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Q ok B dAFdMe dx FEEUEA 2 SEu)Y stsle s 2ARIY. UEA 259 free radical (1,1-diphenyl-
2-picrylhydrazyl, DPPH) AAZ4(FSCs)E 100 % ethanol FE5(320.33 pg/mL) < 30 % cthanol }%SMO 73) < ethylacetate
F2(1387) < ethylacetate ¥l M F& AAAZ aglycone ¥3(7.80) £o& st EEvhu]e) A9 free radical AAZ
”«OA ethylacetate #8 % aglycone ¥3o] 7tz 2321 2 2850 pg/mLel$lt} Luminol-2] &4 ﬂﬂm%}‘ﬁ% o] 43 Fe -~ EDIA/
HOp AlellA AAE 829 2kaE(reactive oxygen species, ROS)e thdh EA FEHE9 T3 5L 50 % ethanol FEE
(0SCz, 099 pg/mL) < ethylacetate ¥2(0.05) < aglycone ¥2(0.03)5= 22, aglycone FdolN 714 & &5 Jehloi &5
vir]e] A4 ethylacetate 28 2 F-& AAAZ aglycone 89 ROS 2AEAHL 7217 010 € 0.20 pg/mLolgith WA 2 &
Zojr] r?rlioﬂ th3}e] rose-bengal® F7E Al HE 1o *’“‘163011 ek dA4 38 A3k 100 % ethanol VA -7‘—‘5
Eo] A vE &A1 ~ 100 pyg/ml)o 2 #&8E «111]0}914 3] ethylacetate F-8ollX F& A AAIZ] aglycone #3#-&
ug/mlL & Oﬂ/‘i t%°] 310 mn22 w§ F AXEE §IAE Jepdrh SErtYe] 9w ethylacetate w8 A wlaly &
¥RE 249S Jehdod, ol4ke] At URA FEEo] 'O 32 TE ROSE AMAINAY £A% ez 28T ROS
goto] AELg Bggozn AAA, 53] v A =gy gRoA Pl zA A48 5 9ES THgi.
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Abstract: In this study, the antioxidative effects of Sueada asparagoides and Salicornia herbacea extracts were investigated.
The free radical (1,1-diphenyl-2-picrylhydrazyl, DPPH) scavenging activity (FSCs) of extract/fractions of Sueada aspara

goides was in the order: 100 % ethanol extract (329.33 ug/ml) < 50 % ethanol extract (40.73) < ethylacetate fraction
(13.87) < deglycosylated aglycone fraction (7.80). In case of Salicornia herbacea, the free radical scavenging activities of
ethylacetate fraction and aglycone fraction were 13.87 and 7.80 upg/ml, respectively. Reactive oxygen species (ROS) scav

enging activities (OSCso) of Sueada asparagoides and Salicornia herbacea extracts on ROS generated in Fe" -EDTA/MH:0:
system were investigated using the luminol-dependent chemiluminescence assay. The order of ROS scavenging activity of
Sueada asparagoides extracts was 50 % ethanol extract (0SCs, 099 pg/ml) < ethylacetate fraction (0.05) < aglycone
fraction (0.03). Aglycone fraction showed the most prominent scavenging activity. In case of Salicornia herbacea, the ROS
scavenging activities of ethylacetate fraction and aglycone fraction were 0.10 and 0.20 pg/ml., respectively. The protective
effects of extract/fractions of Sueada asparagoides and Salicornia herbacea on the rose-bengal sensitized photohemolysis of
human erythrocytes were investigated. The ethanol extract (100 %) of Sueada asparagoides diminished photohemolysis in a
concentration dependent manner (1 ~ 100 ug/mL). Particularly deglycosylated aglycone fraction exhibited the most prominent
celluar protective effect (zs, 310 min at 50 pg/mL). In case of Salicornia herbacea, ethylacetate fraction exhibited more
potent protective effect. These results indicate that extract/fractions of Suweada asparagoides can function as antioxidants in
biological systems, particularly skin exposed to UV radiation by scavenging '0; and other ROS, and protect cellular
membranes against ROS.
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Table 1. Free Radical Scavenging Activities of Suceda
asparagoides Extracts, Salicornia herbacea Extracts, and
References

Scavenging activity

(FSCso, pg/mL)

Compounds

Suaeda asparagoides extract
(100 % EtOH)

Suaeda asparagoides extract
(50 % EtOH)

Suaeda asparagoides extract
(EtOAc fraction)

Deglycosvlated Suaeda asparagoides
extract (EtOAc fraction) 7.80 (£ 2.40)

Salicornia herbacea extract
(50 % EtOH)

Salicornia herbacea cxtract

32033 (7 14.58)

4073 (£ 02D

13.87 (£ 1.37)

1300.03 (+ 15.72)

(EtOAc fraction) 2321 (+ 1.02)
Deglycosylated Salicornia herbacea extract o4

(EtOAc fraction) 2850 (+ 3.2
L-ascorbic acid 3.79 (£ 0.83)
(+)= & ~Tocopherol 898 (£ 293)
Quercetin 343 (£ 0.15)
Rutin 503 (£ 0.23)

o)

’\ﬂy}“(F%C o) =7 A3 Table 1 2 Figure 13 7
o A 252 100 % ethanol 5% 4% FSCy
7} 32933 pg/mL, 50 % ethanol F&&< 40.73 pg/mlL,
ethylacetate 82 13.87 ug/mL, aglycone #32 7.80
pg/mlLe LER IJr

Aglycone 589 free radical 27184 HIEAR
ARE-E A gA GAEEEA Q1 (+)- @ —tocopherol  (FSCay,
898 ug/mL) Hoie & Aoz yelygrh 2 A4 g
ZE d5E AVESlaat S ethylacetate 3 94 2
A (FSCro, 1387 pg/mb)E& HBAFa vk, 1 <9 1
A EEE AREe 849 -ascorbic acidy=  free
radical ~2AEAL 379 yg/mL, EebR ol HiL
AHE-E 4= quercetine 343 ug/mL, 12| HIFAIQ rutine
503 ug/mL= ekt
st BEvlY FE2EQ F9E 50 % ethanol FE&E
A9 1,300 ug/mLE AAZAo] Al HsA 2
Vel om | ethylacetate 283 249 & AA 24
aglycone 39| AAEAHL 2321 ~ 2850 pg/mLO2
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Figure 1. Free radical scavenging activity of Suaeda as-
pragoides extracts (EtOAC fraction).

Table 2. Reactive Oxygen Species Scavenging Activi—

ties of Suwaeda asparagoides Extracts,

Salicornia

herbacea Extracts, and References

Compounds

Scavenging activity

(OSCsy, pg/mL)

Suaeda uspuragoides extracl

(100 % EOH) 650 (+ 212
Suaeda asparagoides extract

(50 % EtOH) 099 (+ 0.14)
Suaeda asparagoides cxtract _

(EtOAc fraction) 0.05 (+ 000
Deglycosylated Suaeda aspuragoides )

extract (EtOAc fraction) 0.03 (+ 00D
Salicornia herbacea extract .

(50 % EtOH) 200 (= 042)
Salicornia herbacea cxtract

(EtOAc fraction) 0.10 (= 013
Deglycosylated Salicorniu herbuacea

extract (EtOAc fraction) 020 (+ 0.06)
L-ascorbic acid 150 (+ 0.85)
Quercelin 005 (£ 0.02)
Rutin 0.13 (+ 012)
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Figure 2. Reactive oxygen species scavenging activity of
deglycosylated Suaeda asparagoides extracts (EtOAc frac—
tion) in Fe"-EDTA/0; system by luminol-dependent
chemiluminescence assay. [FeCls - 6H;0] = 25 uM, [EDTA]
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Table 3. Effects of Suaeda asparagoides Extracts, Salicornia herbacea Extracts, and References Compounds on the Rose-

bengal Sensitized Photohemolysis of Human Erythrocytes

r5 (hall time of hemolysis™)

Concentration (ug/mL)

1 10 50 100
Compounds
Suaeda asparagoides cxtract 34.43 46.08 57.50 63.83
(100 % EtOH) (+ 218 (£ 2.38) (£ 507 (= 284
Suaeda asparagoides extract 252.88 171.83 60.67 36.83
(50 % EtOH) (+ 20.31) (+ 15.80) (£ 7.08 (+ 679
Suaeda asparagoides cxtract 37.33 4442 40.33 37.17
(EtOAc fraction) (£ 1.0D (£ 2.16) (£ 1.26) (£ 30D
Deglycosylated Suaeda asparagoides extract 4550 106.67 310.33 252.50
(EtOAc fraction) (£ 350) (+ 862) (£ 577 (£ 20.46)
Salicornia herbacea extract 2865 32.21 ) 56.71
(50 % EtOH) (+ 312 (= 1.96) (+ 30D
Salicornia herbacea cxtract 33.09 47.10 ) 128.08
(EtOAc fraction) (£ 221) (£ 4.16) (+ 562
Deglycosylated Salicornia herbacea cxtract 25.89 63.15 B 128.60
(EtOAc fraction) (+ 1.28) (£ 354) (£ 687
Rutin 35.20 40.50 )
(with 50 % EtOH) (+ 1.40) (+ 1044
Quercetin 51 147 )
(with 100 % EtOH) (£ 3.03) (+ 1501)
(+)= a-Tocopherol B 38.00 74.33
(with 100 % EtOH) (+ 1.80) (+ 6.35)
“Control, 75 = 3202 = 0.60 min
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pg/mLel s A w oEA(rge] A
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o} ¢ 50 % ethanol FEEL] 93z 1 ,ug/mL"]
Eoﬂxi 7V 2 TS giﬂr(25288 min)& HolFU T
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Figure 3. Effects of extract of deglycosylation Suaeda
asparagoides (EtOAc fraction) on the rose-bengal sensi
tized photohemolysis of human erythrocytes. Irradiation
time; 15 min, pre-incubation time; 30 min, [rose-bengall =
1.5 uM, concentrations of extract of deglycosylation Suaeda
asparagoides (EtOAc fraction) ; €4 control, A-A 1
yg/mL, l-I: 10 pyg/mL, *->: 50 yg/mL, @-@: 100 pg/
mL.

bl E A 8¢ (+)- @ —tocopherol ¥ -84 gakzt
HlgrRl C9l L ascorbic acid®] F-g&o] 1A

ZAF8F . (+)- @ ~Tocopherol 10 pg/mL oA 75 %
o] 38 min, :)0 pg/mL ¢ ol 7433 minol i, L-
ascorbic acide Y FZAAA EF Ux=Td e 32
min®| Atk o] AE4 AES (+)- e -tocopherol®]
44 AEol L-ascorbic acid Bt} AXY A AR
AFaFe] (+)- @ —tocopherol ©] A E 9o 2 F7} -g-o]3|

1

17

xo] £8E A Ao o 4 vt o] FF Zo] 1}
T ethylacetate =32 @o|l AHH FEEC] (+)-a-
tocopherol R % AEH S Fyprt 9585 4 5+ ddv
4.8 B

D YEA FEEY 582 100 % ethanol FEEQ
A% 14 % (50 % F-8Ho] o)A &8 g4 7 &
HE do7|= ethanol FEE, 74 %)oY, ethyla-
cetate 2 o 1 %Ak SErd FEEL ASE
ethylacetate w99 T5&°] 012 %Ah A FE5=5
PgE YEE AT ARIAE 44T Ay FEEL
w9 Fag Qiolth YA FEES TE5VY FEE
of ugte] FEEAA W ofuz} YA EFE ALl
dadt sibe 84 Fo &7, 193 SEEF 9584
Ztolot & QUES FF 25T & EUTh

2) YA FE2E9 free radical 2HZA(FSCy)2 100

hl

% ethanol F&&<% 4% 32033 pg/mL, 50 % ethanol

%% 4073 pg/ml, ethylacetate 3 1387 ug/mlL, et-
hylacetate oA @& AAAZ aglycone 8 7.80

151

pg/mLE R %%UM
ethanol %9 4%

cetate & 7} A °]

¢l AfeE 50 %
ethyla—-

3) 2 AN 55, OSCy)e YHE
% ethanol —Zr%% ] 650 ,ug/mL, 50 % ethanol
099 pg/mL, ethylacetate +% 0.05 pg/mL, aglycone
22 003 pg/mLel At} o]ZHE ethylacetate &5 %
aglycone _,_9],] B AAEA o] we F& o
At SEvlt)e= 50 % ethanol FEEAA OSCyx7t
2.00 ,ug/mL, ethylacetate ¥ 0.10 pg/mL, aglycone

2 0.2 yg/mLel

4) ‘o7 FrE AFY g7 g wE FitolA
WHEA2] 100 % ethanol F2EUA 35 1 ~ 100 ug/mL
o] FEHdA TE JEAHORE MERE G7E LE
WAL ethylacetate £3 59] aglycone H89] 791

o
50 pg/mLe] FZolA Wi & B3 EJJr(rr), 310

=3

Nl
=

ne Hosdh &H FeuY FEE9 A5E 0
% ethanol &9 4% & o&EAXNog MHIRET §
#E veovt 1 giks v a2x] gek) ey
ethylacetate S8 ol|lM = & oFEAHo R Uwd T A
e S el

ole AnE & o VA FEE ethylacetate &
golu} aglycone 8 2 FAithol oet WY w32
A=Y g7 5 V1A SREAANERA 8 )
Aol AEE Lt

Z2 Al

B oA =EE RAEZE “00hWE ARV TAENT
Aol gJate]  FalEl AFAute] YRl RS
A05-0453-A11101-06A2-00020B), A1l FAI=HY)

]

1. J. C. Fantone and P.
derived free radicals and metabolites in leukocyte

A. Ward, Role of oxygen-

dependent inflammatory reaction, Ann. J. Path, 107,
397 (1932).

. K. J. A Davies, Protein damage and degradation by
oxygen radical, J. Biol Chem., 262, 9895 (1937).

. C. S. Foote, Photosensitized oxidation and singlet
oxygen, consequences in bioclogical systems, ed. W.
A. Pryor, 2, 8, Acdemic press, New York (1976).

. S. N. Park, Ph. D. Dissertation, Seoul National
Univ., Seoul, Korea (1939).

J. Soc. Cosmet. Scientists Korea, Vol. 33, No. 3, 2007



152 G AR
5.5, N. Park, Skin aging and antioxidant, J Soc

10.

11.

12.

13

Cosmet. Scientists Korea, 23, 75 (1997).

. S. N. Park, Protective effect of isoflavone, genistein
from soybean on singlet oxygen induced photo—
hemolysis of human erythrocytes, Korean J. Food
Sci. Technol., 35(3), 510 (2003).

. S. N. Park, Antioxidative properties of baicalein,
component from Scutellaria baicalensis Georgi and
its application to cosmetics (I), J. Korean Ind Eng.
Chem., 14(5), 657 (2003).

. K. Scharffetter-Kochanek, I’hotoaging of the con-
nective tissue of skin! its prevention and therapy,
antioxidants in disease mechanism and therapy, ed.
H. Sies, 38, 639 (1997).

. R. M. Tyrrell and M. Pidoux, Singlet oxygen in—

volvement in the inactivation of cultured human

fibroblast by UVA and near visible radiations, Pho—

tochem. Photobiol., 49, 407 (1939).

G. F. Vie and R. M. Tyrrell, UVA radiation-

induced oxidative damage to lipid and protein in

vitro and 1n human skin fibroblasts is dependent on
iron and singlet oxygen, Free Radical Biology &

Medicine, 18, 721 (1995).

K. Scharffetter-Kochanek, M. Wlaschek, K. Briviba,

and H. Sies, Singlet oxygen induces collagenase

expression in human skin fibroblasts, FEBS Lett.,

331, 304 (1993).

M. Wlaschek, K. Briviba, G. . Stricklin, H. Sies,

and K. Scharffetter-Kochanek, Singlet oxygen may

mediate the ultraviolet A in induced synthesis of

interstitial collagenase, J. Invest. Dermatol, 104,

194 (1995).

. A. Oikarinen, ]. Karvonen, ]. Uitto, and M. Hannu-

thetald#ere] ), A 337 Al 3 %, 2007

14.

15.

16.

17.

18.

19.

20.

ksela, Connective tissue alterations in skin exposed
to natural and therapeutic UV-radiation, Photoder—
matology, 2, 15 (1985).

A. Oikarinen and M. Kallioinen, A hiochemical and
immunohistochemical study of collagen in sun-
exposed and protected skin, Photodermatology, 6,
24 (1989).

L. H Kligman, UVA induced biochemical changes
in hairless mouse skin collagen: a contrast to UVB
effects, ed. F. Urbach, 209, Valdemar, Overland
Park (1992).

J. W. Choi, S. I Kim, J. Y. Kim, H. ]J. Yang, K. H.
Lee, and S.
protective effects of Jeju native plant extracts

N. Park, Antioxidative and cellular

against reactive oxygen species (1), J. Soc. Cosmet.
Scientists Korea, 32(3), 181 (2006).

B. H Lee, Y. H Moon, B. C. Jeong, K. S. Kim,
and S. N. Ryu,
potentiality of use of halophyte, Suaeda aspara—
goides MIQ, Korean J. Intl Agri, 14(2), 87 (2002).
Y. C. Jo, J. H Ahn, S. M. Chon, K. S. Bae, T. ].
and D. S. Kang, Studies on pharmacological effects
of glasswort (Salicornia herbacea 1.), Korean J.
Med. Crop. Sci., 10, 93 (2002).

J. G. Min, K. T. Kim, J. H. Kim, T. J. Kim, and ].
H. Park, P’hysiological and functional properities of

Growth characteristics and it's

Salicornia herbacea leaf extracts, Nutraceut. Food,
7, 261 (2002).

S. H. Park and K. S. Kim, Isolation and identi-
from Salicornia
Chem,

fication of antioxidant flavonoids
herbacea L, ] Korean Soc. Appl Biol
47(1), 120 (2004).



