 5 AFHA == ALS) %
ot 2Ex9 §F84E O = linarin, chlorogenic acid,
3,5-o-dicaffeoylquinic acid, 4,5-o-dicaffeoylquinic
acid, H4E 50l €A o, FAst, T+, T
Z g%50o] E3% o] It} (Shin and Choi, 1982; Kim et
al., 1991; Cho et al., 2021). ¥ A+ 3= LEx9]
70% ethanol® & 2&Eo] AN =9 NO AL =3
Ao RN FAF B AAEA 7HsEE AT

l‘
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Fig. 3. A, NO production and B, cell viability of Raw 264.7 cells treated with 70% ethanol extract (CZ-EtOH) or
water extract (CZ-Water) of Chrysanthemi Zawadskii Herba. Each bar represents the means * SEM (n=4).

Significant values are represented (¥*p{0.05 compared to control, #p{0.05 compared to LPS alone).

THZE FES FE MERAQIXL LS AN 51}

]

ZAE (aortic smooth muscle cells)”} &
HH ALS A e dEE Feskal, 39
Iz EA} (cell adhesion molecules)?] &HdS A
F A BN FIA L} T Alo]9] T AES &
Sf EHo] AFH 4 sHASFY APl 7]ofgth
(Cook-Mills et al., 2011).

2 AFoA 1059 Bk FE2] thek NO oA 237
3= &9l 7MY =2 242 UEd 8% FE5800 dish
T A ZEZRIZ ] B 2 G5 ERlstu At okt
FHZZE 70% ethanol (CZ-EtOH) 9@ & (CZ-Water)
& 47F FE5H0] A Hie® B2 AlEF HASMCs
of TNF-aoll &gt F2RIAe] Wdo] thet +48x 55
9] a7E Western blot o & H715lth. Western
blot &4 A%}, HASMC AlZoJA TNF-a A=l 25
VCAM-19] ¥do] S7FtAaS Eelstatt (Fig. 4A).
S, #8% EtOH (CZ-EtOH) AAgE TNF-a°l 93]
2 VCAM-19] HadS dAsHA dAsteler, = &
ZE (CZ-Water) A2 93| %= CZ-EtOH T EAst
A= ofY ARk VCAM-19] Edo] 7t fashs A
gRlstoitt (Fig. 4A).

ik

[

20

HASMCe] tigt +4% =589 Alx54 83= CCK-
8 cell viability assay WH& AREsto] Hrtetct. A3
Ay F+8% EtOH (CZ-EtOH) ¥ & F&E (CZ-Water)
L5 Agof] AMgS A soA Az B JFE 1]
2] A] koS0l ERIE Tt (Fig. 4B). whA], B AF A}
E 228 9 70% ethanol &L &35 39

u

ES
P95 15 9 714 A7E B 7154 LA 7
L- O

B
4y
T
i
L
=
g
w
=2
15
ol
o
H1
i
zZ
O
oZ,
o,
ftjo
1
>
o,
rr

1

o

2 ZAstYTh A2 252L 5 ) $EE L4
_]

QAN ZS] NO 28 g3/t 55 o=
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Fig. 4. Effects of Chrysanthemi Zawadskii Herba extracts (CZ-EtOH, ethanol extract or CZ-Water, water extract)
on TNF-a-induced upregulation of adhesion molecules. A, Expression levels of VCAM-1 were determined

by western blot analysis; 3—actin was used as an internal control. B, Cell viability of human aortic smooth
muscle cells (HASMCs) treated with 70% ethanol extract (CZ-EtOH) or water extract (CZ-Water) of
Chrysanthemi Zawadskii Herba. Each bar represents the means + SEM (n=4).

70% ethanol F&29] 5% (250 pg/mL) A=A
£ LPSO] 93 F=H NOE 99% o4 JA|sh= Aoz
HolE it 3t 8% 70% ethanol ¥ & F&E0°] 9l
A A P N EF HASMCsOlA TNF-aoll 9]k £
2RIAte] I A B2 RISy 11 2, FAEx9
70% ethanol &% 4 & F#&=°| TNF-a2 A=4 I
A s gErT AL HASMCOIA Al 52 Q1zto] uf

4dzx7F EH A5

& ePsison, ol dak 73

= =11

x4

HU oR ot rl'
fu ol _1> il

G P54 A & AT Avke 1Az 3
U B 9% 28 )% AN2A LS 9 712 2
289 5 9 Aoz Azdd

Tk
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