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Studies on the Non-anthraquinones of Hotao Rhubarb (Rheum hotaoense)

Li Junlin, Li Jiashi* , He Wenyi* ", et al. (Institute of Radiation Medicine, Academy of Military Medical
Sciences, Biejing 100850; * Beijing University of Traditional Chinese Medicine, Beijing 1000295 * * Institute of
Materia Medica, Chinese Academy of Medical Sciences, Beij{ng 100050)

Abstract From the methanolic extract of stem and root of Rheum hotaoense C. Y. Cheng et C. T. Kao,
eight non-anthraquinones were isolated. Their structures were identified by chemical and spectroscopic me-
thods, as: B-sitosterol( I ), rhapontigenin( I ), gallic acid( I ), 3-(3’, 5'-dihydroxy-trans-cinnamoyl)-5-hy-
droxy-/\®-a-pyranone ( V ), daucosterol ( V), piceatannol-3'-0--D-glucopyranoside ( VI ), rhaponticin ( VI )
and sucrose (V). I (M ,V VI VIl were obtained from this plant for the first time and N is a new compound
and named rheumin.

Key words Polygonaceae rheumin Rheum hotaocense C.Y.Cheng et C. T.Kao

Sterol Composition and Biosynthesis in Hairy Root
Cultures of Cassia obtusifolia

Chang Zhenzhan, Guo Dean ™ , Norton R A** and Zheng Junhua
School of Pharmaceutical Sciences, Beijing Medical University (100083)

Abstract Hairy root cultures of Cassia obtusifolia induced by Agribacterum rhizogens were
established to investigate the composition and biosynthesis of phytosterols. Effects of rare earth
element Eu on the growth of hairy root were also investigated. Twelve different sterols were iso-
lated from the hairy roots. They were identified by chromatographic (TLC, GLC and HPLC) and
spectral methods (MS). The biosynthetic pathways leading to the production of major sterols
were propose& based on the results of this study.

Key words Cassia obtusifolia hairy root culture sterol biosynthesis

Extensive investigations on the produc- lar chemical constituent profiles when com-
Therefore

hairy root cultures are viewed as a promis-

tion of secondary metabolites by hairy root pared with the intact plants.

cultures (transformed by Agrobacterium

rhizogens) were conducted in arrays of plant ing potential source to produce active sec-

species’!~®

. It was found that the majority

of hairy root clones generated same or simi-
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ondary metabolites without growing the o-

riginal plant in the field. Recently, Kyung
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Soo Ko et al. reported the production of
polyketide pigments in hairy root cultures of

€D

Cassia L. plants In the course of our bio-

genetic studies on anthraquinones and
sterols in traditional Chinese crude drugs
Semen Cassiae and Rhubarb, hairy root cul-
tures (transformed with Agribacterium rhi-
zogens) of Cassia obtusifolia were estab-
lished.

Phytosterols are widely distributed in
plant kindom and now known to play multi-
ple physiological roles in growth, develop-
ment and reproduction of living organisms.
They not only serve as cell membrane insert
but also as hormonal and regulatory fac-

10 The composition of phytosterols

tors®
and their biogenetic pathways were exten-
sively approached in the original plant

t1~i8, However studies on the sterol

species
composition and biosynthetic pathways in
the cultured hairy roots were rarely investi-
gated. We wish to report, in the present pa-
per, the results of our study on sterol com-
position in the cultured hairy root. The
biosynthetic pathways leading to the pro-
duction of major sterols were proposed
based on the results of sterol analysis.

1 Materials and Methods

1.1 Plant materials ;Seeds of Cassia obtusi-
folia were obtained from Nanyang -city,
Henan provinec. They were washed with tap
water and soaked in 75% alcohol for 2 min.
After rinsing with sterile distilled water,
they were soaked in 0. 1% HgCl, for 15 min
and rinsed repeatedly with sterile distilled
water. The sterilized seeds were then in-
serted into solid MS basic medium in culture
boxes. Germinated seedlings were then kept
under 12 h light and 12 h dark conditions at
25C. For induction of hairy root the
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seedlings were allowed to grow for 2 weeks
~3 weeks.

1.2 Induction and culture of hairy roots:
the bacterium strain used in this study was
Agrobacterium rhizogens 9402, grown on
YMB medium containing mannitol 10 g/L,
yeast extract 0.4 g/L, K,HPO, 0.5 g/L,
MgSO, ¢ 7H,0 0.2 g/L and NaCl 0.1 g/L
kept in dark places at 0°'C~4C and activit-
ed at 28°C. Four days’ culture of the above
strain was used for the infection experi-
ments. The cotyledons of aseptically grown
plantlets were cut into 0. 25 cm? pieces and
soaked in activiated bacterial culture diluted
with MS liquid medium for 30 minutes. The
superfluous bacterial liquid was filtered
with suction on sterilized filter paper. The
infected cotyledons were transfered to MS
basic medium and cultivated at 25°C for 3 to
4 days and then transfered to MS medium
containing claforan (250 mg/L). After 6
days’ cultivation growth of fine white hairy
roots were observed and allowed to grow for
a week.

To establish a liquid culture, segments
of hairy root free of bacterium were excised
and transfered into the MS medium in Er-
lenmeyer flasks and cultivated at 25 C with
130 rpm under light. The growing hairy
roots in liquid medium were subcultured ev-
ery 5 weeks. The materials from these cul-
tivation were used for analysis.

1.3 Effects of rare earth element on
growth; Different concentrations of Eu®*
ion(0. 001, 0.01, 0.1, 1.0, 10 mg/L) were
added to the medium to cultivate hairy
roots. Control culture was paralleled to ob-
serve the effects of Eu®t on growth of hairy

roots.
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Figure 1

Table 1 Chromatographic and spectral proper-
ties of sterols in Cassia obtusifolia

hairy root cultures

TLC HPLC MS rel.content

sterol structure gy (037 (MEY (%)
cycloartenol 1A 0.29 1.05 426 0.8
Z4-methylenecy- g 99 1,12 440 0.2
cloartenol

obtusifoliol 2B 0.25 0.94 426 0.2
24-methylenelo 3B 0.25 0.98 412 0.4
-phenol

citrostadienol 3F 0.25 1.14 426 0.3
cholesterol 5C 0.17 1.00 386 1.2
24-methylene

cholestetol 5B 0.17 0.96 398 0.2
avenasterol 4E  0.17 1.04 412 0.4
isofucosterol 5E 0.17 1.00 412 0.8
24-methyl 5D 0.17 1.14 400 4.0
cholesterol

sitosterol 5G  0.17 1.19 414 30.0
stigmasterol 5F  0.17 1.11 412 61.0

1.4 Sterol analysis: Sterols were isolated
from the Cassia obtusifolia hairy roots with
or without the addition of rare earth ele-
ment Eu®" respectively by saponitying the
sliced roots in an aqueous solution of 10%
KOH in methanol containing 10% water at
reflux for 30 min, then extracting the neu-
tral lipid with petroleum ether. The ex-
tracts were pooled, the solvent evaporated
and the residues subjected to TLC plates e-
luting with benzene/diethylether (85 : 15).

Sterols were separated by the degree of sub-

stitution at C-4 (4, 4-dimethyl, 4-monome-.

thyl and 4, 4-desmethyl). The bands corre-
sponding to each class of sterols were
scraped off the plates and removed from sili-
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Nuclei and side chains (sc) of sterol structures in Cassia obtusifolia hairy root cultures

ca gel by eluting with acetone. HPLC was
applied to obtain pure sterol fractions for
further analysis. GLC was performed using
a 3% SE-30 packed column and HPLC using
a Prodigy ODS reversed phase column con-
nected to a Waters 996 variable wavelength
set at 205 nm with pure methanol as eluat-
ing solvent at ambient temperature. GC-MS
was performed on Hewlett — Packard 5890
Series I gas chromatograph coupled to a
5970 Mass detector at 70 e. The capillary
column for GLC was a 15-m DB5MS col-
umn. The temperature program was 170°C
for 1 minute increasing to 270°C at 20°C/
min, isothermal at 270°C for 3 min and in-
creasing to 280°C at 2'C/min, then isother-
mal at 280°C for 6 min. Sterols were identi-
fied by their behaviors in TLC, GLC, and
HPLC, experessed as Rf values (TLC) or
retention times (RRTc¢ in GLC and « in
HPLC) relative to cholesterol, and by com-
parison with mass spectra of authentic sam-
ples available to us.
2 Results and Discussion

Hairy root cultures of Cassia obtusifolia
were established as described in Materials
and Methods. They were pale colored at the
initial stage of culturing, but gradually
turning to dark brown after culturing for

* 725 ¢



about 20 days. Influences of antibiotic con-
centration, pH values, culture media, car-
bon sources and rare earth element on the
growth of hairy roots were investigated. It
was found that concentration of antibiotic
kanamycin at 25 mg/I. was suitable for
screening the transformed roots. 1/10 MS
medium at pH 5. 8~6. 5 was most favorable

for the growth and biomass of hairy roots.

H
12 ' 11

HO HO

Figure 2

The sterol composition in hairy root
cultures of Cassia obtusifolia was analysed
by using chromatographic and spectral me-
thods. As shown in Table 1, twelve sterols
were isolated and identified. The identity of
each sterol was confirmed by matching their
GLC behaviors and mass spectra with data
These

sterols were determined as cycloartenol, 24-

obtained on authentic samples.
methylenecycloartenol, obtusifoliol, 24-me-
thylenelophenol, citrostadienol, cholester-

ol, 24-methylenecholesterol, avenasterol,

* 726

The addition of rare earth element Eu®' at
10 mg/L can effectively increase the bioma-
ss of hairy roots and content of an-
thraquinones in the hairy roots. However, a
lower concentration of Eu®* (<{0.1 mg/L)
can inhibit the hairy root growth and

biosynthesis of anthraquinones (data not

shown). ~

”
9 10

Proposed biosynthetic pathways of major sterois in Cassia obtusifolia hairy root cultures

isofucosterol, 24-methylcholesterol, sitos-
terol and stigmasterol respectively. The
major sterols occured in the hairy roots

which

proved to be the two end products in the

were sitosterol and stigmasterol,

sterol biosynthetic pathways. Several trace
sterols with substitution at C-4 were detect-
ed, e.g. cycloartenol, 24-methylenecycloa-
rtenol, obtusifoliol and 24-methylenelophe-
nol. These are the intermediates in the
pathway. The sequence of the sterols de-

tectedfrom the hairy roots in the pathway



were arranged on the basis of degrees of
substitution at C-4 position of A-ring in
sterol nucleus and reference on the com-
monly recognized sterol pathways in higher
plants. We did not foumd any major vari-
ance on the sterol composition in the hairy
roots when compared with that of majority
of higher plants. These also showed that
the cell membranes of Cassia obtusifolia
hairy roots kept the similar properties with
those of untransformed plant roots concern-
ing their membrane composition™*.

The influence of rare earth element
Eu®" on the sterol composition was also in-
vestigated. It was found that Eu®" has no
influence either on the sterol composition or

on the content of each sterol, in contrast

with the observation that Eu®' has deter-
minable influence on the contents of an-
thraquinones in the hairy roots.
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