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Three dibenzocyclooctadiene lignans: deoxyschizandrin (1), gomisin A (2) and schizandrin (3) were iso-
lated from biomass extracts of Schisandra chinensis (Turcz.) Baill. shoot-differentiating callus cultures. The
mentioned lignans were not isolated earlier from in vitro cultures of this plant species. This is the first report
concerning on isolation of dibenzocyclooctadiene lignans from in vitro cultures of Schisandra chinensis.

1. Introduction

Schisandra chinensis (Turcz.) Baill. (Schisandraceae) is a valu-
able medicinal plant species that has long been used in traditional
Far-Eastern medicine. Fruits of S. chinensis are still used in
modern Far-Eastern medicine (Panossian and Wikman 2008;
Szopa and Ekiert 2014a). This plant raw material has also gained
a very important position in modern North American (United
States Pharmacopeia 1999) and European phytotherapy (Euro-
pean Pharmacopoeia 8 2014). Fruits of this plant species are
also monographed in the International Pharmacopoeia edited by
WHO (WHO Monographs on Selected Medicinal Plants 2007).
schisandra fruits are a rich source of specific lignans, diben-
zocyclooctadiene derivatives referred to, even in professional
publications, as “schisandra lignans”. These lignans are the
main group of compounds that determine the therapeutic prop-
erties of the S. chinensis fruits. The amount of these compounds
in the fruits ranges from 7.2 to 19.2% DW (dry weight).

In 1961, the first dibenzocyclooctadiene lignan, schizandrin,
was isolated from the fruit extracts (Kochetkov 1961). Nowa-
days, according to data contained in the monograph of Fructus
Schisandrae in the Pharmacopoeia of the WHO (2007), the
number of isolated and identified lignans is about thirty. These
compounds usually have several synonymous names. The main
compounds were: schizandrin (synonyms: schisandrin, schisan-
drol A, wuweizichun A), gomisin A (synonyms: schisandrol
B, wuweizichun B, wuweizi alcohol B), deoxyschizandrin
(synonyms: deoxyschisandrin, schisandrin A, wuweizisu A)
and y-schizandrin (synonyms: schisandrin B, y-schisandrin B,
wuweizisu B) (WHO Monographs on Selected Medicinal Plants
2007). These compounds are also found in the leaves of this
species, but in much smaller quantities (Xiao et al. 2007).
Schisandra Lignans are highly valued mostly for their adap-
togenic, hepatoprotective, antioxidant and anticancer properties
(Hancke et al. 1999; Panossian and Wikman 2008; WHO Mono-
graphs on Selected Medicinal Plants 2007).

In an earlier study in our laboratory, we analyzed the biomass
from S. chinensis in vitro cultures with different degrees of
differentiation, i.e. shoot-differentiating callus cultures and
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undifferentiating callus cultures, for their ability to accumulate
schizandrin (max. 70.54 mg/100 g DW) and gomisin A (max.
86.41 mg/100 g DW) (Szopa and Ekiert 2011), deoxyschizan-
drin (max. 308.51mg/100g DW) and +v-schizandrin (max.
22.09mg/100 g DW) (Szopa and Ekiert 2013) and gomisin
G (max. 21.89mg/100g DW) and schisantherin A (max.
33.45mg/100 g DW) (Szopa and Ekiert 2014b). The results
unambiguously indicate the greater production capacity of lig-
nans in the shoot-differentiating callus cultures in comparison
with undifferentiating callus cultures of S. chinensis.

The best ‘production medium’ favoring the accumulation of
these metabolites in biomass of shoot-differentiating callus cul-
tures of S. chinensis was MS (Murashige and Skoog 1962)
medium containing 3 mg/l BA (N°-benzyladenine) and 1 mg/l
NAA (a-naphthaleneacetic acid) (max. total content of analyzed
lignans — 542.12 mg/100 g DW) (Szopa and Ekiert 2014a).

In the present study we isolated the main lignans from shoot-
differentiating callus. This work focused on the isolation and
purification of lignan fractions and confirmed the chemical
structure of three compounds: deoxyschizandrin, schizandrin
and gomisin A using 'H NMR spectral analysis.

2. Investigations, results and discussion

Within the experiments we carried out the isolation, purifica-
tion and identification of three dibenzocyclooctadiene lignans:
deoxyschizandrin (1), gomisin A (2) and schizandrin (3) (Fig.)
from shoot-differentiating callus of Schisandra chinensis tissue
culture with high degree of differentiation. These compounds
were isolated from biomass extracts of S. chinensis in vitro
culture for the first time. These results confirmed that biotech-
nological solutions could be really applicable.

The high results obtained for the deoxyschizandrin content,
especially in shoot-differentiating callus cultures, clearly show
that the cells from our cultures of S. chinensis cultured under
in vitro conditions biosynthesize mainly this compound (Szopa
and Ekiert 2014a, b). This is in contrast to the parent plant
organs where schizandrin and gomisin A quantitatively dom-
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3 OCH,

Fig. 1: Chemical structures of the isolated compounds: 1 (deoxyschizandrin),
2 (gomisin A), 3 (schizandrin).

inate (WHO Monographs on Selected Medicinal Plants 2007).
Established in vitro culture may be a potential alternative source
especially of deoxyschizandrin. This compound is outstanding
amongst other schisandra lignans by a great biological activity,
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e.g. hepatoprotective and anticancer properties (Panossian and
Wikman 2008).

3. Experimental
3.1. Establishment of in vitro cultures

The in vitro cultures were established from leaf buds of Schisandra chinensis
(Turcz.) Baill. (Schisandraceae) growing in Rogéw Arboretum — Warsaw
University of Life Sciences, Forest Experimental Station in Rogéw (Poland).
For details, see Szopa and Ekiert (2011).

3.2. Experimental in vitro cultures

Experimental shoot-differentiating callus cultures were maintained on
Murashige-Skoog (MS) medium with plant growth regulators, BA (3 mg/l)
and NAA (1 mg/l). Cultures were grown under constant artificial light (LF-
40 W lamp, 120 pumol m~2 s~!, daylight, Pita) at 25 & 2 °C. Material for the
isolation constituted biomass collected after 4-weeks of cultivation (three
series).

3.3. Extraction and isolation

Isolation and purification were done according to the method described by
Yukinobu et al. (1979). The lyophilized biomass from in vitro cultures (30 g)
was powdered and extracted with boiling methanol under reflux (4 x 200 ml,
8h each). The methanolic extract was concentrated to give a brown mass
(4.30 g), which was dissolved in methanol and mixed with Celite (No. 535,
Ciech-POCH, 3 g). The mixture was dried at room temperature and sep-
arated with column chromatography, developing with n-hexane (20 ml),
dichloromethane (12 ml) and then methanol (20 ml). The n-hexane eluate
was concentrated to give a residue (1.24 g), and was chromatographed on
silica gel (Kieselgel 60, 0.2-0.5 mm, 35-70 mesh ASTM, Merck, 20 g),
developing with solvent system as following: n-hexane:benzene (1:1, 12 ml,
fraction 1), n-hexane:benzene (90:10, 10 ml, fraction 2), benzene (20 ml,
fraction 3) and then benzene:acetone (98:2, 15 ml; 96:4, 15 ml; 94:6, 5ml,
fraction 4), benzene:acetone (98:2, 7.5ml, fraction 5), benzene:acetone
(90:10, 28 ml, fraction 6), benzene:acetone (88:12, 15 ml, fraction 7), ben-
zene:acetone (85:15, 20 ml, fraction 7), benzene:acetone (80:20, 30 ml,
fraction 9), benzene:acetone (10:90, 30 ml, fraction 10), acetone:methanol
(70:30, 30 ml, fraction 11).

Fractions 6-9 were combined, concentrated and purified by TLC (thin layer
chromatography) (TLC Silica gel 60 Fps4 Merck), using n-hexane:ethyl
acetate (7:3 v/v) and benzene:diethyl ether (7:3 v/v).

The dark prisms were eluted with methanol and all prisms with the same Rf
were combined, and then they were subjected to TLC developing in follow-
ing systems: acetone:n-hexane (3:7 v/v), n-hexane:ethyl acetate (7:3 v/v),
benzene: diethyl ether (7:3 v/v) and diethyl ether:n-hexane (2:1 v/v). Sepa-
ration was carried out until complete separation of the prisms. The darkest
prisms from the plates were extracted with methanol, and then dried in an
exsiccator (7 days), and subsequently identified as compound 1 (0.9 mg),
compound 2 (0.8 mg) and compound 3 (1.0 mg).

Compounds were identified by TLC (Yukinobu et al. 1979) and DAD-HPLC
(high-performance liquid chromatograph-diode array detector) (Zhang et al.
2009) method with comparison with standards and by comparison of its ' H
NMR spectroscopy data with those reported (Chu et al. 2013).
Deoxyschizandrin (1) (deoxyschisandrin, schisandrin A, wuweizisu A)
(Fig.) — in TLC was obtained as colorless prisms. 'H NMR (CDCl3,
600 MHz): 3 =6.56 (1H, s, H-4),2.29 (1H, dd, J = 13.2, 9.6 Hz, H-6a), 2.07
(1H,brd,J=13.1Hz,H-68),1.82 (1H, m, H-7), 1.92 (1H, m, H-8),2.51 (1H,
dd,J=13.6, 1.8 Hz, H-9«), 2.59 (1H, dd, J = 13.6, 7.5 Hz, H-9 B), 6.55 (1H,
s, H-11), 0.75 (3H, d, J=7.2Hz, Me-17), 1.01 (3H, d, J =6.9 Hz, Me-18),
3.91, 3.90, 3.90, 3.89, 3.60, 3.60 ppm (each 3H, s, 6 x OMe). The isolated
deoxyschizandrin was contaminated with (3-sitosterol. The identity of the 3-
sitosterol was confirmed by TLC analysis by comparing the retention times
of the standard substances (TLC, developing system: toluene: chloroform:
methanol- 4:4:1 v/v/v, causative agent: 20% H,SO4 in methanol, 3 min.,
temp. 100 °C, Rf of B-sitosterol =0,5 (Murthy and Mishra 2009).

Gomisin A (2) (schisandrol B, wuweizichun B, wuweizi alcohol B) (Fig.)
- in TLC was obtained as colorless prisms. 'H NMR (CDCl3, 600 MHz):
8=6.63(1H,s,H-4),2.69 (1H,d,J=13.5Hz, H-6),2.37 (1H, brd,J =13 .4,
H-6P), 1.89 (1H, m, H-8), 2.36 (1H, br d, J=14.2 Hz, H-a), 2.60 (1H, dd,
J=14.2, 1.5Hz, H-9B),6.49 (1H, s, H-11), 0.83 (3H, d,J =7.3 Hz, Me-17),
1.27 (3H, s, Me-18), 5.98, 5.97 (2H, each d, J=1.5Hz, -OCH20-), 3.92,
3.92, 3.85, 3.53 ppm (each 3H, s, 4 x OMe). Trace contaminants.
Schizandrin (3) (schisandrin, schisandrol A, wuweizichun A) (Fig.) - in TLC
was obtained as coroless prisms. 'HNMR (CDCl3, 600 MHz): 8 =6.62 (1H,
s, H-4),2.68 (1H, brd, J=13.5Hz, H-a), 2.38 (1H, br d, J = 13.5 Hz, H-613),
1.89 (1H, m, H-8), 2.39 (1H, br d, J=14.3, H-9a), 2.66 (1H, dd, J=14.3,
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1.7Hz, H-9B), 6.55 (1H, s, H-11),0.83 (3H, d, ] =7.3 Hz, Me-17), 1.27 (3H,
s, Me-18), 3.92, 3.90, 3.90, 3.89, 3.60, 3.57 ppm (each 3H, s, 6 x OMe). No
contamination.

The identity of schizandrin was also confirmed by testing specific optical
rotation (polarimeter Pol AAr31), [\**?] £ +88,1 (23,2°C, CHCl3) - in
accordance with the literature data ((\N22] & +88,7 (22°C, CHCl3) (Yuki-
nobu et al.1979)).

Acknowledgements: The authors wish to express their sincere gratitude to
Mr Piotr Banaszczak and Mr Jarostaw Szkup from Rogéw Arboretum —
Warsaw University of Life Sciences, Forest Experimental Station in Rogéw
(Poland), for the plant material, and dr Klaudia Michalska from Department
of Phytochemistry, Institute of Pharmacology, Polish Academy of Sciences
for help in testing specific optical rotation.

References

Chu C, Zhang S, Tong S, Li X, Yan J (2013) An efficient strategy for the
extraction and purification of lignans from Schisandra chinensis by acom-
bination of supercritical fluid extraction and high-speed counter-current
chromatography. J Sep Sci 36: 3958-3964.

European Pharmacopoeia 8" (2014) Schisandrae chinensis fructus. Euro-
pean Directorate for the Quality of Medicines, Strasbourg, p. 1381.

Hancke JL, Burgos RA, Ahumada F (1999) Schisandra chinensis (Turcz.)
Baill. Fitoterapia 70: 451-471.

Kochetkov NK, Khorlin AY, Chizhov OS, Sheichenko VI (1961)
Schizandrin-lignan of unusual structure. Tetrahedron Lett 2:
730-734.

Murashige T, Skoog F (1962) A revised medium for rapid growth
and bioassays with tobacco tissue cultures. Physiol Plant 15:
473-497.

Pharmazie 70 (2015)

Murthy K, Mishra S (2009) Quantification of B-sitosterol from Mucuna
pruriens by TLC. Chromatographia 69: 183-186.

Panossian A, Wikman G (2008) Pharmacology of Schisandra chinen-
sis Baill.: An overview of Russian research and uses in medicine. J
Ethnopharmacol 118: 183-212.

Szopa A, Ekiert H (2011) Lignans in Schisandra chinensis in vitro cultures.
Pharmazie 66: 633-634.

Szopa A, Ekiert H (2013) Production of deoxyschizandrin and y-schizandrin
in shoot-differentiating and undifferentiating callus cultures of Schisan-
dra chinensis (Turcz.) Baill. (Chinese magnolia vine). J Biotechnol 165:
209-213.

Szopa A, Ekiert H (2014a). Schisandra chinensis (Turcz.) Baill. (Chinese
magnolia vine) in vitro cultures, In: Govil JN (ed) Recent Progress in
Medicinal Plants. Biotechnology and Genetic Engineering II, vol. 39,
Studium Press LLC, Houston, p. 405-434.

Szopa A, Ekiert H (2014b) Schisandra chinensis in vitro cultures as a good
potential source of therapeutically important lignans: schizantherin A and
gomisin G. Phytochem Lett. DOI: 10.1016/j.phytol.2014.12.022.

United States Pharmacopeia (1999) National Formulary.

WHO Monographs on Selected Medicinal Plants (2007) Fructus Schisan-
drae. World Health Organization, vol. 3, Geneva, p. 296-313.

Xiao B, Liu X, Hu D, Liu C, Wang X, Yin J (2007) Pharmacognostical study
of Folium Schisandrae chinensis. Asian J Trad Med 2: 198-201.

Yukinobu I, Heihachiro T, Itiro Y (1979) The constituents of Schisandra
chinensis Baill. Isolation and structure determination of five new lignans,
gomisin A, B, C, F, G and the absolute structure of schizandrin. Chem
Pharm Bull 27: 1382-1394.

Zhang H, Zhang G, Zhu Z, Zhao L, Fei Y, Jing J, Chai Y (2009) Deter-
mination of six lignans in Schisandra chinensis (Turcz.) Baill. fruits
and related Chinese multiherb remedies by HPLC. Food Chem 115:
735-739.

339


http://www.ingentaconnect.com/content/external-references?article=0367-326X()70L.451[aid=7685881]
http://www.ingentaconnect.com/content/external-references?article=0031-9317()15L.473[aid=1532503]
http://www.ingentaconnect.com/content/external-references?article=0031-9317()15L.473[aid=1532503]
http://www.ingentaconnect.com/content/external-references?article=0031-7144()66L.633[aid=10577401]
http://dx.doi.org/10.1016/j.phytol.2014.12.022
http://dx.doi.org/10.1016/j.phytol.2014.12.022

	Isolation of three dibenzocyclooktadiene lignans from inprotect protect unhbox voidb@x penalty @M  {}vitro cultures of Schisandra chinensis (Turcz.) Baill. - the first report
	Introduction
	Investigations, results and discussion
	Experimental
	Establishment of inprotect protect unhbox voidb@x penalty @M  {}vitro cultures
	Experimental inprotect protect unhbox voidb@x penalty @M  {}vitro culture
	Extraction and isolation

	Acknowledgements
	References


