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Antioxidant activities, production of reactive oxygen species, and
cytotoxic properties of fractions from aerial parts of
glasswort (Salicornia herbacea L.)

Smee Kang and Jungil Hong*

Division of Applied Food System, College of Natural Science, Seoul Women's University

Abstract Glasswort (Salicornia herbacea L.) is an edible halophyte that grows in salt marshes. In the present study, anti-
and pro-oxidant activities and cytotoxic properties of glasswort were investigated. Solvent fractions, including fractions of
hexane, ethylether (Fr.E), ethylacetate (Fr.EA), butanol and water, were prepared from a 70% methanol extract of glasswort
aerial parts. Fr.EA contained the highest levels of total polyphenols and flavonoids, showing the strongest scavenging
activities against DPPH and ABTS radicals, and nitrite. In addition Fr.EA showed the most potent cytotoxic effects on
HCT-116 colon cancer cells and INT-407 normal intestinal cells, followed by Fr.E. Most fractions also decreased the level
of reactive oxygen species in the treated cells, but generated H,0, in the medium. The cytotoxic activity of FrLEA was
more pronounced in the presence of ascorbic acid or N-acetylcysteine. These results indicate that the fractions from aerial
parts of glasswort exhibit both anti- and pro-oxidant activities, and these activities modulate cytotoxic properties.
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bis-(3-ethylbenzothiazoline-6-sulfonic-acid) (ABTS) % N-1-naphth-
ylethylenediamine dihydrochloride (NED)+= Sigma-AldrichAH(St.
Louis, MO, USA)Oﬂ}‘i TFdakach AL MEFQ HCT-1169F
328 A AIEZQ] INT-407= American Type Culture Collection
(ATCC, Manassas, VA, USA)OIA E0F #9Eo ™ 3(-4,5-Dimeth-
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Aldricholl A -9} &te] ©]-g-3t3itt.
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HS A7l & 1M Eglo] Z & 2ol EXktrichloroacetic acid)¥}
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2o AT 5% 0}01 Z A EF< (buthylated hydroxytoluene,
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Table 1. Chemical characteristics of the fractions from the aerial
part of glasswort

Total polyphenols” Total flavonoids®

Fractions Yield (%) (ng/mg solids) (ug/mg solids)
FrH 5.58) 87.95+3.29°Y 104.11+1.86°
FrE 1.39 73.80+:0.14¢ 51.43+2.94¢

FrEA 1.05 224.37+1.82° 383.24+10.15°
Fr.B 4.49 153.60+2.51° 207.15+6.46"
Fr.W 87.48 12.74+0.14° 14.33+0.65°

YMicrogram of contents/mg of fraction based on tannic acid as a
standard

IMicrogram of contents/mg of fraction based on catechin as a
standard

JPercent yield based on weight of 70% MeOH extracts (w/w)
“Different letters in same column indicate a significant difference
(»<0.05) based on one-way ANOVA and the Tukey’s HSD test
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Fig. 1. Scavenging effects of the fractions from aerial part of glasswort on DPPH (A), ABTS (B) radicals, and nitrite (C) and their IC,,
values (D). Each value represents the mean+SD (n=4). Different letters indicate a significant difference (p<0.05) based on one-way ANOVA

and the Tukey’s HSD test. "Not calculated.



e rIt o] ABhA] B Al 2 577

T8 Z47F 558, 139, 1.05, 449% (ww)E UERESH, Frwe
87.48% (ww)E A3 EL £&& Y ol SER
§7]9,] 50_7()%01] %s}u} HyE 017])\]. 59,] /xlo]H og} Oi}\g
AERAN FE2E T UFEY EF77F & 290 2R35H L}E}
b dgos AZLETHR9). Ty A 4 8 8
s Fetrro|t e Bt MRS E—zr%é_‘i 74]
Absle] Table 19 b}EM%OiD} S 70% HEhE FEEC]
Y dH F Zods ¢ ZExol= ¥ S FrEA>FrB>
FrH>FrE>FrW =02 Uebdt) 3 F FrEAA % Zg9
5 % ZEfRwols dEo] 71 EA JEREO™ mgd 2244,
3832 pgs FES el ol vkl FrWe med 127 pg
o} 143 el s FHHEEEE FRToEN 28 F
7P W S eI £ AlReA EetReolE AR
o] stako] o] FPele ZaHm R deEtt o 2o A
o2 yeptet, Kim 529& HIES B2 d7oME dE F
ZE Fo ZEEisig g 4 FgEwol=r) EE 2o
2 Bysgen o 4}1%1 4% E2EAZ A9E 7
gizle] ¥lwd e v-edS Y] WjEoE e

o
i

DPPH, ABTS ZiC|Zt & ofzlrlo|2 A &3}

SEHt A FE2E +9 ¥ DPPH #HHZ &AGS 5
A A3} FrEA>Fr.B>Fr.H>Fr.E>Fr.W =9 &S YERIT
(Fig. 1A). 3 & FrEAE 50 ugmLE =4 83%2] gojds
Z73te] DPPH gelZel oigh Zg 47 248 JeEhlsly,
FtB, FrH, FrtEE DPPH gtz thsl] U3t solA ztz
54, 35, ¥ 25%9 &A &AL YUY, ABTS &7
T2 54% A, DPPH &tz &AGH A @4e/1E
EM(};U:}(Flg IB). 2+ B8 Fx & o7 ABTS Uz
273182, FrEAE 62.5 ug/mLolA 84%9] jzhe 473t
= Ao Z ettt ofgito| Lo thelk A7 A X FrEAZ}F 7}
2 = S YERIYL, 20 pugmL EEANME 2k 80%<] of
Aol & ATt I o)t R EAo] EitEe AN
< HYtkFig 10). 7+ 2AZA ] hdt IC,E AAtsle] v|lwd
Az 7P = 284S e FrEAY DPPHS} ABTS o)z

| it 1C,;& 7H2t 29.84 2 28.83 pgmLE UEREom E3] of

Aitol el tisiA= 10 pgmL oldl9] st 48 Yepdisict
(Fig. 1D). & A3AA 4FslAIQD ascorbic acid®] DPPHS}
ABTS 20z &A9 Wk IC;& 22 47.99) 31.7 ugmlLZ Y
E}st O™ (data not shown), WA FrEAE ascorbic acid R.TF H]
oA 74t radcial 2 S AYe oz Azhdr) b
FrWE A&st & E3o|x = DPPHe} ABTS ZitiZol tigh
A Hr} opzitol ol tigh A o] FeHeR =
LFERSE

AnkA oz ZYvE 24 9 FopEeol= 33ES DPPH
F/M%}% H] 23k 74%— gz Holdh 2AZE-S VERITIL
geo] R 9 FoRxol=
A veRlo] SEmit] A
7

\r

é LI

w g9 v A
Bge] Ashix SAL URE 7 Bao] e ZaldE 3

FehReo|=y =dRRE 7|3 Zlos dekEr)

X|WE! DpAESE ofF| ST
EEUM A FE2E B AW} A G3E Fenton

[}
I BE —E—;Ol I mgmL FE=A f2]4
o

120
sesge

= 100}
N d
N
=
S 80r
f=
=
g 60
RS
-
240
<
E ) I . .

0

C ontlol FrH Fr.E FrEA FiB Fr.W
1 mg/mL

o 50
e B)
B 40t
N
b=
(&)
<
op 30T
b=t
g=!
it
T 20
=
o
o
2 10
[,

0

FrE Fr.EA F1.B Ft.'W

1 mg/mL
Fig. 2. Effects of the fractions from aerial parts of glasswort on
lipid peroxidation (A) and their Fe** ion chelating activity (B).
Each value represents the mean+SD (n=4). ** significantly different
from control according to Student’s #-test (**p<0.01). Different

letters indicate a significant difference (p<0.05) based on one-way
ANOVA and the Tukey’s HSD test.
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Fig. 3. Effects of the fractions from aerial parts of glasswort on
intracellular ROS and H,0, levels in medium. INT-407 cells were
treated with each fraction at 400 pg/mL for 90 min and intracellular
ROS levels were analyzed using DCFH-DA (A). Concentration-
dependent effect of Fr.E and Fr.EA on ROS level in cells were
analyzed (B). H,O, level of each medium collected were also
analyzed by FOX assay (C). Each value represents the mean+SD
(n=5-8). Different letters indicate a significant difference (p<0.05)
based on one-way ANOVA and the Tukey’s HSD test (in A). Double
stars are significantly different from control according to Student’s -
test (**p<0.01).
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Fig. 4. Effects of the fractions from aerial parts of glasswort on growth of colon cancer and normal intestinal cells. Cells were treated with
each fraction at 400 pg/mL for 24 h (A). Concentration-dependent cytotoxic effect of Fr.E and Fr.EA on HCT-116 human colon cancer cells (B)
and INT-407 normal intestinal cells (C) were analyzed. The IC,, value of each fraction for different cell lines were also calculated (D). Each
value represents the meantSD (#=3). Stars are significantly different between effects on HCT-1116 and INT-407 cells (A and D) or from control

(in B and C) according to Student’s #-test (*p<0.05; **p<0.01).
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Fig. 5. Generation of reactive oxygen species from fractions of glasswort and their roles in regulating cell growth. H,0, levels generated
from each fraction of glasswort were analyzed using FOX assay (A). Effects of Fr.EA with or without ascorbic acid or N-acetylcysteine on INT-
407 cell growth was also analyzed (B). Each value represents the meantSD (n=4 in A or 8 in B). Different letters indicate a significant
difference (p<0.05) based on one-way ANOVA and the Tukey’s HSD test (in A). Double stars are significantly different from control according
to Student’s #-test (**p<0.01) (in B). As.A, ascorbic acid; NAC, N-acetylcysteine
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