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Leaf and hypocotyl explants of 15 days old aseptically grown
seedlings of Solanum laciniatum were cultured on MS medium
supplemented with NAA (2 mg/l) and kinetin (0.5 mg/1) for callus
initiation. For maintenance and proliferation of callus MS medium
supplemented with 2,4-D (1 mg/l) and kinetin (0.5 mg/l) was
used. The growth of the calli derived from hypocotyls increased
with time of incubation and remained almost constant after 45
days. The solasodine content in callus culture was maximum after
30 days of incubation. Addition of L-arginine in the medium
(50-150 mg/1) increased growth as well as chlorophyll content in
the callus culture. The solasodine content also increased up to 1.2
to 1.4 times in these cultures. High frequency shoot regeneration
was obtained in MS medium having BA (4 mg/l) and IBA
(0.25 mg/l). For shoot multiplication, MS medium having BA
(4mg/l) was used. Shoots rooted on the same medium. Organo-
genesis promoted solasodine accumulation in the cultures. Regen-
erated shoots yielded higher solasodine content than undifferenti-
ated as well as organogenic callus. Solasodine contents in
the regenerated shoots was found to be 10 times higher than the
callus culture and approached towards the field grown plants.
Thin layer chromatography revealed the presence of three com-
pounds. The most predominant spot (Ry 0.789) corresponded to
the reference solasodine.
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Higher plants produce a variety of secondary me-

tabolites. These compounds vary in concentration and

yield with growth and development of plant. Active
principle contents of these plants such as steroids,
alkaloids, glycosides etc. present as secondary me-
tabolites in medicinal plants are of great value in drug
and pharmaceutical industry’. Synthetic steroid drugs
are quiet costly and therefore, one has to depend upon
some easily and cheaply available raw materials,
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which can be converted into different types of steroid
drugs. Diosgenin (a steroid sapogenin) is considered
as the best starting material for synthesis of steroid
drugs. Diosgenin produced from Dioscorea tubers is
used for synthesis of corticosteroidal drugs. It is effi-
ciently converted into 16-dehydro pregnenolone ace-
tate (16- DPA), which is further used for preparation
of different steroid drugs. However, ruthless and inju-
dicious exploitation of their resources have consid-
erably depleted their population from natural habitats.
Therefore, to ensure sustained supply of raw materials
to steroid drug industry, alternate plant source have
been considered worth exploitationz. Tissue cultures
and the methodologies necessary for production of
transgenic target plants (e.g. using Agrobacterium
vectors, biolistic techniques or electroporation) are
being considered for improving the biosynthetic po-
tentialities in various Solanum species. Although,
diosgenin has also been identified in other species
such as Costus speciosus, Trigonella foenumgraecum
and Kallastroemia pubescens, but neither of these
sources have been considered economically profitable
due to low diosgenin percentage’. Solasodine a natu-
ral analogue of diosgenin is a good substitute for
diosgenin. Solanum laciniatum has emerged as a rich
source of solasodine for commercial exploitation as it
is found in sufficiently good quantity in all the aerial
parts of this plant. Solanum laciniatum commonly
known as kangaroo apple is a hardy, short, perennial
plant with a natural range extending from southern tip
of New Zealand (46.5°S) to as far as Adelaide (35°S).
[t is preferably grown in sub-temperate climatic
conditions with annual rainfall ranging between
60 and 150cm. Whole plant of Solanum laciniatum
typically contain up to 3 per cent solasodine (on a dry
wt basis)’. Due to uncontrolled exploitation of the
natural habitat and fluctuations in supply of raw mate-
rials, the production of secondary metabolites by plant
cell cultures in vitro has proved to be a viable alterna-
tive. Cell cultures of Solanum species are known to
harbour steroidal alkaloids*. Manipulating various cell
culture parameters such as growth regulators, source
of culture, temperature and dependence on macronu-
trients, alter the level of secondary metabolite pro-
duction. Keeping in view the importance of solaso-
dine as a source for pharmaceutical industries, the
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present studies were undertaken to investigate and
compare the biosynthetic potentiality of the tissue
cultures of Solanum laciniatum.

Plant material—The healthy seeds of Solanum la-
ciniatum were thoroughly washed with tap water to
remove any extraneous material. They were then
soaked for 24 hr. Soaked seeds were surface sterilized
with bavistin (0.1 %) for 5 min followed by HgCl,
(0.1%) for 2 min. The sterilized seeds were blotted on
pre-sterilized blotting paper and then germinated in
White’s medium in dark.

Source of explants—Hypocotyl segments of 15
days old aseptically grown seedlings of Solanum la-
ciniatum were used as source of explants.

Establishment of initial cultures—For establish-
ment of initial cultures, the segments of the hypo-
cotyls were cultured on MS medium supplemented
with different concentrations of indole-3-acetic acid
(IAA) + kinetin and 1-naphthalene acetic acid (NAA)
+ kinetin. The cultures were then incubated for the
formation of callus under 16 hr photoperiod (1.5
Klux) at 25° + 2°C. The nature and growth of callus
was recorded after every 15 days.

Callus multiplication—The calli induced during
the initial stages were sub- cultured on different me-
dia containing varying concentrations of 24-
dichlorophenoxy acetic acid (2,4-D) and kinetin for
proliferation.

Addition of L-arginine—Various concentrations of
L-arginine (50- 150 mg/l) were added in the medium
for callus maintenance.

Organogenesis—Various combinations of growth
regulators were tried along with control to induce or-
ganogenesis.

Shoot  multiplication and plant regenera-
tion-—Multiplication of shoots was carried out by the
method of enhanced release of axillary buds’. The
shoots obtained were sub-cultured after 4 weeks in
appropriate medium for further multiplication and
were maintained on the same medium.

Measurement of growth and estimations of solaso-
dine content in callus and shoots—Growth was meas-
ured as dry weight yield per flask. The tissue was
dried overnight at 60°C till constant weight. Solaso-
dine content in callus and regenerated shoots was es-
timated by the colorimetric technique® with slight
modification at extraction stage. One gram dried
powdered sample was extracted twice with 95% etha-
nol for 1 hr in a boiling water bath. The combined
extracts were filtered and the filtrate was evaporated
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to dryness. The dried residue was dissolved in 3 ml of
IN hydrochloric acid and hydrolyzed for 2 hr at
100°C in a water bath. The hydrolysate was neutral-
ized with 3 ml of 1 N sodium hydroxide. To this, 2 ml
of acetic acid was added and final volume of 10 ml
was made with distilled water. Further, aglycone was
complexed with 1 ml of 0.05% aqueous methyl or-
ange in acetate buffer (pH 4.7) for the colorimetric
estimations. The methyl orange aglycone complex
was extracted with 10 ml chloroform and its absorb-
ance was read at 420 nm in a spectrophotometer
against reagent blank. Solasodine content was ex-
pressed as mg/g dry wt of callus/organogenetic cal-
lus/elongated shoot. For the identification of agly-
cone, the neutralized hydrolysate was extracted in
chloroform and chromatographed on thin layer plate
of caustic silica gel G using chloroform:methanol
(95:5) as solvent. Developed plates were kept in
iodine jar and R¢ value was calculated. Solasodine
was identified by thin layer chromatography with
authentic standard procured from Sigma-Aldrich Fine
Chemicals.

Stastistical analysis—The data recorded for the dif-
ferent parameters were subjected to completely ran-
domized design’. The statistical analysis based on
mean values per treatment was made using analysis of
variance technique for CRD using minimum of six
replications.

Seeds treated with 0.1% bavistin for 5 min fol-
lowed by sterilization with 0.1% mercuric chloride for
2 min showed significantly high per cent survival
(72.17%). Seeds of Solanum species have been sur-
face sterilized using various sterilants viz., chlorine
water® and 10 per cent sodium hypochlorite’. In vitro
germination in White's medium was initiated after 15
days of incubation. The per cent germination was sig-
nificantly higher in White's medium (75%) and least
in MS basal medium (33.33%) and the size cf the in
vitro seedlings was also longer. These findings have
been also reported by other workers® in Solanum kha-
sianum. Murashige and Skoog medium supplemented
with NAA (2 mg/l) and kinetin (0.5 mg/l) was found
to be the best for callusing using hypocotyl explants
of 15 days old aseptically grown seedlings of Sola-
num laciniatum. Callus initiation started within 15-20
days from the cut ends of the explants. Friable callus
from hypocotyls explants of in vitro germinated 3
weeks old seedlings of Solanum laciniatum was also
reported by other workers'®. Hypocotyl explants were
used for callusing in Solanum khasianum, Solanu
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dulcamara, and Solanum malacoxylon by earlier
workers®>'""'® " Callus induction in Solanum dulca-
mara using Erikson medium supplemented with NAA
(1 mg/l) and kinetin (0.02 mg/l) was also reportedg.
For callus proliferation, comparatively faster growth
was observed in MS medium containing 2,4-D
(1.0 mg/1) and kinetin (0.5 mg/l). The calli were loose
and friable. The first sub-culture was done at an inter-
val of 5 weeks and later on at an interval of 4 weeks.
The growth of callus was rapid on MS medium con-
taining 2, 4-D (1 mg/l) and kinetin (0.5 mg/l). In
Solanum khasianum callus was obtained using 2, 4-D
(1 mg/l) and kinetin (0.25 mg/l)g. Friable callus of
Solanum malacoxylon was obtained on MS medium
supplemented with 2, 4-D (1 mg/l) and kinetin
(0.3 mg/l) using hypocotyls, root and leaf explant''.
On the other hand, callusing in leaf explants of Sola-
num khasianum was reported on MS medium con-
taining 2, 4-D (3 mg/l) and kinetin (1 mg/l)">. The
colour of the callus after sub-culturing turned cream-
ish, there was, however, no change in the colour of
the medium. The callus cultures were harvested at an
interval of every 15 days. Maximum growth in callus
cultures was found after 60 days. These cultures had a
fresh weight of 2.339 g, which were, statistically at
par with the 45 day old cultures. Maximum dry
weight of 0.222 g was recorded in the 45 days old
cultures, which was statistically at par with 60 days
old ones (Table 1). Solasodine content (0.361 mg/g
dry wt) of 30 days old callus was significantly higher
and declined thereafter in 45 and 60 days old callus
cultures (Table 1). The decline in solasodine content
after 30 days of incubation may be as a result of se-
nescence in these cultures. Solasodine content in cal-
lus cultures of Solanum nigrum grown under
16 hr photoperiod remained more or less constant
throughout the incubation period of 39 days"”. Addi-
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tions indicated that addition of L-arginine also
increased the chlorophyll content in the callus culturcs.
The . fresh weight of the callus cultures to which
L-arginine in different concentrations (50-150 mg/l)
were added ranged from 2.531 to 5.122 g (Table
2).Increase in fresh and dry weight of these cultures
was significantly higher than the control (1.612 ).
Highest dry weight was found in the culture containing
L-arginine (150 mg/l). Highest solasodine content
(0.4277 mg) was recorded in the cultures growing wn
the medium to which L-arginine (100 mg/l) was added.
The least solasodine content was found in case of con-
trol treatment (0.3004 mg) and it was significanily
lower than all other treatments. Green callus produced
in the presence of 2, 4-D and kinetin was cut into small
pieces, approx 500-700 mg and was used for shoot re-
generation. Roots appeared in the initial stages fol-
lowed by shoot development. Shoot regeneration was
recorded after about 3 weeks of incubation, the number
of shoots per callus piece could not be counted as 10-
sette was formed. Although, 6-benzylaminopurine
(BAP) alone as well as in combination with NAA in-
duced shoot regeneration on callus, the best resuits
were obtained on MS medium containing BAP (2.5
mg/l) and 3-indolebutyric acid (IBA; 0.25 mg/l). in
vitro established shoots were multiplied on MS me-
dium supplemented with BAP (4 mg/l). Multiplication
rate was 6-8 shoot per axillary bud sub-cultured. Fresh
weight of the green callus with minute shoots and
rootlets was 1.787 g per flask. The fresh weight of the
regenerated shoots after 5 weeks of incubation was
9.093 g per flask. Dry weight of the morphogenic

Table 2—Effect of different concentrations of L-arginine on grow th
and solasodine content of callus cultures of Solanum laciniatum
after 4 weeks of incubation

[Values are mean £ SD of 7 replications]

tion of L-arginine (50-150 mg/l) in the medium for  Treat-  Conc.of Fresh wt Dry wt  Solasodine
callus maintenance significantly increased the fresh  ment L'ﬂfgll"‘"e o
and dry weight of the callus cultures. Visual observa- (mg/1) (&) &) (mgfg dry wi)
— +
Table I—Effect of incubation periods on the growth and (TChg:\lrol) (12238 0155010421 (0.300320,008
solasodine content of callus cultures of Solanum laciniatum ™, 50 253140489 022240043 040240017
[Values are mean + SD of 8 replications] T™; 100 3.60610.407 0.341£0.040 0.4271£0.012
Days in Fresh wt Dry wt Solasodine conten ™, 150 5.12210.306  0.470+£0.030 0.387+0.044
culture (2) (g) (mg/ g dry wt) CDoesy — 0.483 0.046 0.030
15 0.506+0.050 0.047+0.005 0.187+0.010 TM,-MS basal medium+2,4-D (1mg/1)+kinetin(0.5mg/l);
30 1.570+0.379 0.154+0.041 0.316+0.011 TM,-MS basal medium+2,4-D (Img/l)+kinetin(0.5mg/l)+
45 2.327£0.213 0.222+0.051  0.289+0.010 L-arginine(50mg/l); TM3-MS basal medium+2,4-D (1mg/l)+
60 2.339+0.235 0.221+0.023  0.254+0.021 Kinetin(0.5mg/l)+ L-arginine(1 00mg/l); TM4-MS basal medium+
CDoos 0272 0.027 0.015 2,4-D (1mg/l)+ kinetin(0.5mg/l)+ L-arginine (150mg/1) B
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callus was 0.133 g, whereas the shoots had a dry
weight of 0.890 g/flask. Regenerated shoots showed
root regeneration on the same medium used for shoot
multiplication after 6 weeks. Shoots continued to
grow even after root regeneration and formed new
leaves. Development of roots and root hairs during
initial stages of organ differentiation was reported in
Solanum khasianum'. Maximum shoot induction in
Solanum laciniatum was also reported on MS medium
containing BAP (2.25 mg/l) and IBA (0.2 mg/l)ls. In
Solanum dulcamara, Nﬁ-benzyladenine (BA) alone or
in combinations with IAA was reported to be stimu-
latory for shoot regeneration'’. Shoot induction in
callus cultures of Solanum khasianum was reported on
MS medium supplemented with BA (3 mg/l)'%. The
solasodine content in the shoots (approx 4.2 cm) was
higher (3.057 mg/dry wt), while the differentiated
callus had a significantly lower amount of solasodine
(0.379 mg/g dry wt). The present studies indicated
that the in vitro elongated shoots had higher solaso-
dine content as compared to the organogenic as well
as undifferentiated callus. The regenerated shoots
yielded 10 times more solasodine than undifferenti-
ated callus cultures. Young leaves from field grown
Solanum laciniatum plants contained 4.12 mg solaso-
dine per gram dry weight. Shoots of Solanum lacini-
atum cultured under photoautotrophic or photohet-
erotrophic conditions had solasodine yields consid-
erably higher than that of the callus cultures and ap-
proached those of field-grown plants'®. Thin layer
chromatography revealed the presence of three com-
pounds in the chloroform extract obtained from hy-
drolyzed callus, as well as shoots using chloro-
form:methanol (95:5) as the solvent system. The most
predominant spot was of solasodine (R 0.789) and
corresponded to the reference solasodine. One spot
corresponding to the authentic sample of solasodine
using chloroform:methanol (19:1) as solvent system
was reported in Solanum khasianum Clarke. How-
ever, in Solanum laciniatum using chlo-
form:methanol:diethylamine (20:2:0.5) as solvent
system R value of 0.68 was reported'. This differ-
ence in Ry might be due to different solvent systems
used to run TLC. The present studies, thus, indicated
that shoots regenerated in vitro from callus cultures
could be used as an alternate source for the production
and continuous supply of solasodine.
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