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Abstract—New skeletal flavonoids, anastatins A and B, were isolated from the methanolic extract of an Egyptian medicinal herb,
the whole plants of Anastatica hierochuntica. Their flavanone structures having a benzofuran moiety were determined on the basis
of chemical and physicochemical evidence. Anastatins A and B were found to show hepatoprotective effects on d-galactosamine-
induced cytotoxicity in primary cultured mouse hepatocytes and their activities were stronger than those of related flavonoids and
commercial silybin.
# 2003 Elsevier Science Ltd. All rights reserved.

Introduction

The whole plants of Anastatica hierochuntica (Cruci-
ferae), which is a winter annual plant of the Sahara-
Arabian deserts, are prescribed in Egyptian folk
medicine for fatigue and uterine haemorrhage and are
used by women as a charm for child birth.1 In the
course of our characterization studies on bioactive con-
stituents from Egyptian medicinal herbs,2 the metha-
nolic extract from the whole plants of A. hierochuntica
was found to show potent hepatoprotective effect on d-
galactosamine (d-GalN)-induced cytotoxicity in pri-
mary cultured mouse hepatocytes.3 By bioassay-guided
separation, two novel skeletal flavanones, anastatins A
(1) and B (2), were isolated from the ethyl acetate
(EtOAc)-soluble fraction with the hepatoprotective
effect together with seven flavonoids, 11 aromatic com-
pounds, three phenylpropanoids, 12 lignans, and four
flavonolignans. This communication deals with the
absolute stereostructure elucidation of anastatins (1, 2)
as well as the hepatoprotective activities of anastatins
(1, 2) and the principal constituents on d-GalN-induced
cytotoxicity in primary cultured mouse hepatocytes.

Isolation of Anastatins A (1) and B (2) from
A. hierochuntica

The whole plants of A. hierochuntica (3.5 kg, collected in
Egypt) were extracted with methanol three times under
reflux for 3 h. The methanolic extract (5.2% from this
natural medicine) was partitioned into an EtOAc and
water mixture to give an EtOAc-soluble fraction (2.4%)
and an aqueous phase. The aqueous phase was further
extracted with n-butanol (n-BuOH) to give an n-BuOH-
soluble fraction (0.6%) and an H2O-soluble fraction
(2.2%). As shown in Table 1, the methanolic extract
and the EtOAc-soluble fraction showed inhibitory
effects on d-GalN-induced cytotoxicity in primary cul-
tured mouse hepatocytes. The EtOAc-soluble fraction
was subjected to ordinary-phase silica-gel (SiO2) [n-hex-
ane–EtOAc (20:1 ! 10:1 ! 5:1 ! 2:1 ! 1:1) !
CHCl3–MeOH–H2O (10:3:1, lower layer) ! MeOH]
and reversed-phase silica-gel (ODS) column chromato-
graphy [MeOH–H2O], and finally HPLC [YMC-Pack
ODS-5-A, 250�20mm i.d., MeOH–H2O or CH3CN–
H2O] to give anastatins A (1, 0.0010% from the natural
medicine) and B (2, 0.00098%) together with seven fla-
vonoids, naringenin (3,4 0.0038%), eriodictyol (4,5

0.0027%), aromadendrin (5,6 0.00081%), (+)-taxifolin
(6,7 0.044%), 30-O-methyltaxifolin (7,8 0.00038%), (+)-
epitaxifolin (8,7 0.0035%), and quercetin9 (0.0010%), 11
aromatic compounds, three phenylpropanoids, 12 lig-
nans, and four flavonolignans (Chart 1).10
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Absolute Stereostructures of Anastatins A (1)
and B (2)

Anastatin A (1) was isolated as a yellow powder with
positive optical rotation { a½ �24D +121.3� (c 0.63,
MeOH)}. The electron impact (EI)-MS of 1 showed
molecular ion peak at m/z (%) 378 (72) and the mole-
cular formula C21H14O7 of 1 was determined by high
resolution MS measurement [calcd for C21H14O7 (M

+):
378.0739. Found: 378.0741]. The IR spectrum of 1
showed absorption bands at 3677, 3432, 3282, 1655,
1647, 1569, 1509, 1458, 1154, 1088, and 831 cm�1

ascribable to hydroxyl, carbonyl, chelated carbonyl,
aromatic ring, and ether functions. In the UV spectrum
of 1 (measured in MeOH), absorption maxima were
observed at 247 (log e 4.1), 268 (4.3), 297 (4.2), and 371
(3.3) nm, suggestive of the flavanone structure.5b The 1H
NMR (acetone-d6) and

13C NMR (Table 2) spectra of 1
showed signals assignable to a dihydropyron moiety in
the flavanone structure by a characteristic ABX type

coupling pattern {[d 2.87 (1H, dd, J=2.7, 17.1Hz), 3.34
(1H, dd, J=13.1, 17.1Hz), 3-H2], 5.56 (1H, dd, J=2.7,
13.1Hz, 2-H)}, three singlet aromatic protons [d 6.63
(1H, s, 8-H), 7.07, 7.46 (1H each, both s, 300, 600-H)],
ortho-coupled A2B2-type aromatic protons [d 6.92, 7.44
(2H each, both d, J=8.6Hz, 30, 50-H and 20, 60-H)], and
a chelated hydroxyl proton [d 12.93 (1H, br s, 5-OH)].
Acetylation of 1 with acetic anhydride–pyridine gave
the tetraacetate (1a).11 The proton and carbon signals
due to the flavanone structure in the 1H and 13C NMR
spectra of 1 were similar to those of naringenin (3),
except for the signals assignable to the benzofuran moi-
ety. The new skeletal flavanone structure of 1 with a
benzofuran moiety at the 6- and 7-positions was char-
acterized by the heteronuclear multiple bond con-
nectivity (HMBC) experiment on 1 and 1a, which
showed long-range correlations between the 2-proton
and 4, 10, 20 (60)-carbons, between the 5-hydroxyl proton
and 5, 6, 10-carbons, between the 8-proton and 6, 7, 9,
10-carbons, between the 300-proton and 100, 200, 400, 500-
carbons, and between the 600-proton and 6, 100, 200, 400, 500-
carbons (Fig. 1).12 Furthermore, the new flavanone
structure of 1 with a benzofuran ring was confirmed by
EI-MS fragmentation pattern of 1 and 1a. Namely, the
EI-MS of 1 exhibited characteristic fragment ion peaks
(i, ii) at m/z (%) 258 (100) and 120 (3), which were
derived by retro Diels–Alder type cleavage of the dihy-
dropyron ring, together with fragment ion peaks (iii, iv,
v) at m/z (%) 230 (4), 202 (9), and 147 (1) (Fig. 2).
Finally, the circular dichroic (CD) spectrum of 1
showed negative Cotton effects [MeOH, lmax 287 nm
(�e=�0.32)], which indicated the absolute configur-
ation of the 2-position to be S.5b, 13 On the basis of this
evidence and comparison of the physicochemical data
for 1 with those for 1a, the absolute stereostructure of
anastatin A (1) was elucidated as shown.

Anastatin B (2) was also obtained as a yellow powder
with positive optical rotation { a½ �24D +149.0� (c 0.52,
MeOH)} and its IR and UV spectra were very similar to
those of 1.14 The proton and carbon signals in the 1H
NMR (acetone-d6) and

13C NMR (Table 2) spectra12 of
2 indicated the presence of the same functional groups
as 1: a dihydropyron moiety in flavanone structure {[d
2.93 (1H, dd, J=2.7, 17.1Hz), 3.41 (1H, dd, J=13.1,
17.1Hz), 3-H2], 5.77 (1H, dd, J=2.7, 13.1Hz, 2-H)},
three singlet aromatic protons [d 6.59, 7.05, 7.26 (1H
each, all s, 6, 300, 600-H)], ortho-coupled A2B2-type aro-
matic protons [d 6.98, 7.53 (2H each, both d, J=8.6Hz,
30, 50-H and 20, 60-H)], and a chelated hydroxyl proton [d
12.19 (1H, br s, 5-OH)]. Acetylation of 2 yielded the
tetraacetate (2a).15 In the mass fragmentation of 2, the

Table 1. Inhibitory effects of the MeOH extract and EtOAc-soluble fraction from A. hierochuntica on d-GalN-induced cytotoxicity in primary

cultured mouse hepatocytes

Inhibition (%)

0mg/mL 3 mg/mL 10 mg/mL 30mg/mL 100mg/mL

MeOH extract 0.0�3.4 20.0�1.7** 39.2�4.5** 52.2�2.5** 68.7�4.3**
EtOAc-soluble fraction 0.0�1.5 33.4�1.5** 33.8�4.9** 48.1�2.5** 80.9�1.1**

Each value represents the mean�SEM (N=4). Significantly different from the control, **p<0.01.

Table 2. 13C NMR data of anastatins A (1) and B (2) and their

acetates (1a, 2a)

1a 1ab 2a 2ab

C-2 80.4 79.2 80.8 79.9
C-3 43.9 45.3 43.8 45.6
C-4 199.6 189.7 198.5 188.5
C-5 158.4 145.5 162.5 150.4
C-6 108.0 113.0 92.9 101.8
C-7 163.6 161.6 163.8 160.8
C-8 92.4 98.8 106.8 111.2
C-9 161.6 162.3 157.3 158.0
C-10 104.9 110.5 104.9 109.7
C-10 130.7 135.7 130.6 135.8
C-20 129.1 127.4 129.1 127.3
C-30 116.2 122.1 116.4 122.3
C-40 158.8 151.0 158.9 151.0
C-50 116.2 122.1 116.4 122.3
C-60 129.1 127.4 129.1 127.3
C-100 114.9 120.0 114.8 120.4
C-200 150.9 153.6 150.9 153.3
C-300 99.2 107.2 99.3 107.1
C-400 143.3 141.6 145.9 141.4
C-500 145.9 138.9 143.3 139.0
C-600 107.8 115.8 107.6 116.4
CH3CO– 20.6 20.7

20.7 20.7
21.1 21.1
21.2 21.2

CH3CO– 168.1 168.1
168.4 168.6
168.5 169.4
169.3 169.7

aMeasured in acetone-d6 at 125MHz.
bMeasured in CDCl3 at 125MHz.
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fragment ion peaks were observed at m/z (%) 258
(M+�C8H8O, 100), 230 (M+�C9H8O2, 5), 202
(M+�C10H8O3, 7), 174 (M+�C11H8O4, 8), 147
(M+�C12H7O5, 1), 120 (M+�C13H6O6, 8). The posi-
tion of the benzofuran moiety in 2 was clarified by the
HMBC experiment on 2 and 2a. Namely, long-range
correlations were observed between the 5-hydroxyl pro-
ton and 5, 6, 10-carbons, between the 6-proton and the
5, 7, 8, 10-carbons, between the 300-proton and 100, 200,
400, 500-carbons, and between the 600-proton and 8, 100, 200,
400, 500-carbons in the HMBC experiment (Fig. 1). The
CD spectrum of 2 exhibited negative Cotton effects

[MeOH, lmax 291nm (�e=�0.25)]. Those findings and
comparison of the 1H and 13C NMRdata for 2with those
for 2a led us to formulate the absolute stereostructure of
anastatin B (2) as shown.

Protective Effects of Anastatins and Flavonoid Con-
stituents from A. hierochuntica on D-GalN-induced

Cytotoxicity in Primary Cultured Mouse Hepatocytes

The inhibitory effects of anastatins (1, 2) and isolated
flavonoids (3–8) on d-GalN-induced cytotoxicity in pri-

Chart 1.

Figure 1. MS fragmentation pattern of anastatin A (1).
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Table 3. Inhibitory effects of constituents from A. hierochuntica on d-GalN-induced cytotoxicity in primary cultured mouse hepatocytes

Inhibition (%)

0mM 3 mM 10 mM 30 mM

Anastatin A (1) 0.0�0.2 17.2�6.7* 31.5�2.9** 46.2�3.9**
Anastatin B (2) 0.0�0.6 28.6�8.6* 40.5�8.8** 55.0�0.5**

Naringenin (3) 0.0�0.9 2.9�0.4 9.3�2.1 43.1�0.4**
Eriodictyol (4) 0.0�1.0 5.9�1.8 8.3�0.9** 27.3�1.0**
Aromadendrin (5) 0.0�2.0 7.8�2.0 14.2�1.0 33.2�3.4**
(+)-Taxifolin (6) 0.0�1.7 9.6�1.5** 11.7�1.0** 13.0�2.1**
30-O-Methyltaxifolin (7) 0.0�2.1 4.0�1.6 7.3�1.9 36.7�3.3**
(+)-Epitaxifolin (8) 0.0�0.7 2.1�1.2 11.0�0.7** 21.7�1.1**

Silybina 0.0�0.3 4.8�1.1 7.7�0.7 45.2�8.8**

Each value represents the mean�SEM (N=4). Significantly different from the control, *p<0.05, **p<0.01.
aCommercial silybin was purchased from Funakoshi Co., Ltd. (Tokyo, Japan).

Figure 2.
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mary cultured mouse hepatocytes were examined. As
shown in Table 3, two new flavanones, anastatins A (1)
and B (2), were found to show potent inhibitory activ-
ities. Thus, the hepatoprotective activities of 1 and 2
were stronger than those of other flavonoids and com-
mercial silybin, which is well known to show potent
hepatoprotective activity.16
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