%

IET No.
b 1r 4 . L3RS
WA L IR AR R
i) : woAMAAY JgESARRORE
mg/kg/day_ SCHEDULEMOUSEMNPCE ; % PCE/(PCE+NCE): % | BW:g | CODE
0 x2, 24hr EO-1 0.15 61.4 36.0 | 16187
E0-2 0.10 66.2 38.6 | 16164
Vehicle E0-3 0.15 62.4 38.2 | 16119
(olive oil) E0-4 0.25 59.8 40.3 | 16109
E0-5 0.05 55.2 42.7 | 16140
Mean 0.14 61.0 39.2
Std 0.07 1.0 25
Min 0.05 55.2 36.03
Max 0.25 66.2 42.7
Total No. 14
500 %2, 24hr EL-1 0.30 56.4 36.5 | 16108
EL-2 0.15 54.8 37.4 | 16163
EL-3 0.05 65.2 39.5 | 16130
EL-4 0.25 61.4 39.1 | 16181
EL-5 0.00 62.2 40.0 | 16116
Mean 0.15 60.0 385
Std 0.13 13 15 sk
Min 0 54.8 36.48
Max 0.30 65.2 40.0 | HE
Total No. 15 -
1000 %2, 24hr EM-1 0.25 63.6 35.8 | 16106
EM-2 0.15 53.6 37.1 | 16149
EM-3 0.10 53.4 37.4 | 16125
EM-4 0.10 63.8 37.7 | 16165
EM-5 0.20 54.2 415 | 16194
Mean 0.16 57.7 37.9
Std 0.07 5.5 2.1 sk
Min 0.1 53.4 35.83
Max 0.25 63.8 387 | M
Total No. 16 —
2000 x2, 24hr EH-1 0.15 61.4 366 | 16114
EH-2 0.25 63.8 38.4 | 16178
EH-3 0.05 57.2 37.8 | 16167
EH-4 0.10 61.4 38.6 | 16182
EH-5 0.25 61.2 40.2 | 16121
Mean 0.16 61.0 38.3
Std 0.09 2.4 1.3 gk
Min 0.05 57.2 36.58
Max 0.25 63.8 40.2 | Yz
Total No. 16 —
MMC 2 |x1, 24hr PC-1 3.10 56.0 35.7 | 16150
Gp.) PC-2 2.85 49.8 35.7 {16173
PC-3 2.70 56.8 37.3 {16110
PC-4 4.35 61.8 40.0 | 16133
PC'5 3.40 59.8 39.1 | 16146
Mean 3.28 56.8 37.6
Std 0.65 16 2.0 xZ
Min 2.70 498 357
Max 4.35 61.8 10.0 | HE
Total No. 328 ++

B.W.: Body weight at the 1st day of dosing.

MNPCE : Frequency of micronucleated polychromatic erythrocytes.
PCE/PCE+NCE) : Ratio of polychromatic erythrocytes to total erythrocytes.
S* :Kastenbaum-Bowman ¥ Fic LB E
%% 1 MATEEECISRE (p<0.01)

MMC : Mitomycin C
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ntroduction

Artemisia absinthium L. (Japanese name; Nigayomogi), a pe-

rennial plant belonging to
out Europe and Siberia,

Compositae family distributed through-

s known as wormwood, and used for

anthelmintic, antimalarial, gastric and tonic effects. The aqueous

or ethanol extract of A. absinthium is called absinth extract or

wormwood extract (Japa
used as a natural bitterin
beverages, because of its

ese name: nigayomogi extract) and is
> agent for alcoholic or non-alcoholic
bitter taste and fragrance. The List of

Existing Food Additives in Japan" stipulates that absinth extract

is a substance composed mhainly of absinthin (1)? from the whole

plant of A. absinthium.

To date, the constituents of absinth extract as a food additive

have not been fully clarifjed. In this paper, the main bitter con-

stituent and other dimeri¢ sesquiterpenes in absinth extract are

investigated, to contribut

: to an ongoing comprehensive safety

evaluation of food additives by the Japanese Ministry of Health,

Labor and Welfare.

1l. Materials and Methods

1. Sample and chemicals
Absinth extract product|prepared as a 50% EtOH solution, the

National Institute of Health Sciences

Abstract

inth extract product, a natural bitter flavoring, were investigated as a part of an ongoing study to evzluate its
d additive, Two constituents, namely absinthin and anabsinthin were isolated. The concentration of absinthin,
t, was 2.0% in the absinth extract product. It was also confirmed that the origin of the product was the aerial
ium L. (Compositae), as determined by comparing TLC and HPLC profiles of the product and 50% ethanol

ttering agent; absinth extract; Arremisia absinthium L.; absinthin; anabsinthin

commercially available product in the Japanese market, was sup-
plied by San-Ei Gen F.F.I. Co. Ltd. for safety evaluation.
The dry leaves of A, absinthium was purchased from an internet
shop specializing in herbal tea, e-tisanes (the web site:
www.rakuten.co.jp/e-tisanes/). All chemicals were of reagent
grade, and were used without further purification, Silica gel 60
Fas4 (20 cm x 20 cm, Art. 1.05715) (Merck Co., Ltd.) and RP-
18WF254¢ (10 ¢ x 10 ¢m, Art.13124) (Merck) were used for
TLC. Silica gel 60 Fas4 (20 cm x 20 om, Art, 1.05744) (Merck)
was used for preparative TLC. Silica gel 60 (70-230 mesh Art.
1.07734 (Merck)) and ODS (200-350 mesh, Chromatorex ODS
(Fuji Silica Chemical L.td.)) were used for open column chroma-
tography.

2. Spectroscopic analysis

NMR spectra were recorded on a INM-ECA (600 MHz and/or
800 MHz) (JEOL Co. Ltd.) with chloroform-d as the solvent.
Spectra were referenced internally to tetramethylsilane (TMS) in
TH-NMR and to the solvent in *C-NMR. Assignments of the
proton and carbon signals of all isolated compounds were con-
firmed by pulse field gradient (PFG) heteronuclear multiple quan-
tum coherence (HMQC) and PFG heteronuclear multiple bond
connectivity (HMBC) experiments. Fast atom bombardment mass
spectrometry (FAB-MS) spectra were performed using a JMS-
700 (JEOL) mass spectrometer in the positive and negative modes.

Cenesponding avthor: Nabki Sugimoto, National Institute of Health Sciences,

18-1, Kamiyoga, Setagaya, Tokyo 158-8501, Japan

=307~



87 Jpn. J. Food Chem., Vol. 11(2), 2004

3. Isolation of compounds 1 and 2 from absinth ex-
tract product

Absinth extract product (20 mL) was dissolved in water, and
the solution was partitioned with chloroform (CHCIl3), affording
a CHClz-soluble part (1.29 g). The CHCl3-soluble part was frac-
tionated subsequently on a Silica gel column by eluting succes-
sively with CHCl; - acetone (each 200 mL of 19:1,8:2and 5 :
5,100 mL of 0 : 10) and CHCl3 - MeOH (each 100 mL of 5: 5
and 0 : 10) with monitoring by TLC. The eluates were concen-
trated in vacuo, affording eleven fractions (Fr. 1~11). Then, half
of Fr. 5 was fractionated on an ODS column with MeOH - water
{3 : 2) with menitoring by TLC, affording crude compounds 1
{36 mg) and 2 (23 mg). The crude compound 1 was developed on
preparative TLC with toluene - CHCl; - ethylacetate (AcOEL) (3
1 5:12) to give compound 1 (15 mg) as colorless needles. The
crude compound 2 was re-crystallized with hexane-acetone to
give colorless needles of compound 2 (5 mg). 'H- and 1*C-NMR
data of compounds 1 and 2 are shown in Table 1.

4. Preparation of sample solutions of TLC and HPLC
analyses

Absinth extract product (10 g L) was diluted with 50% etha-
nol (EtOH) (990 x L) and the solution was used as the sample
solution of the product. The dry leaves of A. absinthium (5.0 g)
were extracted with 50% ethanol (EtOH) (100 mL) for 3 days,
and then 10 mL of the solution was filtered and the filtrate was
evaporated in vacuo. The remaining residue was dissolved in 2.0
mL of 50% EtOH and the solution was filtered through a Millex
0.45 4 m filter (Millipore Co.). The filtrate was used as the sample
solution of 50% EtOH extract from A. absinthium.

5. TLC and HPLC analyses

RP-18 TLC was developed with MeOH-water (3:2) as a sol-
vent system. The spots were detected after spraying with 10%
sulfuric acid (H2804) in MeOH and gentle heating, The HPLC
system (Waters Co. Ltd.) consisted of an Alliance 2965 LC sys-
tem with a 2996 Photodiode Array detector (PDA). HPLC con-
ditions were as follows: column, Atlantis™ dCs (2.1 x 150 mm,
3 o m) (Waters); flow rate, 0.2 mL/min; mobile phase, 50%
MeOH (0 min)-+90% MeOH (30min); injection volume, 10 z
L. The on-line PDA detector monitored between 191 and 600
nm. The quantity of compound 1 was determined by using an
absolute calibration curve to peak area at UV 210 nm of com-
pound 1 isolated from absinth extract product.

1ll. Results and Discussion

1. Structures of compounds 1 and 2
The absinth extract product was fractionated via silica gel and
ODS column chrematography, and finally purified by prepara-

tive TLC, affording compounds 1 and 2 mainly. The structures
of compounds 1 and 2 were identified on the basis of their spec-
tral data. '

Compound 1 was obtained as colorless needles. The molecu- *
lar formula was determined as CagHaoQOgs (MW = 496), so the
FAB-MS data of compound 1 indicated molecular related ion
peaks at m/z 519 [M+Na]*, 497 ([M+H]* and 479 [M-HO+H]*
along with the reverse Diels-Alder product ion peak at m/z 249
[M/2+H]*. The *C-NMR spectrum showed two carboxy! groups
(-COQO) (& 178.50, 178.88) and four olefinic signals (& 122.16,
134,94, 147.72, 148.44). The results suggested that compound 1
consisted of a Diels-Alder adduct of two guaianoclide-type ses-
quiterpenes such as artabsin® (CysHagO3, MW = 248). The as-
signments of the proton signals of compound 1 were based on
'H-'H COSY. The 'H- and '*C-NMR data of compound 1 were
compared to previously reported data> > 4 for constituents of A,
absinthium. From this comparison, it was concluded that com-
pound 1 was absinthin®, the main bitter constituent of absinth
extract (Fig. 1),

Compound 2 was also obtained as colorless needles. The pro-
tonated molecular ion peak at m/z 497 [M+H]* was only observed
by FAB-MS, suggesting that compound 2 has the same molecu-
Tar formula as absinthin (1). Its 1*C-NMR spectrum showed two
carboxyl groups (-COQ} (& 178.58, 179.08) and two olefinic
signals (& 132.35, 148.43). By comparison of '3C-NMR data
between absinthin (1) and compound 2, it was predicted that the
olefinic carhons (& 122,16, 147.72) at C-3 and C-4 of absinthin
(1) were replaced with a methylene carbon (& 34.69) at C-3 and
a methine carbon (& 88.35) bearing an oxygen atom at C-4. Fur-
thermore, the 'H and '*C-NMR data of 2 were identical to these
of anabsinthin, which is known as a cyclized derivative of absin-
1hin (1) in acidic medium® (Fig. 1).

Absinthin (1)

Anabsinthin (2)

Fig.1 Structures of absinthin (1) and anabsinthin {2)

2. TLC and HPLC analysis of absinth extract
50% EtOH extract prepared from the dry leaves of A. absin-

thium, and the TLC and HPLC profiles of 50% EtOH extract

were compared with these of absinth extract product.

In Fig, 2, the RP-18 TLC profiles of the absinth extract prod-
uct, 50% EtOH extract of A. absinthium, and the isolated dimeric
guaianolides absinthin (1) and anabsinthin (2) are illustrated. The
TLC profiles of absinth extract product and 50% EtOH extracts
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were very similar. Several

spots were observed on the TLC, and

two brown spots of absinthin (1) and anabsinthin (2} were ob-

served at Rf 0.29 and 0.2
after spraying with H2S0q4

3, respectively, with the tailing spot
and gentle heating. The spot of absin-

thin (1) was the most integse one.

Fig. 3 shows the HPLC profiles of absinth extract product and

of separating these peaks by preparative HPLC. -

the 50% EtOH extract prepared from the leaves of A. absinthium.
The peak patterns betweeh 7.0 and 20.0 min of absinth extract & . o oy
product and 50% EtOH extract were very similar, though 50% é é ¢ o
EtOH extract showed a lafge peak before 7.0 min. Therefore, on + 0+ o+ o+

A B c D

the results of TL.C and HP|
origin of the commercial
14.0 min and peak 2 at 17.
and anabsinthin (2), resped

[.C analysis, it was confirmed that the
broduct was A. absinthium. Peak 1 at
b min were derived from absinthin (1)
tively, as proven by injections of iso-

lated absinthin (1) and andbsinthin (2). Anabsinthin (2) was ob-

served as a very small peak
was observed clearly on tH
tion of anabsinthin (2) at Ul

on the HPLC, though anabsinthin (2)
e TL.C. The reason is that the absorp-
vV 210 nm is less than that of absinthin

Fig. 2 RP-18 TLC profiles of absinth extract product and 50%

ethanol extract from the dry leaves of A. absinthium.

A) absinth extract product.

B) 50% EtOH extract prepared from the dry leaves of

A. absinthium.
C) absinthin (1).

(1). Other peaks were also gbserved on the HPLC, and these peaks
were thought to be sesquit¢rpenes. However, we could not iden-

D) anabsinthin (2).
Solvent: MeQH ; water=3; 2,
tify the structures because they were decomposed in the process Spots visualized with HoSOJ/A.

Tablg 1. NMR (&, CDCl3) signal assignment of absinthin (1) and anabsinthin (2}

Absinthin (1) Anabsinthin (2)
position carbon proton carbon proton

1 71.50 2.16 brs 62.99 2.35 brs

2 45.75 2.83 brs 41.26 2.19 brs

3 122.16 5.54 3 34.69 1.48, 1.67

4 147.72 - £8.35 .

3 64.25 - 62.13 -

6 82.73 471 d, J=10.1Hz §2.33 4.14 d, J=103 Hz
7 46.60 1.81 49.20 1.77

8 27.59 1.86 25.61 1.52,1.76

9 4381 1.88 39.21 1.45,1.79

10 74.21 - 77.85 -

11 42.3% 223 42.50 223

12 178.50 - 179.08 -

13 13.19 123 d, J=69Hz 12.10 1.21 d, f=72Hz
14 29.44 L17 s 27.08 1.26 3

15 13.81 176 s 16.99 1.19 3

Iy 57.16 226 brs 56.69 2.53 brs

s 46.82 2.79 m 43.20 2.70 brd.f=9.6Hz
3 58.93 318 d, f=82Hz 5249 347 d, f=102Hz

! 134.94 - 132.35 -

5 148.44 - 148.43 -

[ 8143 4.57 d,/J=110Hz 8102 4.66 d,J=110Hz
7 49.45 1.69 4945 1.85

g 23.68 147 23.57 1.53, 1.79

9 42.56 1.65 4388 1.57,1.87

10 202 - ' 7436 -

[N 4214 2.18 4271 224

12' 178.88 - 178.58 -

13 1229 1.19 d, /=69Hz 12.38 1.22 d. /=69%Hz
14' 32.37 1.29 s 2943 1.27 [3
15 18.41 1.92 s 16.66 1.94 s
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A)

B)

0 S 10 15 20 25 30

Fig. 3 HPLC profiles of absinth extract product and 50%
ethanol extract from the leaves of A. absinthium.
A) absinth extract product.
B) 50% EtOH extract prepared from the leaves of A
absinthium. :
absinthin (1). anabsinthin (2}.

In order to quantify absinthin (1), a calibration curve (correla-
tion coefficient r = 0.999) for the peak area against the quantity
injected was prepared for absinthin (1) within the range of 0.125-
0.5 mg/ml, with a retention time for absinthin (1) of 14.0 min.
The concentration of absinthin (1) in absinth extract product was
found to be 2.0%.

The sample used in this report, had already been testedina 13-
week repeated dose toxicity study in rat by ancther group®, and
they concluded that the NOAEL (no-observed-adverse-effect-
level} of the extract product in Wistar Hannover rats was esti-
mated to be 2% (equivalent to 1.27 g/kg/day in males and 2.06 g/
kg/day in females) or more. It is very important for the safety
evaluation of food additives that the analysis of the constituents
and their toxicity are carried cut using the same sample, since the
contents of the constituents in natural food additives may differ
depending on the extraction method, processing method, and col-
lection season of the origin plant.

IV. Conclusion

Absinth extract is used as a natural bitter flavoring in Japan.
This report is the first investigation of the constituents of com-
mercial absinth extract product. Based on TLC and HPLC analy-

sis, we confirmed that the origin of the absinth extract product is
A. absinthium, as stipulated in the List of Existing Food Addi-
tives in Japan. Two constituents, absinthin and anabsinthin, were
isolated from absinth extract product. The content of absinthin,
the main bitter constituent, was 2.0% in the extract product.
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