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Isolation and Characterization of Secondary Metabolites

from the Salt Marsh Plant Salicornia herbacea

You-Ah Kim

Department of Marine Bioscience and Environment, Graduate

School, Korea Maritime University

Abstract

In general, extreme environments are defined as being extreme In
one or several physical parameters such as temperature, salinity or
pressure. However, in these = systems the external variables remain
relatively stable over time. On the other hand, a marine system with a
high variability in physical parameters such as temperature, salinity or
radiation can be considered to be extreme one. Tidal flats, salt
marshes, and mangrove ecosystems belong to this type of extreme
environment on a daily, seasonal and annual basis. Salt marshes and
tidal flats experience regular and irregular external influences. Also,
organisms in these extreme environments have to adapt by developing
specific responses which often include the synthesis of unusual
secondary metabolites.

Salicornia herbacea (also known as glasswort) is one of the most salt
tolerant plants growing on salt marshes and tidal flats along the

western coast of Korea. It has been not only eaten as a food but also



used in folk medicine such as constipation, obesity, diabetes, etc.
Nevertheless, studies on its secondary metabolites have little been
done until now.

In our search for novel compounds from the salt marsh plants, we
collected the salt wort S. harbacea from Daebudo, Ansan in Korea. The
crude extracts of these specimens were evaluated for its potential to
scavenge DPPH radical and peroxynitrite and to immunomodulate both
a mouse thymus and spleen cells. On the basis of moderate effects
obtained in both bioassay systems, the combined crude extracts of the
glasswort were fractionated with n-hexane, 85% ag. MeOH, and
n-BuOH. Scavenging activities of the crude extracts and their fractions
on DPPH radical increased in the order of n~BuOH > 85% aq. MeOH >
crude extract > n—hexane > water, showing 85.2, 70.0, 58.2, 27.7, and
25.7% in their scavenging ratios at a concentration of 100 ug/ml,
respectively.

The scavenging activities of these four fractions on authentic ONOO
increased in the order of 85% aq. MeOH > n-BuOH > n-hexane >
water and were 71.5, 70.8, 44.2, and 34.9% in their scavenging ratios,
respectively, at concentration of 50 pgg/mé while inhibitory activities
against the generation of ONOO™ differed, 85% aq. MeOH > n-BuOH >
water > n-hexane fractions at 96.2, 90.0, 83.9, and 65.9% in their
scavenging ratios, respectively.

Also, in a immunomodulatory test using a mouse thymus and spleen
cells, treatment of each of the mouse thymus and spleen cells with the
four fractions resulted in a significant extension of cell survival in

culture in order of n-BuOH > n-hexane > 85% agq. MeOH > water.



Considering all these results, n-BuOH soluble fraction was selected
for further separation. Cig flash column chromatography followed by
silica gel column chromatography and repeated reversed-phase HPLC
resulted in the isolation of the two new triterpene saponins 1-2 and
the two known triterpene saponins 3-4 and a known flavonoid
glycoside 5. The structure of the isolated compounds were established
by extensive 2D NMR experiments, 'H COSY, TOCSY, ROESY, HSQC,
and HMBC, and through comparison with published spectral data.

In our measurement for evaluating scavenging effect on DPPH radical
and authentic ONOO and inhibitory activity of ONOO generated from
SIN-1, compound 5 exhibited potent scavenging activity on the DPPH
radical and authentic ONOO™ as well as inhibitory activity of induced
ONOO from SIN-1, comparable with that of BHT on DPPH radical at
100 pg/m¢ and those of penicillamine and L-ascorbic acid on ONOO at
50 pg/ml. Compounds 1-3 also revealed significant scavenging and
inhibitory effects on authentic ONOO and ONOO generated from

SIN-1, respectively.
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Fig. 1 Photograph of Salicornia herbacea.



Column packing materialsi= RP 18 (YMC-GEL ODS-A, 12nm, S-75
), Silica gel (silica gel 60, 0.063~0.200mm, Merck), sephadex LH-20
(bead size 25~100um, Sigma)S AFE3t o™, TLC platex Silica gel 60
F254s (0.5mm. Merck)E A}83}3 21, spray reagent™= 5% H.SOsE Ab
&3tk NMR 4o Ar&% &ruje= CD3OD (Cambridge Isotope
Laboratories, Inc., USA, deuterium degree 99.8%)°]t}.

DPPH (1,1-diphenyl-2-picryl-hydrazyl) radical®}, L-ascorbic acid,
penicillamine (DL-2-amino-3-mercapto—3—methylbutanoic acid),
dihydrorhodamine 123 (DHR 123)3 3-morpholinsydnonimine (SIN-1)+
SigmaAl (St Louis, MO, USA)lA  F¥43F% . 18]al  peroxynitrite
(ONOO )+ Cayman (Ann Arbor, MI, USA)A FL3FTE. DMSO
(dimethyl sulfoxide)¥ Junseiol4 Y43t aL, 1 2] ethanol, methanol,
acetone®} methylene chloridet® JunseiAl?] LFA|2FS S7/3lo] AR5

.



5 AX wjge] Z 83 HY medium powder®t DMEM (Dulbecco's
Modified Eagle's Medium) medium powders= SigmaolA +¢ 3t L (ST.
Louis, MO, USA), FBS (Fetal Bovine Serum)+= HyClone (Logan, Utah,
USA)l A Y43, MTT assayEs 93+ kit (MTT cell proliferation
Assay)+= R&D systems (Minneapolis, MN, USA)S 2 HE F<lste] AL-&3}
At

2.3 717]

Varian RI detector®} high performed liquid chromatography (HPLC,
Dionex p580)E Al&3sle] 3l3t&ES AA-FE st AF&3 HPLC column
2 YMC pack ODS-A (250%10mm, S 5mm, 12mm)E AF&3F 3L guard
column (7.5%4.6mn, Alltech)& AR&&tint. eldk 3§t=e +x25 &4st
7] ¢3te] Varian NMR 300 ¥} 600 spectrometerE AF&£3%th. UV-Vis
spectrophotometer  (Thermo  Spectronic,  England), Multi-detection
microplate fluorescence spectrophotometer Synergy HT (Bio— TEK
instruments, USA)7} &Akst Al =Hof AFEEHQIOo™ 1 29 Rotary
Evaporator (EYELA, JAPAN), Vacuum pump, pH Meter, Water bath,
Pipet (JBM-pipet), oJ#7] & A&}t

UV ELISA reader LabTech (DAIHAN LABTECH., LTD)7} MTT assay
S AFgE e 1 9o Centrifuge (HANIL KOREA), CO: incubator
(NAPCO, USA), Inverted Microscope (OLYMPUS CK2) 52 AF&3}3it).

_10_



24 2ds=

24.1. A=

A& FE: BALB/C 9% mouseE () vlolQ oA EoF whol 71&) A x|of

stie) AREE AgFol A FAUR ASke] 4-650] AL4Hch

2.4.2. A2 44
4-65% BALB/C %% mouse®| ZH|w olg] 715 Ajst & Hul o
9] spleens &t AT #H %2 H9 F M9 thymusE &2lste] 7}

7z} DMEM w/o, HY w/o ®jA]el @At 242be] =45 H+49 frosted end
slide glass® grind3te] cell & HiA| = EZA AT o] AXE AENS 15 ml
tubeol] %7 e NS 1200 rpmol A 5&E3F ¥4l E 25kt o] spleen
cell pellete] A& €8 4% &9 (Red Blood Cell Lysis Buffer)S 2 ml
gol A F 227H 2ol wbeAZH. DMEM w/o #i#] 40 mt ¥l <=
HEZ 1200 rpm oA 527 4 FHsklan vl pellete]l DMEM 10%
FBS 10 m¢ ¥t &89 cell 50 wloll trypan blue 50 w0 410 cell&
countdtaL cell5=7F 1x10° cell/ml Al DMEM 10% FBS©o.& 34331t}
Thymus+ cell pellete] HY 10% FBS 10 ml €& % spleen¥} &Y WHo
2 cellZ countdtal HY 10% FBSZ 34813t} (Scheme 1).
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Thymus & Spleen
!
Remove the blood by HY, DMEM w/o solution

!
Grind the thymus & spleen

l
Centrifuge at 1200rpm for bmin

l

Remove the erythrocyte
by RBC lysis buffer from spleen

!
HY, DMEM 10%FBS 10ml in cell pellet

i}
Staining : trypan blue 50 + cell 5010

!
Cell count

!
dilution : 1X10° cell/ml

Scheme 1. Procedure of the thymus, spleen cell preparation.
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2.5 3itst &4 Ay
2.5.1 DPPH radical 24 &4

DPPH (1,1-diphenyl-2-picryl-hydrazyl) radical& ©]&3¢ @itsts =
AWME F=2 phenolics 7%¢ aromatic amine 3}gHEo| A o] AlgF T},
DPPH alcohol &4 518 molA 73 UV F57F loem, A2oA 143k
AL vl kA free radicalelth. HAE A =HE HA hydrogen
radical& W} phenoxy radicals AsHAl Fo=M 518 mellA e
DPPH®| 50]#<l &5 band7} AREHAAl ¥, 7kA#<¢1 DPPHO| H.eh4|
= kel A Eol mlElste] m@dor WEte] FHES] AAE S
getomM radical AAEEE #FE F Aok (Fig. 2). °|2lg DPPH=
dioxaneolt} CClLyo} Z-& ¥4 &uf
715 Skt alcohol 8¢ ol A= Hla# Qkdsiet. ¢fupstd DPPHe| A
949} alcoholzbell 4 Aol A7 wieldh™ DPPH radical 47

Atoga AASETE FAH Ay

=
2
X
rr
(\]
=
w
2
2
ot
i)
=
olo
-
e,
B 2

N

e
ox,
rl
-0,
2,
%
2
Mo
2
lo,
ol
ol
ki
i
NI\

WA 7 w2 AlEE MeOHel|l =9 4|8}tk DPPH AleF 2 mgs A
5ls] Aeste]l EtOH 15 mlol] =olal, UM 1200 ol DMSO 500 i<}
EtOHZ 3000 wZ &3 sl DPPH 3|A NS Zu|sl9t};. =v]E DPPH 3
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N—N NO, +

NO;

DPPH « (Violet, 518nm)

\B, o.
N—N NO, +
H
NO3
Diphenylpicrylhydrazine Phenoxy
(yelow) radical

Fig. 2 Scavenging of the DPPH radical by phenol.lg)
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MeOH solution of saple Solution of DPPH (2mg)
a vaious concentrations in MeOH (15mL)

Shaking vigoroudy (10-20 s=C)

|

Sanding a room temperaure for 10 min.

l

O.D. check & 518 nm

Scheme 2. Measurement of DPPH radical scavenging
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2.5.2 Peroxynitrite &4 &A

Peroxynitrite (ONOO )+ superoxide (-O2 )¢} nitric oxide (NO-) A}o] €]
WH-g= =M, macrophage’t =AW I Ysts HAAE AT 5 U=F st
ZEst AbskAl o] dFolth. &, &3t
o} nitric oxide (NO)E &Alel WHEAl HaL, o]o] F&3 = AAdd
peroxynitrite (ONOO )& t&st WS A A, whdol| M thA} 34
= ek o] A A9 thiol (-SH) Z87]4 tyrosine® nitration,
A A7kl vbg-S do A A gAY signal transductiono] FTFES F
93]8 ¥Folut apoptosisel] &3F MEALE FEELA o). 18y A EAW
ol = peroxynitriteE E&43} Al7|= WA aAVF FFo17] "ol 5ol
o] peroxynitrite?] 2AA L e w9 =35} 0% ONOO 274 A
2 dihydrorhodamine (DHR-123)¢] 4tsly = AEE SHTo=H HA5HS]
o (Fig. 3). 7414 A3 $H2 vh+3 2o

A E+= 10% ethanolell 5o FH[8}3itt. DHR123 (5 mM)< dimethylform-
amide= 0|3l stock &9 A= purge -80 TColl st AFE3s17] &
Mol 5 uyMe] DHR123e= 2]4slgltt. &, ofo]2 bathdoll A ¢HdolA 3

3t} Buffer= 90 mM sodium chloride, 50 mM sodium phosphate (pH

rr

acrophagetx superoxide (-:Og)

3

of

7.4)¢F 5 mM potassium chloride, DTPA (diethylenetriaminepenta acetic
acid) 100 pM (f.c.)S &3t Ak W 23T buffer &9
DHR123 &NS &33F 5 ZF Al 59} peroxynitrite® H7}Fslal 2204 5
E7F X3 & multidetection microplate fluorescence spectrophotometer
Synergy HT (Bio-Tek instruments, USA)E o]&3slo] FAH3AT
Authentic peroxynitrite T Alell SIN-1S #H7}e 4= A20A 1A &
b AR 5 SA8 T SIN-19] €3k DHR1239] 4bsh= 4oz o
U= dbHo) aquthentic peroxynitrites oFF 53] 23S A

7
Excitation 33 485 nm, emission 342 530 mm=z st o 2
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Askelrh. Z1E]al ONOO™ (f.e. 10pM)9] HFE-E-<12 0.3N NaOHE AH&-3F3

31, A8 triplicate® 3Jst¥ o, AIl= blankE A3 S HAste] o
=

ol ek MEg2 AT (Scheme 3).%7

H,N ¢ NH,

o
\OCH3

O

H,N

Fig.3 Peroxynitrite (ONOO’) mediated oxidation
DHR123.%?®
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Diethylenetriaminepentaacetic acid (DTPA)
100uM
l
Dihydrorhodaminel23 5uM
l

Incubation at 37C for 1 min

d
Sample

J
SIN-1 200uM  or peroxynitrite S5uM

l

Measurement of fluorescence intensity
Excitation wavelength at 480nm
Emission wavelength at 525nm

Scheme 3. Measurement of peroxinitrite scavenging activity.
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2.6 In vitro B AMX =4 AY

i)
P
1
e
(e
o,
(L
ru 0
oX,
2
=)
W
o2
osk
o
©,
L
=
)
do
o)
=
S)
c
wn
o
o

st @3= in vitroolA AE3A . WG

N AAHI o] MALE NEES FFE

thymus cell®} spleen cell©l

volsts ME e "’z =
el Ao MErt | & APgAHor We 28-S 3HA ©r). thymus cell
T celle] &3} A<3sl= #7]o]al spleene T-B celld} mla=ux| 7} &3k
th o] oA wtARSAE RO R Fol o|EH s x4 #&& 3t
Al Ao} A Este] e E sk

o] %ol W ol A4S sk Fad A7l of AP MTTE o] 8

.ﬂ
(@]
@,
A
ws)
(@]
@,
|
)
(o,
o,
W
o2t
(o,
2

[}

MTT assay: AEQ FT4& dolue 74 Ftdstd e AGaAo] e
vl = 3lpolt}. yellow tetrazolium salt MTTE Atolgls= Al oA Eo
52| 9= formazan crystal2 3kglo] #T} o] A2 Yo DMSO

2 detergent® A & AAHdE A2 F&
obAe MEL 7 e FF ©] AgisEe A4 HolAA dd. 9=

glﬂ

S 89 @ 5 gk FAH A

tllo
ol
of
ki
fru
e
o
rok
u)
AN
ngﬂ

AZ =d A

H

M2 4-65% mouse thymus9 spleens 33 o] cell (1x10%/m)<
133l 96 well microplated] Z+2y E5381Qlth MEE SHvY 28lal A
ot 71 vd2r] wiitel] v AES F4%= (0.2-0.8)7F e == Al
Eo] s Al AR s A Alse 100 p/me sEE s
o A&3t e, MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium
bromide)i= 5 mg MTT/ml FBSE TH5o] 7} welldl 20 w# 53} 4]0
= 5 B Fdo] A wizbx] wiefeiih. olwl, MTT &2 5 mg/m
PBS® dH A& star Wo] Wzhsty] wiito] EAdZ 7AA PR A 59



ot} vl ¥ sample?} control® i F, controldli phosphate buffer
solution (PBS) 20 uf, sampleol&= F&%& 20 wE #glste] CO: incubator
ol ThA] 4AIZF vkt MTT  positive controlol]l X & o] A7
negative controloll 7ol Ay7jea 3 wf (¢F 3A]7te|A] 5A]H) detergent
= AgstHtt. detergent Ag] T dn|F oz AF Al FEMO formazan
crystale] ©F &3l®l Fo] ERIEW 595 nmelA FHEE FSAHSUH

(Scheme 4).

Cell seeding
!
Overnight culture
!
Sample
!
Overnight culture

l
MTT solution

I
Incubation at 37C, 5% CO, for 4 hours
!
Centrifuge (1000rpm, 3min)
I
detergent

N
0O.D check at 595nm

Scheme 4. Measurement of the cell death inhibition
activity.
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3. 2% % 1

3.1 QWAL Salicornia herbacead A=A

§tx (S. herbacea)= 20029 79 7A7]%= HAHAl diiftle Z3bojellA A
Ao FHoA stk Axs AREE ZA Z2 methylene
chloride® F%3%}3l ThA] methanol® WHE&|A FE3)c) o|HA A A
o] %l methylene chloride®} methanol®] %F%E& 3sle] thA] methylene
chloride®} &% o]&3lo] I3t 2™ methylene chloride T2 ThA] 85%
Hehs FE&NFH n-hexane To= WIS =52 A n-BuOHS 3

=2 Bt (Scheme 5).

Salicornia herbacea powder

CHCl, fraction MeOH fraction
Crude Extract(3409)
CH 2C|2 H20
n-Hexaneip7g)  85%aq.MeOH (39 6¢) n-BUuOH (537) H2050.8g)

Scheme 5. Procedure of extraction and various fractions
from S. herbacea.
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n-BuOH ol thsir &= #1738 Fo] reversed phase Cig 115 7+t
AzvtEa s AAEGt &8s 50%, 60%, 70%, 80%, 90% aq.
MeOH, 100% MeOH, 123 100% EtOAcZE AM&&tith. 'H NMR =¥ E
d 54 23 60-80% aq. MeOH & A 31| QE peakse] 25 St

j
4%

HPLCZE o]&3} Cu; linear polyacetylene FE=AEQ EF 5719

=
westglon of BB s Fat BYRRel s oJste] A4

o
:

2t} (Scheme 6).

Extracts of Salicornia herbacea (340g)

n-BuOH (56.79)

(RP column chrom. C18)

' 1.50%aq. | 2.60% aq. | 3. 70%ag. | 4.80%ag. | 5.90%ag. | 6 100%
MeOH MeOH MeOH MeOH MeOH MeOH
3.314g

(NP column chrom, Silica)

[1100% [2.5% |3.10% |4.20% |530% |6.40% |7.50% |8 70% |9.100% |10.90%
CHCl; |MeOH [MeOH |MeOH |MeOH |MeOH |[MeOH |[MeoH |MeOH  jagMeOH
in CHCl3| in CHC; | in CHCIg|in CHCI [inCHCl5 | in CHCI3|in CHCI,
1078 |0.237g 0.548g
1/4 of Fr.4. (0.2929) Fr.7. (0.548 g)
E'OPO/LO%OMD E%AH) HPLC (ODSA.
Compd. 4 50% ag. MeOH)
0.0098g

1/8 of Fr.5. (0.030g) Compd.1 Compd.2 Compd.3
SilicaPrep-TLC 0.0510¢g 0.03609g 0.0220g

(30% MeOH in CHCl )
00229

Sephadex
LH-20
(100% MeOH)

Compd. 5
0.0190¢g

Scheme 6. Isolation of the compounds 1-5 from S. Aerbacea.
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FHAHEE compound 1°] 3k gume] FHZ | HAoH o] EH9
AL nEds AgEAn PC NMRol 9JaiA CiHeOs2 215 At
§ 3 - 59 UERd peakE¥ C NMR
~HEZ § 110 - 600 YElt B2 55 22 oxygenated carbon
£ A5 B FAon 53] § 104.63 95.8¢] vEld C NMR A&
9} § 5.363 4.18¢ et B$3tE 'H NMR AEE5-S o] 3¢E0] 27]9
sugarg 7HAaL &S YERSATH E3 § 209.59 A A5t Uit
§ 9.42 ¢ & AEE she] dHs|=r7 EATE BHol F3lom §
17759 177.0 o YEFt 27019 quaternary carbon signalE< 2719
ester & carboxylic acid7]7} &A% YERIth o] #yt ol C
NMR =#Efe] § 149.5 (C), 144.4 (C), 124.5 (CH), 107.6 (CH»<
2 2ls 2 Hol 2719 o]FAF e EAZE FJAFATE CuHeo0159] A2
= 28 & w ol S/fe EXs Tt FrEH o R EATS yEh o
triterpenoid saponin Al2<¢] 3}3k=<d S LFERU QLT
Compound 192} aglycone 7% 'H COSY, TOCSY, HSQC, HMBC 23
s 2D-NMR A3l ol AAHAT. 53] 47012 methyl”] ¢} 3o &
!
g IA 719989k 6§ 1.109 methyl proton A&} § 9.42¢] aldehyde

o] 3tgEe 'H NMR ~#EJe

B>

il
o
rir

S Alolo] BAE = 2-bond &2 3-bond correlationES 7+EFE 2AA

ol

proton A%+ § 82.89] ¥4 Al%9} long-range correlatione H.¢ A ring
9] 3 91X]7F oxymethine 9& Ho] Fom &= § 1.109 methyl proton
# § 209.5¢ aldehyde carbon, L8] § 9,422] aldehyde proton¥} §
10.59] methyl carbon®] long-range correlation®] &J3jA 23 &7} Ak
3l¥ aldehyde functionality’7} &<¢1%¥ o] 3B-hydroxy-4-formyl-4-methyl
triterpenoid FE=A Yol ¥ ). H-239 H-25 methyl proton % H-24
formyl proton¥ FWo] ©A4E (C-1, C-3, C-4, C-5, C-10)Ate]¢] HMBC

correlationE HE3F o]# 3l XS X X|5}H T C-39] methined} anomeric
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methine (6y 4.18, §c 104.6) 4% 7te] &9k HMBC correlationg< C-3
1Al glycosydic bond7} 1A= &S WERRSIT § 1.219] H-27+
§ 144.4 (C) % § 43.1 (CO)Z long-range couplings 7FA™ § 5.33 (1H,
t, 3.3 Hz2)9] olefinic proton< § 43.1 (C)¥ couplings 3}o] o] o]xA%t
9] 9F+= C-122 AAHAY. F-AFHA exomethylene double bond®] ¢
% 3 olefinic protong¥ S1He &4AE (C-19, C-20, C-21)3+e]
long-range correlation®] 9Js|A C-20(29)2 ZAAHATt. mpAtoz §
5.36°] YWERY sugar®] anomeric proton¥} § 177.5¢] quaternary carbon
Abololl HMBC correlation®©] 3#z% o] sugar sty7}F C-289 ester FEfZ
AgtEo] AS Hol FATh ol M-S ¢ #d fFE=AE3 NMR
HolHE Huatg S w Fdo B B g & dxsrgg.
Compound 1& 2709 sugar moietyE<S 7FA]1l o o]lE9 JA 3}
&4 Gz WA compound 12 NMR data®t ¢#7 35HEE532] NMR
data B]2 2 compound 1< peracetylation AlZl 3o Aoz compound
1 acetate®] 2-D NMR data® siddl &sir AT, Vicinal
proton-proton coupling constants #tel 9sfe] H-1'"H-5' %2 H-1""
H-5"¢] orientation B axial= ¥& o H-1'# H-5' 2831 H-1"9}
H-5" A}o]e] 7ZF3F NOESY correlation2 o] 2709 sugar’} 22zt
D-glucuropyranose®} D-glucopyranosedS 2o Fth. Compound 19
sugar 29 C NMR data® &3¢} vas] BH ol A3 & X

o e 28-30)
sHS ok 4 AR

o] sugar=°] aglycone® AA4% ¢X= compound 1°] HMBC A& A
Yebd H-1'9 C-3 18] H-1"9} C-28 A}e]9] long-range correlation®l
ol&) A glucuronic acidi= aglycone® 3W ¢ X|el] glucoser aglycone?l 28
9ol AAE] Slgol FAIHAT. o9k el compound 19 FE=
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3-0-B-D-glucuronopyranosyl  3B-hydroxy-23-oxo-30-norolean-12:20
(29)-dien—-28-o0ic acid 28-0O-D-glucopyranoside® 274 = ]t}

AR A= E compound 27F FA1Y gume] FEHIE I HASH o
A9 B4 CyHeO;e 2E¥Es ARz UC NMRel oaix 245
At o] BAo G AHAEHL compound 19 AH3| FAFEG o p k7
o] zpolFo] LA ATE °C NMReIA § 209.50] UEREE peak?t AbebA]
3§ 64.4° MZF peak’} YEMRTE o] AL 23 aldehyde”]| 7}

14,

hydroxymethylene groupl.z ZIJFHASS Juledt}t. d-ssles Wert
'H NMRAIAME e § 942 (1H, o)l vebtd peak’} AbgbAaL §
3.22 (2H, o)l M= peak’} FAHAT. o] RE W= HSQCS
HMBC 2 &0 93}e] compound 19 23H ¢ Xo] £A3}= aldehyde”]| 7}
hydroxymethylene”7]| = 3t¢% Ao = IAF/JTt. 182 ZE compound 2
9] F+x+= 3-0-B-D-glucuronopyranosyl 3B,23-dihydroxy-30-norolean—
12:20(29)-dien-28-o0ic acid 28-0-D-glucopyranoside® Zd= At} o]
shetEol] oisht XA Ay Algte] sletE = SIE o™ aglyconeol U
gk NMR spectral data o] Ae] ¥ 3¢} Y

2 FAFSE tiAFEE compound 3 GA] FAO] gumo® FE|EHUoH

o] Bxol Ezxe ui¥Wy AZEAI BC NMRO| A CyHaOn

FAFEFA AR PC NMR 2 E# S 248 Bas) iy dd zpoldo]
A=A § 149.5 (CO)¢F 107.6 (CHpdl YeERRE 7 37F AFgpA]aL § 33.5
o} 24.001 AMEL 2709 methyl carbon signal YERWTE #wk o}zl 'H
NMR ~FEgA § 4.62 (1H, )¢ 4.61 (1H, s)°l YEFSE 2719] peak

[-4_15:’.
r

7} AFgFA a2 8§ 0.92¢9F 0.909] M Z& 2709 methyl proton peakEo] @z
A}t o]2]3F signal®] W3} compound 1 & 203 29¥H Alo]o] o]F
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Agto] A5 20W X o] AMZE methyl groupe] F7IHOZH Ao
7hs skl th, =3 HSQC2F HMBC A& #3249 correlations o83t sl|14S
A8 1822 compound 3¢ %= 3-O-B-D-glucuronopyranosyl 38
~hydroxy-23-oxo-olean-12-en-28-oic acid 28-O-D-glucopyranoside® 274
HAok 3l 2AF 23 o] 42 C. Borelsdl 93] 2l sgtEo|lon
o] 3}3+& AAS] NNR £~ EQ dHolE= Hil HA gkow o] 744
& Fo dojA aglyconed} sugarol] thidt FERAAFOR AA A F27} A
Sz lel= T

AR AlGe] ddE AR compound 47F F-A19] gume® £ U

om o] EHo EAL oA mEML AZEAy C NMRH 9 # A
CasHs6092 SR AT, o] Zd9o FF ~HEHLS compound 39 FAFsH

dor} BC NMR 2#E&o|A compound 39| EA5= § 60 - 80 A}o] 9
oxygenated carbons Fol| 6707} Algt o™ 'H NMR ~#HEZHGA L o
1= W7k YElyg § 3 = 5 Aol EASE peakEs Foll 5 79

oxymehtine 2 1 79 oxymethylene peak’} AFgbHt). o] 83t WH3l+= 3}

t

KN
[9)

[

& compound 3 9] aglycone moiety C-28 (carbonyl carbon)el| ester

P2 AA=HJY glucoseZt  AAE FE S spehy oz dA 3T
I8 2 2 compound 49 FZE+= 3-0-B-D-glucuronopyranosyl 38
—~hydroxy-23-oxo-olean- 12-en-28-oic acid® ZAA AT} o] &2 A
o] el compound 3¢ FxE AAs7] A e FEA W A T LIt
g Zheie] AlE R o] Hou ofAZA o)A dAtEAEE Fe Bia " 4
< e ®=% compound 33 FRRHFAIE NMR £=FE] HolH= A7t
A war #A eghet

A Eto ® A=A compound 57F =g 6] aAlR Ao o] &
Aol BA4 ik UC NMR¥} n&¥H%s AZE4 golefe] 2]8te] CapHOr
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2 ZAAEIY. o] 24 NMR &4 ~FEH = X714 E89 3}

§ 5.35 (1H, d, /~6.9 Hz)
of bt 4 Alsel § 102.69 yEbd ¥4 AS = HMQC A7l fsho
gl¥ A2 anomeric signalZ2A4 sugar s EAES B FUL
F7 o PC NMR 2~#Ede] § 80 - 60 Gl ehd 6709] methine
carbon AEZEF} "H NMR AHEZ9] § 3.0 - 4.0 gl et o8 79
Ta ATE 9A] o] ARES HA ST § 102.69] anomeric carbon Al%
E AQs § 90 ot yEht 15719 ©raAEE wEe HE Aol
flavonol moiety7} &£A&-& YERJ ] o] 3}3t=E0] flavonol glycoside %
ALS B FAok. HMBC 2 &elA sugar®] anomeric proton (6§ 5.35)°]
§ 134.19] ErAA13 9} long-range correlations e O] sugar”} flavonol
aglycone®] 3¥ 9jAo AAH Ao &< HIUvh o]zl HH e} 3
THRALE AAgE A olde Fsdd AHEAIEANA ¥olXl isorhamnetin
3-0-B-D-glucopyranoside®l o] Zolxjon Hi ¥ E4dolg e 2 dX

399t} (Tablel-5; Fig 4-45).%2
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Table. 1 'H and *C NMR Spectral Data for Compound 1.

position e 5P
1 1.69 (1H, m), 1.12 (1H, m) 39.4t
2 2.04 (1H, m), 1.78 (1H, m) 25.7t
3 3.95 (1H, dd, 11.6, 4.5) 82.8d
4 - 56.5s
5 1.35 (1H, br d, 10.2) 48.8d
6 1.51 (1H, m), 0.91 (1H, m) 21.5t
7 1.52 (1H, m), 1.24 (1H, m) 33.3t
8 - 41.2s
9 1.71 (1H, m) 48.9d
10 - 37.1s
11 1.94 (2H, m) 24.6t
12 5.33 (1H, t, 3.3) 124.5d
13 - 144 .4s
14 - 43.1s
15 1.82 (1H, m), 1.12 (1H, m) 29.0t
16 2.18 (1H, m), 1.84 (1H, m) 24.2t
17 - 48.3s
18 2.74 (1H, dd, 13.1, 4.6) 48.6d
19 2.56 (1H, dd, 14.5, 13.1), 2.09 (1H, dd, 14.5, 4.6) 42.7t
20 - 149.5s
21 2.24 (1H, m), 2.13 (1H, m) 31.0t
22 1.91 (1H, m), 1.55 (1H, m) 38.5t
23 9.42 (1H, s) 209.5d
24 1.10 (3H, 9) 10.5q
25 1.00 (3H, s) 16.3q
26 0.81 (3H, s) 17.9q
27 1.21 (3H, s) 26.5q
28 - 177.5s
29 4.62 (1H, s), 4.61 (1H, s) 107.6t
1' 4.18 (1H, d, 7.7) 104.6d
2! 3.12 (1H, dd, 9.2, 7.7) 75.3d
3' 3.31 (1H, m) 77.9d
4' 3.40 (1H, m) 73.7d
5' 3.51 (1H, d, 9.8) 76.5d
6' - 177.0s
1" 5.36 (1H, d, 8.2) 95.8d
2" 3.31 (1H, m) 74.0d
3" 3.42 (1H, m) 78.3d
4" 3.34 (1H, m) 71.2d
5" 3.35 (1H, m) 78.8d
6" 3.80 (1H, br d, 11.5), 3.67 (1H, dd, 11.5, 4.8) 62.6t

4 Measured in CD3OD at 600 and 150 MHz, respectively. Assignments were

aided by 'H COSY, TOCSY, NOESY, DEPT, HMQC, and HMBC experiments.
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Table. 2 'H and *C NMR Spectral Data for Compound 2.

position e 5P
1 1.61 (1H, m), 0.98 (1H, m) 39.6t
2 1.96 (1H, m), 1.76 (1H, m) 26.3t
3 3.68 (1H, m) 82.2d
4 - 43.9s
5 1.26 (1H, m) 48.2d
6 1.49 (1H, m), 1.35 (1H, m) 24.2t
7 1.62 (1H, m), 1.27 (1H, m) 33.4t
8 - 40.7s
9 1.64 (1H, m) 49.0d
10 - 37.7s
11 1.92 (2H, m) 24.6t
12 5.32 (1H, t, 3.1) 124.3d
13 - 144.3s
14 - 43.0s
15 1.84 (1H, m), 1.13 (1H, m) 28.9t
16 2.19 (1H, m), 1.85 (1H, m) 24.2t
17 - 48.4s
18 2.73 (1H, dd, 13.5, 4.1) 48.6d
19 2.56 (1H, dd, 13.5, 13.5), 2.08 (1H, dd, 13.5, 4.1) 42.6t
20 - 149.4s
21 2.23 (1H, m), 2.12 (1H, m) 30.9t
22 1.91 (1H, m), 1.56 (1H, m) 38.4t
23 3.64 (1H, d, 11.5), 3.27 (1H, d, 11.5) 64.8t
24 0.70 (3H, o) 13.4q
25 0.98 (3H, s) 16.5q
26 0.80 (3H, s) 17.8q
27 1.20 (3H, s) 26.4q
28 - 177.4s
29 4.62 (1H, s), 4.61 (1H, s) 107.4t
1' 4.44 (1H, d, 7.8) 105.0d
2! 3.26 (1H, m) 75.0d
3' 3.39 (1H, m) 78.1d
4' 3.43 (1H, m) 73.6d
5' 3.41 (1H, d, 8.8) 76.5d
6' - 177.0s
1" 5.37 (1H, d, 8.2) 95.8d
2" 3.33 (1H, m) 73.9d
3" 3.44 (1H, m) 78.2d
4" 3.36 (1H, m) 71.1d
5" 3.35 (1H, m) 78.6d
6" 3.80 (1H, dd, 11.8, 1.5), 3.68 (1H, m) 62.4t

4 Measured in CD3OD at 600 and 150 MHz, respectively. Assignments were

aided by 'H COSY, TOCSY, ROESY, DEPT, HMQC, and HMBC experiments.
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Table. 3 'H and ¥C NMR Spectral Data for Compound 3.

position 'y e
1 1.75 (1H, m), 1.14 (1H, m) 39.2t
2 1.97 (1H, m), 1.74 (1H, m) 25.5t
3 3.92 (1H, dd, 11.5, 4.1) 83.0d
4 - 56.3s
5 1.32 (1H, m) 48.9d
6 1.49 (1H, m), 0.83 (1H, m) 21.4t
7 1.49 (1H, m), 1.22 (1H, m) 33.2t
8 - 41.0s
9 1.66 (1H, m) 48.9d
10 - 36.9s
11 1.92 (2H, m) 23.9t
12 5.25 (1H, ¢, 3.2) 123.5d
13 - 144 .8s
14 - 43.0s
15 1.78 (1H, m), 1.07 (1H, m) 28.8t
16 2.03 (1H, m), 1.69 (1H, m) 24.5t
17 - 48.0s
18 2.84 (1H, dd, 13.2, 3.9) 42.6d
19 1.67(2H, m) 47.1t
20 - 31.5s
21 1.38 (1H, m), 1.19 (1H, m) 34.8t
22 1.72 (1H, m), 1.61 (1H, m) 33.1t
23 9.41 (1H, s) 209.6d
24 1.09 (8H, s) 10.4q
25 0.98 (3H, s) 16.2q
26 0.78 (3H, s) 17.7q
27 1.16 (3H, s) 26.4q
28 - 178.3s
29 0.90 (3H, s) 33.5q
30 0.92 (3H, s) 24.0q
1 4.20 (1H, d, 7.8) 104.5d
2' 3.12 (1H, dd, 8.3, 7.8) 75.0d
3 3.31 (1H, m) 77.6d
4 3.41 (1H, m) 73.5d
5' 3.42 (1H, m) 76.6d
6' - 178.3s
1" 5.36 (1H, d, 8.3) 95.7d
2" 3.33 (1H, m) 73.8d
3" 3.42 (1H, m) 78.1d
4" 3.34 (1H, m) 71.0d
5" 3.57 (1H, m) 78.6d
6" 3.81 (1H, br d, 11.2), 3.67 (1H, dd, 11.2, 3.9) 62.3t

2> Measured in CD3OD at 300 and 75 MHz, respectively. Assignments were

aided by 'H COSY, TOCSY, ROESY, DEPT, HSQC, and HMBC experiments.
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Table. 4 'H and *C NMR Spectral Data for Compound 4.

position e 5P
1 1.69 (1H, m), 1.15 (1H, m) 39.2t
2 1.93 (1H, m), 1.69 (1H, m) 25.8t
3 3.86 (1H, dd, 11.4, 4.3) 83.5d
4 - 56.1s
5 1.32 (1H, m) 49.0d
6 1.60 (1H, m), 0.91 (1H, m) 21.4t
7 1.51 (1H, m), 1.21 (1H, m) 33.6t
8 - 40.9s
9 1.69 (1H, m) 48.8d
10 - 37.0s
11 1.92 (2H, m) 23.9t
12 5.24 (1H, t, 3.3) 123.3d
13 - 145.0s
14 - 43.0s
15 1.73 (1H, m), 1.06 (1H, m) 28.8t
16 1.97 (1H, m), 1.55 (1H, m) 24.5t
17 - 47.6s
18 2.83 (1H, dd, 13.7, 3.9) 42.7d
19 1.69(1H, m), 1.12(1H, m) 47.2t
20 - 31.6s
21 1.33 (1H, m), 1.22 (1H, m) 34.9t
22 1.70 (1H, m), 1.51 (1H, m) 33.3t
23 9.39 (1H, ) 208.7d
24 1.12 (3H, s) 10.5q
25 1.00 (3H, s) 16.1q
26 0.82 (3H, s) 17.7q
27 1.18 (3H, s) 26.5q
28 - 172.5s
29 0.91 (3H, s) 33.8q
30 0.94 (3H, s) 24.0q
1' 4.24 (1H, d, 7.7) 105.0q
2! 3.11 (1H, dd, 9.1, 7.7) 74.8d
3 3.30 (1H, dd, 9.1, 9.6) 77.4d
4' 3.46 (1H, dd, 9.1, 9.1) 73.0d
5' 3.74 (1H, d, 9.6) 76.5d
6' - 181.5s

3% Measured in CD3sOD at 300 and 75 MHz, respectively. Assignments were aided
by 'H COSY, TOCSY, DEPT, HMQC, and HMBC experiments.
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Table. 5 'H and *C NMR Spectral Data for Compound 5.

position e 5P
1 —_ —_
2 - 157.3s
3 - 134.1s
4 - 178.0s
5 - 161.6s
6 6.14 (1H, ) 99.0d
7 - 165.3s
8 6.32 (1H, s) 93.8d
9 - 157.1s
10 - 104.4s
1' 121.81s
2! 7.88 (1H, 9) 113.10d
3' - 147.08s
4' - 149.52s
5' 6.87 (1H, d, 7.8) 114.77d
6' 7.53 (1H, d, 7.8) 122.61d
4-OMe 3.92 (3H, s) 55.7q
1" 5.35 (1H, d, 6.9) 102.59d
2" 3.47 (1H, m) 74.78d
3" 3.47 (1H, m) 76.88d
4" 3.29 (1H, m) 70.33d
5" 3.27 (1H, m) 77.32d
6" 3.73 (1H, dd, 11.8, 1.5), 3.55 (1H, dd, 11.8, 5.0) 61.42t

3 Measured in CD3OD at 300 and 75 MHz, respectively. Assignments were

aided by 'H COSY, TOCSY, DEPT, HMQC, and HMBC experiments.
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Fig. 6 'H NMR spectrum of compound 1 in CDsOD.

Fig. 7 13C NMR spectrum of compound 1 in CD3sOD.
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Fig. 44 gHMQC spectrum of compound 5 in CDsOD.
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3.2 itz &4

32.1 %2 % 288 A3 94

3.2.1.1 DPPH radical &7 &%}

=A38 A3 p-BuOH fr.o] 85.2%, 52.
79.1%, 63.2%)° &3t a34E A

o7 g7t o o] thx BHA (68.0%, 54.9%, 39.7%)° 453l
Azfoltt, 1 9] HeO fr& 25.7%, 19.7%, 16.1%%= A< a37} gl Ao
2 Yegwtom, p-hexane fr. 94 27.7%, 19.6%, 15.6%= &37} 13tk
(Table 6).

Table 6. DPPH radical scavenging effect of S. hAerbacea crude extract and
fractions (EDA(%)).

Concentrate

Sample 100 pg/ml 50 pg/ml 10 ug/me
Crude Extract 58.2 40.8 30.9
n-hexane fr. 27.7 19.6 15.6
85% aq. MeOH fr. 70.0 56.9 49.3
n-BuOH fr. 85.2 52.4 33.9
H:0 fr. 25.7 19.7 16.1
BHT 86.9 79.1 63.2
BHA 68.0 54.9 39.7
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3.2.1.2 Perxoynitirte (ONOO") A&AH &3}

Stx &3 B89 ] SIN-13 authentic peroxynitriteE ©]-83}
o gakstEAd S 50 pg/mbEEoA FASI T SIN-12 in vitro AollA
nitric oxide (NO)$} superoxide anion (0,)& &Alel B4A7]=H o5&
7bst A3e|A 85% aq. MeOH, n-BuOH, HO, n-hexane fr.& EF £
A adsE By AA Aee 47 99.8%, 99.5%, 83.9%, 44.2% = Y
Bt AdeA] & F %ol 85% aq. MeOH fr.¥} n-BuOH-2 djz=w<d
L-ascorbic acid (100.3%), penicillamine (99.2%) HUt%= A7 a7t IA
YE L, HoO fr. A £ &2A 535 BdSs 99T + AU3dH (Table
7). WbAo| authentic peroxynitrite® H7}gF A3to M= 85% aq. MeOH,
n-BuOH, H:O, n—hexane fr. 274 AX7} 22t 71.5%, 70.8%, 34.5%,
44.2% = SIN-1& 3718 Aauths 27 @40l dAsHA @A vebt
SHATE o413 85% aq. MeOH, n~-BuOH fr.& %2 4AA a5 ¥ g9l
& o 99T (Table 8).

Table 7. Scavenging activity of S. hAerbacea fractions on ONOO™ from
decomposition of SIN-1 (50 ug/mé).

Sample % 1inhibition
n—hexane fr. 44.2 + 6.3
85% aqg. MeOH fr. 99.8 = 0.1
n-BuOH fr. 99.5 + 0.3
H20 fr. 83.9 £ 8.9
L-ascorbic acid 100.3 + 3.3
Penicillamine 99.2 £ 0.2

Each data is represented as the mean * SEM of three experiments.

Table 8. Scavenging activity of S. herbacea fractions on authentic ONOO™

(50 pg/mb).
Sample % inhibition
n—hexane fr. 44.2 £ 6.3
85% aqg. MeOH fr. 715 £ 7.6
n—-BuOH fr. 70.8 £ 4.7
H20 fr. 345 £ 14.8
L-ascorbic acid 98.5 = 0.8
Penicillamine 92.0 = 2.3

Each data is represented as the mean * SEM of three experiments.
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3.2.2 o|AUAEREY Fi13 24

3.2.2.1 DPPH radical &4 &3}

Compound 2¢] DPPH radicaldl tigh AA3o5s F43 A3} 300,
200, 100 pg/me®] sxlA 247 49.0%, 36.8%, 24.3%°] 2AE&S e
of 25 a7t Jd= Ao wE YEwt A% compound 1, 3, 45 #& F
ToA =43 23} compound 1°] 27.8%, 20.6%, 16.0%, compound 3°]
32.9%, 26.1%, 19.3%% e}l compound 4% 21.7%, 18.1%, 14.7%=
2E A9 a3t gl A RF compound 55 #2 FEolA A3 A
71.0%, 65.2%, 56.8% % tZw" BHT (84.8%, 83.5%, 71.7%)°l &3t

238 AYe #A% & AT} (Table 9).

Table 9. DPPH radical scavenging effect of S Aerbacea compounds 1-5

(EDA(%)).
Concentrate

Sample 300 wg/ml 200 pg/ml 100 pg/me
Compound 1 27.8 20.6 16.0
Compound 2 49.0 36.8 24.3
Compound 3 32.9 26.1 19.3
Compound 4 21.7 18.1 14.7
Compound 5 71.0 65.2 56.8

BHT 84.8 83.5 71.7

BHA 85.0 85.0 79.8
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3.2.2.2 Perxoynitirte (ONOO") A&AH &3}

3}t & o3t SIN-13 authentic peroxynitrite A& S 50 pg/mlE
LA FA4sklth SIN-18 #H7bgk A3 A compound 1-4¢] &7 HAEE
22y T7.2%, 79.8%, 80.7%, 57.7%% Za 2~H &37F A= Aoz yE

b oo Wl compound 5% 101.0%= WlZw" L-ascorbic acid
(114.2%)°1 = 5 XA ¥k penicillamine (109.2%)¥= fALeH &35 B
& &l & 5 A (Table 10).

Ao authentic peroxynitriteE 7}gF A3}l A= compound 22 2AHE I}
7} 95.3%= vz L-ascorbic acid (100.2%), penicillamine (96.3%)¥} A}
g3E HdS 89l & 4 Yk Compound 1, 3, 49 AA Hxe ZH7; 88.
2%, 86.8%, 65.9%= AN ~A ;52347} 9}1% Aoz el %3k compound

T 98.1%= txadt AR avke Bee o)l @ o USlvk (Table 11).

Table 10. Scavenging activity of S. Aerbacea compounds 1-5 on ONOO™ from
decomposition of SIN-1 (50 ug/mé).

Sample % inhibition
Compound 1 77.2 £ 0.5
Compound 2 79.8 £ 1.1
Compound 3 80.7 £ 0.4
Compound 4 57.7 £ 0.7
Compound 5 101.0 £ 1.1

L-ascorbic acid 114.2 £ 0.2
Penicillamine 109.2 £ 0.1

Each data is represented as the mean £ SEM of three experiments.

Table 11. Scavenging activity of S. herbacea compounds 1-5 on authentic
ONOO™ (50 pg/me).

Sample % inhibition
Compound 1 88.2 £ 0.2
Compound 2 95.3 £ 0.1
Compound 3 86.8 + 0.1
Compound 4 65.9 £ 0.2
Compound 5 98.1 £ 1.1

L-ascorbic acid 100.2 £ 0.1
Penicillamine 96.3 £ 0.1

Each data is represented as the mean + SEM of three experiments.
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3.3 In vitro BY AMX 24 A¥

St2 & B3 & tis] MTT assay= ©|83+o] thymus¥ spleend]
W A=A Aol mAE FFS SAHSS in vitro oA MTTE 4rols]

o AMEAA EBell A 2% formazan crystal2 Yol H=d] Crude
extract, n—hexane, 85% aq. MeOH, n-BuOH, H:O fr.o|4 =& A3 az
E Hth Thymus celle]l dig 932 controls 100%= R4S wleb vlal
& Zk7t 242.7%, 202.1%, 144.8%, 575.1%, 99.7%= JEbRtth AdeA &
T %ol n-BuOH fr. controlel Bl 6u] Aol MxA A3 371 9l
S-S HAUY, n-hexane¥} 85% aq. MeOH fr.= Z}Z} 2u, 1.58) AE #| 3|
e BYAS T AddTh AR HoO fr.& A a3t gle 3=
UESTE (Table 12). Spleen cellS o83k A¥AF A3 HAE+= control
(100%)2} ¥las] 242y 194.3%, 210.5%, 135.3%, 564.8%, 71.0%= Y EF%:
t}. Thymus® 7R 2 n=BuOH fr.2 controlol] B3] 68] A% A 3|
H7F AR n-hexaned} 85% aq. MeOH fr.= Z+z} 28, 1.58 &a37} 9

I 8le Aoz Yest (Table 13). °|& 53
FEEo] "edd A7 thymus$t spleen celle] &48 S7HAAE

Foaglon, olRe ofulw P2/t AES FA4L AFANAY ALY
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Table 12. Thymus cell survival effect of S. Aerbacea crude extract and

fractions.

Sample

% inhibition

Crude Extract

n—hexane fr.

85% aq. MeOH fr.

n—-BuOH fr.
H.O fr.

Control

242.7 £ 2.5
202.1 £ 36.5
144.8 £ 16.8
575.1 £ 42.0
99.7 £ 11.8

100.0 £ 13.5

Each data is represented as the mean * SEM of three experiments.

Table 13. Spleen cell survival effect of S. herbacea crude extract and

fractions.

Sample

% inhibition

Crude Extract

n—hexane fr.

85% aq. MeOH fr.

n—-BuOH fr.
H.O fr.

Control

194.3 £ 9.6
210.5 £ 9.9
135.3 £ 14.5
564.8 £ 14.5
71.0 £ 5.7

100.0 £5.7

Each data is represented as the mean + SEM of three experiments.
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Fig. 52 Thymus cell survival effect of S. herbacea
crude extract and fractions. Each data is
represented as the mean £ SEM of three
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3.3.2 o|RALEHES A AT 24 a7

Compound 1-59] thymus cell& ©]&3F MXEAL A3 HE+ control=
100%2 R3ks wel vl 74z} 93.1%, 120.6% 67.9%, 28.2%, 75.6%=
el A a3vt §le Aoz 15t (Table 14). Spleen cells ©] &
& A FTAL A AEE control (100%)3 vlwa| z+2zF 91.7%, 124.2%,
75.8%, 40.9%, 100.0%= YWEST. JA] thymuset w72 G397} Qls=
Ao 2 &<l HAT (Table 15).

[

Table 14. Thymus cell survival effect of S. Aerbacea compounds 1-5.

Sample % 1inhibition
Compound 1 93.1 £ 5.3
Compound 2 120.6 £ 2.1
Compound 3 67.9 £ 6.5
Compound 4 28.2 £ 0.5
Compound 5 75.6 £ 2.1

Control 100.0 + 0.8

Each data is represented as the mean * SEM of three experiments.

Table 15. Spleen cell survival effect of S. Aerbacea compounds 1-5.

Sample % inhibition
Compound 1 91.7 £ 2.4
Compound 2 124.2 £ 2.8
Compound 3 75.8 £ 8.3
Compound 4 409 £ 1.2
Compound 5 100.0 £ 2.7

Control 100.0 £ 1.8

Each data is represented as the mean £ SEM of three experiments.
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4. 4 &

St% (Salicornia herbacea)= S-@luet At A A &S o] FH

A s grefade] 2 Za, viadle, ZE, 4, )l T Z7H mvEd '

o

7}7+S- DPPH radical®} peroxynitrite 271 &3 Z18]a1 MTT assayS =3F
He Ax 24 giE gl

DPPH radical &7 &3 A 23 gz 25FEE0°] 100 pg/mis kol A
23.8%% Y aES BHAAY AR BEEE SA A3 5d solA
n~BuOH ¥ 85% ag. MeOH fr.¢] Z}7} 85.2%,
(86,9%)¢F BHA (68.0%)9F Hlaus] F2 aats 29
13l HeO9F n-hexane fr. & &7F gl

Peroxynitrite A2 in vitrodol A 238t SIN-1 23 A3
85% aq. MeOH, n-BuOH, H:0, n-hexane fr.2 2z} 99.8%, 99.5%, 83.
9%, 44.2%= 53 AA a&dE YERllen gixv"Ql  L-ascorbic acid
(100.3%)#  penicillamine  (99.2%)¢t%= & % &ftk.  Authentic

peroxynitrite A7} A¥ A= 85% aq. MeOH, n-BuOH, H.0O, n—hexane

ﬂ
(@)
(@)
N
il
R
BN
M
rO
o8]
.
!

o
(7
4
X0
e
o
-
S

fr. 27 A=7 47F 71.5%, 70.8%, 34.5%, 44.2% % SIN-1& #H7tet 4
ARt 2A Aol SEA|vk 85% aq. MeOH, n-BuOH fr.& o H3] F&
A5 e

Thymus cell2 ©]&3 MTT assay A3+ controld H]&] 7-BuOH fr.o]
60 AE MEZAF A3 &7t Ad5S BT n-hexane?}t 85% agq. MeOH
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fro& Z4zb 29, 1.5v) A% &7 &35 BYdS g9 & AJgnh pA|nt
H.O fr.> Ael axrt gle ASZ Yelwrt. Spleen cellE ©]&3 MTT
assay A¥+= thymus®} "4 =2 n-BuOH fr.©] controlel] H]&l] 6¥] =
A5 a¥7F AN n-hexaned} 85% aq. MeOH fr.> Z+Z} 24, 1.59) &3}
7F o™ HyO fr.& a371 §le o= Yetyit

ZFEE T 3 ave WY AX 24 a9%5 BYd n-BuOHS RP
flash column chromatography, silica column chromatography 1]l 9%
HPLC 3%}4] compound 1-45 #3 & 4 AU}t E3F silica prap. TLC<}
sephadex LH-20< %3 compound 5% #3833 t}. Compound 13 2+
MEdEzH Fx2= 7247 3-0-B-D-glucuronopyranosyl 3B-hydroxy-23-
ox0—-30-norolean-12:20(29)-dien-28-o0ic acid 28-0-D-glucopyranoside
¢} 3-O-B-D-glucuronopyranosyl 3B,23-dihydroxy-30-norolean—-12:20
(29)-dien-28-oic acid 28-O-D-glucopyranoside® Z 7 5| 31t}

Compound  3-5+ 712 & A 2 M I i < 7k 3-0-B
-D-glucuronopyranosyl 3B-hydroxy—23-oxo-olean—-12-en-28-oic acid
28-0-D-glucopyranoside, 3=0O-B-D-glucuronopyranosyl 3B-hydroxy-23-
oxo-olean-12-en-28-oic acid ] isorhamnetin 3-0-8
-D-glucopyranosided o] &JHJAT.  AA]  Z2Z+S DPPH  radical3}
peroxynitrite &7 &3 18]31 MTT assay= Z3F WY ANE 22 g3=
A8}l T

DPPH radical 27484 AA 23 compound 1-4 B+ A2 a37F 913
t}. dA9F compound 5 300, 200, 100 wg/ml F=olA A3 Azt 71.
0%, 65.2%, 56.8% % tzxw" BHT (84.8%, 83.5%, 71.7%)°] &&3te &

o 3 3 =
HE AdS G = AAgH

SIN-1& #H7}8t peroxynitrite A2AZA AN Az 50 pg/mix%

compound 1-49 A7 AHAxE= 242 79.8%, 77.2%, 80.7%, 57.7% = A7
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F 29 d+& ez yepsth ol ¥k compound 5+ 101.0%% d
T L-ascorbic acid (114.2%), penicillamine (109.2%)% At &5
S ol & 4 9Arl. Authentic peroxynitriteE FH7}3sF 4ol A
compound 2-4% Z}Z} 88.2%, 86.8%, 65.9%° A7 adNE B
compound 1, 5= Z+Z} 95.3%, 98.1%= Wz L-ascorbic acid (100.2%),

o?
jules

penicillamine (96.3%)3} A3 a35 H S &2l & 4 AT

npA 2o 2 compound 1-59] thymus, spleen cellS ©]83F apoptosis A
3 AE = control® B3] AY FH7} 9= Aoz soly o),

Qo] Ad Ay} stxo] F3E 53| n-BuOH fr.2 DPPH®} peroxinitrite
A g5 Holm MTT assays B3l %9 d¥ FEEo] WYg#Hd
4719) thymus®} spleen celle] #4& $7HA7E & & A, olAL o}
e Ftx7F MEY TS ASAIZIAY AES] apoptosisE S AlsHE Ao

g F53 5 Ah ojo] el RelE oA EAES AxT BHL K
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