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Abstract

Twenty one flavonoids were isolated from ethyl acetate layer of aqueaus EtOH extracts of Artemisia vulgaris
and identified as tricin, jaceosidine, eupafolin, diosmetin, chrysoeriol, homoeriodictyol, isorhamnetin, apigenin,
eriodictyol, luteolin, luteolin 7-glucoside, kaempferol 3-glucoside, kaempferol 7-glucoside, kaempferol 3-rham-
noside, kaempferol 3-rutinside, quercetin, quercetin 3-glucoside, quercetin 3-galactoside, quercetrin, quercetin 7-
glucoside, rutin, and vietexin. The inhibitory activity for all purified flavonoids were examined against lipid
peroxidation in rat liver microsome. All examined flavonoids showed considerable antioxidant activity. Among
them, IC,, value of apigenin, luteolin, isorhamnetin, quercetin, and eriodictyol were showed higher than that of
vitamin E used as positive control. And methoxylated flavonoids, tricin, eupafolin, jaceosidine, diosmetin, and
isorhamnetin showed considerable antioxidant activity. Each IC,, values were shown at 0.9, 1.0, 1.4, 1.0, and 0.7

pg/ml, respectively.
Key words: Artemisia vulgaris, mugwort, flavonoids, methylated flavonoids, antioxidant activity, lipid peroxidation,

rat liver microsome
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4. Ri=R2=R3=H, Apigenin

5. Ri=H, Rs=OH,
Ro=CH3, Diosmetin

6. Ri=Rz=H, R3=OCHS;,
Chrysoeriol

7. Ri=Rs=H, R3=0OH,
Luteolin

8. Ri=glucosyl, Re=H, R3=0OH,
Luteolin-7-glucoside

19. Vitexin

P FAR2 A A 31 A 35 (1999)

2. Ri=0OH, Eupafolin
3. Ri=OCH3s, Jaceosidine

O 0

9. Ri=R2=Rs=H, R4=0OCHj,
Isorhamnetin

10. Ri=R3=Rs=H, Rz=glucoside
Kaempferol-7-glucoside

11. Ri=glucose, Kaempferol-3-glucoside

12. Ri=rhamnoside
Kaempferol-3-rhamnoside

13. Ri=rutinoside
Kaempferol-3-rutinoside

14. Ri1=R2=R3=H, R4=0OH, Quercetin

15. Ri=glucoside
Quercetin-3-glucoside

16. Ri=galactoside
Quercetin—~3-galactoside

17. Ri=rhamnoside, Quercitrin

18. Ri=Rutinoside, Rutin

20. Ri=H, Eriodictyoi
21. Ri=CH3 Homoeriodictyol

Fig. 1. Chemical structure of flavonoids from ethanol extracts of Artemisia vulgaris.
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#3122 EA o= UV-spectrophotometer (Kontron
Uvicon 930), NMR spectrometer (Bruker AM-500), FAB-
MS (Finnigan MAT 90 mass spectrometer)g A}-8-3]53
v}, 3}3HE-& Ae)sbA (Kiselgel 60, 230~400 mesh),
Polyclar AT (GAF Co.), Sephadex LH-20 (Pharmacia
Fine Chemical Co.)& Al&-38le] F-elslglen], TLCH
Aol AHEE 7|4l TBA (-BuOH-HOAC-HO, 3:
1:1); n-BAW Az (n-BuOH-HOAC-H,O, 4:1:5),
BPA (CH,-pyridine-HCOH, 36:9:5)2 Alg-3}ch. Fla-
vonoid5-2] F-ZZA el AHS-E AHAHRE Aefo 2
AlCL, boric acid, acetic acid sodium salt (Aldrich Co.}&
AHg-EEg] o0, HhgAl ok Edlel whel 2A| s .

FE Y 22|
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L 28] sigebilslel = 1 L2 247 31 02 33)
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aglycone5-2 A, B, C, D #£83ol Exlshe 72 7]
Z¥9]en], D, G, H #2& %]+ flavonoid ¥iF A&
o] Z&=|r}. o]& flavonoids3}3-8-5-2 Sephadex
LH20 A3 & o] &3le] A Als1edc}. Flavonoid aglycone
9 A% 927 dRE 100%E A3l o,
siAe] e 80% MReS ALgsje] w4 %A
stoict. ¥elEl B2 of 8 o33 Aok B 1
(3 mg), 2 (4 mg), 3 (2 mg), 4 (72 mg), 5 (5 mg), 6
(1.2 mg), 7 (39 mg), 8 (2.3 mg), 9 (2.1 mg), 10 (6 mg),
11 (10 mg), 12 (6.1 mg), 13 (6 mg), 14 (11 mg), 15 (10
mg), 16 (8.2 mg), 17 (3.1 mg), 18 (8.5 mg), 19 (3.1 mg),
20 (40 mg), 21 (6.3 mg).
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Flavonoid&2| 'H-NMRZ} EI-MS data

$13HE 1: EIMS 70eV, m/z (rel. int.) 330(100)[M]’,
329(12)[M-HJ', 315(2)[M-15], 301(5)[M-CHOJ, 287
(3)[M-COMe]', 181(7)[B2]", 178(3)[B1]'". 152(17)[ALT’,
151{B2]"; '"H-NMR (CD:OD): 8 7.32 (s, H-2'), 7.32 (s,
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H-6), 6.96 (s, H-3), 6.56 (d, J=2.0, H-8), 6.21 (d, J=
2.0, H-6), 3.95 (6H, s, OCH,).

HE 2: EIMS 70 eV, miz( rel. int.) 316(100)[M]’,
315(14)[M-HJ', 301(76)[M-Me]', 298(53)[M-18]", 287
(®)[M-HCOJ", 273(81)[M-COMe]', 167(17)[A1-Me]',
139 (23), 134(13)[B1]", 137[B2]’; 'H-NMR (CD,OD):
6 7.35 (d, J=9.0, H-6"), 7.35 (d, J=9.0, H-2"), 6.85 (d,
J=9.0, H-5), 6.85 (d, J=9.0, H-3) 6.50 (s, H-8), 6.27
(s, H-3), 3.72 (s, OCH).

31RME 3: EIMS 70 eV, m/z (rel. int.) 330(100)[MT’,
329(1)[M-HJ', 315(74)[M-Me[", 312(53)[M-18]", 301(8)
[M-HCOT, 287(13)[M-COMe[", 167(19)[A1-Me]’, 139
(24) [A1-MeCOJ', 148(8)[BL]", 151(8)[B2]; 'H NMR
(300 MHz, CD,0OD): & 7.60~7.50 (m, H-2"), 7.60~7.50
(m, H-6'), 6.92 (d, J=9.0, H-5'), 6.86 (s, H-3), 6.52 (s,
H-8), 3.88 (s, OCH:), 3.75 (s, OCH.).

$13H% 4: 'H-NMR (CD,OD); & 7.94 (d, J=8.2, H-
6'). 7.94 (d, J=8.2, H-2), 6.98 (d, J=8.2, H-5'), 6.98 (d,
J=8.2, H-3), 6.78 (s, H-3), 6.54 (d, J=2.1, H-8), 6.2 (d,
J=2.1, H-6).

313HE 5: EIMS 70 eV, m/z (rel, int) 300(100)[M]’,
299(15)[M-HT", 282(11)[M-18], 271(11)[M-CHOT’, 257(7)
[M-COMeJ, 151(3)[B2], 148(17)[B1]; 'H-NMR: § 7.57
(dd, J=2.1, 8.6, H-6), 7.45 (d, J=2.1, H-2)), 7.13 (d, J=8.6,
H-5), 6.81 (s, H-3), 6.77 (d, J=2.0, H-8), 6.47 (d, J=2.0,
H-6), 3.89 (s, OCH.).

#3HE 6: EIMS 70 eV, m/z (rel, int) 300(100)[MT,
299(11)[M-HT', 282(9)[M-18]", 271(12)[M-CHOY’, 257(11)
[M-COMe]', 152(15)[A1]", 151[B2]", 148(17)[B1]’; 'H-
NMR (CD;OD): 7.61 (m, H-6"), 7.61 (m, H-2", 7.0 (d,
J=8.5, H-5"), 6.51 (d, J=2.0, H-8), 6.22 (d, J=2.0, H-6),
3.85 (s, OCH).

313HE 7: 'H-NMR (CD,OD): 8 7.57 (dd, m, H-6),
7.56 (d, J=2.0, H-2), 6.96 (d, J=8.8, H-5), 6.87 (s, H-3),
6.51 (d, J=2.0, H-8), 6.2 (d, J=2.1, H-6), 3.90 (s, OCH;).

332 8: FAB-MS m/z (rel intensity) 447(11)[M-H]",
285(2)[M-H-hexose].

319HE 9: 'H-NMR (DMSO-d;) § 7.92 (d, J=2.0, 2)),
7.49 (dd, J=8.9,2, H-6", 6.90 (d, J=8.9, H=5"), 6.43 (d,
J=2.0, H-8), 6.20 (d, J=2.0, H-6).

e 10,11,12,13: Zpze] shpRaola A"
aglycone-& 'H-NMR £431-& o] 25202 kaemp-
ferol®] signalE-§& Zr=th 7bEd) AHEF B2
Zzke] A 29k A TLC #A13)e] Hlsigich

M5 14: (DMSO-di) 8 7.69 (d, J=2.1, H-2), 7.55

(dd, J=2.1, 8.5, H-6'), 6.90 (d, J=8.5, H-5), 6.42 (d, J=
2.1, H-8), 6.20 (d, J=2.1, H-6).

3RME 15,16,17,18: zk4e] sigRaeld AR
aglyconegr 'H-NMREAM L of #5322 quercetin
o] signal$& zZrer}. Jhpi AES GRS 742t
o] FFA w9} 7 TLCEA it

33HE 19: 'H-NMR (D;0): § 8.30 (d, J=8.7, H-3',
6", 8.03 (d, J=8.7, H-2), 6.90 (d, J=8.7, H-3',5"), 6.77
(s, H-3), 6.27 (5, H-6), 4.9 (d, J=4.2, glucosyl H-1"), 4.3
(dd, H-2"), 3.7~3.2 (glucose SH).

313HE 20: 'H-NMR (CD:OD): 8 6.87 (dd, J=2.1, 9.0,
H-2), 6.90 (s, H-6), 6.90 (s, H-5), 5.90 (s, H-8), 5.90 (s,
H-6), 5.34 (dd, J=3.0, 12.0, H-2), 3.10 (dd, J=12.0, 17.2,
H-3), 2.62 (dd, J=3, 17.2, H-2).

$3HE 21: 'H-NMR (CD:OD): § 7.1 (d, J=2.1, H-
2, 6.9 (m, H-6), 6.75 (d, J=8.1, H-5), 6.1 (br s, H-6,
8). 5.4 (dd, J=3, 12, H-2), 3.85 (s, OCH), 3.2 (dd, J=
12, 17, H-3), 2.7 (dd, J=17, 3, H-2}
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Table 1. UV Data (Amax,nm) with diagnostic reagents for methylated flavonoids and flavonoid glycosides from

Artemisia vulgaris

Flavonoid MeOH NaOMe AICl, AICL/HCI NaOAc NaOAc/H;BO;

Tricin 352,299sh 419,328 391,364sh 388,362 414,321 482,422sh
270,212 263,214 307,277 302,278 276sh,264 350,304sh

Eupafolin 346,270 399,330 421,300 364,300sh 401,330 428,365
257,213 278,208 275,215 281,216 273,211 269

Jaceosidine 344,275 399,336sh 376,296sh 366,290 401,324sh 348,263
214 267,208 284,261 259 274

Diosmetin 344,291sh 386,303 390,362 383,351 367,322 348,268
267,252 270 296,273 295,276 275 253sh

Chrysoeriol 347,269 405,329 390,296 385,353 395,320 349,268
249,241 275,264 273,261 294,276 270

Homoeriodictyol ~ 323sh,287 323,248 374,310 374,308 322,288 288,211
229,211 215 224,208 223,208 211

Isorhamnetin 370,326sh (dec.) 431,361sh 428,357 (dec.) 377,326sh
266sh,253 435,328 304,264 302sh,262 393,320 306sh

271,240sh 242sh 274,260sh 270sh,255
Kaempferol-7- 364, 323 425,335sh 424,353 422,350 419sh,385 370,325sh
O-glucoside 266, 253 267, 245 299sh,266 300sh,266 323,261 265sh
259 258sh,244

Quercetin- 362,299sh 407, 327 438,331sh 405,365sh 380,324 377,324sh

3-0O-glucoside 269,257 272 305sh,275 299sh,268 274 274

Quercitrin 305,301sh 393, 326 430, 333 401, 353 372,322sh 367,300sh
265sh,256 270 304sh,276 303,272 272 260

Rutin 395,299sh 410, 327 433,361sh 402,364sh 393, 325 387, 298
266sh,259 272 304sh,264 300, 271 271 262

Luteolin 348,267 394, 300 432,329 387,358 405,365sh 372,259

7-glucoside 255 263 298,274 294,273 266sh,259

%)2] 27§2] methoxy signals®} & 7.32 ppmel|4] H}ejr}
= 27%9] singlet proton signal2- flavonoids®] B 2]
methoxy x| 24| 7} 3, 5'o] A EHA SATE BoAE
t}. o] Abe) & A= Table 18] UV 2# E7] o4
2] 352 nm3}&ro] NaOMe #7}A] A+67 bathochromic
ol S oy sHeo| FAby|e} 4-pab7|7) Bk
flavone<]-& 3qislg o™, AICL 2} AICL/HCI 3714
747} u] 19) 3] =7} 391 nm7} 388 nmE. 2 W37l ¢
= oz uo Bkl 3 5o el ARl
Sl #lskeicth

24, 33 HE-S EL-MSolA] 2EHOE 5, 754}
7], 6-91E-x]7]12] flavoneE2] A&A2l m/z 301[M-

Me]'2} 315[M-Me]'9] #FEo] Jept oo, =gt F
24232 miz 167[A1-Me] 7] z27} eh} o} 5 845
£-o] Aremisia$r o ZH-E] Ho] X %+ 6-methoxy
flavonoids ¢ &2 ghelsteict w3} [B1] 8 =7} b2t
m/z 134 7]=18} 1489) Fol|A] Vel = Ao g 29 3}
TE2 B 3ol 2709 4717} 38 33HE2] B ol
= RS} EA7] 9 17]9] $4k7)7} E2AghE B
ZohFig. 1). o218 Aoh= 7hzhe] 'H-NMR data®} &
odxghch 3 s§HEe] 3¢ 'H-NMRe4 & 3.89
ppmell4] & 7He] methoxy7|7} Exfgro] viehdrt.
Table®] UV datacl|A] 344 nme] o] 1 ¥ =7} NaOMe
2] 7+A] A+55 nm bathchromic 2.2 ©]F3l, AICLS}
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Fig. 2. Pathway of the most important fragmentation
pattern by retro-Diels Alder for flavonoids.
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F3l Aot A FUHEA] S AoE Mol 4
o 9lxsh AL g g} 33HE 6HS 'H-NMR
3} EI-MS ~#H 24 51 3353} methoxy7]2]
flA]ute] zfo] & HolEd] NaOMe H7HA Z3xr) &
7}=]w 4] A+48 nm bathochromic. 2 & o]%-&}od 3}3+&E
S = ge] 3ol methoxy”]7} 9 x| §-& Bt
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NaOAc$} NaOAc/H;BO; AJef-S AR4-3le] &qldt &
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2k wiglate] Jehyr}. o]#jt A= flavonoids
aglycone®] 74 $|x|ol] Fo} Agsla L& HAFE
t}. o] Akel Zh2 ub] © 2 Table 1of|4{ 2} o] 10~18H
flavonoids®] wiFA|e] o] A& $x|& Flsjsic)
SHE 195 UV ~#=2e] o 19) 9]=7} 336 nm,
NaOMe #H7}A] u] 18] 1]=7} A+bathochromic® &
ol Et&l, AICL/HCIIA w] 12] =7} 383 nm
2 bathochromic &2 o] %% Alefo]c) za]3 4]
NaOAc9} NaOAc/H:BOA| ¢S AHS-g o o] 119] &
=7} 2hzh 279, 274 nmE Viehd Z1E HolA IitE
8] flavone o824 4, 5, 7o 477 &4l 3=

A2 2 vehyo], 'H-NMRel|4] A #2] proton signal
o] 6.274 FhiE ehle Ao do] A 3he] ©&
Aol 24 2gEe] 9l Ao epde) FRIL
22| 2F e C-6 =y C-8Hd 2 4= 9o
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£ #lslde}. Table 20|42} 7o) on] 7343t a4t
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ARE A& AR A EAACH)) 0.9 pg/
ml, 0.3, 0.3, 0.7 epgdo & pdhzFal nlenl
Eo} viw & o 75k BA-S Bgiv}. Table 104 BE,
chrysoeriol® 3} 52 A|2)8}3+ &2 methoxy-
lated flavonoid 52 ¥-2 2| A F4tst] A E39-8 Kol
3L gleh. tricin®, eupafolin®, jaceosidine®, diosmetin®,
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Table 2. Inhibition activity (IC,) of the flavoneids from Artemisia vulgaris against lipid peroxidation in rat liver

microsomes
Comp. 1 2 3 4 5 6 7 8 9 10 11
ICs g/ 0.9 1 1.4 0.3 1.0 8 0.3 7.5 0.7 1.0 5.6
12 13 14 15 16 17 18 19 20 21 Vitamin E
6.1 45 0.9 25 3.0 11.2 15 15 0.9 15 1.5
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Fig. 3. The inhibitory effect of methylated flavonoids,
tricin, eupafolin, jaceosidine, diosmetin, isorhamnetin,
against lipid peroxidation in rat liver.
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