
It has been demonstrated that besides the known flavanolignan
constituents of the white-flowered variant of Silybum marianum,
(–)-silandrin A (3a) and (–)-isosilandrin A (4a); their trans-
benzodioxane diastereomers, (–)-silandrin B (3b) and (–)-
isosilandrin B (4b), are also produced by the plant. Moreover, the
isolation of their cis-benzodioxane diastereomers, (–)-isocisilandrin
(5) and cisilandrin (6), confirm that the previously proposed
biosynthetic pathway involving a nonselective O-ββ  coupling is
correct.

Introduction

Mariendistel (Silybum marianum L. Gaertn) has been used as
a folk medicine, particularly as a drug with a hepatoprotective
activity since ancient times (1). The chemistry of its con-
stituents, isolated from the fruits of different Silybum species
originating from various parts of Europe, has been the subject of
numerous research projects since the middle of the past century.
Thus, the presence of flavanolignans in the purple-flowered
variant of this plant was recognized in the fifties (2) and sixties
(3,4), and a systematic study on its flavanolignan constituents led
to the isolation of (+)-silybin (1a,b) (5,6), which is the most
active constituent of Legalon (Madaus AG, Köln), used in the
therapy of liver diseases (7,8). The isolated (+)-silybin was proven
to be a 1:1 mixture of diastereomers [(+)-silybin A (1a):(–)-silybin
B (1b) = 1:1] on the basis of 1H and 13C NMR, X-ray crystallog-
raphy (9,10), and its biomimetic synthesis (11,12). Besides (+)-
silybin (1a,b), its regioisomer, (+)-isosilybin, was also isolated
from this source and found also a 1:1 diastereomeric mixture
[(+)-isosilybin A (2a), (–)-isosilybin B (2b)] (11–13).

According to Freudenberg’s hypothesis (14), shared later by
many other authors (15–18), these compounds may be formed
biosynthetically from (+)-taxifolin (7a) and coniferyl alcohol (8)
in an oxidative process catalyzed by peroxidase enzyme as shown

in Figure 1. The corresponding neutral phenoxy (7aR, 7aR*) and
quinone methide (8R 8R*) radicals are formed first, followed by
an O-β coupling which is neither regio- nor enantioselective.
The final step of the biosynthesis is a thermodynamically con-
trolled nucleophilic attack of the OH group on the quinone
methide system of intermediate 9 to furnish the 2,3-trans-sub-
stituted 1,4-benzodioxane skeletons of 1a,b and 2a,b. The O-β
coupling step is not enantioselective, which was proven by the
analytical HPLC separation of the diastereomeric (+)-silybin A
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Figure 1. Biosynthetic pathways of 1,4-benzodioxane-type flavanolignans.
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(1a) and (–)-silybin B (1b), and (+)-isosilybin (2a), and (–)-
isosilybin (2b) (19–21), as well as by their isolation using a
preparative reversed-phase high-performance liquid chromatog-
raphy (RP-HPLC) method (22,23).

During a systematic study of a population of more than one
hundred Silybum plants, Stieber et al. (24) recognized that the
substitution pattern of the flavanolignan constituents obtained
from the seeds of a white-flowered variant of Silybum marianum
differs markedly from that of the purple-flowered type. This led
to the isolation of (–)-silandrin (3a) (25) and (–)-isosilandrin (4a)
(26), whose structures were determined as 3-deoxyisosilybin and
3-deoxysilybin, respectively, and their biosynthesis may involve
(–)-eriodictyol (7b) instead of (+)-taxifolin (7a). We have also
reported that in contrast to (+)-silybin (1a,b) and (+)-isosilybin
(2a,b), (–)-isosilandrin (4a) and (–)-silandrin (3a) are not a mix-
ture of the corresponding diastereomers, but instead are opti-
cally pure compounds with (2S, 2'R, 3'R)-configuration (26,27).
Moreover, it was also observed that (–)-silandrin (3a) possessed a
more effective inhibitory activity in carbon tetrachloride-treated
cytotoxicity of rat hepatocytes than (+)-silybin (1a,b) (28) and,
similarly, its regioisomer [(–)-4a] showed stronger inhibitory
activity on the superoxide anion release by human polymor-
phonuclear leukocytes (26). Recently, two studies (29,30) using
diastereomerically pure isolated (+)-silybin A (1a), (–)-silybin B
(1b), (+)-isosilybin A (2a), and (–)-isosilybin B (2b) have demon-
strated that these flavanolignan stereoisomers showed funda-
mentally different activity in human prostate carcinoma in vitro
and in vivo, and on the prevention of skin cancer. Thus it seemed
promising to reexamine the (–)-silandrin (3a) and (–)-isosilan-
drin (4a) content of the white-flowered Silybum marianum L. to
find out whether the O-β coupling step of their biosynthesis is
indeed enantioselective. This implies a search for their other pos-
sible diastereomers 3b and 4b in the flavanolignan extract.

Experimental

Chemicals and sample treatment
For analytical HPLC, tetrahydrofuran, acetonitrile, methanol

(Merck, Darmstadt, Germany), and water (RIMP, Budakalász,
Hungary) were of gradient HPLC quality. Light petroleum (b.p.
40–60°C) for degreasing, methanol for extraction, and glacial
acetic acid (Reanal, Budapest, Hungary) were of analytical grade.
For the normal-phase (NP) purification and fractionation, the
solvents (analytical grade) were obtained from Reanal, and the
eluents of the RP separations were prepared using LiChrosolv
solvents (Merck).

The fruits of white-flowered Silybum marianum L. were col-
lected in Budakalász (Hungary), degreased as described in the
German Pharmacopoeia (31), and subsequently extracted with
MeOH. This extract was concentrated to dryness under reduced
pressure.

HPLC operating conditions
Method A

A 250 × 2 mm 5 µm Hypersil ODS analytical column (Knauer,
Berlin, Germany) and a mixture of tetrahydro-

furan–acetonitrile–methanol–water–glacial acetic acid
(14.5:7.0:8.5:70.0:5.0) as eluent were applied. The eluent flow
rate was 0.21 mL/min. Three microliters methanolic solution of
the dry extract were injected. The column thermostat was set to
40°C and the detection was performed at 288 nm. This separa-
tion was optimized by the “PRISMA” model (32,33).

Method B 
A 250 × 4 mm 5 µm Prontosil-200 C30 analytical HPLC

column (Bischoff, Leonberg, Germany) and a mixture of
methanol–water–formic acid (55:45:0.1) as eluent were applied.
The eluent flow rate was 1.0 mL/min. Five microliters
methanolic solution of the dry extract were injected. The column
thermostat was set to 20°C, and the detection was performed at
288 nm.

Isolation of compounds
Purification of the extract was achieved by normal-phase

vacuum liquid chromatography. The extract was applied to the
top of a layer (2 cm high, 10 cm in diameter) of 15 µm particles
TLC-Kieselgel 60 G (Merck, Darmstadt, Germany) and the 
elution was carried out by a mixture of chloroform–
ethyl-acetate–methanol–diethyl-ether (73.9:19.3:2.3:4.5) until
colorless eluate. All of the eluate was concentrated to dryness
under reduced pressure. This purified extract was fractionated by
normal-phase medium pressure liquid chromatography (NP-
MPLC). A 920 × 70 mm TLC-Kieselgel 60 G (Merck) glass
column was packed with a slurry of 1690 g 15-µm particles made
with chloroform. After loading purified extract to the top of the
column, the elution was carried out at a flow rate of 1.0 mL/min
using the same mixture as eluent as in the case of the vacuum
liquid chromatographic purification. The fractions containing
the compounds of interest were combined and evaporated to dry-
ness. The flavanolignans were isolated from these fractions by
reversed-phase medium pressure liquid chromatography (RP-
MPLC). A 460 × 26 mm Kromasil KR 100 C18 (Eka Chemicals,
Bohus, Sweden) glass column was packed with a slurry of 220 g
16 µm particles made with the eluent. A mixture of tetrahydro-
furan–methanol–water = 13.3/34.6/52.1 was used as eluent at a
flow rate of 4.0 mL/min. The detection was performed at 288 nm,
and the fractions containing flavanolignans were collected, com-
bined, and evaporated to dryness. For the MPLC separations, a
model no. 681 pump (Büchi, Flawil, Switzerland), a 2210 dual
wavelength detector (HP, Waldbronn, Germany), and 7000
Ultrarac fraction collector (LKB, New Jersey) were used. The
final purification of each compound was achieved by semiprepar-
ative HPLC on an HP1084 instrument (HP, Waldbronn,
Germany) using a 250 × 2 mm 5 µm particle Eurospher-100 C18
(Knauer, Berlin, Germany) column and the same eluent as
described for RP-MPLC, at a flow rate of 8.0 mL/min. The
column thermostat was set to 40°C.

Results and Discussion

The components of the methanolic extract of the white-flow-
ered Silybum marianum L. were studied by HPLC using Method



A. The chromatographic profile of the separation is shown in
Figure 2. The major components of the crude extract, eluated at
a retention times of 5.92, 18.02 and 21.30 min, could be easily
identified as (+)-silymonin (25), (not a 1,4-benzodioxane-type
flavanolignan constituent of Silybum marianum), (–)-isosilan-
drin (4a), and (–)-silandrin (3a), respectively.

In order to achieve a better separation of the stereoisomers,
Method B was developed and the resulting chromatogram is
shown in Figure 3. In this method, the peaks of the trans-
stereoisomers, silandrin (3) and isosilandrin (4), could be
resolved to 2-2 peaks: (–)-silandrin A (3a), (–)-silandrin B (3b),
and (–)-isosilandrin A (4a), (–)-isosilandrin B (4b), respectively.
Moreover (as it can be seen in both Figures 2 and 3), two other
minor components are also separated from the trans-stereoiso-
mers. The similarity of the on-line UV spectra of the compounds
eluted before (–)-isosilandrin (4a) and (–)-silandrin (3a) and
numbered in Figure 2 as 5 and 6 suggested that these com-
pounds may be their stereoisomers. They could be isolated as
crystalline substances with m.p. 172–175 and 198–200°C,
respectively, by normal and reversed-phase MPLC and
semipreparative HPLC under the conditions given earlier. The
structure elucidation of these minor components 5 and 6 has
been accomplished by the combination of different spectroscopic
methods (nuclear magnetic resonance, infrared, mass spectrom-
etry, circular dichroism), and they were determined as cis-

stereoisomers of the corresponding regioisomers (–)-4a and (–)-
3a, respectively (34). According to their stereochemical relation-
ship with (–)-isosilandrin (4a) and (–)-silandrin (3a), (–)-5, and
(–)-6 have been named as (–)-isocisilandrin and (–)-cisilandrin.
The presence of these cis-stereoisomers has clearly indicated
that a quinone methide-type intermediate 9 must be formed in
the course of the biosynthesis in the fruits of different Silybum
species. According to the significant difference of the thermody-
namic stability of cis- and trans-stereoisomers (4a >> 5, 3a >>
6), the trans-substituted 1,4-benzodioxanes (3a, 4a) are formed
as major components besides the corresponding cis ones (5, 6),
which indeed were found to be minor components as shown in
Figures 2 and 3.

Conclusion

As a summary, we have shown that by the proper selection of
the stationary phase and eluent, the diastereomers of 1,4-benzo-
dioxane-type flavanolignans [(–)-silandrin A (3a), (–)-silandrin B
(3b); (–)-isosilandrin A (4a), (–)-isosilandrin B (4b)], formed in
the white-flowered variant of Silybum marianum, could be sep-
arated analytically. Moreover, the cis isomers of silandrin A (3a)
and isosilandrin A (4a) were isolated for the first time and named
as (–)-isocisilandrin and (–)-cisilandrin. This results have clearly
indicated that the biosynthesis of 1,4-benzodioxane constituents
take place without regio- and enantioselectivity both in the
purple and white-flowered-variant of Silybum marianum. The
isolation of 1,4-benzodioxane-type constituents of the white-
flowered variant of Silybum marianum in larger scale and the
examination of their biological activities are in progress.
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Figure 2. HPLC separation of compounds 3–6 (method A).
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Figure 3. HPLC separation of compounds 3–6 (Method B).
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Figure 4. Structures of flavanolignans (1–6).
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