
INTRODUCTION
The ge nus Ar tem isia (As ter aceae) con sists of about

500 spe cies, ap pear ing world wide [1]. A large number of
spe cies from Ar tem isia ge nus have been used for cen tu -
ries in folk medi cine (tra di cional herbal medi cines) due to
their anti- viral, anti- tumor, anti- pyretric, anti- malarial,
anti- hemorrhagic, anti- coagulanr, an ti fungial, anti- coagu-
lant, anti- spasmodic, an ti oxi dant, he pa to pro tec tive, anti-
 ulcerogenic, chol ere tic and interferon- inclucing prop er -
ties [4,6,7,9,11,12,15]. 

The Ar tem isia ge nus has re cently emerged as a source
of natu rally oc cur ring thera peu tic agent for dia be tes and
dia betic com pli ca tion [2-5]. Ar tem isia plants are im por -
tant me dici nal ma te rial in tra di tional Asian medi cines
(Chi nese-, Ja panis- or Ko reas medi cine) [8,16]. Ter pe -
noids, fla vonoids, cou marins, caf feoylquinic ac ids, ster ols
and acety lenes con sti tute ma jor classes of phy to con stitu -
ents of the ge nus [1].

This pa per re ports the iso la tion and chro ma tographic
HPLC-DAD quan ti ta tive analy sis of cou marins in the
metha nolic and  methanolic- water (v/v) ex tracts from the
aer ial part of two Ar tem isia spe cies. The plant ma te rial

was ex tracted with Ac cel er ated Sol vent Ex trac tion
(ASE). In avail able lit era ture, the ap pli ca tion of this
method for the iso la tion of plant con stitu ents, also of cou -
marins [7,13,14] has been re ported.

MATERIAL AND METHODS
Plant Ma te ri als. The bloom ing herbs (the aer ial part)

of two Ar tem isia spe cies were col lected from the Bo tani -
cal Gar den of Dept. of Phar ma cog nosy with Plant
Me dici nal Plant Unit in Sep tem ber 2011 and 2012 and
then air- dried in the shade..  

The seeds for cul ti va tions came from two bo tanic gar -
dens: Botanischer Gar ten Karl- Franzes- Universität Graz,
In sti tut für Pflan zen wis sen schaf ten/ 2009 – Ar tem isia
gme linii Webb ex Stech mann and Gi ardino Bo tanico
Alpino “Chanou sia” c/o Museo Re gion ale Sci enze Natu -
rali Aosta It aly/ 2009-2010 – Ar tem isia um bel li formis
Lam. The raw ma te rial was air dried and then crum bled in
an elec tric mill. The proper frac tion was ob tained by siev -
ing ac cord ing to the Pol ish Phar ma co poeia IX [10]. 

Soxh let Ex trac tion (SE). Plant ma te ri als (75g of A.
gmel lini Webb & Stech mann and 85g of A.um bel li formis
Lam.) were placed in a 500 ml Soxh let ap pa ra tus. The ex -
trac tions were car ried out us ing in turn: pe tro leum ether,
chlo ro form (for pu ri fy ing from low- polar com pounds and 
chlo ro phyll), metha nol (100%) and the mix ture of metha -
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nol–wa ter (1:1v/v). The ex tracts ob tained with each sol-
vent were col lected sepa rately and evapo rated to 100 mL.

Ac cel er ated Sol vent Ex trac tion (ASE). Plant ma te ri als
(1g) were placed in the stain less steel ex trac tion cell
(11 mL) of a Di onex (Sun ny vale, CA, USA) ASE 100 Ac -
cel er ated Sol vent Ex trac tor. Glass fi bres fil ters were
placed at the out let of the ex trac tion cell, to pre vent block -
ing up of the frit. Plant ma te ri als were ex tracted with
metha nol (100%) and metha nol- wa ter (9:1, 8:2, 7:3, 6:4,
1:1, 3:7 v/v) mix tures.

Ex trac tions were per formed in the fol low ing con di -
tions: pres sure – 100 bar (10 MPa), tem pera ture – 70°C,
set time – 300 s, flush vol ume – 60%, purge time – 100 s
and static cy cle -3. The ob tained ex tracts were con cen -
trated un der re duced pres sure and trans ferred (af ter
dis solv ing in small por tions of sol vents) to gradu ated
flask (10 mL).

Sam ple pu ri fi ca tion. All ob tained ex tracts were sub -
jected to the pro cess of the Solid Phase Ex trac tion.
Sam ples for HPLC-DAD analy sis were pu ri fied us ing
C-18 (Oc ta de cyl, 500 mg) Baker Bond (J.T. Baker, USA)
SPE- micro- columns. The mi cro column with the c-18
batch was rinsed out with 5 mL of the metha nol – 80%
(for re ceiv ing dry abun dance) and 3 mL of the metha nol –
50% (the batch is sup posed to re main hu mid – to the line
of the batch). A por tion of 2 mL of ex tract was sam pled 
and passed through the batch for get ting dry abun dance.
Next the batch was rinsed out with 4 ml of 40% metha nol
and 4 mL of 80% metha nol. The ob tained ex tracts were taken
to test tubes of about 15 mL ca pac ity and were sup ple mented 
with the metha nol (80%). Af ter the analy sis the batch was
rinsed out with 5 mL of the metha nol (100%), 1 mL of the
di chlo ro meth ane and 3 mL of the metha nol (100%).

HPLC-DAD Analy sis. The sam ples were ana lysed us -
ing the Ag ilent 1100 liq uid chro ma tograph with
di ode–ar ray de tec tor (DAD). Com pounds were sepa rated
on XDB-C8 col umn (150 x 4.6 mm I.D., dp = 5μm) and
mo bile phase com pris ing ace to ni trile (B) – wa ter + ace tic
acid (1%) (A) in gra di ent mode was used. Gra di ent con di -
tions were: 7 min – 10% B in A, 10 min – 14% B in A,
15 min – 22% B in A, 25 min – 30% B in A, 35min – 35%
B in A, 40 min – 55% B in A, 50 min – 60% B in A. The
sam ple in jec tion vol ume was 20 μL. Elu tion was car ried
out at tem pera ture 25°C with a flow rate of 1 mL min-1. 

Iden ti fi ca tion was per formed by com par ing re ten tion
times and by com pari sion of spec tra of com po nents and
stan dards in UV (λ= 254, 280, 325 nm).

Each ex tract ex am ined was in jected in trip li cate dur ing
a day. Quan ti ta tive de ter mi na tion was per formed in maxi -
mum of ab sorb tion for each of ex am ined sub stances. The
quan ti ta tive in di ca tions of in di vid ual con stitu ents (cou -
marins) were con verted into the con tent of sco poletin (λ=
325 nm).

RESULTS AND DISCUSSION
The iden ti fi ca tion of cou marins was per formed based

on tR val ues and UV spec tra. The pu rity of the peaks in
the sam ple was as cer tained by com pari son of ab sorp tion
spec tra with those ob tained from the stan dards. Good line -
ar ity (R2 > 0.9991) of cali bra tion curves in con cen tra tion
range 0.05–1.5 mg was achieved for sco poletin. Each ex -
am ined ex tract was in jected in trip li cate dur ing a day. The
method pre ci sion for ob tained re sults (ex pressed in RSD)
was within the range: 0.13–4.56%. The lin ear re gres sion
equa tion for sco poletin was: y = 1072.2x–933.27 (Fig. 1).

Typi cal for the As ter aceae fam ily cou marins – sco -
poletin and 6,7 dimethoxy- coumarin were iden ti fied from
aer ial parts of two in ves ti gated Ar tem isia sp. 6,7 di met-
hoxy- coumarin first time in two ex am ined spe cies, but
only af ter Soxh let Ex trac tion (SE) with mix tures
methanol- water (1:1 v/v).

Table 1. The re sults of quan ti fi ca tion of 3 cou marins from
in ves ti gated ex tracts from Ar tem isia gme linii Webb ex Stech mann 
(mg/g dry wt.)

Extracts Scopoletin Unknown
coumarin (A)

6,7 dimethoxy-
-coumarin

SE 100%
0.489

SD=0.03
RSD=0.60

– –

SE  1:1 v/v – –
0.091

SD=0.003
RSD=0.13

ASE 100% –
0.24

SD=0.016
RSD=2.45

–

ASE 9:1 v/v –
0.06

SD=0.007
RSD=0.24

–

ASE 8:2 v/v –
0.06

SD=0.048
RSD=1.09

–

ASE 7:3 v/v –
0.05

SD=0.0022
RSD=1.0

–

ASE 6:4 v/v –
0.07

SD=0.017
RSD=0.39

v

ASE 1:1 v/v
0.082

SD=0.002
RSD=0.59

0.48
SD=0.002
RSD=1.55

–

ASE 3:7 v/v
0.126

SD=0.004 
RSD=0.36

0.20
SD=0.002
RSD=1.27

–
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Fig. 1. Calibration curve for determination of scopoletin



Sco poletin was iden ti fied in ex tracts ob tained with SE
method (Soxh let Ex trac tion) with the use of 100% metha -
nol – the high est con tent, and with ASE method, with the
use of methanol- water mix ture (1:1, 3:7 v/v)  (Tab. 1, 2).

Table 2. The re sults of quan ti fi ca tion of 3 cou marins  from
in ves ti gated ex tracts from Ar tem isia um bel li formis Lam. (mg/g
dry wt.)

Extracts Scopoletin Unknown
coumarin (A)

6,7 dimethoxy-
-coumarin

SE 100%
1.457

SD=0.09
RSD=0.5

– –

SE  1:1 v/v – –
0.062

SD=0.01
RSD=1.78

ASE 100% –
0.17

SD=0.01
RSD=1.04

–

ASE 9:1 v/v –
0.14

SD=0.02
RSD=0.66

–

ASE 8:2 v/v –
0.15

SD=0.02
RSD=0.59

–

ASE 7:3 v/v –
0.11

SD=0.088
RSD=4.56

–

ASE 6:4 v/v –
0.044

SD=0.002
RSD=0.51

–

ASE 1:1 v/v
0.084 

SD=0.002
RSD=0.21

0.39
SD=0.01

RSD=0.14
–

ASE 3:7 v/v
0.128

SD=0.03
RSD=0.60

0.21
SD=0.07

RSD=0.23
–

The un known com pound (named A) was iden ti fied ex -
clu sively in two ex am ined spe cies af ter ex trac tion with
ASE method (all con cen tra tions of the ex trac tant). The
high est con tent was ob tained ap ply ing a mix ture of
methanol- water (1:1 v/v) (Tab. 1, 2).

CONCLUSIONS
Chro ma tographic analy sis of 9 ex tracts from the in ves -

ti gated plant ma te ri als showed the pres ence of 3
cou marins: sco poletin, 6,7 dimethoxy- coumarin, and un -
known com pound (A) with tR 4.85 and UV spec tra
simi lar to  simi lar to UV spec tra of re main ing cou marins. 
The cho sen chro ma tograms ob tained from in ves ti gated
ex tracts (with ASE method) are pres ent in Fig. 2, 3. Sco -
poletin is a pre domi nant con stitu ent of com plex of
cou marins. Un known com pound (A), they iden ti fied ex -
clu sively in ex tracts re ceived with ASE method. The
struc ture of the ex am ined com pound needs fur ther in ves -
ti ga tion, us ing spec tro scopic meth ods. 6,7 di methoxy –
cou ma rin was iden ti fied only in Soxh let ex trac tion with
mix tures of metha nol–wa ter 1:1 v/v. The role of cou -
marins in che mo tax on omic stud ies of Ar tem isia spe cies
could be dis cussed as well.
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Fig. 2. HPLC chromatogram and UV spectra for examinated fractions – ASE method with methanol-water 1:1 v/v from A. gmelini
Webb ex Stechmann



AC KNOW LEDGE MENTS
 This work was fi nan cially sup ported by the Grant no.

N N405 617538 from the Pol ish Min is try of Sci ence and
Higher Edu ca tion.

REFERENCES
1. Bora K.S. and Sharma A.: The ge nus Ar tem isia: A com pre -

hen sive re view. Pharm. Biol., 49 (1), 101, 2011.
2. Chen Y.L. et al.: Mor pho logi cal evi dence for the antia thero -

genic ef fect of scopar one in hyper lipi demic dia betic rab bits.
Car dio vasc. Res., 28, 1679, 1994.

3. Hong J.H. et al.: Ar tem isia cap il laris in hib its lipid ac cu mu la -
tion in 3T3-L1 adi po cytes and obe sity in C57BL/6J mice fed
a high fat diet. J. Med. Food, 12,736, 2009.

4. Jung H.A. et al.: In hibi tory ac tiv ity of cou marins from Ar -
tem isia cap il laris against ad vances gly ca tion en do product
for ma tion. Arch. Pharm. Res. 35 (6), 1021, 2012.

5. Jung U.J. et al.: The anti- diabetic ef fects of etha nol ex tract
from two vari ants of Ar tem isia prin ceps Pam panini in
C57BL/KsJ- db/db mice. Food Chem. Toxi col., 45, 2022, 2007

6. Kor dali S. et al.: Screen ing of chemi cal com po si tion and an -
ti fun gal and an ti oxi dant ac tivi ties of the es sen tial oils from
tree Turk ish Ar tem isia spe cies. J. Ag ric. Food Chem., 53,
1408, 2005.

7. Królicka A. et al.: In duc tion of sec on dary me tabo lite pro -
duc tion in trans formed cal lus of Ammi ma jus L. grown af ter

elec tro mag netic treat ment of the cul ture me dium. En zyme
Mi crob. Tech nol., 39 (7), 1386, 2006.

8. Lee C.J. et al.: com para tive study of the he pa to pro tec tive ef -
fi cacy of Ar tem isia cap il lar ies on etha no lad min is tred mice.
J. Food Sci., 76, 207, 2011.

9. Okuno I. et al.: Chol ere tic ef fect of Ar tem isia cap il lar ies ex -
tract in rats. Jpn. J. Phar ma col., 31, 835, 1981.

10. Pol ish Phar ma co poeia IX Ed. (2011) Warszawa p. 364
11. Seo K.S. et al.: An ti oxi dant ac tivi ties of ex tracts from Ar tem -

isia cap il lar ies Thunb. and Ar tem isia iwayo mogi Ki tam.
used as In jin. Kor. J. Plant Res., 21, 292, 2008.

12. Tan R.X., Zheng W.F. and Tang H.Q.: Bio logi cally ac tive
sub stances from the ge nus Ar tem isia. Planta Med., 64, 295,
1998. 

13. Skalicka - Woźniak K. and Głowniak K.: Quan ti ta tive analy -
sis of phe nol ics ac ids in ex tracts ob tained from the fruits of
Peucedanuum al sa ti cum L. and Peuceda num cer varia (L.)
Lap. Chro ma tographia, 68, 85, 2008.

14. Waksmundzka – Hajnos M. et al.: Ef fect of ex trac tion
method on the field of fu ra no cou marins from fruits of An -
gel ica of ficina lis Hoffm. Phy to chem. Anal., 15(5), 313, 2004.

15. Wright C.W. (2005). Ar tem isia. In: Me dici nal and aro matic
plants – in dus trial pro files. Hard man R (ed.), New York:
Tay lor & Fran cis; vol. 18.

16. Yook C.S. (1989). Col oured me dici nal plants in Ko rea. Seoul,
Ko rea: Aca demic Pub lish ing Co; p. 431. 

Vol. 26, 1, 64–67 67

Determination of coumarins from aerial part of two Artemisia species

Fig. 3. HPLC chromatogram and  UV spectra for examinated fractions – ASE method with methanol-water 1:1 v/v from A.
umbelliformis Lam


