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STEROID PRODUCTION BY CALLUS AND CELL SUSPENSION
CULTURES OF SOLANUM AVICULARE

ILEANA T. GALANES, ! D.T. WEBB,? and O. ROSARIO

University of Puerto Rico, Faculty of Natural Sciences, Rio Piedras, PR 00931

Solanum aviculare Forst is known for
its production of pharmaceutically valu-
able steroids. The USSR, some eastern
European countries, as well as the
People’s Republic of China, India, New
Zealand, Egypt, and Australia producea
proportion of their steroidal raw mate-
rial, solasodine, from Solanum laciniatum
and its close relative S. aviculare. There is
an increasing demand for new soutces of
steroids because they are used for the
synthesis of steroidal drugs required in
many areas of medicine (1,2).

Much progress has been made in plant
and cell suspension culture techniques,
making these approaches to the biosyn-
thesis of useful chemicals feasible. These
techniques offer a series of advantages
over the use of field-grown plants, al-
though they may fail to produce the des-
ired chemicals in significant amounts
(3,4).

A variety of steroids has been detected
in callus culures of several Solanum
species, including S. laciniatum (5,6).
Studies on the production of diosgenin
and solasodine in callus and cell suspen-
sion cultures of S. aviculare were done by
Khanna er 2/. (7,8) who detected their
presence, but there is no report on a vari-
ety of other steroids in cell suspension
cultures of Solanum species.

The purpose of this study is to
examine the production of various
sterols and diosgenin in callus and cell
suspension cultures of . aviculare.

EXPERIMENTAL

CALLUS CULTURES.—Surface-sterilized seeds

1Presently at the Agricultural Experiment Sta-
tion, University of Puerto Rico, Venezuela Con-
tract Station, Rio Piedras, PR 00927.

Presently at the Department of Biology,
Queen’s University, Kingston, Canada K7L3N6.

(9) of §. aviculare® were germinated at 25° in the
dark on a Murashige and Skoog medium (10)
modified by using 0.4 mg/liter of thiamine HCI,
0.8% agar without glycine, pyridoxine HCI, and
nicotinic acid. The pH of the medium was ad-
justed to 6 with 1 N NaOH. To induce callus for-
mation, the roots and hypocotyls were transferred
to the above-mentioned medium, supplemented
with 1 ppm of 2,4-D, and incubated at 25° in the
datk. The procedure used was similar to that of
Hosada and Yatazawa (6). Callus tissues were
subcultured every 4 weeks to fresh medium. After
six subculturings, callus tissues were harvested
and stored in the freezer for subsequent chemical
analysis. Prior to extraction, the tissues were
thawed at room temperature.

CELL SUSPENSION CULTURES.—Cell suspen-
sion cultures composed of free cells and small cell
aggregates were developed from pieces of friable
callus tissues and were grown in screw-cap Erlen-
meyer flasks containing Murashige and Skoog lig-
uid medium (10) supplemented with 2,4-D (1
ppm). The cultures were maintained ar 25° under
dim room light and agitated on a rotatory shaker
at 175 rpm. Cell suspension cultures were subcul-
tured every 8 days in fresh medium. The proce-
dure followed was similar to the one used by Mis-
awa et al. (11). After 12 subculturings, cell sus-
pension cultures were harvested, suction filtered,
and the cell material was stored in the freezer for
chemical analysis. Prior to the extraction, the cell
material was thawed at room temperature.

The growth of cell suspension cultures was de-
termined by measuring the dry cell weight
(DCW) in mg/ml samples (12).

EXTRACTION PROCEDURE.—Harvested cal-
lus tissues (1 kg) and cell material (1 kg) were
separately homogenized with Me,CO and left
standing for 24 h. The homogenates were filtered;
the filtered materials were extracted again with
Me,CO and left standing for 48 h. The extracted
materials were separated by filtration. Both
filtrates were combined and acidified with 10%
HOACc toa pH of 3.5. The Me,CO of the filtrates
was removed on a rotatory evaporator under re-
duced pressure, and the concentrates were ex-
tracted with CH,Cl,. The organic phases were
dried (MgSO,), and the solutions were evapo-

3Obtained from J.L. Hudson, Seedsman, P.O.
Box 1058, Redwood City, CA 94064.
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rated on the rotary-evaporator to dryness (G).
Standard diosgenin (0.5 g) was added to part of
the harvested callus tissues (500 g) and extracted
in an identical manner to that described above.
The extracts were analyzed under the conditions

described below.

FORMATION OF TRIMETHYLSILYLETHERS. —
The extracts wete dissolved in CH,Cl,, and part
of the solutions were converted to trimethyl-
silylethers. Hexamethyldisilazane was added to
the extracts and to standard solutions of steroids
in a proportion of 5:1 mmol. The mixtures were
stirred for 24 h under a dry atmosphere and then
hydrolyzed with distilled H,0O (0°). The solu-
tions wete extracted with CH,Cl,, and the or-
ganic phases were dried (MgSO,). The solutions
were concentrated on a rotary evaporator fot
further analysis.

THIN LAYER CHROMATOGRAPHY.—Each
extract, along with the standard solutions of
squalene,® cholesterol,” stigmasterol,4 diosge-
nin,” lanosterol,® and B-sitosterol,® was applied
to activated silica gel 60/kieselguhr, coated, glass
plates (0.25 mm) (E. Merck Reagents). The
plates were developed in hexane-EtOAc (3:1) and
sprayed with a mixture of H,SO4 and H,O (1:1).
After heating for 10 min at 110°, colored spots
appeared.

GAS CHROMATOGRAPHY-MASS SPECTRO-
METRIC ANALYSIS.—Samples of derivatized ex-
tracts and derivatized standards (diosgenin,
lanosterol, cholesterol, B-sitosterol, and stigmas-
terol) were analyzed separately on a Hewlett
Packard 5995A GC/MS/Computer system,
equipped with a capillary injector, electron im-
pact ionization chamber (70 eV), quadrupole
analyzer, electron multiplier detector, and a
15m, 0.20mm intern. diam., SE-54, quartz,
capillary column. Squalene was analyzed using a
2 fr. Yain., 3% OV-101, Chromosorb W, glass
column. The injector and transfer line tempera-
tures were set at 280°, and the column tempera-
ture was programmed from 120° to 320° at a rate
of 2°/min. The mass spectrum of each peak was
recorded for comparison with the mass spectra of
derivatized standards.

COINJECTION OF DERIVATIZED STIGMAS-
TEROL WITH DERIVATIZED CALLUS EX-
TRACT.—A sample of the derivatized callus ex-
tract was analyzed using the same gas chromatog-
raphic conditions described previously, and the
hydrogen flame ionization detector signal was re-
corded. Another sample of the derivatized callus
extract was coinjected with stigmasterol-
trimethylsilylether under the same conditions.

4Aldrich Chemical Co., Milwaukee, WI.
3Sigma Chemical Co., St. Louis, MO.
SICN Pharmaceutical Inc., Plainview, NY.
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The two chromatograms generated were com-
pared.

RESULTS AND DISCUSSION

Friable callus tissues of S. aviculare
grew actively during 4 weeks of incuba-
tion; thereafter, callus tissues gradually
darkened and eventually died. The cell
suspension cultures composed of free
cells and cell aggregates grew rapidly,
attaining maximum growth at the ninth
day (Figure 1). These results were con-
sistent with those typically obtained in
cell and tissue culture studies (6-8,11).

The present study revealed that both
callus and cell suspension cultures of S.
aviculare produced several kinds of
steroids as shown by tlc and gc¢/ms analy-
sis. Squalene, lanosterol, and stigmas-
terol were detected by tlc and choles-
terol; campesterol,7 B-sitosterol, cyc-
loartenol,” lanosterol, and squalene were
identified by gc/ms in both callus and
cell extracts. Stigmasterol was con-
firmed to be overlapped with cycloar-
teno! by coinjection with a stigmasterol-
trimethylsilylether standard. Other un-
identified compounds were present in
the regions where the steroids were de-
tected, when callus and cell extracts
were analyzed by tlc and g¢/ms. The two
analytical techniques, tlc and gc/ms,
were found to complement each other in
the characterization of plant steroids.

Diosgenin was not detected by tlc nor
gc/ms in either callus or cell suspension
cultures. Had diosgenin been produced
by callus and cell cultures in appreciable
amouants, it would have been detected
because its presence was confirmed by tlc
and gc/ms in the callus extract where
diosgenin had been previously added.

Diosgenin and solasodine were re-
ported in callus and cell suspension cul-
tures of S. aviculare by Khanna et al.
(7,8), but the presence of other steroids
was not examined. A variety of steroids

"Compared with spectra obrained from E.
Stenhagen, S. Abrahamsson, and F.W. McLaf-
ferty, “Registry of Mass Spectral Data,” New
York: Wiley, 1974.
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FIGURE 1. Growth of Solanum aviculare cell suspension

cultures expressed as dry cell weight (DCW)

in mg/ml.

has been reported in callus cultures of
several Solanum species. In callus cul-
tures of S. elaeagnifolium and S. xantho-
carpum, diosgenin, lanosterol, stigmas-
terol, and B-sitosterol were detected (5).
In work done with S. laciniatum callus
cultures, Hosada and Yatazawa (6) de-
tected the presence of squalene, choles-
terol, stigmasterol, (-sitosterol, lanos-
terol, diosgenin, and solasodine.

The most notable result obtained in
this study was that callus and cell sus-
pension cultures of §. aviculare produced
the same steroids. The absence of diosge-
nin in callus and cell suspension cultures
in the present study could have been due
to a series of factors and should be inves-
tigated in future work. One of these fac-
tors could have been the explant source.
The explant source was selected arbitrar-
ily, and there exists the possibility that
the explants chosen for the present work

were not capable of synthesizing diosge-
nin in appreciable quantities. Another
possible explanation for not detecting
diosgenin could be the fact that, in this
study, the cultures were not grown
under light of sufficient intensity. Thus,
if light promotes diosgenin production,
its low intensity or absence might have
caused the failure of the plant to produce
diosgenin. There exists evidence to sup-
port this possibility (13).
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