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Undifferentiated callus cultures o f Solanum khasianum 
contain only traces o f  steroidal glycoalkaloids, whereas cul­
tures which have just started to generate rootlets contain 
these compounds at a level o f up to 5.2% o f the dry weight. 
Only 0.34% steroidal glycoalkaloids occur in the seeds; they 
consist predominantly o f  solasonine and solanidine as well 
as traces o f  an unidentified compound. Conversely, steroi­
dal glycoalkaloids from tissue cultures starting organogene­
sis contain the unidentified compound as a major fraction, 
in addition to small amounts o f  solasonine and solanidine.

Introduction

Steroidal glycoalkaloids are gaining importance in 
view of their suitability as substitutes for diosgenin 
in the synthesis of steroid hormones [1], Such alka­
loids occur in intact plants belonging to several 
species of the genus Solanum , viz. S. khasianum, S. 
aviculare, S. laciniatum  and S. xanthocarpum [2-6].

Recently, a few studies have been published on 
steroidal glycoalkaloids in tissue cultures of Solanum  
spp. Thus, Heble et al. [7, 8] have identified solaso­
nine, ß-sitosterol and diosgenin in tissue cultures of 
S. xanthocarpum. The same authors have studied the 
influence of different plant hormones on the cultures 
and reported changes in steroidal contents indicating 
biochemical regulation by auxins [9]. Kadkade and 
Madrid [10] have identified solasodine, solasonine 
and solamargine in callus cultures of S. acculeatissi- 
mum.

It is well known that tissue cultures are much less 
active than intact plants with regard to the synthesis 
of secondary metabolites. Hence, it is certainly of 
interest to study whether or not cultures which have 
started organogenesis show higher biosynthetic acti­
vities than undifferentiated cultures. In the present 
communication, we describe the establishment of 
callus cultures from seedlings of S. khasianum, as 
well as the generation of organs in these cultures.
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The contents and patterns of steroidal glycoalkaloids 
in undifferentiated cultures and in those starting or­
ganogenesis, as well as in seeds of this plant are com­
pared.

Materials and Methods

Callus cultures of S. khasianum were initiated 
from sterile seedlings on B5-medium [11] as well as 
MS-medium [12]. The cultures were incubated at 
30 °C in the dark, and were transferred onto fresh 
media every 2 -3  weeks. For inducing organogene­
sis, calli of the third generation were transferred onto 
B5-medium [12] which was modified by supplement­
ing it with casein hydrolyzate; 3 g/1, yeast extract;
2 g/1, and higher levels of sucrose, 40 g/1. Organoge­
nesis started after 5 to 8 weeks incubation at 30 °C in 
the dark.

Undifferentiated calli, as well as calli which had 
generated rootlets, 3-5 mm long, were harvested and 
their steroidal glycoalkaloids were extracted [13] and 
weighed. Steroidal glycoalkaloids of the seeds were 
also determined. The compounds were resolved 
by TLC on Silica Gel G (E. Merck, Darmstadt, 
Germany) using chloroform-methanol, 19 : 1, by vol., 
as solvent [10]. The fractions were detected by spray­
ing the chromatograms with 50% aqueous H2S 0 4 
and heating at 120 °C for 5 -10  minutes whereby 
characteristic red to purple colors developed. Detec­
tion was also done by spraying the plates with Clar­
ke’s reagent [14]. The individual steroidal glycoalka­
loids or aglycones were identified by comparing 
their chromatographic behavior to that of authentic 
samples. The compounds were isolated by prepara­
tive TLC on 0.5 mm layers, their melting points were 
determined and their infra-red spectra were record­
ed and compared to the spectra of authentic sam­
ples.

Results and Discussion

The initiation of callus cultures from seedlings of 
S. khasianum is faster and the growth is more vigor­
ous on B5-medium than on MS-medium. When cal­
li of the third generation are transferred onto B5-me- 
dium, supplemented with casein hydrolyzate, yeast 
extract and higher levels of sugar, the undifferenti­
ated tissues start to generate organs after 5 -8  weeks.

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



Notizen 635

Table I. Steroidal glycoalkaloids in seeds and callus cul­
tures o f  Solanum khasianum.

Seeds Undifferen­
tiated
cultures

Cultures
generating
rootlets

Total 
alkaloids *

0.34% trace 5.2%

Major
compounds

solasonine,
solanidine

unidentified

Minor
compounds

unidentified solasonine,
solanidine

* Values are expressed in % dry weight

At first, rootlets develop and become covered dense­
ly with root hairs; and at later stages shoots are gen­
erated. Thus, complete plants are produced from 
callus cultures.

It is interesting that cultures of S. khasianum can 
generate organs in the absence of supplemented cy- 
tokinetins which are known to be essential for orga­
nogenesis, particularly shoot generation in cultures 
of other plants [15]. Probably, cultures of S. khasi­
anum  synthesize adequate levels of cytokinetins and 
hence, do not need any external source of the com­
pounds for generating organs.

Undifferentiated callus cultures of S. khasianum  
contain only traces of steroidal glycoalkaloids (Ta­
ble I). This result agrees with the well established 
fact that cell cultures frequently lack secondary me­
tabolites which are synthesized in the intact plants. 
On the other hand, callus cultures which have start­
ed to generate rootlets contain up to 5.2% steroidal 
glycoalkaloids. This value is higher than that found 
for the seeds (Table I) and is comparable to the va­
lue reported for mature berries of the same plant [6]. 
In this context, it is to be noted that, with the onset 
of organogenesis enrichments were recorded in le­
vels of erucic acid [16], pyrethrins [17] and a-sola- 
nine and a-chaconine [18] in cell cultures of Brassica 
napus, Tanacetum einerarifolium and Solanum tuber­

osum , respectively. It is thus apparent that the mor­
phological differentiation in cell cultures is associ­
ated with biochemical “differentiation”.

Thin-layer chromatography of steroidal glycoalka­
loids and aglycones from seeds and differentiating 
cultures of S. khasianum  reveals the presence of 
three fractions. We have identified solasonine (m. p. 
279-284 °C) and solanidine (m. p. 216-218 °C) af­
ter they had been separated by preparative TLC and 
crystallized as needles from aqueous methanol and 
chloroform, respectively. The identity of these com­
pounds was confirmed by comparing their infra-red 
spectra to those of authentic samples. The third frac­
tion could not be identified. Its solubility characteris­
tics and migration rates during chromatography 
were similar to those known for steroidal glycoalka­
loids. Moreover, it gave the reactions characteristic 
of steroidal glycoalkaloids on spraying the chroma­
tograms with sulfuric acid and with Clarke’s reagent
[14]. Solasonine and solanidine are predominant in 
seeds of S. khasianum  (Table I), whereas the uniden­
tified glycoalkaloid occurs only in traces. Converse­
ly, in callus cultures starting to generate rootlets, the 
unidentified compound predominates, whereas so­
lasonine and solanidine are present only at low 
levels.

The results of the present communication and of 
related earlier studies [16-18] show clearly that, in 
plant cell cultures, the onset of organogenesis should 
be considered as one of the tools for stimulating the 
biosynthesis of secondary metabolites.

A cknowledgments

This investigation was supported by the “Deut­
scher Akademischer Austauschdienst”, D-5300 
Bonn-Bad Godesberg 1, Germany, and the 
“Bundesministerium fur Forschung und Technolo­
gie”, D-5300 Bonn-Bad Godesberg, Germany (Pro­
jekt ‘Naturstoffe aus Zellkulturen’, NZK 07).

[1] K. Schreiber, in: The Alkaloids (R. H. F. Manske, ed.), 
p. 192. Academic Press, New York 1968.

[2] A. D. Saini, Curr. Sei. 35, 600 (1966).
[3] V. V. Panina and T. B. Pimenova, Khim.-Farm. Zh. 6, 

46(1972).
[4] M. N. A. Eid, S. S. Ahmed, and H. M. M. El-Antably, 

Egypt. J. Hortl. 1, 3 (1974).
[5] R. N. Chopra, S. L. Nayar, and I. C. Chopra, Glossary 

o f  Indian Medicinal Plants, p. 230, C. S. I. R., New  
Delhi 1956.

[6] P. C. Maiti, S. Mookeijea, and R. Methew, J. Pharm. 
Sei. 54, 1828(1965).

[7] M. R. Heble, S. Narayanaswami, and M. S. Chadha, 
Naturwissenschaften 7, 351 (1968).

[8] M. R. Heble, S. Narayanaswami, and M. S. Chadha, 
Science 161, 1145 (1968).

[9] M. R. Heble, S. Narayanaswami, and M. S. Chadha, 
Phytochemistry 10, 2393 (1971).

[10] P. G. Kadkade and T. R. Madrid, Naturwissenschaf­
ten 64, 147 (1977).

[11] O. L. Gamborg, in: Plant Tissue Culture Methods (O. 
L. Gamborg and L. R. Wetter, eds.), p. 5. National Re­
search Council o f  Canada, Saskatoon, Saskatchewan 
1975.



636 Notizen

[12] T. Murashige and F. Skoog, Physiol. Plant. 15, 473
(1962).

[13] V. S. Prabhakar and K. L. Handa, J. Proc. Inst. Chem. 
India 37, 65 (1965).

[14] E. G. C. Clarke, Nature 181, 1152 (1958).
[15] K. K. Kartha, in: Plant Tissue Culture M ethods (O. 

L. Gamborg and L. R. Wetter, eds.), p. 44. National 
Research Council o f  Canada, Saskatoon, Saskatchewan
1975.

[16] L. H. Jones, Industrial Aspects o f  Biochemistry, vol. 
30, (B. Spencer, ed.), p. 813, North Holland, Amster­
dam 1974.

[17] M. M. Cashyap, J. S. H. Kueh, I. A. Mackenzie, and
G. Pattenden, Phytochemistry 17, 544 (1977).

[18] R. M. Zacharius, S. F. Osman, and J. L. Vams, Fourth 
International Congress o f Plant Tissue and Cell Cul­
ture, Abstracts p. 129, Calgary, Alberta, Canada 1978.


