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Quantitative Analysis of Chemical Composition and In Vitro Anti-oxidant
and Anti-inflammatory Properties of Asparagus oligoclonos

Hyun Joo Lee”, Da Eun Jeong#, Ju Eun Gang#, Mi-Ok Sim, Tae Kyoung Seong, Kyeong Wan Woo,
Byeongkwan An, Ho Kyung Jung, and Hyun Woo Cho*

Division of Traditional Korean Medicine Resource, National Development Institute of Korea Medicine,
288, Woodlandgil, Anyangmyeon, Jangheunggun, Jeollanamdo 59338, Korea

Abstract — Asparagus oligoclonos is one of the endemic halophytes used folk medicine in Korea. We isolated the main com-
pound rutin from methanol extracts of A. oligoclonos based on nuclear magnetic resonance and TOF ESI-MS data. We have
investigated the quantitative analysis method of main compound using HPLC and the results exhibit that rutin content of 4.o/i-
goclonos were 1.816%. To explore anti-oxidant from A. oligoclonos ethanol extracts (AOE), we investigated the antioxidant
effects of AOE on H,0,-induced oxidative stress in RAW 264.7 cell. AOE were reduced H,0O,-induced oxidative stress via
enhancement of cell viability, and AOE significantly decreased ROS production depending on concentration. Next, to screen
for anti-inflammatory activity of AOE, we investigated the inhibitory effects of AOE in lipopolysaccharide (LPS)-stimulated
RAW 264.7 macrophages. AOE had no effect on cell viability at a concentration of 500 pg/mL. Nitric oxide (NO) production
inhibited in a dose-dependent manner. These results suggest that AOE may be a useful antioxidant and anti-inflammatory agent.
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AREA /P59 BSkA S,

ASA gk ARl A Basigitt

Aok R 717 - F= 2 £l AR8-E A9, Thin layer
chromatography(TLC) ¥ columng A<} 5-& HPLC 5+
< AH83F . Column chromatographyoll = ODS gel
(ODS-A, 50 um, YMC, Japan)2 ZXA| 2 AFE-&19 0,
precoated RP-18 F, ¢ plate(Aluminium sheets, Merck,
Germany)E AH&2l TLCEAS Bsiaict. gais 2l
LC-20AD pump, CTO-20A column oven, DGU-20A
degasser, SPD-M20A UV detector, SIL-20A autoinjector=
T4 ¥ HPLC system(Shimadzu, Japan)ol Luna C18(2)
column(Phenomenex, USA)S 2}5lo] ARS-5IITE. Anisal-
dehyde(Sigma Aldrich, USA)S 2] A] 90 2 methanol-
d,(Sigma Aldrich, USAYS NMRE| 2 AR&-3I3AT), Al 24
e AT FE2E2 SFFZ7I(MS-DM609) ¥ =H1x
71(&4], Er]E LYOPH-PRIDE 20R)Z o]&-3}] #2351
o}, Al2E vl A8 HlA]= Dulbecco’s modified Eagle’s
medium(DMEM), penicillin-streptomycin(P/S), fetal bovine
serum(FBS) % phosphate-buffered saline(PBS)+= Gibco
(Grand Island, USA, NY)ollA FJst9L, 3-4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium(MTS)= CellTiter 96® AQueous
one solution cell proliferation assay®} Griess reagent
system Promega(Madison, WI, USA)llA Z}z}t +-9i 5]
AFE-3}Th 2!, 7-dichlorofluoresceindiacetate(DCF-DA) =
Sigma Aldrich(USA)eIA] FFuli3tdar 2 9]¢ RE A
A ARGE NS dF R 57 A Pl g
At

F& % B8 —ESHAF Hdx 2keoll methanots: 713k
of 3AIZF FQE 33] R FESIL, Tl MEe 7=
£ 267 ¢S AUt olF SHTE FYAIZ] ¥ n-hexane,
methylene chloride, ethyl acetate, butanol2 #-23]3}3 7} &
822 553519 n-hexane -8 E 98 g, methylene chloride
8= 3 g, ethyl acetate &&= 3 g, butanol == 40 gt
H,0 & 121 g& AU}

X ZEEE 22| - 0DS gel(50 um, YMC, Japan) 250 g°]
7% glass column(8 cmx60 cm)©ll Ethyl acetate &3] &
(3 )= chargerlZl ¥ 0.02% formic acidE 33+ H,03%
ACN &3-8(90:10, 80:20, 70:30, 60:40, 50:50, 40:60,
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HO=1d OH

Fig. 1. Chemical structure of compound 1.

0:100)2 °]54C 2 gradient &=Hl| ]38 £33t &
g4 7} g5 TLCE 2329381 &Y R, values 2=
ole] AEFYES AHAOE 1-6). L 5 main compound
7} 3H+¥ AOE 3(600 mg)< Luna Cpy(2) column(30 mm
x250 mm, 5 pm, phenomenex, USA)®| “+2H¥ preparative
HPLC(infinity 1260, Agilent, USA)S o]-&3lo] F712Q1 &
& dsATh o572 H,O(containing 0.02% formic
acid, A)¢} Acetonitrile(ByS ©]-8-3t50H, A €948 A&
£F S 3t 308 F B7} 30%7} H=E kSt A
=2 254 nm A, §48 25 mL/min, column 2%
220 zANM FFEE 131 me)ye E2 s thFig. 1).

Rutin(Compound 1)-Yellow powder; 'H-NMR (500 MHz,
CD,0D) & 7.67 (1H, d, J=2.0 Hz, H-2'), 7.63 (IH, dd,
J=8.0, 2.0 Hz, H-6"), 6.87 (IH, d, J=8.5 Hz, H-5'), 6.39
(1H, d, J=2.0 Hz, H-8), 6.20 (1H, J=2.0 Hz, H-6), 5.10
(1H, d, /<75 Hz, H-1"), 4.52 (1H, d, /~1.5 Hz, H-1"),
3.25~3.81 (9H, m, H-Gle, Rhm), 1.12 3H, d, J=6.0 Hz,
H-6"); "C-NMR (125 MHz, CD,0D) & 179.5 (C-4),
166.2 (C-7), 163.1 (C-5), 159.5 (C-9), 158.6 (C-2), 149.9
(C-4, 135.8 (C-3), 123.7 (C-1'), 1232 (C-6'), 117.8 (C-
5", 116.2 (C-2), 105.7 (C-10), 104.9 (C-1"), 102.5 (C-1"),
100.1 (C-6), 95.0 (C-8), 78.4 (C-3"), 77.3 (C-5"), 75.9 (C-
2", 74.1 (C-4"), 724 (C-3"), 72.2 (C2"), 71.5 (C-4"),
69.8 (C-5"), 68.7 (C-6"), 17.9 (C-6"); LC ESI IT-TOF
MS: (positive) m/z 611 [M+H]", m/z 465 [M+H], m/z 303
[M+H]".

EEEN =N - enATENE S A EEF rutin
2 mgell MeOH 5 mLE 7}8t] stock solutions ZA]sh3A
o, SAEE 8)4sked 400, 200, 100, 50, 25, 12.5 ppme]
FFEAE A

A =X - LEHIRTFE Flist] 1 g2 AL Dot &
1 (H,0, 50% MeOH, MeOH) 10 mLE Ztz} 3 7Fsted 30
B2 253} 3=, syringe filter(0.2 pm, Advantec, Japan)&
o7 5 ARESIITE $LE W o R A F 22 MeOH
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Table I. HPLC condition of rutin

Instrument HPLC (Shimadzu 20 AD)

Flow rate 1.0 mL/min
Injection volume 10 uL

UV length 254 nm

A : 0.1% formic acid in water
B : 0.1% formic acid in ACN

Mobile solvent

Mobile phase  Time (min) A (%) B (%)
0 95 5
35 60 40

10 mLE A7l 253 F2(G0%, 30 23], 60, 25°C)
2 3LF FZ(30%, 308 23], 60%)3}3L syringe filter(0.2
um, Advantec, Japan)Z 3} & ARSI TE HEZ A F o
AREE o] A= HEHIATE 100 goll 50% ollehe 1L
£ A7kl SRFEctL 5 W s41xs] A3 o]
3Tt

HPLC M = — A FAE rutin Table B} 22 =7
© 2 Luna C18(2) column(5 um, 4.6x250 mm)©| *+2+%
HPLCE o]&3dt g &4 sl

HAEM 2 XM M(Linearity) - A X 52 rutin®] F%=0l
mE S-S Ielsh] S8l F7589S MeOH= ©HA1A
(400, 200, 100, 50, 25.5, 12.5 ug/mL)S 2 3]4{3le] HPLC
A3 y =ax + b(y: peak 4, x: AlEFE, a: 2419
71871, b: ya¥)o| FEIE HS 2Mdate] 2Al2 ] 4
HAFE T8l AAES Ilsidin

MIZHIQF — T2 M Z(RAW 264.7)= S+ Al X5 23
(Korean Cell Line Bank, Seoul)SZ%E] ¢ Qlo} A]-8-5}
ATk RAW 264.7 Al ZE 10% FBSS} 1% P/Se] H7t &
DMEM Hi=|olA] 37°C, 5% CO, 7 loillA] vieslsitt.

MIZ=X(Cell Cytotoxicity) 8 — WHAFE ofjeke: 5
Z2E9 MEZSAE MTS assays A A5t =A 13T}
RAW 264.7% 3x10° cellymLE 96 well platecl] 100 uLH)
EF31aL 244]7F B2t vk & 10% FBS-DMEM Z79|
A ARE FE HE APt 24x7F S w24
AZF F wjA S A AL MTS AlF 10 uLs o, 447+
&<t k3l ELISA microplate reader(Infinite 200 pro,
TECAN, Grodig, Austria)s AR5} 490 nmolA] S35
=4 skt

Nitric oxide(NO) = 58 - LPSE &/Jsle thajHx
oA WEH|HAT ofebE FEE2] NO BEIAREE 53
SEATE vkl Foll HH]E NO2Q| F=E Griess HHHE
2 2319 96 well plate2] Z} wellol|A] A|AZagd 100
uLe} Griess £ (1% sulfanilamide in 5% HCIZ 0.1%
naphthylendiamine dihydrochlorideZ 1:12 &3}) 100 uLE

(=R

=
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Q93 208 7F WES-AlA ELISA microplate reader(Infinite
200 pro, TECAN, Grodig, Austria)s ©]-&3l] 540 nmol|A
THEE S5k

Hydrogen Peroxide0ll 2|8t MZo| E&loZSE CHA
MZE2S &3 53 - RAW 264.7 cell2 96 well plate]]
3x10° cells/mLE 100 pLA #F38}3L 244 7F Sk g 3}
AR T AEE FE HE At 307 $l hydrogen
peroxide 500 uME A 7}3F3L 24217+ B vl 3FL MTS
assay® M2Z AESES 43S

FMZ 247|E 0|88 ROS £H -LPSE 43l
A A 3wl el S S/ 4kAast whEste] F3-& Wilshe
DCF-DAE °]&3l 4284 7](Flow Cytometry, BD
Biosciences, Billerica, MA, USA)Z =435}

SAHXE] - & Aol Qe ARE 38 o) wkE 2
3te] R F U (mean+S D)E HER AT}, & SPSS
(Statistical Package for Social Science Inc., Chicago, IL,
USA)E ©]&3t] Student’s t-test= 2] 3Fe] p<0.05 o
SAFCE o3k AoE Hrtslitt
3

Azt

kJ
[

XNELEE 7= 24 - Ag=de =3 712, TLCE
oA Anisaldehyde T A3 &8l 71 sISls o
=2k 9bE YeRfo] flavonoid® 4314t} ESI IT-TOF
MS spectraold] B2 m/z 611 [M+H]S ER181932, MS/
MS 2A o)A m/z 465 [M-rhamnose+H]', m/z 303 [M-
rthamnose-glucose+H] & 5712 21510 0™, rutin 5%
3} retention time 2 MS/MS Helo] JaslA] Ux|gh2 &
215t th. w3 'H-NMR spectrum®] 4] flavonoid A-ring®l
A& == 2% 2] proton signal E[8 6.39 (1H, d, J=2.0 Hz,
H-8), 6.20 (1H, J=2.0 Hz, H-6)], Z2]3. B-ringl] #A&EE
3% benzene?t 12l 352 proton signal=[8 7.67 (1H,
d, /2.0 Hz, H-2"), 7.63 (1H, dd, J=8.0, 2.0 Hz, H-6"),
232 6.87 (1H, d, J/=8.5 Hz, H-53"]o| #& o] 315HE 19
aglycone> quercetin®] ©] AAFEIATE 7S 2 glucose
anomeric proton signal [§ 5.10 (1H, d, J=7.5 Hz, H-1")]3}
rhamnose anomeric proton [0 4.52 (1H, d, /=1.5 Hz, H-
1™)], 2] methyl proton signal [ 1.12 (3H, d, J=6.0
Hz, H-6")} g<1at3ith. "C-NMR spectrum@-Z5-E] 17}
9] carbonyl carbon signal [§ 179.5 (C-4)[2 X3t 1571<]
& Al flavonoid carbon signalE 3} glucose carbon
signal [8 104.9 (C-1"), 78.4 (C-3"), 77.3 (C-5"), 75.9 (C-
2", 74.1 (C-4"), 28]3L 68.7 (C-6")], rhamnose carbon
signal £[102.5 (C-1"), 72.4 (C-3"), 72.2 (C-2"), 71.5 (C-
4™, 69.8 (C-5"), 2L 17.9 (C-6")][2 EA3}AT}. $<]
dataS 7]Z 23} v wsle] quercetinell M]3 C-3(5
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Fig. 2. HPLC chromatograms of rutin (A) and EtOH extracts of A. oligoclonos (B).
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Fig. 3. Calibration curve of rutin.

135.8)2] LA shift, C-6"(8 68.7)2] A shiftS 53l
quercetin®] 3$]°l| rutinose’} A3ro] A=} =S, 3}
SHE 1S rutin® ® 7% 43I THFig. 1).

Table II. The contents of rutin by extraction solvents

Content (%)

Solvents H,0 50% MeOH MeOH
0.374 1.140 0.982
BYEA PR R AREY ruind]
A F9S 918l Table I3 22 2702 HPLC 45

At 2 A 21.4 minolA ruting 31 4= AATH
(Fig. 2). AZEZ] EFENL 12,5400 pg/mLe] HSlell
A A ABAFR)YT 09992 & A4S JeERIY
thFig. 3). 5= Sullol W& 3% F=F vl 237 50%
MeOH F& A 7F¢ =& 888 W (Table ), F&=%
Aol W A A3 307 289 FE A P 28
o] =< ¢l tH(Table III). B2 flavonoids F7]&
ufjof] 2+ 8- =X Tt flavonoid glycoside®} 7Ho] FAJo] =
< flavonoide E-f71-80 EF&ufel o 2 &af=]= A

Table III. The contents of rutin by extraction time and methods

Extraction method Sonication Reflux
Time (min) 30 30%2 60 30 30%2 60
Content (%) 1.832 1.800 1.837 1.663 1.758 1.758
1.800 1.780 1.798 1.677 1.796 1.777
1.81 1.818 1.769 1.677 1.749 1.754
Average 1.816 1.799 1.801 1.672 1.768 1.763
SD 0.016 0.019 0.034 0.008 0.025 0.012
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o7 A ek e A-Ee] A FAEQ rutin GA]
50% MeOHoﬂH F= 880 7P =94t} 50% MeOH, 30
220 FEE AFAAR] T 7S Ao, 2R
9] rutin 5“3‘1— 1.816%= el

HISH|MIZ OfEl2 F£=E9| LPSE REE RAW 264.7
cellofAl NO M4 X 32} —Nitric oxide(NO)= NO
synthase(NOS)7} L-arginine 7|22 3t AA=E &

712, AU o], Fawt oA, Wz, I3, Ao
< 5o tFe A 71 o #ofgitt. 2t =S NO

AR, 2HEY, AR W

Z# 48 dogE Zog A
A7)= Aol dFo=2 sk A3l

4 &9 whdo] E £ gtV B g
HJ%H] RH o EhS FEE0] RAW 264.7 cellollA]
Aol AAE FIS 2%}71 23l RAW 264.7

cello] HJ%HWH oete FEEZ 62.5, 125, 250 pg/mL
FTEZ AEslal LPSE AF3te] NOo9| A48 =& 574
st 2 A# LPSRF A2]3t o] LPSE Ae|ehA] &2
Agtel Bls) NO A o] dAsH S7HtRer, W
HAE oehe FE2ES A2 2ollie v ey

NO9| Aol A=At W-EH AT deks FZE°] NO
23S A wet gAS 2ARe] o] 87Fed S EI

IS tH(Fig. 4).
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Fig. 4. Effect of AOE on LPS-induced NO production in
RAW 264.7 cells. RAW 264.7 cells were pretreated with the
indicated concentration of AOE for 30 minutes before being
incubated with LPS (500 ng/mL) for 24 hours. Statistical sig-
nificance: *p<0.05, **p<0.01 when compared to the control
group; #p<0.05, ##p<0.01 when compared to the LPS alone
treated group. Significant differences between treated groups
were determined using the Student’s t-test. Values shown are
the mean = S.D. of triplicate determinations from three sepa-
rate experiments. CON : control, LPS : LPS treated, AOE;
Asparagus oligoclonos ethanol extracts.
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Hydrogen Peroxide2 REE RAW 264.7 celloflA &t
SHIMF OEE FEEQ MEESSIe} HMLST
(ROS)0f| CHEH A& — WHIRTF e FE5E0] 7=
MER S FINE 81317] 93l hydrogen peroxideS RAW
2647 cellell A 2]ate] Abshy 2EHAE fFEAIZITH
Hydrogen peroxidedl] ]3] =% AHXE= A dtol vlso]
FrolaiAl Al ZAES0] s, W H AT oleke:
S&0| FROEF R MAX AEES STMIR . wEtA
‘“%HW}T of &
}\]-:g]_XJ /\Ea]/\e 7\::
< 5}0 O]—Oj‘:]'(Flg 5)

ALglE AEY 2 Fo Yelel

AT AT

2 FZ 5] hydrogen peroxideol] =%

ANA AERZE A7 YEu= 2

ROSE At 74 B
AIER Qholl EAfshe Ehe] 8o Qs A o= A
”Elﬂb} o271 H:'— ]le] lSH §”~‘43} 7t AlZS
ZR 3} &4
7]240 ZyZ= A vk

E}.l” Seze x@ 98l ROSE A 24 WA S 2
o7, vIRAAQ AL FA I} A WElE do7)
Eh:].m w3k o3k Wee A=A ujy) &2
".ﬂi‘ﬂ}&—"— = 817] wfo] ROSS] A é—% JAske A
= Eg 29} Q2 AB] o} W

SESERR R

= #
£

S 80% [ -
o
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e

< 60%
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E
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3
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Fig. 5. Effect of AOE on hydrogen dioxide (H,O,)-mediated
cytotoxicity in RAW 264.7 cells. Raw 264.7 cells were pre-
treated with the indicated concentration of AOE for 1 hr
before being incubated with H,0, 500 uM for 24 hr. Cell via-
bility was evaluated by MTS assay as described in materials
and methods. Statistical significance: *p<0.05 **p<0.01, when
compared to the normal group; #p<0.05 ##p<0.01, when com-
pared to the H,O, alone treated group. Significant differences
were determined using the Student's t-test. Values shown are
the mean + S.D. of triplicate determinations from three sepa-
rate experiments.
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Fig. 6. Effect of AOE on hydrogen dioxide (H,O,)-mediated
ROS induction in RAW 264.7 cells. RAW 264.7 were pre-
treated with DCFH-DA for 30 min, followed by the indicated
concentration of AOE and 1 mM of H,O, treatment for 3 h
incubation. Levels of intracellular RSS were measured by flow
cytometry. (A) Unstaining, (B) Control, (C) H,O,-treated cells,
AOE (D) 62.5 pg/mL and H,O,-treated cells (E) 125 pg/mL
and H,O,-treated cells (F) 250 pg/mL and H,O,-treated cells,
AOE; Asparagus oligoclonos ethanol extracts.

B AT A= hydrogen peroxideol] <3l F=8 A4k
2F(ROS)S DCFH-DAE ©]-&3l 543t} Hydrogen
peroxideol] &J3l] FE¥ HEZEE HAatol Hlste fost
Al ROS-positive cello] S7181993L WEH AT of gk &
& 625, 125, 250 pg/mlLe] T== AEE A2]s1S o
FTEOEA R AX Y AT ROS)E HsA7= A
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= R = U9 ofel] w2} WA oeE FEw
] ROS A8S AASIL M 2SS sirA Fikst &

3ol A=e BRISHATHFig. 6).

A Aol = rutin® F8A Aol A5, 1,
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M9 '3 hydrogen peroxide® =¥ AFshA ~Eg A
FollA] aRikstel e gae] E49S SVMAA AlE U
ROS A4S AL, Al 2750 Hold 38
3 sl & shuE deiA Aok web, B Al
WERAE S FEE0] 7= it 2 AddE =
T2 A9 rutine] A 719PE Ao 2 AlEHEL.
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4 =

WEHAF] 22 RE column chromatographytprep-
HPLCE o|&3to] FAHEQ 3tgt= 12 E2l8islaL, &2
¥ 31584 'H, °C NMR3} LC IT TOF MS £42 %3
rutin® 2 2SN AREZ ] FFEAS fS F
% 9 HPLC ¥X20< g3t 43, 50% MeOH, 253
302 F= Al 1816%% = 880 M 2 e &
A= AT

WEHIRE e FE2ES] I
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< 343 A AESA glol frelFeE NO S o
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At ZEYAE WEHIRT olghs FEEC] RS
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