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Abstract

Stellaria aquatica, belong to the family Caryophyllaceae (commonly known as the camation family), is a perennial
plant found in subtropical and temperate regions. In addition, the seeds of S. aquatica are known to be polyphenol-rich;
however, the biological activities of S. aquatica seeds have not yet been evaluated. To enhance the use of S. aquatica
seeds as functional food and natural medicine, the total polyphenolic content, and anti-oxidant, anti-cancer, and
immune-modulatory activities of S. aquatica seed extracts were investigated. The radical scavenging and reducing
power activities of 1,000 pg/mL S. aquatica seed extracts were similar to those of BHT and a-tocopherol. In addition,
total polyphenol and flavonoid contents of S. aquatica seed extracts were the highest in 70% EtOH extract (27.30
mg GAE/g and 23.22 mg QE/g, individually). In the case of HepG2, A549, MCF-7, and B16 cells, IG5y value
of the 70% EtOH extract was lesser than that of other extracts, whereas the lowest ICsy activity of EtOH extracts
was noted in HT-29 and PC-3 cells. Furthermore, EtOH, MeOH and 70% EtOH extract-induced cancer cell death
was related to apoptosis. In RAW 264.7 macrophages, 70% EtOH extract significantly improved immune-modulatory
activity by increasing nitric oxide (NO) production without inducing significant cytotoxicity. Taken together, our
results provide important insights into the bioactive potential of S. aquatica seed extracts as functional food ingredient

and natural medicine.
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== o] &l F= Stttk whalE T el 208 &%
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A 23] FZFoto] FEES AJUTE A xS FE2ES ZH
(JET BIOFIL, 25 mm, PTFE membrane, 0.45 pum, Sterile)=.
A#g = AYeEF71E AHEStd F% F dimethyl
sulfoxide(DMSO, Sigma Chemical Co., St Louis, MO, USA)

N

1ol 4 2002, 2005,

¢

T
==
=

o By

o]-&-3te] 100 mg/mLe] FE= o] 4T YHE
of Aol AHESIIT) &, oles, vigE 3 70% ol

DPPH 2iC{& &HE

DPPH radical 227 242 Blois(12)2] #H S ¥ 5l
AFE-3HA ) o,a’-Diphenyl-B-picrylhydrazine(DPPH)2| $F
A& o] 43 Z o2 250, 500 L 1,000 pg/mLE 3] AA|Z1
A% FA 35 40 Lol DPPH 200 13 A1 2] 51312
&tz (positive control)?] 0.1% dibutylated hydroxytoluene
(BHT)$} 0.1% a-tocopherol & o= FZ&2E3} FA5H/
DPPHE A 2]gh § 3027t bAoA ¥H-g-A1Z1Tth 517 nmell
UV/Vis-spectrometer(Hitachi, Tokyo, Japan) 2 37 3}3] T}
x2S 55t eSS Hrtkste] tixatd et
FHE fAavES Ui

control 9] S4E-sample AT FHE
controli™9] FHE=

Hydrogen donating activity(%)= X100

ABTS* radical 2Hs

ABTS * radical 227]%- Biglari 5(13)2] WS W&}
o] =7 3T 7.4 mM 2,2’-azino-bis(3-ethylbenzothiazoline-
6-sulphonic acid)(ABTS)+= 2.6 mM] potassium peroxodisulfate
oF &gt £ 23T gaolA 1641t St ¥HAIZ T
ABTS £99 ¥T& 732 mmold F3= =% gko]
0.700+0.03 A =7} =& 3435} t} 250, 500 2 1,000
ng/mLE 3|AA171 ¥ F2F 55 100 L3} ABTS
£ 3900 UL T3 F 23TollA 657+ Laol A wHE-
A)7]3L 732 nmel| 4] UV/Vis-spectrometer(Hitachi) 2 &4 %=
= =33tk G x2S 0.1% BHT(Sigma Chemical
Co.)%2} 0.1% a-tocopherol(Sigma Chemical Co.)= AH&-315]
T} ABTS radical 427152 The9] 2 el wha} A 4bshich

Control 9] E4%-Sample H2)7e] 4%
Control 9] §4%E

Scavenging activity(%)=
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Al 2] 982 Yildiim 5(14)9] WS WPst] F
%8kt 250, 500 2 1,000 pg/mLE 3]AA1Z] A FA;
%% 50 pLol| phosphate buffer(0.2 M, pH 6.6) 250 uL3}
potassium ferricyanide(1%, w/v) 250 nLE 7}sle] 49
F, STE FABHEA 2087 §HEAIZIT whg-<do 250
uL9] trichloroacetic acid(10%, w/v)E %71t & 10,000 rpm
o2 1087t YA EE SIHTh S| 250 iLE well plate
o A 250 il 72} 50 1Y) FeCl(0.1%,wiv)S 7135}
o] 700 nm°| A UV/Vis-spectrometer(Hitachi) 2 &3 =%
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= % Jﬂl’é‘ 3 ‘%k% Folin-Ciocalteu WS Wg3lo] =
g 8FATH1S5). S/ 45 uLell 1,000 llg/ﬂflLE SIMAIZ &
HE £221 355 5 ILS ¥ 2 N Folin-Ciocalteu A 2F
(Sigma Chemical Co.) 5 ILE ¥ & 581t 8H&A]7] 2
7% Na;COs(Junsei Chemical Co., Ltd., Tokyo, Japan) 100
HLE 7Fete] 1AIRE 51t Aol vRAIATE S8 5%
< 760 nmellA] UV/Vis-spectrometer(Hitachi) S A}-&-5}o]
=73 6+9 .21, gallic acid(Sigma Chemical Co.)Z 3|4 &}
HFAS WE0], o] & vl o g FEE9] & Zevs o
g A aetanh

F FeH 0= IS Graham(16)9] W& W g 5to]
S48t 1,000 pgmLz A7 A8 T FEE
20 pLell 10% diethylene glycol(Sigma Chemical Co.) 200

uLet 1 N NaOH(Daejung Chemical Co., Ltd., Siheung,
Konea) 20 L+ 93 4lolEth 1 3 37TCAlA 1A Bk
S A7) F3 % 372 420 nmol| A UV Vis-spectrometer
(Hitachi)& AF83le] 43t om, quercetin(Sigma
Chemical Co)& 3]4jsto] A& e, ol & vl
FEEY F TPExolE FFE FFIA

ME HljY

B AR AR Al 2 g Al 2723 (KCLB)l A
< W2 HepG2(human liver cancer cell)2} The Global
Bioresource Center(ATCC)°l| A ¥ %2 A549(human lung
cancer cell), MCF-7(human breast cancer cell), HT-29(human
colon cancer cell), PC-3(human colorectal cancer cell),
Bl6(mouse melanoma cell) % RAW 264.7(mouse
macrophage) & AF-8-51%1th HepG2, HT-29, PC-3 ¥ BI16
AEZE 100 uniymLe] antibiotic antimycotic(GIBCO®
/Invitrogen™, Gran Island, NY, USA)$} 10% fetal bovine
serum(FBS)7} #7}¥ DMEM< AR&3dte] 37C, 5%
COzincubatorol| Al At wljefsle] A& Algslsom,
A549, MCE-7 ¥ RAW 2647 A|¥E 100 unit/mL2]
antibiotic antimycotic?} 10% FBS”7} 3 7}¥ RPMI1640
(GIBCO®/Invitrogen™) 2 A}-&-3to] 9] 9} 22 7oA A
o] wjkete] Ao A&
StMZ B4 AHls &Y

Al F2] A5 HepG2, A549, MCF-7, HT-29,
PC-3 2 BI6 Al E= A}&ékaigu% sulforhodamine B(SRB,
Sigma Chemical Co.) < o]-83le] =435It A= ‘ﬂ‘”

o] gl e FHER Yehjo] A 24 oA
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gQlst= WHHO 2  Trichloroacetic acid(TCA, Sigma
Chemical CO) of ofaf A= M AERE well plate] F2=]™
o] Alxe] vd W @71/ o]t 17171 SRBOF A 9
ste] wpx| gkl *]2]3}+= Tris buffer(Sigma Chemical Co. )Oﬂ
Fol o} FAEE UeEhIt17). HAE F4 AT
A EZE 2x10* cellsymL7} 5 == 34 3ko] 48-well plateoﬂ
3 U3 37C, 5% CO, incubatorol| A 24 7F vl ot
3250 2 500 pg/mLo 2 3|AA 7] HELE FA FEES
A7Fslar 24X13F B9t BEEAIFTE 24413 & 12% TCAS
go] 4Tl 1A Bt AIEE 1AL well S S/
2 A A e = 04% SRB £-92 H7kato] gharellA] 1413E
FoF A Sty M FE T 1% acetic acid(Kanto
Chemical Co., Inc., Tokyo, Japan)Z A2 3}3 10 mM Tris
bufferE %7} 3t SRBE 5 th. Tris bufferol]l A7}
Z Aol =5 llE S & F 45U 96-well plate]] &7
UV/Vis-spectrometer(Hitachi) & A}-8-3}°] 540 nmol| A &%
=E skt

otM ol HEfStA &

SAEE 1x10° cellsymL7} E| =2 34 5le] 6-well plate
o] £33l t}2 37T, 5% CO, incubatorol| A 24|17t vl s}
52 100 pgmLO 2 A 2|3kal 24417t Bt
HESAIF T 01—? Alaze] Jejehy W= ZOOHHEA J*ii'

Annexin V-FITC 44t
et M EZ 2] apoptotic A 3E APE-S &138}17] ¢l38le] Muse
Annexin V and dead cell kitol] 23] 2% A 3ZE Muse
Cell Analyzerg ©]-8-3t9] flow cytometry ol <Jal] =%
3l th Al EZ 24-well plateol] 1x10° cellsymLe] %%
BF3}l3 37T, 5% CO, incubatorol| A 24417k vfj k3l &=
100 pg/mL o= 3| A7 &8 3 —’F%%E A7Fste] 244
7t Bt HREAIA E} 24A]7Po] 74 2}3F & trypsin-EDTAE
7413] s "ﬂ.‘-—i‘* A3k 2 Annexin V B! PI G4 A]oF
=3t g9 100 LA F713F & Al 2of A 208 7H
SAA ‘ﬂr Annexin Vo PI A|2ke]] ]3] ©= 9l wx}
i} = ‘ﬂ- S(X)O7H/V\] B 01_011 (@) U:] 71—7]—_/] __/\4

w2} live, early apoptotic, late apoptotic 2 apoptotic A 3
=]

Nitric oxide MMzt &3

Nitric oxide(NO) A% &% & RAW 264.75 2x10*
cellymL7} 5| =% 8235} 96-well plated] 53 o3
37C, 5% CO, incubatorol| ] 24A]7F v ekalar 2.5, 5 & 10
ngmLE 343 283 F2 FEES 12413 Bt APt
o Ao ZH(positive control) = 100 ng/mL2] LPS
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£ AHStAT) ol % AEd 50 ibe 53 H THe
Griess(Sigma Chemical Co.) Al k= 78l a4 15
E7F v-g- Al71 & UV/Vis-spectrometer(Hitachi) S ©]-&-3}
o] 540 nmol|A EFF =S F4 S Th NO $ =& sodium
nitrite(NaNO,, Sigma Chemical Co.)E& Al8-3lo] A2 A&
Mg 7TeR A

EAIx2]

AP A= 3 Bl gk Hit ¥ EFHAE FASH
om, 7} AdaS x| tigh vEEE YeRgUth

o 7] AR frel/d ol tigt HF2 Student’s ttests
AAsle] foA RS B 8k Th*p<0.05, **p<0.01,
5% <0.001).
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HHE FA FEE2] ABTS radical /\71 2445 Ve
A7 Fig. 1A% 2ok @4 G349 0.1% BHT 2

A 4kskAQ1 0.1% a-tocopherol & #2811 S W
747} 72.48%, 60.12%°] ABTS 2tz 2A 45 Jeh)
Rom, YL T2 FE2EEE FEo|F4 ABTS 2z
2AZA 9 F7HE YRt £3], 1,000 ng/mL9l | gk
< 9 70% et FEEAA 47 65.81% H 70.01%°]
ABTS 2tz 2AE4 S el on ]” 5 g oehe
FZ5 3} v wate] oF 33.85-48.75% =< FA YTt o]
8L 2 70% NS FEE 0 uﬂ gs 557
te] Ak ABTS &t &ASS 7HAa, & 2

(
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& FEEETE O 850 ¢d A ¢ F itk
gl &3 5= DPPH 2= A4 ¥ Ao
Aol A2 RA 517 imell A H) 3= el

Fagoleol ¢ ARG 2 A €2 o=
stel = Ao I3 A UTk18). & ATl ==
ES % 2+ —?%%4 DPPH 2t 2t A& 43

To|A 70% oAeE FEEC AAL
£ 84.30 '7& ;o] T E(23.50%), olleHE(59.43%) L
E(74.48%) 7} HILOM 7V $-43 DPPH &}
1= A—L—E AthFg. 1B). ©|&= thZ12) 0.1% BHT
(87.18%)7} Hluate] fALgH xle HeRf It} DPPH 2k
Oz &Agdo] ABTS 2|z 24 &4 ¥ vlaste] vl
A e FAE Ueille A2 gdZde TR/, 24749
ateld, 714 e AAE 52 ¢le ofg Aoz dAd
th(19).
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A3t Fejel Fool eAFS B LelolE S
B3l Uehts a9 SHSAE W 02 34 70%
AgE 5l =

2 e FEEL 1,000 pg/mLe] Fs=oA ZH7)
9 8746%2] 98 SAZ Jehjler ol &

9 oehg FEE3} Hlwale] oF 4592-6392% =2 9y
2, = T3 1,000 pg/mLe] 70% ol g
S FEEY YEgE FEE2 0.1% BHT ¥ 0.1% «a
-tocopherolZ} H] w3le] SAFeF BlE GBS 71 =i Th
21 g0 7 o] LHE Ealel AR A S ik 5
2 EeHE o] Hod Ao g o, T
FEEo FHe gakst e ok Aste] o g3l
259t B YIS oz 1\115404\:}(20) Jo S2D)=
DPPH ¥ ABTS &tz &7 5& 7 & ofutatx F4b
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AU 2171 3Aksl 2 tyrosinase <A1 S S a8l
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71k AEAtel wkgAdeo] & sho]| =47 (hydroxyl
group) S 3 o] “?:}6}‘31(23) AEA W EsE S
=oll 3t AFellA of, B3, AEaA A8, HEF, d=
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2 325 & Zelus 2 F SgH ol kS Table
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FE2E = Z¥E IFS 47 7.08, 1048, 2221 H
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27.30 mg GAE/go] 31 & Edti ol = &L 377, 855,
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5 70% e FE=e & Eovs B ETE ko=

B oee 2227 vwsle 2.11-3.854 O
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Fig. 1. Anti-oxidant activity of Stellaria aquatica extracts.

A, ABTS’ radical scavenging activity; B, DPPH radical scavenging activity; C, reducing
power activity.

Data values are expressed as meantSD of triplicate determinations.

A A26d A2E (2019)

Table 1. Total polyphenol and flavonoid contents of Stellaria
aquatica extracts

Total polyphenol contents Total flavonoid contents

(mg GAE/g) (mg QE/g)

Water 7.08+1.01" 3.77:087
EtOH 10.48+1.82 855+1.18
MeOH 221211 16.94+3.03
70% EtOH 27.30£2.79 23224231

"The total polyphenol contents are expressed as mean+SD of triplicate determinations.

ME A emliﬂr
AAR = °‘% 7}1* =& AMES Y= T4
5 5} ].sq/ﬂ ol E/ﬂ 24 Eq. e
<], %ﬁ‘ﬁ%%ﬂ Z}%Oﬂ sl Y x4 9 Al
DNA &4o] fibe]o] A eth27,28). 2 thekst A+
A ksl 3% B EejulE o] Hold AdAE]
e 2 S AT - e AR HuFEAr]
2 A FEEC] e 4o As dAAE F
2] o} Azt Table 29} 2t} 2H L X} %%%
= T HAIE Foll 2447 BF AYsiGE o
74.43—914.55 ugimLe] FEoA AlE AEEC] 50%7} H=
A2 2 YEFITHTable 2). HepG2(1 A 7<), A549(21A]
#H h, MCF-7( A 3eh) % Bl6(wH-22 S 9)5-9h
Aol A L T2 70% oeheE FE2E9] ICoEE #h2
ZyZ} 75.82, 351.22, 7443 2 7741 pgmlLE 2 FEE3
Hlwale] =& SHIE A4 A €45 Jehfiglen v

o Mgy B dgs FEE0] 12 HE A AR
29

tlo ¥ B ml

2 B9} v Y- gt A 2 PC-3 Q1A

QA
Z;%—Mla—o—%

APAet M ETE= &Y AN A 154.23
2 621.56 ng/mLe] ICsy F5= o & 431 DHP 3%
A Eee U on YA %% £ ICos = &
S B5 54326-1,000 pg/mLS 235 o7 z JQ&H
o} kst Dol et A= v & T AR
g oddel] 483 4 9101H29,30), ol= ¢l T, ¥d

Table 2. Cytotoxic activity (ICso values) of Stellaria aquatica
extracts against HepG2, AS549, MCF-7, HT-29, PC-3 and B16 cell
lines

ICso (uig/mL)
Water EtOH MeOH 70% EtOH
HepG2 1,000> 9421+2.81" 8405386 75.8242.37
A549 1,000> 894.6813.11  490.98+13.01  351.2210.20
MCE-7 1,000> 89.13+3.73 79.38£5.71 74.43£3.55
HT-29  54326£1009  15423£7.31  914.55+12.90  763.98+15.62
PC-3 1,000> 621.5618.87 1,000> 1,000>
B16 750.58+11.89  91.66+3.18 85.81£5.61 714144.12

The ICs) values are expressed as meantSD of triplicate determinations.



Comparison of biological activity between Stellaria aquatica seed extracts 233

AIZAPE 717, 57300 T A3 Foll thigh Afo]o] o]s)
gijo] detd  SUrh@31). & AFolA kst &4 9
ZeldlE gl w34 AEx FA g 3 0% o
& FEE| A A EA A2 9 A 2AS
el o tideh 3 AR Al el deofaos

MeOH

oEre 58| Byo] itk £, 8% 0% TS
FEBE UL AL R FAF NG AL ge 5

QFA| Eol| A 75.82-77.41 ngmLe] Hl w2 & ICs #hS
HeR STt o= QIAl Abaet Al ZellA] 932 pg/mLe] ICs
#He YA SFZ(Nigella sativa) A FEE(32)

70% EtOH

Fig. 2. Effect of Stellaria aquatica extract treatments on morphological change in HepG2 and MCF-7 cells.
(A) HepG2 and (B) MCF-7 cells were treated with 50 pg/mL of S aquatica extracts for 24 h, and then cell morphology was visualized by inverted microscopy (x250).
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2 Q1A AFAH|ES M| 3o A 2459 pg/mLe] ICs, TE=E
7RIva HaE 2 $2F FE5=(33)3 Bluste] W
522 Holt Ao $elth Thomasset (34 & A
A=W s & 748 3 “H ol whet oAl
A}Uﬂ 2 ulo] 9 v}A ‘:'E‘?,ﬂﬂ] et T17de] v Yehdtt
I Busigirldl, AEE FX }1}‘”%%-4 578 AE 54
A &= Fuls SRS 7R dal Aort A=
7ti F2HY o]F A% e ATE B o oAl &%
S e 71 AE 2 HAE ofEo R o84 § 9%

X FE29 LM = e M5t 3 apoptosis
i
tOSlSt‘ Z2 W AE 5 9 A8 $3
Vd 2 =3} Fof| oJaf A A o2 A

o2, FF AdFAFoI Y "Rk
bi.% of| A %}*é:@} 7| % gk35). 6]
SHA gl A Aol S A < Oﬂ
Hom™ p53 D]—Hﬂ;d g.l 0]‘#4 Al&A
< 58 9 quq Hsh M3 5, DNA %’é} S
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Fig. 3. Effect of Stellaria aquatica extract treatments on apoptosis
in HepG2 and MCF-7 cells.

(A) HepG2 and (B) MCF-7 cells were treated with 50 pg/mL of S aquatica extracts
for 24 h, and then apoptotic cell population was analyzed by flow cytometry.
Data values are expressed as mean+SD of triplicate determinations. Significant differences
were compared with control at *p<0.05 and **p<0.01 by student t-test.

Xt ? 29| Ma|7t CHAIMZO| AtslEA Ei|
o|

= Lﬁ} d\_(mmc ox1de
HJ%% doz F o agd

73 9% nuclear factor (NF)-kB7A 22| &A3E ‘30}04
HAZE-S ZX8k= J&d= ke o= daA] Tk39).
2 AFofME HHE T4 259 A7 A E Y
NO A/ #e] Wsle] JahE n|X|=x] golrgteon ol &



Comparison of biological activity between Stellaria aquatica seed extracts 235

B "] a5d g3 7tsA S Frstaa skt
(Fig. 3). 2/¥Z F2 252 120 pgmLe] L2 24

AIZE Fok A28l S vl 20 pg/mLol A FE 2291 A E
2] A &EIZ B 79 (Fig. 3A), ©]S v FoF
A ME QG A LTS BolA] &S 2.5-10 pg/mLe]
HHE TA FE2ES 1223 AH2d § NO A el Ws)
£ Btk iz vlaste] LPS AElellA] frel 4
Q1 NO Aol 3715 gRlatalom e T4 dghs,
HekE 2 70% A EE FEECA FH o2 NO7F 57}

= Ao YEbdTtHFg 3B). 53] 70% <& FEE5S
10 pg/mLe] T=2 A3t ul <F 30.69 uyM2] NO7}
AEPen ols 5Y o g2 FEET ¥ wstd
7 =& NO F4S feshe Aoz FlHi) s qt
5 3259 NO A HE 2T fAIRE 502 Eo

A
140
OWater OEtOH @MeOH m70% EtOH
120 -
£ 100 [ _ -
~ ~ e
£ 80t
%
= 60 -
3 40
20
0 Ll 1 1 1 1 1
Control 1 2.5 5 10 20
Concentration (ng/mL)
B
60
OWater OEtOH @MeOH m70% EtOH
50 r
% 40
% I
= 30
S
=
= 20 ¢
z
mil
0 1

Control LPS 2.5

Concentration (ng/mL)

Fig. 4. Nitric oxide (NO) production activity of Stellaria aquatica
seed extracts in RAW 264.7 macrophage cells.

S aquatica seed extracts were treated at 1-20 pg/mL in RAW 264.7 cells, and
lipopolysaccharide (LPS) was also treated at 100 ng/mL in RAW 264.7 cells for inducing
NO production.

(A) After 24 h, cell proliferation was determined by SRB assay. (B) After 12 hr,
NO production was evaluated by griess reagent.

Data values are expressed as mean+SD of triplicate determinations. Significant differences
were compared with control at *p<0.05 and **p<0.01 by student t-test.
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