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Distachyasin: A new antioxidant metabolite
from the leaves of Carex distachya
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Abstract—A novel antioxidant prenylated stilbenoid, distachyasin, has been isolated from the leaves of Carex distachya. Its struc-
ture has been elucidated on the basis of the spectroscopic characteristics. Bidimensional NMR, and crystallographic data and com-
putational calculations have furnished important data useful for the characterization and the stereochemistry of the molecule. The
compound has a tetracyclic skeleton derived from carexane. The compound has been assayed, for the antioxidant activity, by mea-
suring its capacity to scavenge the H2O2, nitric oxide, superoxide radical and to inhibit formation of TBARS (thiobarbituric acid
reactive species).
� 2006 Elsevier Ltd. All rights reserved.
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Reactive oxygen species (ROS), generated in many bio-
organic redox processes, are the most dangerous by
products in the aerobic environment. They include the
hydrogen peroxide (H2O2), the hydroxyl radical (OH�),
the superoxide radical ðO2

��Þ, and the nitric oxide
(NO). In the last years many evidences correlated ROS
to a wide variety of disease states, including cancer, dia-
betes, cardiovascular diseases, neurodegenerative pro-
cesses, etc.1–4 Antioxidants are chemicals that reduce
oxidative damage in cells and biomolecules. As some
synthetic antioxidants may exhibit toxicity, the search
for new bioactive molecular skeleton from natural
sources is a very interesting field and recently we have
reported the isolation of new antioxidant metabolites
from plants.5

Carexanes6,7 are phenolic secondary metabolites isolat-
ed from the aerial part of Carex distachya,8 a herba-
ceous plant, growing in the Mediterranean macchia.
These compounds originated by the prenylation and
successive cyclization of a stilbene precursor. They were
believed to be interesting and are mentioned in ‘Hot off
the press’ of Natural Product Reports.9 It usually has
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been showed that Carex species produce phytoalexinic
oligostilbenes,10,11 constituted by two to four stilbenoid
moieties.

In pursuing the study of the hexane extract of C. distac-
hya we isolated an unusual polyoxygenated carexane
derivative, named distachyasin, which was assigned the
tetracyclic structure 1 (Fig. 1).12

Its elemental analysis and the pseudomolecular peak at
m/z 327.1614 (100) in the HR ESI mass spectrum justi-
fied the presence of 10 unsaturations in the molecule,
according to the molecular formula C20H22O4.

The NMR values indicated substantial modifications to
the carexane skeleton. In the downfield, the 1H NMR
spectrum, in DMSO, showed several differences with re-
spect to carexanes A–C.5 Besides the four aromatic H-
11–H-14 protons of the D ring, two doublets at d 5.30
and 6.13 were also evident. In the aliphatic region of
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Figure 1. Chemical structure of distachyasin.
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Table 1. NMR data of distachyasin (1)a

Compound d 1H J (Hz) DQ-COSY

(H!H)

d 13C DEPT HMBC (H! C) HSQC–TOCSY

(H! C)

NOESY

(H!H)

1 — — — 160.4 C — — —

2 — — — 70.2 C — — —

3 — — — 200.5 C — — —

4 5.30 d (2.4) 6 95.2 CH 1, 2, 3, 5, 6 4, 6 OCH3

5 — — — 169.9 C — — —

6 6.13 d (2.4) 4 113.1 CH 1, 2, 4, 5, 7 4, 6 —

7 4.45 d (7.8) 8 70.6 CH 1, 2, 6, 8, 9, 16 7, 8, 15, 16 14, C7–OH

8 3.08 dd (7.8, 7.8) 7, 16 54.4 CH 1, 7, 9, 10, 14, 15, 16, 17 7, 8, 15, 16 16, 19

9 — — — 143.1 C — — —

10 — — — 151.1 C — — —

11 7.15 m 12 121.9 CH 9, 10, 13, 17 11, 12, 13, 14 12, 18, 19

12 7.21 m 11 127.1 CH 11, 14 11, 12, 13, 14 11, 13

13 7.18 m 14 126.5 CH 11, 14 11, 12, 13, 14 12, 14

14 7.50 m 13 124.5 CH 8, 9, 10, 12 11, 12, 13, 14 7, 13

15a 2.25 dd (13.2, 4.5) 15b, 16 32.5 CH2 1, 2, 3, 8, 16, 17 7, 8, 15, 16 15b, 18

15b 1.37 dd (13.2, 10.2) 15a, 16 1, 2, 3, 8, 16, 17 7, 8, 15, 16 15a, 16

16 1.77 m 8, 15a, 15b 47.1 CH 2, 7, 8, 9, 10, 15, 17, 18, 19 7, 8, 15, 16 8, 15b, 19

17 — 44.8 C — — —

18 1.22 s — 24.7 CH3 10, 16, 17, 19 — 11, 15a, 19

19 1.05 s — 30.6 CH3 10, 16, 17, 18 — 8, 11, 16, 18

OCH3 3.78 s — 56.1 CH3 4, 5, 6 — 4

C2–OH 5.30 br s — — — — — — —

C7–OH 5.25 br s — 7 — — — 7, 8, 15, 16 7

a Data were recorded in DMSO-d6 on Varian Mercury 300 MHz (1H, 13C) spectrometer (DQ-COSY, TOCSY, HSQC, HMBC, HSQC–TOCSY,

ROESY, and NOESY); chemical shifts (d) were expressed in parts per million with reference to the signal of DMSO (d 2.49 ppm) for 1H, and to the

centre peak of the signal of DMSO (d 39.5 ppm) for 13C, respectively.
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the spectrum were evident a doublet at d 4.45, a methine
proton as a double doublet at d 3.08, a diasterotopic
methylene as two double doublets at d 2.25 and 1.37,
a methine as multiplet at d 1.77 and two methyl singlets
at d 1.22 and 1.05.

In the spectrum two alcoholic protons, as broad singlets,
at d 5.30 and 5.25 were also evident. This latter showed
correlation, in the DQ-COSY experiment, with the dou-
blet at d 4.45, which was correlated with the double dou-
blet at d 3.08, which correlated with the methine at d
1.77, which showed, in turn, cross peaks with the meth-
ylene protons Table 1.

The 13C NMR spectrum and the DEPT experiment indi-
cated the presence of three methyls, a methylene, nine
methines and seven tetrasubstituted carbons.

The HMBC experiment (Fig. 2) showed correlations
between the protons and the carbons of the C and D
rings, as registered for the carexanes A–C, but the rela-
tionships between the others’ nucleus indicated a modi-
fication of the molecular skeleton for the A and B rings.
In fact, the carbonyl carbon at d 200.5 showed hetero-
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Figure 2. Selected correlation showed in the HMBC experiment.
correlations with the proton at d 5.30 and with the meth-
ylene protons at d 2.25 and 1.37. These protons were
also correlated with the tetrasubstituted carbons at d
70.2 and 160.4 and with the methine carbons at d 47.1
and 54.4. Furthermore, the signal at d 70.6, bonded to
the proton at d 4.45, showed correlations with the pro-
tons at d 3.08, 1.77, and 6.13. This latter was heterocor-
related with the carbons at d 70.2, 70.6, 95.2, 160.4, and
169.9 which in turn showed cross peaks with the proton
at d 3.78 and the proton at d 5.30.

The above observed HMBC correlations, coupled with
two proton spin systems, H-4/H-6, H-11/H-12/H-13/H-
14, and C7–OH/H-7/H-8/H-16/H-15a/H-15b, estab-
lished by TOCSY correlations, suggested the structure
of a modified carexane having an a,b,c,d unsaturated
carbonyl group at C-3 and a hydroxyl group at the
C-2 carbon.

Analysis of the HMBC spectrum of 1 also showed obvi-
ous correlations from both CH3-18 (d 1.22) and CH3-19
(d 1.05) to C-10, C-16, and C-17; from H-16 (d 1.78) to
C-2, C-7, C-8, C-9, C-10, C-15, C-17, C-18 and C-19,
from H-14 (d 7.50) to C-8, C-9, C-10, C-12; from H-11
(d 7.15) to C-9, C-10, C-13, C-17, from H-8 (d 3.08) to
C-1, C-7, C-9, C-10, C-14, C-15, C-16, and C-17; from
H-7 (d 4.45) to C-1, C-2, C-6, C-8, C-9, and C-16.

The absolute configuration of the C-7 carbon was as-
signed using a modified Mosher method.13 The positive
DdR � S values for the H-4 and the H-6 and the negative
DdR � S value for the H-8 proton indicated a R configu-
ration for C-7 carbon. The coupling constants of the
H-7 (d, 7.8 Hz), H-8 (dd, 7.8 and 7.8 Hz) were
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inadequate to establish the geometry of H-7/H-8/H-16
protons. In fact the J values observed could be consis-
tent with both trans and cis geometry on the basis of
computational calculation using molecular mechanic
method (MM+) as implemented in HyperChem 7.5. A
NOESY experiment showed correlation between the
H-7 proton and H-14/C7–OH protons, between the
H-8 proton and H-16 and the methyl at d 1.05.
These data suggested a trans orientation between the
H-7/H-8 and a cis orientation between the H-8/H-16
protons. Further NOESY correlations of H-16/H15 (d
1.37) and the methyl at d 1.22 with the H-15 proton at
d 2.25 supported the formulated hypothesis.

To confirm the hypothesis and to establish the configu-
ration at the C-2 carbon, X-ray analysis was performed
for distachyasin.

Colourless crystals of distachyasin in the form of thin
plates were obtained by slow evaporation from chloro-
form–methanol (1:2) solution at 4 �C.

The X-ray structure14 of 1 is represented in Figure 3. The
torsion angles H(7)–C(7)–C(8)–H(8) and H(8)–C(8)–
C(16)–H(16) were�146.4(9)� and�33.9(8)�, respectively,
showing anti�–gauche� conformations. So, on the basis
of the Mosher’s results we assigned the R,R,S for the
C-7, C-8, and C-16, respectively. Furthermore, the
torsion angles H(7)–C(7)–C(1)–C(6) and O(1)–C(2)–
C(1)–C(6) were 126.4(11)� and �96.1(9)�, respectively,
in accordance with the anti+–anti� conformations. These
data suggested a cis orientation among the hydroxyl at the
C-2 and the H-7 proton, indicating a R configuration for
the C-2 carbon.

In Figure 4, the mode of packing of 1 as viewed along
the c direction is shown. Two molecules of 1 are con-
nected along the c axis by two hydrogen bonds that in-
volve the O(3) with the O(4). This arrangement gives rise
to a polymeric inclusion structure forming low rows.
These rows are arranged in layers of parallel molecules
along the ab plane. The layers pack in an antiparallel
Figure 3. X-ray diffraction structure of 1, with the numbering of the atom.
fashion perpendicular to the c plane. The rows are held
together by a complex intermolecular H-bonds, in which
O(3)–H� � �O(1)–H and O(3)–H� � �O(4)–H are formed.

Distachyasin was tested for its antioxidant activity.
Evaluation of antioxidant activity was carried out using
four different methods. Three of these methods estimate
radical scavenging activity of investigated substance
against the superoxide radical,15 the pro-oxidant hydro-
gen peroxide16 and the nitric oxide;17 the remaining test
evaluates the capacity to inhibit peroxidative processes
by measuring formation of TBARS18 substances. The
standard used in all methods was ascorbic acid, a known
natural antioxidant, and the results are reported in
Figures 5–8. The substances were tested in increasing
concentrations (0.1, 0.2, 0.3, and 0.5 mg/ml).

When scavenging of superoxide radical was tested, a lin-
ear increase of the activity through the increase of con-
centration of 1 was observed. The strongest activity was
observed at 0.5 mg/ml: it reduced the radical for 60%
(Fig. 5). The standard showed an activity of 56% at
the same concentration.

Distachyasin showed hydrogen peroxide scavenging
activity comparable to the activity exercised by the stan-
dard compound (Fig. 6). The molecule was already ac-
tive at lowest tested concentrations (0.1 and 0.2 mg/ml)
whose showed a reductive power on pro-oxidant equal
to 32% and 39%, respectively.

The compound 1 scavenged NO radical in a dose depen-
dent manner and showed peculiar activity at highest
tested concentrations. It reduced nitrite concentration
in the assay media to 10.7% at 0.5 mg/ml. Lower activity
was exercised by the standard molecule (Fig. 7).

Although distachyasin showed a weaker activity than
ascorbic acid, it inhibited the formation of reactive spe-
cies to thiobarbituric acid over 59.0% at the concentra-
tion of 0.5 mg/ml and inhibiting pattern was carried
out in a dose-dependent manner (Fig. 8).
Displacement ellipsoids are drawn at 50% probability level.



Figure 4. The mode of packing of 1 as viewed along the c direction is shown. Hydrogen bonding is represented by dashed line.
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Figure 5. Scavenging activity of superoxide radical of 1. Values are

presented as percentage differences from blank.
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Figure 6. Scavenging activity of hydrogen peroxide of 1. Values are

presented as percentage differences from blank.
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Figure 7. Effect of 1 on the accumulation of nitrite upon decompo-

sition of sodium nitroprusside.
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Figure 8. Inhibition of TBARS substances by 1. Values are presented

as percentage differences from blank.
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Today many researches focalise their attention to anti-
oxidant activity of secondary metabolites isolated and
characterized from natural sources. The results revealed
that distachyasin had a significant antioxidant activity.
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