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b Institute of Chemical Process Fundamentals, The Academy of Sciences of the Czech Republic, Rozvojov´a 135, CZ-16502 Prague 6, Czech Republic

Received 5 April 2004; accepted 20 July 2004
Available online 11 September 2004

Abstracts

The drug Wuweizi (dried fruitsof Schisandra chinensisor S. sphenantherd) is one of important medicinal means used in the Oriental
medicine. The lignans of dibenzo[a,c]cyklooctadiene type are major constituents, a volatile oil with mono- and ses-quiterpens, an oil, organic
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cids and small amounts of additional compounds are also present. The content of major lignans (schizandrin, deoxyschizand
, gomisin N,�-schizandrin, wuweizisu C) in commercially available drugs ranges usually between 3 and 5%. The present pa
omments the isolation and biological activity of the lignans and is especially concerned with analytical methods (TLC and HPL
etermination of the drug fingerprint and methods for the determination of constituents in drugs, mixtures and biological materia
ethods using RP-silica bonded phases and diluted methanol, acetonitrile (or a mixture of both), are most important for these
lectromigration methods are less suitable and the importance of hyphenation procedures is practically negligible.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Lignans represent a relatively large group of secondary
etabolites in taxons of divisions Pteridophyta, Coniphero-
hyta and Magnoliophyta. According to their structures they
ave been classified into six major structural classes; they oc-
ur practically in all morphological parts of the plants (they
re an important constituent of wood). Some compounds are
idely distributed, others are concentrated in a relatively nar-

ow taxonomic domain. Several hundreds of lignans have
een reported so far. Their pharmacological properties have
onstantly attracted attention as some of them became impor-
ant drugs (e.g. the lignans ofPodophyllumsp., the flavono-
ignans ofSilybum marianum).

∗ Corresponding author. Fax: +420 220 920 661.
E-mail address:sovova@icpf.cas.cz (H. Sovová).

Medicinal preparations of the Oriental medicine, es
cially the Chinese ones, have been important source
new drugs since 1960s not only in Europe and the U
but also in the countries where theMateria medicahas
originally been used. Schisandra berry, fruits ofSchisan
dra chinensis(TURCZ.) BAILL. (Schisandraceae), conta
ing dibenzo[a,c]cyclooctadiene lignans has been intensiv
studied from the phytochemical and pharmacological po
of view. In the Chinese medicine, the taxon belongs to
top ten most widely used plants. Two taxons are used i
therapeutic practice. Whilst pharmacopoeial drug Wuw
(Beiwuweizi) consists of fruitsof S. chinensisfrom the north
ern parts of China, Nanwuweizi contains fruitsof Schisan
dra sphenantherafrom the southern China provinces[1].
Regarding the content of active constituents both drug
practically equivalent. In traditional Chinese and Japa
medicines the drug is used as an antihepatotoxic, ant
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matic, antidiabetic, sedative and tonic agent[2]. Besides these
effects adaptogenic activity, i.e. the ability to increase the re-
sistance against unfavourable influence of stress factors on the
animal organism[3], has been reported. Sheng Mai San[4,5],
a composite preparation with adoptogenic and anti-oxidant
effects is well known. Presently, several lignans with interest-
ing and therapeutically useful properties are available. These
compounds undergo additional studies and there has been a
great interest in using both isolated pure substances and stan-
dardized extracts as drugs and functional foods. Therefore,
effective isolation and determination have been intensively
studied. Analytical studies also play an important role in the
evaluation of a raw material, since it has been shown that
it can easily been adulterated with the fruits of the relative
taxonKadsura japonicaor with completely different cheap
impurities, such as the fruits of genusEuonymusorVitis [2].
The occurrence of dibenzo[a,c]cyclooctadiene lignans in na-
ture is rather rare: within the class Magnoliopsida they are
concentrated to the phylogenetically old order Illiciales that
comprises two families—Illiciaceae and Shisandraceae. Both
of them include a small number of genera: Illiciaceae fam-
ily is monotypic (Illicum), Shisandraceae family includes the
Kadsuragenus andSchisandragenus with 47 species alto-
gether.
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2.1. Spectral analysis

The plane structure of schizandrin was elucidated by Ko-
chetkov et al.[13]. After the separation by means of col-
umn chromatography on aluminium oxide and subsequent
paper chromatography, the structure was determined, using
the UV, a IR spectroscopy. Partial stereo structure of schizan-
drin (presence of acis-dimethyl) was proposed by Chen et
al. [14]. Kochetkov and co-workers continued in elucidat-
ing the structure of the lignans and determined the molecular
structure of deoxyschizandrin and pseudo-�-schizandrin by
means of chemical analysis and the UV, IR and1H NMR
spectroscopy[15].

In the late 1970s and early 80s, the team of Tsumura com-
pany (Ikeya et al.) has significantly contributed to determin-
ing structures of Schisandra lignans. Their papers published
predominantly in the journal Chem. Pharm. Bull., give a de-
tailed overview how the structures (Fig. 1) can be resolved
in a fashionable and convincing way, namely, by the com-
bination of chemical decomposition and spectral methods,
e.g. Refs.[12,16–20]. Among the spectral methods, NMR is
crucial. In determining the absolute structure of schisandrin
[12], the authors used the original procedures by Kochetkov
et al., performed oxidation with potassium permanganate fol-
lowed by methylation with diazomethane that gave dimethyl-
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. Structure of constituents

The constituents ofS. chinensisfruits (seeds) can be d
ided into four classes:

i. dibenzo[a,c]cyclooctadiene lignans (schisandr
schisantherines, gomisins)[6];

ii. monoterpenes (borneol, 1,8-cineol, citral,p-cymol, �-
and�-pinene)[7];

ii. sesquiterpenes (sesquicarene,�-ylangene, chamigrena
�- and�-chamigrene,�-bisabolene, etc.)[8–10]and

iv. other compounds of various structures (thymoqui
thymoquinol 5-O-�-glucopyranoside, kaempherol 3-O-
�-d-rutinoside, 5-hydroxymethyl-2-furaldehyde, anw
lalignan, �-sitosterol, schisandrolic acid, isoschis
drolic acid, citrostadienol)[11].

Lignans, predominantly the sesquiterpenic ones, have
rgistic effect and are responsible for the majority of the
lared biological activities. Biological effects of a num
f substances (especially those belonging to the forth g
ave not been reported in relation to the activity of Schisa
erry.

Several independent teams were engaged in the stud
ignans in the 1970s. Consequently, some compounds

ore synonyms. The names are mostly derived from
ame of the drug in original languages; according to Ik
t al. [12], the names are spelled “Hoku-gomishi” or “Ki
omishi” in Japan and “Wu-wei-zi” in China.
f

,4 ,5,5,6,6-hexamethoxydiphenate. Schizandrin was i
ified on the basis of these results. The conformationa
angement of schizandrin was elucidated by measurem
f intramolecular nuclear Overhauser effects (NOE) tha

ightens configuration of biphenyls. Structures of gomi
gomisin A, gomisin O, epigomisin O) were elucidated by
V and IR spectroscopy, circular dichroism and by chem
nalysis[18]. The absolute structure of gomisin D was elu
ated by Ikeya et al.[16], using X-ray crystallographic ana
sis after bromination of gomisin D and heavy atom met
etermination of stereostructures of (−)gomisin L1 and L2,

±)-gomisin M1 by means of1H NMR and13C NMR spec
ral analysis was reported by Ikeya et al.[21]. Some of the
ignans, their alternative names and papers on their prop
re listed inTable 1.

Determining conformation by means of “high-tech”
MR can be exemplified by the conformation analysis of
ral dibenzocyclooctadiene lignans fromKadsura matsuda
ndSchisandra ariesanensis.Their conformations were el
idated by 2D NMR techniques including1H–1H correlation
pectroscopy (COSY),1H–13C heteronuclear multiple qua
um coherence (HMOC) and1H–13C heteronuclear multip
onds coherence (HMBC)[30].

. Biological activities of lignans

In China, Schisandra berry has been used for the
ent of patients suffering from the chronic virus hepa
since 1970s. Their application was successful in the a

trongly afflicted with the infection and resulted in a decre



L. Opletal et al. / J. Chromatogr. B 812 (2004) 357–371 359

Fig. 1. Stereostructures of lignans inS. chinensis.
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Table 1
Major lignans and some of minor lignans inS. chinensis(Turcz.) Baill

Lignan Synonyms Isolation, properties spectra

Schizandrin schisandrin, schisandrol A, wuweizi alcohol A, wuweizichun A Ikeya et al.[12]
Kochetkov et al.[13,22]
Chen et al.[14]

Isoschizandrin Ikeya et al.[23]

(±)-y-Schizandrin schizandrin B, deoxygomisin A, wuweizisu B Kochetkov et al.[13,15]
Ikeya et al.[21]

Deoxyschisandrin dezoxischizandrin, schizandrin A, wuweizisu A, dimethylgomisin J Kochetkov et al.[15]
Ikeya et al.[18]

Wuweizisu C schizandrin C Chenet al.[14]
Ikeya et al.[24]

Gomisin A schisandrol B, wuweizi alcohol B, wuweizichun Ikeya et al.[12]
B, TJN 101

Gomisin B schisantherin B, schizandrer B, wuweizi ester B Ikeya et al.[12]
Gomisin C schisantherin A, schizandrer A, wuweizi ester A Ikeya et al.[12]
Gomisin D Ikeya et al.[16]
Gomisin E Ikeya et al.[18]
Gomisin F Ikeya et al.[12]
Gomisin G Ikeya et al.[12]
Gomisin H norschizandrin Ikeya et al.[17]
Angeloylgomisin H Ikeya et al.[17]
Benzoylgomisin H Ikeya et al.[17]
Tigloylgomisin H Ikeya et al.[17]
Gomisin J Ikeya et al.[25]
Gomisin K1 Ikeya et al.[26]
Gomisin K2 Ikeya et al.[26]
(+)-Gomisin K3 schisanhenol, schizantherol Ikeya et al.[26]
Gomisin L1 Ikeya et al.[21]
Gomisin L2 Ikeya et al.[21]
Gomisin M1 Ikeya et al.[21]
Gomisin M2 Ikeya et al.[21]
Gomisin N Ikeya et al.[27]
Gomisin O Ikeya et al.[18]
Angeloylgomisin O Ikeya et al.[28]
Angeloylisogomisin O Ikeya et al.[28]
Benzoylgomisin O Ikeya et al.[28]
Benzoylisogomisin O Ikeya et al.[28]
Epigomisin O Ikeya et al.[18]
Angeloylgomisin P schisantherin C Ikeya et al.[19]
Tigloylgomisin P Ikeya et al.[19]
Angeloylgomisin Q Ikeya et al.[20]
Gomisin R Ikeya et al.[24]
Gomisin S Ikeya et al.[29]
Gomisin T Ikeya et al.[29]
Schisantherin D Ikeya et al.[24]
Pregomisin Ikeya et al.[25]

of transaminase levels, in an increase of hepatic proteins and
glycogen and in the hepatocyte membrane stabilization. The
need of the Schisandra drug was so high that immediate re-
search activities were initiated. A synthetic lignan analogue
known as DDB (Xian Nong Tan Brand®) [31] is the most
potent antihepatotoxic substance and has probably been used
in the treatment of hepatitis B till nowadays. A great attention
was also paid to gomisin A that inhibits experimentally in-
duced liver damage, stabilizes cell membranes and seems to
inhibit an acute hepatic failure as well[32]. It is recommend-

able as an antihepatotoxic agent for peroral administration,
improves hepatic functions, prevents abnormal cell ploidiza-
tion [33] and protects liver from the influence of deoxycholic
acid, an endogenous risk factor for the development of hep-
atic carcinoma[34]. The lignan accelerates hepatocyte pro-
liferation and renewal of liver functions after partial hep-
atectomy. It enhances hepatic blood flow and proliferation
of endoplasmatic reticulum which finally results in a liver
enlargement[35]. A basic pharmacological study has been
reported for gomisin A[36]. Wuweizisu C exerts similar ef-
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fects[37]. Schisandrin B can be used as a hepatoprotective
drug decreasing toxicity of xenobiotic agents in organism
with diabetic impairment[38]. The connection between im-
munity and liver diseases were proven previously[39,40].
Favourable effects of gomisin A that are given rather by its
protective influence on the membranes of hepatocytes than
by the direct lymphocyte activation and complement inhi-
bition have been found in a model of immune liver damage
[41]. At least a half of the published papers devoted to the lig-
nans is concerned with their influence on hepatocytes. This
effect has always been considered to be principal one and
the relationships between the structure of lignans (effect of
substituents in aromatic rings, configuration of the biphenyl
moiety, influence of the C-6 and C-7 oxygen groups and other
substituents in the molecule) and their hepatic effects were
already defined 20 years ago[42]. Schizandrol A inhibits the
activity of the central nervous system and contributes to the
sedative effect of the drug; the inhibitory activity of the lig-
nan in the brain relates to dopaminergic system[43]. Some
gomisins exhibit antipyretic properties (gomisin A[44], H
[44], J [45], N [46] and schisandrin[44]), analgetic effect
(gomisin A and predominantly schisandrin)[47] and muscle
relaxant activity (in this case gomisin A is more potent than
schisandrin)[47].

Many of Schisandra lignans not only inhibited lipid per-
o ility
o y in-
c ivities
[ min
E was
m A)
o ical
a in E
a her
t they
w e
F figu-
r t-
t
C
s heng
M r an-
t as
d

ncy
w oxyl
o
o hest
a
p (IC
o

flu-
e reno-
c per-
i ying
a he re-

sults with some scepticism. The models are complex and do
not cover general adaptation syndrome as a whole. Presently,
a view is held that adaptogenic activity should be evaluated
in relation to other biological effects of administered drugs,
not only as the influence on the HPA. One of suitable mod-
els for the evaluation of adaptogenic activity of Schisandra
berry (in the form of a standardized extract from fruits) con-
sists in the monitoring of NO concentration in saliva and can
serve for both the evaluation of physical burden on the organ-
ism and expression of preventive effects against stress[57].
Compounds with adaptogenic properties can among other
things improve resistance against cardiotoxic effects of some
antineoplastic agents, e.g. adriamycin (mixture of lignans)
[58] or puromycin (gomisin A)[59]. Gomisin A (and also
gomisin J and wuweizisu C) prevented mutagenic effects of
12-O-tetradecanoylphorbol-13-acetate[60,61].

The lignans of Schisandra berry exhibit also influence on
various enzyme systems. They inhibit aldose reductase and
can be effective in the treatment of diabetes[62]. They can
also modulate metabolism of cholesterol and lipids by their
inhibitory effect on the acylCoA: cholesterol acyltransferase
(ACAT); gomisin N was the most potent inhibitor of the en-
zyme (IC50 = 25 mM) [63]. A number of lignans can in-
hibit 5-lipoxygenase in therapeutically applicable doses and
exhibit anti-inflammatory activity[64,65]. Important anti-
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xidation in cell membranes, but also reinforced the ab
f the organism to eliminate reactive oxygen species b
reasing superoxid dismutase (SOD) and catalase act
48]. Their activity seems to be comparable to that of vita
, especially in liver microsomes where schisanhenol
ost potent[49]. Free radical scavenging acitivity (FRS
f schisandrol A and schisandrin B for the hydroxyl rad
nd superoxide anion was compared with that of vitam
nd C. Their efficiency for the hydroxyl radical was hig

han that of the two vitamins, for the superoxide anion
ere more potent than vitamin E[50]. According to literatur
RSA against oxygen radicals is dependent on the con
ation of biphenyls; Iignans withS-configuration have be
er activity than those withR-configuration[51]. Gomisin

inhibits the respiratory burst in rat neutrophils[52]. Con-
tituents of Schisandra berry in the above-mentioned S
ai San contribute to the myocard protection due to thei

ioxidative properties[5]. This effect of the preparation w
emonstrated both in vitro and in vivo[53,54].

Anti-asthmatic effect relates to PAF activity: high pote
as shown with lignans lacking ester group on C-6, hydr
n C-7 or methylenedioxy grouping and withR-configuration
f biphenyl. 6(7)-dehydroschisandrol A exhibited the hig
ctivity [55]. Schisandrin A having IC50 of 1.7 × 10−5 M
roved to be the strongest antagonist at PAF receptors50
f ginkgolideB = 1.9× 10−7 M) [56].

Evaluation of the direct adaptogenic effect, i.e. the in
nce of compounds on the hypothalamus–pituitary–ad
ortical axis (HPA), can be complicated by a number of ex
mental problems. Though experimental models for stud
daptogenic properties do exist, many authors accept t
nflammatory properties were recorded for gomisin A[66].

. Isolation

As Schisandra berry has not been used as a drug any
nd serves presently only as a raw material, the need
ffective procedure for the isolation of active constitue
merged. Four major factors must be considered to pro

he optimal separation conditions:

physico-chemical properties of lignans,
character of the raw material and spectrum of active
stituents and their content in it,
methods of isolation,
other components and their amount in the raw materi

.1. Physico-chemical properties of lignans

Dibenzo[a,c]cyclooctadiene lignans of Schisandra be
re colourless, odourless, usually crystalline substance
roximately 50 lignans have been isolated from the ta
f the Schisandra genus so far). They form either pr
schisandrin) or needles (gomisin F). Sometimes they
rate from solutions as amorphous powders (tigloylgom
, angeloylgomisin P). Their melting points are in the ra
f 80–190◦C. Sometimes diethyl ether can be bound in c

als (gomisin B: C28H34O9·1/2C2H5OC2H5) [12]. They are
ptically active. Generally, they belong to compounds w

ow to medium polarity. For their crystallization, mixtur
f solvents, such as diethyl ether–n-hexane (gomisin B) o
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diethyl ether–acetone (gomisin G), are suitable. It is also
possible to use methanol (gomisin A). Solubility of the com-
pounds depends on the presence of free oxygen functions (es-
pecially phenolic hydroxyls). Binding of these substituents in
the methylenedioxy group and/or esterification of the tertiary
alcoholic group (benzoyl-, tigloyl-, angeloyl-) results in the
increase of lipophilicity. In the complex mixture individual
lignans influence solubility of one another and often cannot
been separated by means of solvents with graduated polarity.
Two aromatic systems form a series of conjugated double
bonds, and the compounds therefore absorb UV light (λmax
of major lignans is∼220 nm at� ∼ 80,000).

4.2. Content of lignans in plant organs

The major lignans are usually obtained from the fruits of
plants imported from China. Locally, a drug of the Japanese,
Korean or other origin can be used. There is only a sub-
tle morphological difference between the Beiwuweizi and
Nanwuweizi (two different taxons and processing), but the
two drug have different spectrum of lignans. The drug from
S. chinensiscontains predominantly schisandrols A and
B, gomisins B and C, schisanhenol, deoxyschisandrin,�-
schisandrin and schisandrin C. As much as 20% of the lignans
were found in the drug fromS. chinensis[67]. However, the
d not
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seeds from various geographic regions (the Czech Republic 5,
Austria 1, Germany 1, Poland 1, Estonia 2, Ukraine 1, Russia
2) in 1992–1995. The samples obtained from natural popu-
lations of the Russian Far East contained in average 3.33%
of the lignans. The average value for all remaining samples
was 2.90% of lignans[69]. Similar results yielded an analysis
of the Japanese (Korean and Tai-wan) drugs[70]. The re-
sults of the analyses performed with samples of various mor-
phological parts (defoliated cauloms, leaves and seeds) ofS.
chinensisgrown in the Northern Bohemia (six year culture,
collected 1994), in which the content of six major lignans
(schisandrin, gomisin A, deoxyschisandrin,�-schisandrin,
gomisin N, wuweizisu C) was determined, were comparable
with above-mentioned data: in average the seeds contained
2.294%, cauloms 0.480% and leaves 0.201% of the lignans
[71].

4.3. Isolation procedures

Extract for the isolation of lignans can be prepared by
means of two procedures: classical extraction with a suitable
solvent(s) or supercritical fluid extraction. The major problem
during the isolation process from both generative parts and
defoliated cauloms represents the presence of lipophilic com-
ponents (higher aliphatic hydrocarbons, fatty acids and their
e tative
o
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b by
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ata were published in a local journal original of which is
vailable and cannot be critically reviewed. Whilst the pro
nd content of the lignans in the drugs fromS. chinensisare
elatively stable, the drugs fromS. sphenantheramay sig-
ificantly differ from one another regarding the composi
nd content of the lignans[68]. Hence, the drug of Chine
rigin seems to be the best one. The drugs of European
ontain lower amounts of lignans. The content of five m
ignans, schisandrin, gomisin A, deoxyschisandrin, gom

and wuweizisu C (Fig. 2), was monitored in the samples

ig. 2. The contents of lignans 1–5 in the fruits ofS. chinensiscultured
n Europe and in Japan, Korea and Thailand[69]. Lignans: schizandrin (1
omisin A (2), deoxyschizandrin (3), gomisin N (4), wuweizisu C (5). N
er of samples per group: cultured in Europe 7, commercial 13, coll

n Japan 8. (a) Values determined by K. Nakajima[70]. (b) Significant dif-
erence with respect to the fruits cultured in Europe;p < 0.01 (Student’
-test).
sters). Leaves are not usable for this purpose as vege
rgans contain also quercetin, kaemferol and (E)-cinnamic
cid. The content of these compounds in leaves is sub

ially higher than in cauloms (Table 2), which poses a proble
n the separation process. Another complicating factor i
resence of pigments commonly occurred in photosyn
izing organs (chlorophylls and their degradation prod
nd carotenoids). Besides the content of major lignans

ow.

.3.1. Classical extraction (“wet way”)
The seeds (or fruits) are surely the most suitable mor

ogical part for the isolation. In comparison with seeds, fr
ontain small amounts of pigments and significant amoun
rganic acids (a mixture of tartaric, citric, succinic and m
cid). The content of citric and malic acid is almost as hig

hat in lemon[73], nonetheless, their presence causes no
le. The Japanese autors[12] used a standard procedure
eans of which they obtained practically all Schisandra
ans. dried fruits were ground and extracted with petrol
ther, the residue was then re-extracted with hot meth
etroleum ether was evaporated and then the extrac
istilled with steam (to remove terpenic components),
esidue was extracted with diethyl ether and the solvent e
rated. Methanolic extract was evaporated, dissolved in

er and extracted with ethyl acetate. The solvent was
emoved, the residue dissolved in methanol and submitt
hromatography on Celite 535 (n-hexane, dichlorometha
nd methanol). Hexane eluate was added to the diethyl

raction obtained from the petroleum ether extract afte
team distillation and the resulting mixture was separ
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Table 2
Analysis of major compounds in leaves and caulomas ofS. chinensis(Turcz.) Baill.[72]

Part of plant Harvest (year) Contenta (mg/g d.w.)± S.D. (n = 9)

Quercetin Kaempferol E-cinnamic acid

Leaves 1997 1.535± 0.027 0.359± 0.009 3.824± 0.069
1998 1.140± 0.038 0.268± 0.004 3.131± 0.020
1999 1.294± 0.049 0.298± 0.005 2.515± 0.041

Caulomas 1997 0.341± 0.01 Not detected 0.116± 0.002
1998 00.303± 0.006 Not detected 0.099± 0.002
1999 0.389± 0.004 Not detected 0.260± 0.003

a Content is average from three individuals, each injected in triplicate; d.w.: dry weight.

on silica gel, using binary mixtures of solvents with in-
creasing polarity (n-hexane–benzene, benzene–acetone). Re-
peated chromatography then yielded individual lignans. The
procedure is simple and effective, but requires a lot of work
and time. The original efforts to separate lignans after a sim-
ple removal of lipids with petroleum ether failed: although
lignans themselves are not soluble in petroleum ether the
presence of additional compounds has solubilizing effect. Be-
sides lipids, content of which is∼30%, the separation process
can be influenced with terpenic volatile oils (the content in
seeds is∼2.7%)[10]. These must then be removed by steam
distillation that has no significantly harmful effects on lig-
nans. On the basis of these facts it would seem reasonable to
extract the drug directly with hot methanol, which would sim-
plify the extraction process[71]. The lipophilic substances
would then be removed in the first fractions of the chro-
matography on silica gel and would not further interfere with
the isolation of lignans[12]. Minor lignans can be isolated
from the enriched fractions (column chromatography on sil-
ica gel) by TLC separation, using various mixtures of eluents,
especially benzene - diethyl ether,n-hexane–diethyl ether,
n-hexane–acetone,n-hexane–ethyl acetate and chloroform–
ethanol[16,17,19].

The processing of defoliated cauloms is more difficult.
They contain only∼0.30% of volatile oils[71] but the pro-
fi tion
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Hence, there are three possibilities of obtaining lignans in
a larger scale. The first consists in the saponification with al-
kali hydroxide. According to Kochetkov et al.[13], the seeds
were extracted with petroleum ether, the dried extract dis-
solved in methanol, dried and dissolved again in 85% aque-
ous methanol. On the basis of paper chromatography, it was
found that all schisandrin and almost all other lignans named
by the autors as�-, �-, �-, �- and�-schisandrins and schizan-
drol dissolved. Only negligible amounts of�- a�-schizandrin
remained undissolved. The dissolved fraction was saponified
with potassium hydroxide solution and after additional pro-
cessing it yielded a yellow substance that was divided into
nine fractions by the column chromatography. From the frac-
tions obtained, the major lignans schizandrin, schizandrol a
�-schizandrin were isolated. The name�-schizandrin was
used by these authors for the first time, whilst one of the
first reported lignans, schizandrin, was named by Balandin
[74]. The non-saponified fraction can be chromatographically
processed easier than the original extract. However, the pro-
cedure is only suitable for obtaining concentrate of lignans
(approximately 15 compounds) in which hydroxyls in cy-
clooctane ring are not esterified. Acetal as well as ether group
in the aromatic part of the skeleton are stable in the alkaline
environment. From the practical point of view, the proce-
dure may be suitable, since none of the major and required
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le of secondary metabolites is more complex: in addi
o kaempherol and (E)-cinnamic acid,β-sitosteroI, 24
ethylencycloartanon and especially aliphatic hydrocar

C-20 to C-30), higher fatty acids (C-15 to C-30) and t
ethyl and ethyl esters are present[71]. In this case, non
olar substances could not been removed at the beginn
hromatography (using light petroleum + chloroform). T
re eluted throughout the chromatographic process tog
ith lignans and other metabolites[71]. Pre-concentration o
xtracts using other cheap stationary phases, e.g. poly
or the separation of phenolic substances was not succe
ince the lipophilic extracts are only partly soluble
ater that is normally used for the chromatography
olyamide. The procedure does not enable to sep

he lignans lacking free phenolic groups, such as gom
, gomisin N, deoxyschisandrin, schisandrin, wuweiz
and (±)-�-schisandrin that belong to important act

onstituents.
,

ignans has an ester group. The procedure for the pur
ion of schisandrin in kilogram amounts was proposed
sumura company: the extract of fruits was saponified
ater–alcoholic solution of potassium hydroxide. After
oving methanol, the mass was washed with aqueous p

ium hydroxide solution and re-crystallized from the mixt
cetone–ethyl acetate–n-hexane. The purity of the resulti
roduct was minimum 99%[75].

The second method includes, extraction of the gro
lant material with hot methanol, concentration and dilu
ith water. The mixture is then eluted with water and
anic solvents on the column of Diaion HP-20 and fract
ith lignans are separated. The divinylstyrylbenzene r

s commonly used for the SPE separations of hydroph
ompounds, for desalination and isolation of fungi and p
etabolites. Nonetheless, the direct application of an ex
ith a certain content of lipid substances and the follow
lution with water can increase dispersion of lipids on
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grains of adsorbent. The method has been applied for the
isolation of schisandrin[76].

The third method concerns the preparation of gomisin A
from the raw extract of Schisandra cauloms and roots. The
original extract was obtained in a classical way with solvents
and after pre-separatory adjustment separated by means of
preparative HPLC. Reportedly, gomisin A can be obtained in
a large scale[77]. Using the modified HPLC (flash method)
for the isolation of natural products is presently quite common
and accessible from the financial point of view.

4.3.2. Supercritical fluid extraction (SFE)
SFE has potential as an alternative to the use of organic

solvents for the extraction of biologically active components
from natural products. At present SFE is in practice almost
exclusively oriented on the use of pure or modified carbon
dioxide. SFE is preferable to Soxhlet extraction or sonica-
tion in those cases in which the resulting recoveries of target
analytes are comparable with those achieved by a classical
method. SFE offers a cleaner extract, containing a low con-
tent of ballast compounds, gained in a significantly shorter
extraction time. As SFE utilizes no or only minimal amount of
an organic solvent (such solvent, the modifier, being typically
used to increase the solubility of more polar compounds that
are insoluble in non-polar CO2) for extraction, a more envi-
r por-
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stituents not only in extracts and pharmaceutical products but
also in biological (animal) materials. It is important to min-
imize operations during the sample adjustment, since each
such an intervention decreases the accuracy of the results.
The papers accessible with difficulties due to the language
barriers were cited through the review “S. chinensis: Chem-
istry and Analysis” published recently by Wang et al.[83],
which mediates knowledge of East-Asian literature on this
topic.

5.1. TLC—chromatographic fingerprint

Qualitative TLC was applied to elaborate the fingerprint of
Schisandra fruit[2]. Silica gel 60 F254 Merck, toluene–ethyl
acetate–glacial acetic acid (70:33:3, v/v/v) was used for the
analysis. 20�l of methanolic extracts (corresponding to ap-
proximately 7�g of the drug) were applied. The plates were
detected in UV 254 nm, UV 366 nm and withp-anisaldehyde
+ sulphuric acid reagent. Five major lignans (gomisins A
and C, deoxyschisandrin,�-schisandrin and schisandrin) are
detectable in UV 254 in the presence of a fluorescent indi-
cator. Withp-anisaldehyde they give multi-coloured spots
after heating (∼5 min at 100◦C). The method cannot be
used for the evaluation of cauloms, defoliated cauloms and
leaves. Vegetative morphologic parts contain relatively big
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onmentally friendly extraction process results. This im
ant difference from traditional organic solvent approac
s beneficial both at analytical scale and more importa
t the pilot plant or industrial scale where it could prov
conomic advantages.

The efficiency of SFEof S. chinensislignans depend
articularly on the type of matrix. The effect of extract
onditions at pressures above 20 MPa and at temper
0–80◦C on extraction rate is not very pronounced[78].
ecovery of lignans from seeds extracted with pure CO2 was
6–98% after 60-min of extraction[69,79]. Similarly, 91%
f lignans[80] or 80% of lignans[78,81]were obtained from

ruits and more than 90% of lignans were obtained f
auloms[81] after only 30 min of extraction. On the oth
and, lignan recovery from leaves was only 26% with p
O2 after 60-min of extraction[79]. When ethanol modifie
as added to carbon dioxide in volumetric concentra
p to 10% with the aim to overcome this difficulty[81],

he recovery of lignans from leaves increased substan
o 87%, while no increase in extraction yield from fru
nd cauloms was observed in the course of extractio
nother work[82], however, no increase in lignan yie

rom leaves after CO2 modification with ethanol wa
bserved.

. Chromatographic methods

The work was aimed at elaborating reproducible
edures for the evaluation of drug samples and met
nabling correct and accurate determination of their
mount of other secondary metabolites and have much
ontent of lignans. Hence, the detection is not sufficie
onclusive. Coloured pigments and flavonoids can be
oved on a pre-separatory column with the neutral
inium oxide. Reading of the resulting chromatogram

hen substantially easier. Nonetheless, such a method
ot be used for the characteristic fingerprint. Though s

ignans have free phenolic groups, their acidic propertie
ot important under common conditions. Eluents withou
ition of an acid (benzene orn-hexane–ethyl acetate orn-
exane–acetone in various ratios) can be successfully us
reparative separations. UV light, preferably in combina
ith a fluorescent indicator added to the adsorbent, is
uitable means of detection. This non-destructive me
ith neutral solvent solvents enables transition to prepar
LC.

Suprunov and Samoilenko[84] developed a thin laye
hromatography and colorimetric method to determine
ore polar major lignans, schizandrin and schizan

gomisin A) in ethanolic extracts fromS. chinensisfruit or
eed. The extract was after evaporation of a part of eth
ixed with Al2O3, dried and eluted with chloroform usi
n Al2O3 column. Sample of the solution was spotted on

ca gel plate and eluted with ethyl acetate-petroleum e
1:1, v/v). The spots of schizandrin and schizandrol (gom
) were removed from the plate, extracted with chlorofo

reated with concentrated H2SO4 and acetone and measu
sing a dark violet filter.

Zhu et al.[85] applied a simple, rapid and accurate met
or TLC-densitometric detection of schisandrol A and
gomisin A and schizandrin) in Sheng Mai San. The lign
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were extracted with ether at room temperature. The sample
solution and that of mixed authentic standard lignans were
spotted on silica gel plate and developed with toluene–ethyl
acetate (6:4, v/v). The separated spots were scanned, using
Shimadzu TLC Scanner. Another TLC densitometry method
to analyze lignans in Schisandra was published by Wang et
al. [86]. The samples were extracted withn-hexane, the hex-
ane extracts were then evaporated to dryness and the samples
were re-dissolved in methanol and spotted on a silica gel
GF254 plate. They were developed with toluene–ethyl ac-
etate (9:1, v/v) for schisandrin A, B and C, with toluene-ethyl
acetate (4:6, v/v) for schisandrol A, schisandrol B, wuweizi
ester and gomisin K3. Zhao et al.[87] reported another TLC
method to determine quantitatively schisandrin B ((±)-�-
schizandrin). The sample was first extracted with ether un-
der reflux, dried to dryness and re-dissolved in methanol.
The methanol extract passed through a neutral Al2O3 col-
umn and was spotted on a silica gel GF254 plate, which was
developed with petroleum ether–ethyl formate–formic acid
(15:5:1, v/v/v).

Ikeya et al. [16,17,19] applied preparative layer chro-
matography to purify concentrated fractions obtained by col-
umn chromatography and isolated minor lignans. The plates
were 20 cm× 20 cm, 0.75 mm thick, coated with Kiesegel
PF254 (Merck).
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Fig. 3. HPLC fingerprint analysis of a commercial drug sample from Japan
(S. chinensis) [2]: schisandrol A (1), schisandrol B (2), schisantherin A (3),
schisantherin B (4), schisandrin A (5) and schisandrin B (6).

Fig. 4. HPLC fingerprint analysis of a drug sample of Chinese origin
(Sichuan Province); (S. sphenanthera) [2].

deficiency of schisandrol A/B, as seen in the HPLC and TLC-
chromatograms, respectively[2]. Comparing mobile phases
used for the analytical HPLC shows that autors almost always
used reversed-phase mode (RP-HPLC) with the bonded phase
of octadecylsilane (C18) and detection in UVλ= 254 nm. The
mobile phases are formed with a mixture of methanol–water
or acetonitrile-water, the former being more usual. The mix-
ture methanol–acetonitrile–water was used less frequently.
With regard to the polarity of the lignans, the procedure is
quite understandable.

5.2.1. RP-HPLC with methanol–water mobile phase
Wang and Li[88] published an HPLC method to sepa-

rate wuweizisu C, schizandrol A, schizandrol B, schisandrin
A and schisandrin B. Detection was at 254 nm. With a mo-
bile phase methanol–water (77:23, v/v) good separation was
achieved. Zhu et al.[89] applied an HPLC method to separate
six active lignans (schizandrin, wuweizichun B, wuweizi es-
ter A, wuweizi ester B, deoxyschizandrin and�-schizandrin)
in Sheng Mai San and for determination of two major lig-
nans, schizandrin and wuweizichun B. They used a column
.2. HPLC—chromatographic fingerprint and other
eparations

This method is decisive for the evaluation of the qualit
chisandra drugs. Whilst the results of TLC are not alw
onclusive, HPLC gives better evidence, since the evalu
rom the quantitative point of view can be simultaneou
one. LiChrospher© 100 RP 18 Merck (5�m) was used fo
oth pre-separation and separation. For analysis gradien

ion [A: water-1% 0.1 NH3PO4, (v/v)], [B: acetonitrile + 1%
.1 NH3PO4, (v/v)] was applied. Linear gradient system w
0% B to 80% B within 20 min. 2�l of basic methanol extra
ere applied to the column and detection was performed
hotodiode array detector (λ = 210 nm)[2]. Samples from
arious localities can be very precisely differentiated u
his method.

In Fig. 3 it can be seen, that the Japanese sample is
cterized by schisandrol A (peak 1), schisandrol B (pea
chisandrin A (peak 5) and schisandrin B (peak 6). Sch
herin A (peak 3) and schisantherin B (peak 4) are presen
n lower concentrations. The chromatogram inFig. 4differs
rom that inFig. 3. Polar lignans (Rt < 10 min) schisandro
/B and schisantherin A/B were not detected, schisand
nd B are missing; chromatogram is characterized by the

or peaks atRt 10–16 min. Hence, for the HPLC fingerpr
nalysis ofS. chinensis(Beiwuweizi) the lignans schisandr
and B as well as schisandrin A and B are best suite

dentification, whereas schisantherin A and B are less
al because of their very low concentrations.S. sphenanther
Nanwuweizi) can be differentiated fromS. chinensisby the
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packed with YWG C18 (10�m), methanol–water (72:28,
v/v) as mobile phase and detection at 254 nm. They found
that peaks of the compounds from other two plants contained
in the preparation do not interfere with the peaks of lignans
and thus the assay provides a rapid method for the quality
control of Sheng Mai San. A similar method was reported
by Tong and Song[68] who used 77% methanol as mobile
phase to determine lignans in the fruits ofS. chinensisand
S. sphenanthera.

Lignans inS. chinensisseeds were determined using a
HPLC system with Separon SGX C18 (5�m) column by
Lojková et al.[79], Slanina et al.[69] and Kvasnǐcková et
al. [90]. Samples were prepared by extraction with super-
critical CO2, dissolved in either double distilled water or
methanol and a sample loop of 20�l was used for sample
injection. The mobile phase was methanol–water (75:25 v/v)
or (73:27, v/v). Five major lignans (schizandrin, gomisin A,
gomisin N, deoxyschizandrin and wuweizisu C) were de-
tected at 254 nm and identified by comparing their retention
times with those of standards and on the basis of co-injection
of individual standards with the analyzed sample. The signals
were evaluated using the method of absolute calibration with
a set of solution in the concentration range 0.01–0.17 mg/ml
[69]. A linear relationship of the concentration and peak
area was obtained for all lignans at the concentration range
s
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CA) was selected for HPLC analysis. The absorption spectra
were recorded from 200 to 400 nm for all peaks; quantifica-
tion was carried out at a single wavelength of 255 nm. The
mobile phase included water (containing 0.1% formic acid,
solvent A) and acetonitrile (solvent B) in the following gradi-
ent system: initial 45% B, linear gradient to 60% B in 12 min,
hold at 60% for 12 min, linear gradient to 90% B in 16 min
and linear gradient to 100% B in 5 min. The total running
time was 45 min and the post running time was 12 min; flow
rate was 1 ml/min. Four reference standards, schisandrol A,
schisandrol B, schisandrin A and schisandrin B, were used.
The method showed excellent linearity, accuracy and preci-
sion.

Bártlová et al. [82] tested two chromatographic sys-
tems and three gradient systems to separate and quantify
six lignans (schizandrin, gomisin A, deoxyschizandrin,�-
schizandrin, gomisin N and wuweizisu C) in CO2 extracts
from cauloms and leaves ofS. chinensis.UV detection was
at λ = 254 nm and a mixture acetonitrile (A)–water (B) was
applied as a mobile phase in gradient systems. In the first
chromatographic system, the column was filled with Nucle-
osil 100 5�m C18; mobile phase flow rate was 0.75 ml/min.
Splitting of the peaks occurred occasionally when the first
gradient system (50% A for 5 min, gradient to 60% A in
30 min, gradient to 70% A in 20 min and 70% A isocratic
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The reversed-phase HPLC method on the C18 bo

hase with mobile phase consisting of the mix
ethanol–water and with the detection atλ= 254 nm was als
pplied for the quantitative determination of�-schizandrin

n Schisandra syrup[91]. The samples were concentrat
leaned and dissolved in methanol before the analysis
verage recovery was 99.38% with R.S.D. of 0.92%.

.2.2. RP-HPLC with mobile phase containing
cetonitrile

Five major lignans, schizandrol A, schisandrol B, schi
rin A, schisandrin B and schisandrol C, were separ
n column filled with a YMC-Pack ODS-A (5�m) in the
orks of Choi et al.[78] and Kim et al.[81]. The sam
les were CO2 extracts from different parts ofS. chinensis,
issolved in methanol. Isocratic elution was performed
cetonitrile–water (60:40, v/v) at a flow rate of 1.0 ml/min
onitored atλ = 240 nm. Dean and Liu[80] used an HPLC

ystem containing a C18 ODS2 column and a UV–vis dete
or to separate and quantify deoxyschisandrin in CO2 extract
romS. chinensisfruit dissolved in methanol. Flow rate of t
obile phase, acetonitrile–water–acetic acid (70:29:1, v/
as 1 ml/min. Detection was at 254 nm. Linear calibra
raphs were produced for the lignan over the concentr
ange 0.43–43�g/ml and gave a correlation coefficient
.9999 (n = 6).

Wang et al.[83] developed and validated a reverse ph
PLC method to analyze the lignans in methanolic extr

rom Schisandra fruits. A pre-packed 250 mm× 4.6 mm i.d
5�M particle size) Luna C18 column (Phenomex, Torra
or 15 min) was applied. Using the second gradient sy
70% A for 1 min, gradient to 95% A in 34 min and 95

isocratic for 5 min) the resolution of�-schisandrin an
omisin N was slightly worse, but no peak splitting
urred. Resolution of lignan peaks and the number of
retical plates of the column were evaluated for both
ient systems. In the second chromatographic system
olumn was MERK-Lichrospher 100 RP 18 (5�m), flow
ate was 0.5 ml/min and the gradient system was 40
o 70% A in 60 min, consecutively 70% A for 30 min. T
esults obtained using both chromatographic systems
omparable.

.2.3. RP-HPLC with mobile phase combining methano
nd acetonitrile

Nakajima et al.[70] separated and quantitatively analy
ignans in the fruitsof S. chinensis, using a rapid reverse
hase HPLC stationary phase. The column was filled
onded phase octadecylsilane Bondapak C18 (10�M m) and

wo mobile phases, acetonitrile–methanol–water (11:1
/v/v) and (10:10:10, v/v/v), were applied, the first one
min and the second one for 30 min, with flow rate
ml/min. Lignans were detected at 254 nm. Ten lignans
eparated and identified (schizandrin, gomisin D, gomis
omisin A, angeloylgomisin H, gomisin G, deoxyschiz
rin, (±)-�-schizandrin, gomisin N and wuweizisu C). T
verage recoveries were 96.9% for gomisin A, 102.2%
eoxyschizandrin and 98.7% for wuweizisu C. The me
as later used by Zhang et al.[92] with the difference tha

he first mobile phase was applied for 12 min. The averag
overies of 93.3% for schisandrin A, 99.1% for schisan
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B and 101% for gomisin N are reported. The method was
applied also in the next work[93] to separate and quantify
eleven lignans in the decoctions fromS. chinensisfruits. The
first mobile phase was applied for 10 min and the total separa-
tion was 42 min. The lignans were identified as schizandrin,
gomisin A, angeloylgomisin H, gomisin G, deoxyschizan-
drin, (±)-�-schizandrin, gomisin N and wuweizisu C and
quantified comparing their peak areas with those of stan-
dards. The remaining three lignans were biphenyl lig-
nans belonging to the same group as the other eight
lignans.

5.2.4. HPLC in normal-phase mode
Adachi and Isobe[94] separated lignans from the fruit-

extract of S. chinensisby preparative chromatography in
the normal-phase mode. Almost identical chromatographic
profiles were obtained using polymethacrylic adsorbent with
particle sizes 5, 17 and 31�m. The adsorbent with particle
size of 31�m was used in preparative chromatography and
the separation was carried out at a flow-rate of 4.7 ml/min
with an eluentn-hexane–ethanol (90:10, v/v). Injection
volume of the sample in concentration 20–400 mg/ml was
1280�l and the wavelength of UV detection was 254 nm.
It was proved that the separation of schizandrin at the max-
imum sample concentration corresponding to the loading
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ibration graphs were linear in the range 0.025–1.0 mg/ml of
given lignan with correlation coefficients higher than 0.995.
The inter-day reproducibility of the peak area was below
3.9% and the inter-day reproducibility of the migration time
were below 4.2%. The results of quantitative CEC analy-
ses were in a good agreement with those determined by
HPLC.

Sterbova et al.[97] published a micellar electrokinetic cap-
illary chromatography (MEKC) as a promising method for
the determination of lignans in plant samples. The separation
conditions were optimized with respect to different param-
eters, including sodium dodecyl sulfate (SDS) and acetoni-
trile concentration, pH of the background electrolyte, sep-
aration voltage and capillary temperature. The background
electrolyte consisting of 40-mm SIDS and 35% acetonitrile
in 10-mm tetraborate buffer (pH 9.3) was found to be the
most suitable electrolyte for this analysis. The applied volt-
age of 28 kV (positive polarity) and the capillary temperature
25◦C gave the best separation of lignans. The inter-day re-
producibility of the peak areas and the migration times was
below 2.0%. The results of MEKC analyses were compared
with those obtained by CEC HPLC. The possibilities of using
this method for the determination of lignans in drug and in
serum samples were also tested.
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olume of 3.3 g/1 adsorbent was still sufficient for high pu
eparation.

.2.5. Countercurrent chromatography
This method was naturally used only for the isolation

chisanhenol and schisanhenol acetate from the ethano
ract of theSchisandra rubrifloraseeds[95]. The solven
ixture n-hexane–ethyl acetate–methanol–water (10:5

/v/v/v), flow rate 2 ml/min, with a table-top model hi
peed planner centrifuge equipped with a multilayer co
olumn were used, as described in detail by Ito[96]. The
eport is sporadic and though the method was later cou
ith thermospray MS, it has never been used for the isol
f other Schisandra lignans.

. Electromigration methods

Kvasnickova et al.[90] developed a capillary electrochr
atography (CEC) method using macroporous polya

amide monolitic columns and applied it successfully
nalyze and quantify schizandrin, gomisin A, gomisin
nd wuweizisu C in the extract fromS. chinensisseeds
he columns were prepared by in situ copolymerisa
f acrylamide,N,N′-methylenebisacrylamide, vinylsulfon
cid and lauryl acrylate in presence of polyethylene
ol as a porogenic agent. The polymer monolitic statio
hases represent prospective separation media for cap
lectrochromatography as the tedious packing of part

nto narrow capillaries and the fabrication of frits is avoid
ood separations were achieved in less than 35 min. Th
. Hyphenation procedures

.1. Hyphenated GC separations

Sohn et al.[98] used a gas chromatography-mass s
rometry (GC/MS) method to identify lignans inS. chinensis
hey used a SPB-1 fused silica capillary column; the
mn temperature was 200–300◦C at the rate 4◦C/min and

he mass ionization voltage was 70 eV (EI mode). A t
f 11 lignans including gomisin J, schisandrin A, gomisin
chisandrol A, schisandrin C, schisandrol B, angeloylgom
, tigloylgomisin H, angeloylgomisin Q, schisantherin B a
enzoylgomisin have been detected. Only seven of thes
ans, however, could be detected, using the same sepa
ethod with FID detector[99]. Matsuzaki et al.[100] de-

ermined gomisin A and its major metabolite (Met. B) in
erum. A highly sensitive and precise method for the dete
ation was developed by selected ion monitoring (SIM) w
C/MS using a fused silica capillary column (SPB(TM
upelco. The calibration curves of gomisin A and Me
oth showed a good linearity between 2.0 and 2000 ng
he analytical precision (intra-assay, C.V. <4.7%), reco

es (98.4± 10.1%) and detection limit (2 ng/ml) of gomis
indicated that this system was suited for its determ

ion in biological fluid. The same results were obtai
or Met. B. The method was applied later for the de
ination of schizandrin in human plasma[101]. A 0.1-ml
lasma sample was used for solid-phase extraction. A

inear relationship was obtained in the concentration ra
tudied (2.0–500 ng/ml) and the method was sufficie
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accurate and precise to support clinical pharmacokinetic
studies.

7.2. Hyphenated HPLC and other separation methods

Lee et al.[102] applied countercurrent chromatography
with a newly developed analytical high-speed centrifuge sys-
tem coupled with thermospray MS to identify and validate
lignans from a crude extract ofSchisandra rubriflora,another
Schisandraspecies used in traditional Chinese medicine for
treatment of hepatitis. The CCC/UV chromatograms showed
four distinct peaks. Both negative and positive ion detection,
using ion evaporation ionization and filament on chemical
ionisation, were employed for the analysis and six lignans,
including pregomisin, schisanhenol and deoxyschizandrin,
were tentatively identified. He et al.[103] applied an electro-
spray high-performance liquid chromatography–mass spec-
trometry interface coupled with a photodiode-array detector
to identify 15 lignans from ethanolic extract of the fruits of
S. chinensis.They used a Prodigy ODS (5�m) column and
gradient method with mobile phase methanol–water. Gradi-
ent elution was with 60 to 100% methanol in 15 min, 100%
methanol for 5 min and 100–60% methanol in 5 min; the flow
rate was 0.2 ml/min. Six peaks were unambiguously identi-
fied as schizandrin, schisantherin A, schisantherin B, schisan-
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the lowest amount of impurities. The papers published during
the last 40 years show that approximately six major lignans
are of practical importance from the total number of∼40.
These include schisandrin, deoxyschisandrin,�-schisandrin,
gomisin A, gomisin N, wuweizsu C. For the isolation, se-
quential extraction with petroleum ether and methanol, evap-
oration of solvents, dissolution of the combined extracts in
water, filtration and sorption on the ion exchanger (Diaion
HP20) seems to be most suitable. After the elution of bal-
last substances mixture of lignans is separated by means of
preparative HPLC (in the case of minor lignans) or flash chro-
matography, that is suitable for the concentrates enriched
with a major lignan. The isolation of minor lignans (con-
centration of which is around 0.001%) is only achievable
using sequential column chromatography (CC)-preparative
TLC-preparative HPLC. The separation can also be success-
ful when countercurrent chromatography (true CCC) is used.
In 1980s, CCC became very popular for separations of natu-
ral products and many highly effective procedures eliminat-
ing formation of artefacts (e.g. eliminations and rearrange-
ments due to bonding to adsorbents) were developed. In spite
of the advantage, the method is used only rarely nowadays.
If only petroleum ether extract is used for isolation of lig-
nans, separation is easier, since impurities are present in mi-
nor amounts. However, our experience shows that maximum
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nother nine peaks were tentatively identified, based

heir intense [M + H]+ and [M + Na]+ ions and UV spec
ra. Liquid chromatography–electrospray–mass spectr
ry (HPLC–ES–MS) was proved to be a powerful tool
irect, on-line qualitative identification of previously kno
ompounds in plant extracts.

Wang et al.[83] analyzed lignans in Schisandra fruits
ng an LC/MSD system. The mobile phase was water (
aining 0.1% formic acid, solvent A) and acetonitrile (solv
) in the following gradient system: initial 45% B, linear g
ient to 60% B in 12 min, hold at 60% for 12 min, linear gra
nt to 90% B in 16 min and linear gradient to 100% B in 5 m
he total running time was 45 min and the post running
as 12 min; flow rate was 1 ml/min. A 2 to 1stream splitting
as used for the electrospray mass spectrometer operat
er positive ion mode. Total six major lignans (schisandro
chisandrol B, angeloylgomisin H, schisandrin A, gomis
nd schisandrin B) were tentatively identified by compa

he UV and MS spectra with the reference standards an
heir [M + 1]+ and [M + Na]+ ions.

. Conclusion

Presently, it is clear that the seeds are most suitable
ial for the isolation of dibenzo[a,c]cyklooctadiene lignan
rom Schisandra, since, compared to other morpholo
arts, they have the highest content of these substance
-

d
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atisfactory results. Nonetheless, spectrum of compound
ained is narrower and yields are lower as the method is
ggressive.

The method proposed by Wagner[2] is optimal for ob-
aining chromatographic fingerprint of Schisandra berr
omprises both TLC and HPLC fingerprint; in the latter re
ucible results can be obtained in about 30 min. The me

s especially suitable for a routine analysis of fruit dru
n analyses of other materials (cauloms, leaves, roots
n controling technological processes good results ca
btained by means of hyphenation methods, predomin
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lso for the determination of lignans in extracts from fru
ome ester lignans were determined using this method
It follows from the literature that maximum eight li
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mined. RP-HPLC (ODS silica) with UV detection using
usually gradient elution proved to be ideal for this pur-
pose, since it enables a good separation of lignans accord-
ing to their polarity. The samples are mostly applied in
methanol. The mixtures methanol–water, acetonitrile-water
or methanol–acetonitrile–water either neutral or acidified
(HCOOH, H3PO4) are used as eluents. The method is suit-
able not only for analysing extracts from the various morpho-
logical parts of Schisandra but also medicinal preparations
containing the extracts (e.g. Sheng Mai San). Methods show
usually good linearity, accuracy and precision.

A HPLC method in normal phase mode using poly-
methacrylate adsorbent andn-hexane–ethanol as the eluent
has also been reported for the determination of constituent in
herbal drugs. However, it does not seem to be more advanta-
geous than the above-mentioned RP-HPLC methods.

Electromigration procedures using capillary electrochro-
matography (CEC) or micellar electrokinetic capillary chro-
matography (MEKC) were used both for the determination
of major lignans in plant material (CEC) and monitoring the
compounds in plasma. Although, they yield good results they
have not been used in a broader extent.

Finally, it is necessary to mention attempts to determine
the summary content of the lignans in routine analyses of
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[90] L. Kvasnǐcková, Z. Glatz, H.Šťerbov́a, V. Kahle, J. Slanina,

Musil, J. Chromatogr. A 916 (2001) 265.
[91] H. Zhao, D. Nie, Zhongcaoyao 32 (2001) 129 (Chem. Abstr.

(2001) 271339).
[92] Y. Zhang, Y. Guo, K. Nakajima, Y. Ikeya, H. Mitsuhashi, Yao

Fenxi Zazhi 10 (1990) 146.
[93] K. Nakajima, T. Horiuchi, H. Taguchi, K. Hayashi, M. Okada,

Maruno, Chem. Pharm. Bull. 42 (1994) 1991.
[94] T. Adachi, E. Isobe, J. Chromatogr. A 989 (2003) 19.
[95] Y.W. Lee, Q.C. Fang, Y. Ito, C.E. Cook, J. Nat. Prod. 52 (19

706.
[96] Y. Ito, in: J.C. Giddings, E. Grusha, J. Cazes, P.R. Brown (E

Advances in Chromatography, vol. 24, Dekker, New York, 1
p. 181.



L. Opletal et al. / J. Chromatogr. B 812 (2004) 357–371 371
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