J. Pract. Agric. Fish. Res.
pISSN 2234-1129, elSSN 3022-8255
Journal of Practical Agriculture and Fisheries Research httpS//dOlOl’g1023097/JPAF202426(2)5 ORIGINAL ARTICLE

8= AEdAVL NSHf7|e Shitet R SHS &gl 0xl= S

The Effects of Salinity Stress on the Antioxidant and Anti-inflammatory
Activities of Crepidiastrum sonchifolium

Ll 592 ugze uyxe
Ha Young Baek Yeong Geun Song Kyungjun Kim Hyungjoo Kim
ZHstn =t Er= e (i 1Al = lesr S sl N ik
HIO|27 |5 AR Stt st AR AEAEEE
0|73 AR AR
Kyeong Cheol Lee Cheol-Joo Chae Hyun Jung Koo
= EotasE E= eyt (N 1T ER= Lo (8 i)
AR worste SR

' Department of Herbal Medicine Resource, Kangwon National University, Samcheok 25949, Korea

2 Department of Forestry, Jeonbuk National University, Jeonju 54896, Korea

% Department of Crops and Forestry, Korea National University of Agriculture and Fisheries, Jeonju 54874, Korea
* Department of Liberal Arts, Korea National University of Agriculture and Fisheries, Jeonju 54874, Korea

ABSTRACT

This study was conducted to investigate the effect of salinity stress on the antioxidant and
anti-inflammatory activities of Grepidiastrum sonchifolium The plant was treated with NaCl at
concentrations of 0, 50, 100, and 200mM for 6 weeks. After treatment, the whole plant was collected,
and 70% ethanol extracts were prepared. The DPPH radical scavenging activity was highest in the
order of NaCl treatment concentrations of 0, 100, and 50mM, while the 200mM treatment group
showed the lowest radical scavenging. The total phenol and total flavonoid contents showed very
similar results to the antioxidant activity depending on the NaCl concentration, confirming that the
phenolic compounds of the plant can contribute to the antioxidant capacity against salinity stress. In
addition, the investigation of the effect of NaCl-treated C sonchifolium extract on the inhibition of
NO production in the LPS-stimulated mouse macrophage cell line (Raw 264.7) revealed that NO
production significantly decreased in the 1,000ug/mL treatment group across all NaCl concentration
groups. But, the high concentration (1,000ug/mL) treatment of the 100mM and 200mM NaCl treatment
Received Jun. 15. 2024 groups was found to have a negative effect on cell survival. These results suggest that radical
Revised scavenging activity is highest in healthy plants and that they produce antioxidants to respond to
Accept Jun. 18. 2024  NaCl salinity stress up to 100mM. However, a high NaCl concentration of 200mM has a negative
effect on the physiological activity of the plants. Compared with the results of the previously
reported growth index, it is thought that the growth and physiological activity of plants can be

"Correspondence positively affected in an NaCl treatment environment of 50mM or less.
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A AAHCR 5 A
ZJat vio| QuiA 4] A T F83 AR iFEEL
Aot EY 249 NaCl =7} =0k
AEFAS ot &4 ARATROS) A4, ©Hd 9
g, AE AL RS 2 SR AIE IR =4 B
e gkt gEA  QItiHasanuzzaman et al.,
2021). A& o|gdt & AEH A0 Aslr] gt 7]
Zrog 22 AmbES st SRt AlEY 23
A A2 A%, g, WAl AFHos st
= 12 drHRETE gE2A AEHA QR0 gt wol
IdTE sk= f7IsREeIth oj=gl A& AEHA g
1 AFE, WAl 59 ABESHE AE#HA(biotic
streso)t 7HE, S8 712, A=, AYA 59 HBESH
AEH A(abiotic stress) 82102 L) o] & AE0|
HIAESHY AEFHA 941 3 AEF A LREEW
AEGA ¥R wAYUFY ¥R 22t AR A4
o] Z7I5HA ==d|(Muthusamy and Lee, 2024), °|&]
ot AEFA slo|A ARH S A3tslr] flsl HleA
sRIEY IS T7H7IH, ole2 et EA4S 7K
22 gARAEER R8sttty dElA UtHGenga et al,
2011; Chan et al, 2013). AEolA HA=R= 22; AL
AR Wi ot PR 1 F Hle 2RME(phenolic
compounds)S ZTH0o]|=(flavonoid), H&EAHphe-
nolic acid), ®d(tannin) 5 X33t} ofg] AFE9
A A9 Hisd RMES ot BETE &/ ik
Huzgo] grow, E3d], AA|, JLE=EVIA, FASA,
AR, A, A 24 9 XE &5 5 HEA
skME9] ofgjshd olfo] UAHA &4 Hed Rt
=9 A& "WAUE, A W a3, A ol&E 2 BE
ot 8500 dieir= ofds] At 87Ea QIeHZhang
and Tsao, 2016; Yousefian et al., 2019; Zhang et al.,
2022).

IEW7(Crepidiastrum  sonchifoliumi= =S}
Sk B E Fofio] AER HEHoE kg ¥
£0& ol&Eo] grow T ISH|Y] A8 AT
Al 2 FAFol gt mso] dHA FEAEEAY] Tt
7} AZYEQUtHBae et al, 1997; Lee et al., 2020).
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[
40l kg Aglow, B8] Hxo| YA

BEoR 1A 9 EHE hde] 55k, chloro-
genic acid, caffeic acid, luteolin, luteolin- 7-O-8
-D-glucuronide, luteolin-7-O-8-D-glucoside, lutein
59 HEE2 AR 9, ¥ 5 AU anel 7]
ofst= Aoz BUEJTHNa et al., 2007; Chon and
Kang, 2013; Karki et al., 2015, Hwang and Huh,
2018).

ol dAoM= IEHVIE WHCE d AEH A
gk e W AREEE AR dETt 2 EYRH
of et Al 7Hs/d= AAISHIHLee et al., 2020). 2]
9] bt B8 oA AEFA 8210 thgt 7]
54 AolE Ashe A2 A9 Ay 7t x4
Bt ofyzt AEigde] wE 715 AE &E 74
AAE & 5= Utk Td2hA, & AdFolAs 98 AEHA
FE(NaCl 0, 50, 100, 200mM)7} FEw]7]9] A=]|2HAg
9 RSt 5o v|A= JRFE IRlstarzt sieit

=z H U

B Ao ARgEl 1EMY(Crepidiastrum sonchifo-
lium)= SerssAtdietan 24 Holld oget & dog A
E(Horticulture nursery media, Punong Co., Gyeongju,
Korea)Z YA =°] 15cm, 27 10cm EZEO| HE 1
24 o]AAIRl AAIE ARSI AEAIE 45 5% &
7] o]F PE AEHAE U] {5 NaClE &
EdE=E 7+ 0, 50, 100, 200mMe] 49AZ 24E3slo] 6
2 F 33 100mL/pot¥ 2% 5A1F TSR
NaCl A7t B ohs, A4 A& HA(H, €71, #
2DE AF5He] A=R7I(DS-80-5, Dasol Scientific Co.,
Ltd., Hwaseong, Korea)ollA] 48A17F B9t 80CTE AXx
Stof -20Cof Hasict.

NaCl 2| nStl7|9] £&52 HZX & +8 54
A7z Bfste] g ve 3 A
jui]

=

o]
Z AUSHA F5t] 70% ogkE 20mLE
ksl 120C, A2t RANA A1 B FE1
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ot FEES oTste] FEI 235
‘j]'l"—u,—7](He1 NAP, Value Digital)oll g1 50T 27|
A Aol A4 Y7ix] BE2A71 5 -80TE Eﬂﬁﬁ}
o] AEE ol&sIth ZF A& tigt BE &5 S
HHEAog 33] ffsiglon, FEE9) ‘I‘E(OO w/ W)=
Rt ol Aklstgich

(g, drybasis)

x 1
(g, drybasis) 00

DPPH 2iC|Zt A5 &3

DPPH(2,2-diphenyl-1-picrylhydrazyl) tjZd &A%
rdst AFefQ] =l DPPH o] st Al=9]
T30 58S SO EHN AE FEEY WISt &
A SRIsk=d dy AREEoIth &£ 0#?'01]/\1 FE A
gl 2of ofgt nEHl7] AR 70% oeE FEFEY T
A4S Bl 517] $sted DPPH radical &A%
S7goloint. 17| 2282 v2E(20, 40, 60, 80,
100pg/mL)Z A|Z5t] 96-well plated] 1004LE B,
99% ethyl alcohol 100xL, 0.4mM 2,2-diphenyl-1-
picrylhydrazyl(DPPH) 100pLE ¥al 42 AelA 30
E B59F WAAIZI & microplate readerE ©]-8-5}o]
517nm°ﬂ/\1 S UEE &5kt DPPH radical &%
2 iz AT S8E Aolg WEEE thao 4

o 9l&f A&stR e, DPPH &S 50% Aol &
T2l IC50(half maximal inhibitory concentration)&

ArEsto] Liehiict.
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DPPH radical &A% (%) = (1-H127 S4%/48+ S°85%) % 100

O
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% ¥ T2 Folin-Ciocalteu WS ARgslo] =
7EﬂCJ},VJ:Jr(Sasmiharan et al, 2011). F&EL Folin-
Ciocalteu’ phenol A|2H50g/100mL)¥} &35t & Sodium
carbonate(Zg/ 100mL)S A7k deionized waterZ
g g SmLE Stk SES A20A4 0% 5
o AT BRES UVAVIS EAYEAZ 750nmel A
Sttt 1271y 289 ¥ He IF sk
gallic acid®] ¥& ZAIOoZHEH 7—‘1]/\]'0}04 gallic acid

S7F(GAE)/mgo 2 AT,

% E8fH ol 72 Aluminum chloride colori-
ARESHe] A5t Chang et al., 2002:
Marinova et al.,, 2005). #&&< aluminum chloride
hexahydrate(10g/100mL)¥} &3t & 95% BtOHZ}
IM potassium acetates F7Fotal, deionized water2
5 FE S5mL= 7\"4'3}@3}. |HS Hds] 3t &
4087 Ao 9REAIZ] & UV/VIS £33 AE ARg
st} 415nmelA] S8EE PP AEY § St
ot 3F v EE ZAOCZHE AKX quercetin
S7FHQE)/mgo® HAIPOoH, HE AL FHa A W
ol F3st3irt.

metric H&

NaCl 2| 1StH7| FES0| OIRA CHAMER
NO ZH|0] D|X|= Fe

ok A AN EFE Raw 264.7 AlEE american type
culture collection(ATCC)ollA] Hoptol Adof ARESIA
c}. A|ZE= 100units/mL penicillin-streptomycin® 10%
fetal bovine serum(FBS)°] $HFE  Dulbecco's
Modified Eagle Medium(DMEM, Gibco, Grand Island,
NY, USA) HiAJollA 37C, 5% CO, incubator £7C=&
A #ig5IAT. Raw 264.7 AIZEE 1x10°cells/well2
96-well plated] HEstT TRFEF %%(1. 10, 100,
1,000ug/mD)9] 1=87] F2ES Ao AHgste] 2h
vt &, LPS(1ug/mL)E Asto] 24h ¥iFSIGiTt. o]
T AZHS 96 well plated] EIl Griess reagent(1%
sulfanilamide in 5% phosphoric acid and 1% a-
naphthylamide in H,O)2} &dlsto] AL0)4 ®X|§H
% microplate readerg °]&ot SYEE S0

NaCl X2| uSHi7| &S50 012A HAMZES
MEYZE0 0jxl= &

TEEY] 2EE9] uloA RIAE AR njx= o
3 24317] 5t Raw 264.7 AlEFo] Hrd 3%
ES Aot} MTIT assays AAIGIATE MTT assays
Azo] mEZEgol Y 841 succinate-dehydrogen-
aseoﬂ 95 MTT7} formazanO2 ¥sto] Ao} 7ol

FAY Ml27t £09 formazan®] Aol EolE&= @
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AE oldskes dElolth. AERAEES SFsH] fldh
96-well plateo] Zr well B LFFY Raw 264.7 AE
£ EFsto] 24h ¥ & wgHES A|ASHL fetal bo-
vine serum°| ESFE|R] &2 wijofolS BE3L T AlY
=4L 1, 10, 100, 1000yg/mLe] == A3t A
A AZF & MTT reagent® £5519] wijofst of2 A&
HS AAste] DMSOE #7hskal, HiFAIA ABAEE for-
mazang $-8] =olE thZ 570nmelA FF=E 34

mean+S.E.2 YERAT,
Zy HF4X7E Aolo| et 5992 GraphPad Prism
(version 2.0, USA)E ©]&3lo Student’s t-test2} one
way analysis of variance(ANOVA)Z EA3I3Tt AR
HAHOZ Tukey tests 5% o2 AlYotqirt.

=k

2 2 JIFH

|

NaCl 2]

asStz1e] =& #2

NaCl& =522, 50, 100, 200mM)Z A sto] I
IS AR Uit FEE 2 FENE 52 1R
Al g FEE R e =Y A0 AR EE
Aol oiet MESE Yehigler, Fig. 19 AAISHS
o NaCl FAZH0mMY] #5582 20.1+0.1%2 15
= 7 @A Yehgon, SOmM A 21.67+0.1%,
100mMOlIA 25.33+0.54% 2 200mM 33.27+0.83%%
NaCl A2 L7t =ole et 5 $8% I76k=
Ao = Ueyith HESH AEH ARl dE] &=
AEA= AlE W AEGe EdFel os o] AskE
4 Qlom, Yutxog 18eF9] PE(NaCl 100mM ©]
D2 AEY AR Az 9FE VA= AR dY
7 tHBroadley and White, 2012; Lee et al., 2020).
ABo olgst Ao H2slr] Qs QE AEol wislo]
vkgsto] Al o] AREdS FATL A s
H(Louis and Galinski, 1997), 4FE4d2 7, T &
ISR, B 95 121 st tjakkE 5ol tefet 3
H=Z &3A 9loH, £3], D-chiro-inositol ¥ D-pini-
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Fig. 1. Effect of NaCl treatment at different concen—
trations on the extraction yield (%) of Crepidiastrum
sonchifolium.

Yield of extraction (%)

Treatment {mM}

tol 71—0 /g- zg H] MMESA AEY ]/\g

OH J\H/HE]

I FAEo] AE9 AEHA AP Eol=Hl 7]ojt
o B EQtHHasegawa et al., 2000; Hong and
Park, 2005). ¥ A+ 23} 4&9] NaCl AT 527t 5
7R wet & $&0] F7RE Ao dis] AEA W
NaCl &%= $7PF 7FAd 1379 S71doll 7IRIsk=
Ao 7 AlgEtLee and Hwang, 2000).

NaCl X2| J1Sti7|9] atitst &d

NaCl A=|7} 15#7] 3552 st 40 A=
IS @lskr] s 2,2-diphenyl-1-picrylhydrazyl
(DPPH) 895 SA7l= S ARgsiloH, izt
I AT 2t FE= AjolE WMEERE AXtelal, DPPH
S 50% Adel=s %21 1C50(half maximal in-
hibitory concentration)< /‘}%'3]'@‘:} 1 23, A
% NaCl FAgZoNA 7Fd &2 DPPH #HZ A4S
(IC50 38.25)°] UeRgoen] 1 E}—_i 100mM(IC50
49.49), 50mM(IC50 60.58) &0& 2 4o L}EM
ok 200mM AEFolAe 7H W2 BHd aAeE
At olERt Ak 273 AEe AlEA A 3}1’4
Aol 7§51, 100mM NaCl AsL7HA] d&
AEF A iG5| SRt FARE EES APASHAIRE
200mM9] =2 NaCl 5EE 235|8 A=A AZA
B0l ke FL Ao F mrtEc)

olfl ATZIME PR Helrh A2o] At 24 o
Beigrgel vAE S B vk 9, NaCl A9
SE7h SRl meh AEAle) st Bl S
AFE FUsken, 200mM °Fde) NaCl Ae 23]
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o A A4S At B 51t Choi and Jang,
2015; Nam et al, 2017). o]&st ZZ= NaCl Ao
w719 AL &4do] WItstH, 100mM °lst
9] NaCl ®k+&= I=H]7]19] At &4 |FAlo A9t
3 aQloz wErHFig. 2).

NaCl 2AEZA R USH7|I| S HE A S S
St 0|E slelE 2

TR 8Rlof ofsf Wshes BdAkA
Falst 71zto g2 22 thAMEESR] s
AoE dHA Ut} =229 F W=
gallic acid®] #F FACEHRE AAiksto]
57F2(GAE)mg/g2 & HAI5I3ItHFig. 3A).

FE AAkSto] quercetin 57FE(QE)mg/go 2 HAISFY
tHFig. 3B). TPC TS 0mM AHZ|ollA 294.53+
12.2mg GAE/gC 2 7} &9fow, th2oz 100mM
(274.09+6.73mg GAE/g), 50mM (248.06+3.13mg GAE/g)
%oz Ytk NaCl I%%EQl 200mM  H2]olA]
195.41+3.9mg GAE/g2o & 71 WA yErgitt,

TFC ¥% EZF OmMollA 154.984+4.7mg QE/go =&
7 %o, oeoZ 100mM  (111.52+2.48mg
QE/g), 50mM (104.1+3.19mg QE/g) <O& ek,
200mM Aol A 94.34+191mg QE/gl& 7FF &
A Yebdtt olgdt Axk= NaCl w528 AejzAolA
A &4 Aatel wie fARE Aol e AeE
vehtor, s 9 FEetEolt dgo] 15719
g AEH A0 oigt A 5o 7|
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Fig. 2. DPPH scavenging activity (%) of Crepidiastrum
sonchifolium in response to NaCl treatment at different
concentrations.

AR,

NaCl 2E3A | 1SHi7| F=529| O0+A O

AMZEZE NO =H[0| DIxl= Fe

A9l 593 74 842 o 4
olg 3o Add HIRkge] ARl
S SHtH(Moncada et al., 1991). gy¥tdog wpheA
9] AMZEF]] Raw 264.7 A= I 3/ HEof
o] MzEeollA F&% A4S lipopolysaccharide(LPS)
2 A=k iNOS(inducible nitric oxide synthase) &
A9 Z-go] 9sto] ARFAA(Nitric oxide, NO)Y A34
o] R, t &%9 NO A4 oA a3E IRIg

o=ZX PAF EFE AEdk= wHo] o] 8= tKNicholas
et al., 2007).

2 AFolA NaCl A8 aEHj7] F&F80] LPSE #}

a8 4

07 4 y = 0.0031x + 0.0413
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Fig. 3. Standard curve for determination of (A) gallic acid equivalents for total phenolic contents and (B)

quercetin equivalents for total flavonoid contents.
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CdEE - dEF 013E - MEF - 7E

=3t Raw 264.7 AZOIA NO A4 Ao ma= I
S v|WEATE Raw 264.7 A|Xo] LPS ¥ 1E#j7] 3
£52 1, 10, 100, 1000ug/mLe] w2 gt A3}
LPSE 5= AFotdg o, S/dchz] s NO A4
o] FloHAl T7Fok= A g5ttt NaCl 50, 100,
200mM= #23t a15Hl7] 1FolA 100ug/mL7FA] LPS
of 9sf f=H NO B4E Aok e HE=R] ¢
oy, RE IF9] 1,000ug/mL Aol A LPSe s
F=H NO Aol foloz 7AstkFig. 4).

OfA CHAIMIZEO| CHEH NaCl AEYHA |RE 1S

7| FE=2| MESY AM

NEH7] $&E0] Raw 264.7 ME| s MEZAAE
£l "R FFE RIS e Fig. 500 AAlotoirt
Raw 264.7 AlZo] &S FRIsH] Hlal, AZxE o
g %20, 1, 10, 100, 1,000ug/mL)°] &= T4
24A17F X HiRE & MTT assays AASKITH 5=
B2 Aok &2 SR control)?] F8E HH-S
10022 “golal Alg A FL= S ot A

120 1

0 mMm
— 100 A
s
=
= 804
i
S 60
g *
5 404
o
< 20
0 ; ; .
0 0 1000 Conc. (pg/mL)
120 -
100 mM
_. 100
s
=
z 80
2
2
S 60 -
o
g
5 40
o
Z 20
o NN

0 0 1 10 100

LPS (1 pgimL)

120

1000 Conc. (pg/mL)

Abstoict.

EAZH0mM) 2 50mM IF9 TEH)] FEES
Raw 264.7 MZEF0] tjg] ZE AH2s=olA 80% oA
o] MEAEES UEREoY, NaCl 100mM % 200mM
A7) 15E(1,000ug/mL)oIA 472t 64.66%2E 34.75%2]
AlzgEgo] T ol2fgt k= NaCl 100mM ¥
200mM Aol vepd nEuly] 359 NO A4
oA o] FFS & FACE T 4= Ut} Nam et
al.2017)2 100mM ©}49] NaClE A2etde d 412
o] i AEHAZ Sl AT &4 A 59 AL
o] AMatecty ®Eystoict ¥ A7 A3 NaCl 50mM ©]
Ske] APt LIPSOl 98 frEe= NOE apEom
AAIT = US BRIttt Ao s uEwH 7|9 7
% 100mM ©J5}9] NaCl A= 4tst &) JFS
£ 4 om, ojHol| HuH A ;o] Al H|is}
IS W(Lee et al., 2020), 50mM ©]5F] NaCl A& &
7oA AE9 AR d AgEgo] 3-AA IFE &
T AL Aoz Algdr},

50 mM

Conc. (pg/mL)

LPS (1 pg/mL)

Fig. 4. Effects of Crepidiastrum sonchifolium on NO production in LPS-stimulated Raw 264.7 macrophages.
Crepidiastrum sonchifolium was treated with different concentrations of NaCl: A, OmM; B, 50mM; C,
100mM; D, 200mM. Each bar represents the meantSEM(n=4). Significant values are represented as

*1X0.05 compared to LPS alone.
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Fig. 5. Effects of Crepidiastrum sonchifolium on the cell viability in Raw 264.7 cells. Crepidiastrum
sonchifolium was treated with different concentrations of NaCl: A, OmM; B, 50mM; C, 100mM; D, 200

mM. Each bar represents the meanstSEM(n=4).
X O
- <L

B dAFEs g8 AEHAV 187 (Crepidiastrum
sonchifolium)®] A5t 9 JAS Do vx]= FF
< I A3 NaClE s=E& 0, 50, 100, 200
mM 65:7F AEfgt &, AEA HAE AFste] 70% olgt
& F25S AXSYL. NaCl AF % 0, 100, 50
mM 92 DPPH =tz AAEo] =4 Yehton,
200mM AHEZoAE 7P W2 g AALS Bk
ZF Hs € F ZE kol T T3 NaCl 5= ot
2t akst G35 v FARE AT Yepion, 429
H= 3jHEo] 48 AEH A tigt gRakE SEo] 7]
g & QLS RIS 3L NaCl A2 1EH7] 3
£E0| LPSE A=3 vhe-A thAA|Z(Raw 264.7)0014
NO A4 %Al vX= JFS vlust 27, NaCl 5=
g RE 789 1,000ug/mL HFlA LPSOl &) &
TH NO Ag=keo] f9¥or Aoy, NaCl
100mM % 200mM A2+ 115%(1,000ug/mL) #12]
£ Az B340 JFS T Aoz IRIFHAL
olgfgt Axh= AT AHe AlEAlRIA 2HHd AAE
o] 7k 9451, 100mM NaCl HEEe7d] @8 A
Efao diSsy] Het st EFS AL

200mMe] 2 NaCl 5F+ Q3|8 A1&EA| A4
HAA0] e =L oz muEch 1SHjr|o A
100mM ©J5te] NaCl A= T4t &40 IS &
S QloH, oo BiuE A A#o] A} H|WotRS
o, 50mM ©Jste] NaCl A& oA A& 44 ¢
AEEAgol| FHHR FFS & F US FOoFE AlmHrt
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