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Chemical Constituents from the Aerial Parts of Artemisia absinthium and
Its Inhibitory Effects of Nitric Oxide Production in
RAW2264.7 and BV2 Microglia

Hae Ju Ko, Hwan Lee, Dong-Sung Lee, and Eun-Rhan Woo*
College of Pharmacy, Chosun University, Gwangju 61452, Korea

Abstract — Six compounds, eupatilin (1), dammaradienyl acetate (2), glutinol acetate (3), 3 f-acetoxyoleanan-12-one (4), tarax-
asterol (5) and quercetin-3,4'-dimethyl ether (6) were isolated from the aerial parts of Artemisia absinthium. The chemical struc-
tures of compounds 1-6 were determined by the basis of physico-chemical properties and spectroscopic methods such as 1D
and 2D NMR. Among them, compounds 2-5 were isolated from this plant for the first time. The inhibitory effects of these iso-
lated compounds against nitric oxide (NO) production in LPS-induced RAW264.7 cells or BV2 microglia were also examined.
Among the tested compounds, compound 1, eupatilin, inhibited the production of NO in LPS-induced RAW264.7 cells and

BV2 microglia, respectively.
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factor-alpha(TNF-oc), interleukin(IL)-1B, IL-6 52 954
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Aol AE-Sl & (Aretemisia absinthium
obstolst ez lolN AHsj] HEIHS

<= , A ofstahe] sAH RS AA ARESIIS
o, -2 et ofstth el FEAel Bastar ot
7171 ¥ A2k - 54 =% 7]= Fisher Scientific(Model

307N0043, Canada)S AH&-3F913L A3 =& AUTOPOL”
automatic polarimeter(Rudolph Research Flangers, NJ07836,
US.AN)E AFE3IHe™ IR 2~HEH2 JASCO FT/IR-300E
(JASCO Co., Japan)E A}&-3FS T} ESI-MSE JMS 700
(JEOL, Japan)& AM2-31%51. 'H-NMR# PC-NMRE Varian
Unity Inova 500(KBSI-g=%¢) % JEOL JNM-LA 3005
ArgaaT) B34 29 Azneadye] 2d42e
Kieselgel 60(63-200 um, Art. 7734, Merck), Kieselgel
60(40-63 um, Art. 9385, Merck), Sephadex LH-20(Beads
size 25-100 pm, Sigma), MCI gel CHP20P(75-150 pm,
Mitsubishi Chemical Co.yS- AM8-3153t}. Thin layer chromato-
graphy-8- plate= precoated silica gel 60 F,,, plate(layer
thickness 0.25mm, 20x20cm. Art. 5715, Merck)$}t
precoated RP-18 F,;, S plate(layer thickness 0.25 mm,
20x20 cm. Art. 5423, Merck)2 AM&allon & 2 4
H ARvETE9 g Suie 15 Aok ZIEReRS 19 &
= B39 77h Algelon] waa|eko 2 (0% H,SO0,
= ]‘%‘0};\)\‘—4'.

=& ¥ 22| - &5 absinthium) A’$5 62 kgs
MeOH=Z 3A17}, 33] WHE ShRuyzt 356k o3, 19ks
=35}o] 482 g9 MeOH extractE AUTH MeOH extractE
5ol FEIAL methylene chloride(CH,CL,), ethyl acetate
(EtOAc), n-butanol(BuOH), H,0 =02 Al sid 7zt
140.5 g, 444 ¢, 984 ¢, 198.8 g0 =S AU} CH,C,

3 19 g0l sl Hel7H A7 AZnlE 1219 (Hexane:
EtOAc=20:1—1:1, CHCl;:EtOAc=10:1-5:1, CHCl;:;MeOH=
10:1-1:H)E AABI 36712] &EE/(D-1, D-2 ... D-36)2
At 283 D-4(271 mg)ll thal A=z LRP-18 2
d I ZvlE 22} (Hexane:EtOAc=70:1-5:1, 95:1-90:1,
Acetone:H,0=4:1)5 WHE- AA|sle] 742} 315HE2(8.65 myg),
3(6.09 mg)S LA A8 D-7(410.9 mg)el D-3(156 mg)
of sl A7 9RP-18 A A =ZwlE 12} (Hexane:
EtOAc=80:1—1:1,Hexane:Acetone=70:1, Acetone:H,0=4:1)
£ WHE dAJsle] Zhz)E SHRHE 4(7.39 mg), 5(2.93 mg)E
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5182 1 - Yellow amorphous powder; 'H-NMR (500
MHz, CDCLy) &: 7.52 (1H, dd, J=1.8, 8.5 Hz, H-6'), 7.33
(1H, s, H-2'), 698 (1H, d, J=8.5 Hz, H-5", 6.61 (1H, s,
H-3), 6.58 (1H, s, H-8), 4.05 (3H, s, -OCH,), 3.96 (6H, -
OCH,); "C-NMR (125 MHZ, CDClL) &: 182.8 (C-4),
164.0 (C-2), 155.0 (C-7), 153.1 (C-5), 1522 (C-9), 152.0
(C-4), 149.2 (C-3), 130.3 (C-6), 123.7 (C-1'), 120.0 (C-
6), 111.1 (C-5), 108.7 (C-2), 105.6 (C-10), 104.0 (C-3),
933 (C-8), 60.8 (-OCHy), 56.0 (-OCH,); ESI-MS (positive
mode), m/z 345 [M+H] .

5182 2 — White Needles; 'H-NMR (500 MHz, CDCly)
§: 5.13 (1H, dd, J=1.5, 6.5 Hz, H-24), 474 (1H, br s, H-
21a), 470 (1H, d, J=1.5 Hz, H-21b), 450 (1H, dd, J=
55, 105 Hz, H-3), 204 (3H, s, -COCH,), 1.69 (3H, s,
H-26), 1.62 (3H, s, H-27), 0.97 (3H, s, H-18), 0.87 (3H,
s, H-19), 0.86 (6H, s, H-28, 30), 0.85 (3H, s, H-29); "C-
NMR (125 MHZ, CDCLy) &: 152.7 (C-20), 131.4 (C-25),
1244 (C-24), 1074 (C-21), 80.9 (C-3), 55.9 (C-5), 50.8
(C-9), 49.4 (C-14), 47.7 (C-17), 452 (C-13), 404 (C-8),
38.7 (C-22), 37.8 (C-4), 37.1 (C-10), 35.3 (C-7), 34.1 (C-
1), 313 (C-15), 28.8 (C-23), 27.9 (C-28), 27.0 (C-2), 25.7
(C-26), 24.9 (C-16), 23.6 (C-12), 21.4 (C-11), 18.1 (C-6),
17.7 (C-27), 164 (C-30), 16.2 (C-19), 15.8 (C-18), 15.6
(C-29), 1709 (-COCHy), 2132 (-COCH,); EI-MS, m/z
468 [M]".

5182 3 - Colorless needles; 'H-NMR (500 MHz,
CDCL,) &: 5.56 (1H, d, J=6.0 Hz, H-6), 4.70 (1H, t, J=3.5
Hz, H-3), 2.01 (3H, s, -OCOCH,), 1.16 (3H, s, H-28),
1.10 GH, s, H-27), 1.07 GH, s, H-23), 1.04 3H, s, H-
24), 1.01 GH, s, H-26), 0.99 (3H, s, H-30), 0.95 3H, s,
H-29), 0.85 (3H, s, H-25); "C-NMR (125 MHZ, CDCl,)
8: 142.0 (C-5), 119.8 (C-6), 78.5 (C-3), 49.8 (C-10), 47.3
(C-18), 43.0 (C-8), 392 (C-9), 39.2 (C-14), 39.0 (C-4),
389 (C-22), 37.8 (C-13), 359 (C-16), 35.1 (C-19), 34.7
(C-29), 34.6 (C-11), 34.5 (C-21), 33.0 (C-15), 32.3 (C-30),
32.0 (C-28), 30.3 (C-12), 30.0 (C-17), 29.0 (C-23), 282
(C-20), 25.4 (C-17), 25.0 (C-24), 234 (C-1), 19.5 (C-27),
18.8 (C-2), 184 (C-26), 16.0 (C-25), 170.9 (-OCOCH,),
212 (-OCOCH,); EI-MS, m/z 468 [M]".

SIEME 4 — White needles; 'H-NMR (500 MHz, CDCl,)
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Fig. 1. Chemical structures of compounds 1-6 from A. absinthium

8: 456 (1H, dd, J=5.0, 11.0 Hz, H-3), 201 (3H, s,
-OCOCH,), 1.10 3H, s, H-26), 1.09 (3H, s, H-30), 0.95
(3H, s, H-25), 0.90 (3H, s, H-28), 0.89 (3H, s, H-23), 0.87
(3H, s, H-27), 0.86 (3H, s, H-24), 0.85 (3H, s, H-29);
BC-NMR (125 MHZ, CDCl,) 8: 215.5 (C-12), 80.6 (C-3),
52.1 (C-13), 48.7 (C-8), 47.8 (C-5), 47.1 (C-9), 452 (C-
14), 40.7 (C-4), 39.4 (C-10), 37.5 (C-19), 35.7 (C-18),
354 (C-1), 32.8 (C-11), 31.5 (C-22), 30.1 (C-21), 29.7
(C-7), 28.0 (C-17), 26.7 (C-20), 26.4 (C-16), 25.9 (C-29),
25.7 (C-24), 253 (C-15), 20.8 (C-2), 20.0 (C-27), 19.2
(C-28), 18.0 (C-25), 18.3 (C-30), 182 (C-26), 17.9 (C-6),

15.1 (C-23), 1709 (-COCH,), 213 (-COCHy); EL-MS,
484 m/z [M]".

582 5 — White needles crystal; 'H-NMR (500 MHz,
CDCL,) &: 4.75 (1H, br s, Ha-30), 4.66 (1H, br s, Hb-30),
328 (IH, dd, J=5.0, 11.0 Hz, H-3), 1.03 (3H, d, J =7.0
Hz, H-29), 1.02 (3H, s, H-28), 0.97 (6H, s, H-23, 24),
0.90 (3H, s, H-25), 0.89 (3H, s, H-26), 0.81 (3H, s, H-
27); "C-NMR (125 MHZ, CDCl,) &: 157.1 (C-20), 105.9
(C-30), 78.8 (C-3), 522 (C-5), 48.7 (C-9), 479 (C-18),
47.1 (C-14), 453 (C-8), 40.5 (C-19), 36.1 (C-13), 35.5
(C-1), 349 (C-22), 33.8 (C-4), 31.9 (C-16), 31.2 (C-10),



30.3 (C-17), 29.8 (C-7), 28.1 (C-2), 26.5 (C-15), 26.1 (C-
12), 26.0 (C-21), 25.4 (C-23), 21.9 (C-29), 21.8 (C-28),
21.1 (C-11), 19.9 (C-6), 19.3 (C-25), 183 (C-26), 18.0
(C-24), 13.9 (C-27); EI-MS, m/z 426 [M]".

1812 6 — Yellow powder; 'H-NMR (500 MHz,
CD,0D) &: 7.46 (1H, dd, J=1.8, 8.5 Hz, H-6"), 7.44 (1H,
s, H2), 6.92 (1H, d, J=8.5 Hz, H-5"), 6.58 (1H, br s, H-
6), 6.51 (1H, br s, H-8), 3.95 (3H, s, -OCHy), 3.87 (3H,
s, -OCH,); "C-NMR (125 MHZ, CD,0D) &: 182.6 (C-4),
164.6 (C-7), 158.6 (C-5), 153.4 (C-9), 152.4 (C-2), 150.7
(C-3"), 148.0 (C-4"), 131.7 (C-3), 122.2 (C-1), 120.2 (C-
6), 1153 (C-5), 109.0 (C-2), 103.9 (C-10), 1022 (C-6),
94.2 (C-8), 59.4 (-OCHy), 55.2 (-OCH,); ESI-MS (positive
mode), m/z 331 [M+H]".

MIZ HHF — RAW264.7 thAA| = ATCCollAN 2 3
2 Y8, BV2 Aol E= gl st oFs| st
A8E AP ozHE B wol 21835199t RAW264.7
2 A &} BV2 B Ao} A E(5x10° cells/wel) S 10%
heat-inactivated FBS, penicillin G(100 IU/ml), streptomycin
(100 pg/ml), L-glutamine(2 mM)S 333 DMEM#R]ol] &
F3kaL 5% CO, #ig7IHlA 37°Ce] 22 v ettt

ME S - 2 23lol|A] RAW264.7 TI2IH 9} BV2 7]
Aot ol gk xS B AF Al XE] $58 2%
slal, 65 3IgtEe] AlxEdE 379517] 18] MTT assay
= A}gaIdit). 78] 71%aPa WA 96 well plateo]] 1x10°
cells/wellZ FL3HA EF3lal 1247F 52t vt 7]
E9] WA & AASL A2 viAE HolFE § DMSOY
591 A|RE gt F5(1-40 uM)E DMEM HiX] o] 84
slod H7FsIGith. DMSO2] Az] &= viA] tH] 0.1% ©]
S7F EE=5 Sk o]E ThA] 48A17F v o wix]E
AABIAL MTTA 25 mg/ml)yS EaL, 4A]7F Bt Wx]st &
Fee A AE formazane] 7+ wellel DMSO
20 s H7Fs % orbital shakerS ©]-&-3}e] o], 30%
T 595 nmollA] FEEE SAINTh A 33 v A
Alate] Htgks el on, ] 4% w4 7IeS
2 AE AEEE v stk

Nitrite Assay — Wil A EZE 5x10° cells/well T=02
24 well platel] 100 ¥ JEg tha 12717 &< v st
ATt MUE mediumS #7832 DMEMO. 2 52 (1-
40 MZ SAE SIHE 1-62 B2 T ©]ojA] LPS(1 pg/
ml)E 2|80t 24417 Bt vl mRl TR Al aEol|A
Hjokal o 2 Fu)E NO2 %S Griess*] 2F[0.1% (w/v) N-
(1-naphathyl)-ethylenediamine and 1%(w/v) sulfanilamide in
5%(v/v) phosphoric acid}& AFE-sle] RESAIZCE o] <
8% % ELISA micro plate reader(Bio Rad Laboratories
Inc., CA, USA)YE AH&-314] 540 nmellx] S 313Ath.
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3132 2 wWAle] HadAg o s 'HNMR 23 Ed A
7702 w717} § 1.69, 1.62, 0.97, 0.87, 0.86, 0.8591 L}Ek
WL exo-methylene”]2] S A7} § 4.74, 4.700] VERESH,
5 4.500 oxy methine ¥=7}, § 5.1390 o|FA%te] 4]
=7} § 2.0490, -OCOCH, 79l feslhe ¥ =7}t B2z o]
S}3HE 2= dammarane type®] triterpenoid SIHEE F4
At} PC-NMR 2 EZ0A § 80.9914 F4712] EA)E,
8 124.4, 131.4°] A= o]z SAIE, § 1527, 1074
9] 932 exo-methylene”]9] EAE § 170.9, 21.2°] =
2 opHo|EY|9] EAE 7z} RIS EI-MS &~ E
o= Eajol2o] miz 468[M] ol LFERETE o] 9} 7he
BE datas TSIl 71800 Bl F3 ) vlwste] sigt
£ 2= dammaradienyl acetate & 3 31it}.'”

e 3 A gAY oM 'HNMR S EH
A 8 70¢] angular W€7]7} § 1.16, 1.10, 1.07, 1.04, 1.01,
0.99, 0.95, 0.859] &= A3 oxy methine 23 37} §
4.709 YERgTth -OCOCH,719l fehske 32371 § 2.0100
el o]2 A3 Salsls A7) § 5.560 UERY
313HE 38 oleanane type 2ltriterpenoid Al <] SHEYUS
adat 4= Atk BCNMR 2=HEHA § 78.504 Gt
719] EAE, § 142.0, 119.89] ¥|AZ o|FHAG ] EAIE,
8 170.9, 21.29] =R oAHO|EZ] e EA S Ztz; 9]
A TH ELMSAZ Ed o & ExFo]&0] m/z 468[M] "l
Uehsttt. o]¢} 7He B E dataE FEt 71E0] BaE
313} vlwste] S1gHE 32 glutinol acetate® %1 573t
911_/]_'11,12)
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8 71| angular MW €717} & 1.10, 1.09, 0.95, 0.90, 0.89,
0.87, 0.86, 0.85°] 2= oxy methine F+43| 37} §
4.5601 YERstth -OCOCHy7 19l frEislk= =71 § 2.0100
et 315HE 4= 35S 33 v7EAIE oleane type2]
triterpenoid AlF 9] SHHEUS AT 4 AATH SHHE 3
= &g PC-NMR 23 EHoA § 215,59 Ba= 7=
HY7]e] EAIE RIS, § 80.6914 2719 EANE,
5 170.9, 213004 oMAHI0|E7| 2] &S 7z}2}t FelsiT.
EI-MS Z~HEf A& Fx}o]20] m/z 484[M] ol LElS:
t}h olo} 2 BE datas T 718 B F3
Hlwsle] 3}3HE 4= 3B-acetoxyoleanan-12-oneZ 21 5
Aalieh”

31 5= wAe] Ao 2 THNMR 2 EH
A1 7 78] angular W€7]7} § 1.03, 1.02, 0.97, 0.90, 0.89,
0.81°] #Z= T oxy methine 2337} § 3.289) L1E}
W 53 exo-methylene” ol frefishs #1271 § 4.75, 4.66
of Jeht 3l8kE 5= ursane type®] triterpenoid A€ <] 3}
FEQ)S oA 5 AT PC-NMR ZHEZoA] 771¢]
angular W 337} § 254, 21.9, 21.8, 19.3, 183, 18.0,
13.9 ol YEFYI oxy methine =7} § 78.89 LFEFSTEH
TS § 157.1, 105.99] Y= 2 exo-methylene 712 EAE
3elst 4= ATt EI-MS AHE-H A EAlo]&0] m/z
426[M]'ell YERTE 0]} 2o RE dataZ EGslal 7|E
of Ry 33} vlwsle] 3IFHE 5= taraxasterolZ 579
6}9&1:]—_14’15)

SHeHE 62 ShAle] B EA] 'H-NMR data’} 313HE
12 v $- fAFeE o2 Yeh flavonoiddl 3FHEYS <
A8 = Qi) wASke] ABX-type2] 497} § 7.46,
7.44, 6,929 UEREOH wlAgke] #4071 § 6.58, 6.51
o] JeRda 270] WEA] =7} § 3.95, 3.87¢0 YERAT]
BC-NMR 2 EZ|A] § 182.60] 7F2HY =7}, § 594,
55.20 Wl EA] 9 =7} JERES wlRgke] A2 X8k
47 27} § 164.6, 158.6, 150.79] YEFSTE ESI-MS 2=
HEHoM= Eajo]l o] m/iz 331[M+H] o VFERT). o]}
7 BE dataE TSI 7180 B 43 v)wsie]
33 62 quercetin-3.,4'-dimethyl ether 2 F4 3t ch.'®

NO% IL-1B, TNF-a, LPS 53 72 ASF2<1x}e] <
3l = INOS T e o3 = LAYsh, A4dE NO
o] X &FQl 22L& HuEAs 380, 2 A3 Ui
Me 34 Ee i 93 29 ety ez
B AFox = &5A BElE 65 3EES] NOYA A
SIS RAW264.7 thAJA| 32} BV2 wA|ofwAl| 3Eol| A Al
stth WA, %A EEH 652 SIES RAW264.7
A A E9F BV2 HlAlokwA] Eol| 5= (1-40 uM)E 484
72 APk, 652 SIgHE 25Ut 40 uM7EA] Al 5
o] 92 ERIIMITH(Data not shown). ©]9] RAW264.7 T]

Table I. Effects of compounds 1-6 from A. absinthium on
NO production with IC, values in LPS-induced RAW264.7
cells. Cells were pre-treated for 3 hr with compounds 1-6
and stimulated 24 hr with LPS (1 pg/ml). Butein was used as
a positive control

Compounds IC,,
Butein 2.45+0.44 M
Compound 1 22.3+1.21 uM
Compound 2 > 40 uM
Compound 3 > 40 uM
Compound 4 > 40 uM
Compound 5 > 40 uM
Compound 6 > 40 uM

Table II. Effects of compounds 1-6 from A. absinthium on
NO production with ICy, values in LPS-induced BV2
microglia. Cells were pre-treated for 3 hr with compounds 1-
6 and stimulated 24 hr with LPS (1 pg/ml). Butein was used
as a positive control

Compounds IC,,
Butein 3.2+0.94 pM
Compound 1 35.214£2.65 uM
Compound 2 > 40 uM
Compound 3 > 40 uM
Compound 4 > 40 uM
Compound 5 > 40 uM
Compound 6 > 40 uM

212} BV2 ml Aol Fol] 22204 EalE 6E9)
=S A2 Sl LPSE 244 7He < G5nke-S sl
NOYE AR5 Z7g3Iith. 2 A3 65 7Hetl eupatilin
(1)3F RAW264.7 th2] 4| X (Table 1)+ BV2 1A oAl
(Table I)AIA] NOAA <A @25 R th. Eupatilin(1)<]
NOAGAA IC,, #k& ZH2te] AlZollA gRlstSith(Table 1
and II). Eupatilin(1)2] RAW264.7 Th2)A| ZllA NOAYA] <]
A 1C,, FS 22.3+1.21 mMOE LEREO M (Table ), BV2
vl A okmA Zell A Q] 1Cy, Fh-2 35.21£2.65 mMO 2 LFERS:
THTable II). Eupatilin® RAW264.7 24|22} BV2 1]A|
o} A| Z|A nitrite, IL-6, TNF-a,, PGE, 52| 95 1A}
55 Alske At 95do) 7] RauEglen, B 2o
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