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Abstract: The MeOH extract of the aerial partsArtemisia asiaticasignificantly inhibited the xanthine oxidase
(XO) induced uric acid production. Flavonoids weselated from the active extract and identifiedeapatilin
(1), hispidulin @), jaceosidin 8), cirsilineol @), 5,7,4',5-tetrahydroxy-6,3’-dimethoxyflavone5)( 6-
methoxytricin 6) and chrysosplenetin7). With the exception of cirsilineol and chrysopdtin, all these
flavonoids exerted marked XO-inhibitory effectsttwiCsy values in the range 1.33-6.13 uM. The degree of XO
inhibition by 1-3, 5 and6 suggests the importance of the free OH group ah C-

Evaluation of the isolated compountl§ for their free radical scavenging activity in DPRésts, revealed the
substantial antioxidant activity of 5,7,4',5'-tefmadroxy-6,3’-dimethoxy-flavone 5), which containsortho-
dihydroxy and 5-hydroxy groups. In summary, thevdlaoid-containing MeOH extract &. asiaticaexhibits
dual action, inhibiting XO %-3, 5, 6) and resulting in a reduced generation of reactixggen species, and
additionally scavenging free radica$.(

Keywords: Artemisia asiatica Asteraceae; Flavonoids; Xanthine oxidase inhilgitactivity; Antioxidant
activity. © 2014 ACG Publications. All rights resed.

1. Introduction

The genusArtemisia (Asteraceae), which includes some 500 species, ro@caoridwide.
Various Artemisia species are of importance as atimmculinary herbs, e.gA. dracunculus
(tarragon), while others are widely used in medicimd display a wide range of biological activities
such as cytotoxic, antimalarial, antibacterial,ifangal, antihepatotoxic and antioxidant. The main
classes of the constituents of this genus arertergg, flavonoids, coumarins, phenyl propanoids and
acetylene derivatives. Moreover, very importanigdeads have been discovered from this genus, e. g.
the sesquiterpene artemisinin, a well-known antmal drug obtained from the Chinese héb
annua[1].
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A. asiaticaNakai has been used in traditional oriental meéidior the treatment of cancer,
gastritis, ulcers and other inflammatory disordéjs Previous studies have revealed thatsiatica
contains a high amount of eupatilih),(a flavone which exhibits anti-tumour activityrouigh the
induction of a cell cycle arrest and the differattin of gastric carcinoma and endometrial cancer
cells [2]. Additionally, the formulated EtOH extta¢€DA-9601) of A. asiatica has pronounced
antioxidative and anti-inflammatory activities agexkerts cytoprotective effects against experimentall
induced gastrointestinal, hepatic and pancreatinage [3,4]. Previougn vivo and human studies
revealed the antioxidant and anti-inflammatory eéffexf DA-9601 extract on gastrointestinal injuries
[5,6]. Eupatilin () is regarded as the main pharmacologically adtigeedient of the plant, since it
was reported to have a variety of anti-inflammatprpperties [7,8]. It was concluded that the
therapeutic effect of the plant extract is medigtedly through the inhibition of the activity tloé
gastric xanthine oxidase (XO) [9], which is a latzyme in the purine catabolism, well known as a
major source of reactive oxygen species in the qumthesis of various diseases. However, the
compounds responsible for the XO-inhibitory acyiviave not been studied previously.

2. Results and Discussion

The crude MeOH and partitioned extraatshéxane, CHGland HO) of the aerial parts dA.
asiatica were screened for XO-inhibitory activity. The ceutMeOH extract displayed notable XO-
inhibitory activity, with 1G, 2.93+0.80 pg/mL. Separation of the crude extracsblvent—solvent
partition led to a higher activity of the CHGxtract, which was therefore further purified dentify
the constituents responsible for the activity. Taonoid-containing fractions of the polyamide
column, eluted with 60 and 80% MeOH, displayed Hetter XO-inhibitory activity, and were
subjected to multistep chromatographic purificatimcluding VLC, gel chromatography, CPC and
preparative TLC, to afford compoun#l& in pure form.
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Figure 1. Structures of the compounds isolated fianasiatica eupatilin ), hispidulin @),
jaceosidin ), cirsilineol @), 5,7,4",5'-tetrahydroxy-6,3’-dimethoxyflavon&)( 6-methoxytricin §)
and chrysoplenetinrj

The isolated compounds were identified by analydigheir *H-, *C-NMR, NOESY and
ESIMS spectra as eupatilid)( hispidulin @), jaceosidin 8), cirsilineol @), 5,7,4’,5-tetrahydroxy-
6,3'-dimethoxy-flavone §), 6-methoxytricin §) and chrysoplenetin (7). Compoungs3, and 5-7
were isolated for the first time frorA. asiatica while eupatilin {) and jaceosidin3) had been
reported from this plant previously. The isolatednpounds, with the exception of chrysoplenefin (
and cirsilineol 4), were found to exert noteworthy XO-inhibitory efts with 1G, values ranging
from 1.33 t0 6.13 uM (Table 1).
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Table 1 Xanthine oxidase-inhibitory and antioxidant aities (after 30 and 60 min of incubation) of
A. asiatica extracts and compounds?7 (ICsg). Allopurinol and quercetin were used as positive
controls in these experiments, respectively

XO Inhibitory activity Antioxidant activity
A. asiaticaMeOH extract 2.93 +0.80 pg/mL -
Eupatilin () 1.33+£0.21 uM inactive
Hispidulin @) 488 +1.21 uM inactive
Jaceosiding) 3.27 £0.31 pM inactive
Cirsilineol @) inactive inactive

5,7,4,5-Tetrahydroxy-6,3'- 58.74 = 3.90 uM (30 min)

dimethoxyflavone ) 2:59£0.35uM 51.18 + 5.23 uM (60 min)
6-Methoxytricin ©) 6.13 £0.34 uM inactive
Chrysoplenetin®) inactive inactive

Allopurinol 7.49 £0.29 uM

31.26 +2.11 pM (30 min)

Quercetin i 26.31 + 2.46 uM (60 min)

The highest activity was that of the main flavonadpatilin (), with 1C51.33 pM. Figure 2
illustrates the XO-inhibitory activities of eupatil(1) and the positive control allopurinol {@&7.49
UM, a well-known XO inhibitor used in the theraplygmut). Flavone, 3, 5 and6 were also more
potent inhibitors of XO than allopurinol. Analysi$ the XO-inhibitory activities of compounds?,
and their chemical structures indicates that tlee fOH group on C-7 plays a crucial role in the
activity, since the compounds containing a 7-meghgroup (cirsilineol and chyrsoplenetin) were
inactive in the XO assay. These data support timelasion of Nguyen et al. that flavonoids with a
hydroxy group on C-7 are more active than thos@awit this hydroxy group [10]. The inhibition of
XO by the flavonoid-containing extract Af asiaticaand flavonoiddl-7, results in a reduced level of
generation of reactive oxygen species, but theie fiadical-scavenging activity was also postulated.
The free radical scavenging activities of the isadacompoundsl{7) were therefore investigated in
DPPH tests, in order to estimate their roles irdative processes. The results are shown in Table 1.
The highest antioxidant activity (51.18 uM) wasriduo be exerted by 5,7,4',5'-tetrahydroxy-6,3'-
dimethoxyflavone §), which containsortho-dinydroxy and 5-hydroxy groups. Interestingly, #ie
other compounds, including eupatilit) (were inactive in this assay.

In conclusion, the results of this study indicdtattthe MeOH extract and the pure compounds
isolated from the aerial parts &f asiaticaexhibited significant XO-inhibitory activity. Theighest
effect was demonstrated by eupatili), the main flavone constituent of the plant asdfdrmulated
ethanol extract (DA-9601). Other flavonoids, thatrevisolated for the first time from. asatica
(excluding jaceosidin3), also proved to display XO-inhibitory activity witlCs,in the range 2.59-
7.49 uM).

Evaluation of the free radical-scavenging actigitié these compounds in DPPH decolouration
tests revealed the scavenging ability of 5,7,4¢btahydroxy-6,3’-dimethoxyflavoney.

Thus, the flavonoid-containing MeOH extract Af asiatica has a dual effect, acting by
inhibiting of XO, thereby resulting in the reducgdneration of reactive oxygen species, and by
scavenging free radicals.

Acknowledgments

This investigation was supported by the EuropealotJand co-funded by the European Social
Fund (TAMOP-4.2.2.A-11/1/KONV-2012-0035) and TAMG@F2.2/B-10/1-2010-0012Financial
support from the Hungarian Scientific Research FYOIKA K109846) is gratefully
acknowledged.



Activity and antioxidant properties éfrtemisia asiatica 302

Conflict of interest

The authors have declared that there is no comfiictterest.

Supporting Information

Supporting Information accompanies this papehibo//www.acgpubs.org/RNP

References

(1]
(2]

(3]
(4]
(5]

(6]

[7]

(8]

9]

(10]

K.S. Bora and A. Sharma (2011). The Genus ArtemisidComprehensive Reviewharmaceutical
Biology 49, 101-109.

T.Y. Oh, C.Y. Shin, Y.S. Sohn, D.H. Kim, B.O. Aha,B. Lee and C.H. Park (2005). Accelerated Ulcer
Healing and Resistance to Ulcer Recurrence withtrGaotectants in Rat Model of Acetic Acid-
induced Gastric UlceiVorld J Gastroenteroll1, 7430-7435

Y.H. Baek, K.N. Lee; D.W. Jun, B.C. Yoon, J.M. Kim,Y. Oh and O.Y. Lee (2011). Augmenting
Effect of DA-9601 on Ghrelin in an Acute Gastrigury Model, Gut and Liver5, 52-55

S.W. Park, M.K. Song, J. Park, and. H. Kim (201®Jater extract ofArtemisia asiaticaprotects
ethanol-induced gastric injuriPlanta Med.78, 1127-1127

S.Y. Seol, M.H. Kim, J.S. Ryu, M.G. Choi, D.W. Shamd B.O. Ahn (2004). DA-9601 for erosive
gastritis: Results of a double-blind placebo-cdigb phase Il clinical trial, World Journal of
Gastroenterologyl0, 2379-2382

K.N. Lee, O.Y. Lee, M.G. S.R. Choi, D.H. Lee, Yl&e, T.N. Kim, S.C. Choi, J.S. Rew and S.Y. Seol
(2011). Prevention of NSAID-Associated Gastroduadiémjury in Healthy Volunteers-A Randomized,
Double-Blind, Multicenter Study Comparing DA-9601thvMisoprostol,Journal of Korean Medical
Science26, 1074-1080

E.J., Choi, S. Lee, J.R. Chae, H.S. Lee, C.D. Jnd 8.H. Kim (2011). Eupatilin inhibits
lipopolysaccharide-induced expression of inflammatmediators in macrophagelsife Sciences88,
1121-1126

J. Jung, S.H. Ko, D.Y. Yoo, J.Y. Lee, Y.J. Kim, S.hoi, K.K. Kang, H.J. Yoon, H. Kim, J. Youn
and J.M. Kim (2012). 5,7-Dihydroxy-3,4,6-trimethdbawone inhibits intercellular adhesion molecule 1
and vascular cell adhesion molecule 1 via the Akt auclear factoxB-dependent pathway, leading to
suppression of adhesion of monocytes and eosirophibronchial epithelial celldmmunology 137,
98-113

K. Huh, T.H. Kwon, U.S. Shin, W.B. Kim, B.O. Ahn, Y. Oh and J.A. Kim (2003). Inhibitory effects
of DA-9601 on ethanol-induced gastrohemorrhagimlesand gastric xanthine oxidase activity in rats,
J. EthnopharmacoB8, 269-273

T.T.M. Nguyen, S. Awala, Y. Tezuka, J. Ueda, Q.ram and S. Kadota (2006). Xanthine Oxidase
Inhibitors from the Flowers afhrysanthemum sinend@lanta Med72, 46-51

ACG

publications
© 2014 ACG Publications



