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ABSTRACT

Solanum dulcamara L. (bittersweet) is a medicinal plant that has been used to treat skin diseases, warts, tu-
mors, felons, arthritis, rheumatism, bronchial congestion, heart ailments, ulcerative colitis, eye inflammations,
jaundice and pneumonia. A reliable in vitro culture protocol for bittersweet was established. Explants (leaf and
petiole segments) were cultured on Murashige and Skoog minimal organics (MSMO) medium with various plant
growth regulator combinations. Leaf explants formed more shoots than petiole explants. Plant regeneration was
observed through indirect organogenesis with both explants. Best shoot proliferation was obtained from leaf
explants with 3 mg/l BA (benzyladenine) and 0.5 mg/l IAA (indole-3-acetic acid). Regenerated shoots were trans-
ferred to rooting media containing different levels of IAA (indole-3-acetic acid), IBA (indole-3-butyric acid),
NAA (naphthalene acetic acid) or 2,4-D (2,4 dichlorophenoxyacetic acid). Most shoots developed roots on me-
dium with 0.5 mg/l IBA. Rooted explants were transferred to vermiculate in Magenta containers for acclimatiza-
tion and after 2 weeks, they were planted in plastic pots containing potting soil and maintained in the plant growth
room.
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INTRODUCTION

Solanum dulcamara L. (bittersweet), a semi-woody her-
baceous perennial vine, is a member of the Solanaceae fa-
mily. It has a long history of use in the treatment of skin
diseases, arthritis, rheumatism, bronchial congestion, heart
ailments, ulcerative colitis, jaundice and pneumonia (Grie-
ve 1982; Chevallier 1996; Baytop 1999). It is native to Eu-
rope, North Africa, and Northern Asia and occurs in a very
wide range of habitats, from woodlands to scrubland, hed-
ges and marshes (Grieve 1982; Dobelis 1990; Chevallier
1996).

Bittersweet is a rich source of glycosides (Ronsch and
Schreiber 1966; Friedman and McDonald 1997) and used
in the commercial production of steroidal hormones (Ehmke
et al. 1995). Aqueous extract of S. dulcamara works as
a platelet activating factor inhibitor so it thins the blood
(Tunon et al. 1995). Alcoholic extract of S. dulcamara sho-
wed tumor-inhibitory activity against Sarcoma 180 in mice
and systematic fractionation of the extract has led to isola-
tion and characterization of B-solamarine as an active prin-
ciple (Kupchan et al. 1965). A haploid clone of S. dulca-
mara was obtained by anther culture from isolated proto-
plasts of shoot tip (Binding and Mordhorst 1984). Pluronic

F-68 has been used as growth-stimulating additives to
plant culture media on the growth of transformed roots,
callus and protoplasts of S. dulcamara (Kumar et al. 1992).
Bittersweet is a valuable medicinal herb, but there are no
reports on an in vitro culture protocol of this species. The
present study describes, to our knowledge for the first
time, an efficient in vitro plant regeneration protocol thro-
ugh indirect organogenesis for S. dulcamara via adventitio-
us shoot development from leaf and petiole explants cultu-
red on medium containing different concentrations and
combinations of various plant growth regulators.

MATERIAL AND METHODS

Seeds of S. dulcamara were collected from Abant Lake,
Bolu/Turkey in September of 2006. Identification of the
species was made by using “Flora of Turkey and The East
Aegean Islands” (Davis 1978) and voucher specimens
(AUT-1438) were deposited at the Abant Izzet Baysal Uni-
versity (AIBU) Herbarium, Bolu/Turkey.

Seeds were washed with an anti-bacterial soap, rinsed
with distilled water and surface sterilized by shaking in
20% ethanol for 20 minutes followed by rinsing well with
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sterilized distilled water and then dipped into 20% Dome-
stos® (5% sodium hypochloride) for 20 minutes. They we-
re finally washed with sterile distilled water three times.
After surface sterilization of the seeds, they were placed in
sterile, disposable petri dishes containing Murashige and
Skoog’s minimal organics (MSMO) medium (4.43
g/l MSMO, Sigma Chemical Co., St. Louis, MO, USA;
Murashige and Skoog 1962) with 30 g/l sucrose, 8 g/l Di-
fco Bacto-agar (pH 5.7, autoclaved for 20 minutes at
121°C and 105 kPa).

After a one week incubation in this medium, seedlings
were transferred to Magenta containers (GA-7 Vessel, Sig-
ma Chemical Co.) containing the same medium for an addi-
tional three weeks. For shoot regeneration, leaf lamina (36
mm?) and petiole segments (5-6 mm) were excised from
four weeks old sterile seedlings and placed in sterile disposa-
ble petri plates containing 4.43 g/l MSMO with different
combinations and concentrations of plant growth regulators;
kinetin (1, 3 and 5 mg/l) and 2,4-dichlorophenoxyacetic acid
(2,4-D; 0.1 and 0.5 mg/l); benzyladenine (BA; 0.1, 0.5, 1
and 3 mg/l) and indole-3-acetic acid (IAA; 0.5 and 1 mg/l);
BA (0.5, 1 and 3 mg/l) and naphthalene acetic acid (NAA; 1,
3 and 5 mg/l); thidiazuron (TDZ; 0.1, 0.5, 1 and 3 mg/l) and
IAA (0.5 and 1 mg/l); TDZ (0.1, 0.5 and 1 mg/l) and 2,4-
-D (0.1, 0.5 and 1 mg/l); TDZ (0.1, 0.5, 1 and 3 mg/l) and
indole-3-butyric acid (IBA; 0.1, 0.5, 1 and 3 mg/1).

After three weeks, regenerated shoots were transferred to
Magenta containers (GA-7 Vessel, Sigma Chemical Co.)
containing MSMO for shoot elongation for an additional two
weeks. Shoots were then separated individually and placed in
rooting medium containing MSMO and varying concentra-
tions of different auxins; indole-3-acetic acid (IAA; 0.5, 1
and 3 mg/l); indole-3-butyric acid (IBA; 0.5, 1 and 3 mg/l);
2,4-dichlorophenoxyacetic acid (2,4-D; 0.5, 0.1 and 0.5 mg/1)
or naphthalene acetic acid (NAA; 0.5, 1 and 3 mg/l).

All cultures were incubated at 22°C under a 16-h photo-
period (cool-white fluorescent lights, 22-28 pmol m2s!).
After three weeks, rooted explants were transferred to ver-
miculate (Agrekal®) in Magenta containers for acclimatiza-
tion and after 2 weeks, they were transferred to plastic pots
containing potting soil.

Data analysis

Mean number of shoots per explant and the percentage
of explants producing shoots were determined after 2
weeks incubation on elongation medium. Moreover, mean
number of roots per shoot and percentage of shoots that ro-
oted were determined after 3 weeks incubation on rooting
medium. Both shoot regeneration and rooting experiments
had 10 replications for each explant and were repeated
three times. Results were expressed as means + standard
error of the mean. All data were analyzed by analysis of
variance (ANOVA) and mean values were compared with
Duncan’s Multiple Range Tests using SPSS vers. 15 (SPSS
Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION
S. dulcamara is a valuable medicinal herb, but there has

been almost no interest in the in vitro propagation of this
species. We therefore, aimed to develop a protocol for high
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frequency regeneration of bittersweet plants by adventitio-
us organogenesis.

Two different explants (leaf and petiole) were used for
the regeneration experiments. When leaf and petiole
explants were cultured on MSMO medium containing BA
or kinetin in combination with 2,4-D, IAA or NAA, gene-
rally all explants tested formed shoots with BA in combi-
nation with IAA, and kinetin in combination with 2,4-D.

Best shoot proliferation was obtained with leaf explants.
Petiole explants formed fewer shoots than leaf explants
(Table 1). Overall, number of shoots per explant was lower
for all explants on media with BA plus NAA combinations
when compared to BA plus IAA combinations (Table 1).

With leaf explants, the greatest number of shoots per
explant was observed on media with 3 mg/l BA plus 0.5
mg/l IAA (40+7.07 shoots per explant; 100% explants for-
med shoots) (Table 1; Fig. 1a). Media containing 3 mg/I ki-
netin (33.88+1.95 shoots per explant; 100% explants for-
med shoots) and 3 mg/l BA (33.13£1.62 shoots per
explant; 100% explants formed shoots) were also effective
for shoot formation with leaf explants (Table 1).

With petiole explants, the greatest number of shoots per
explant was observed on media containing 3 mg/l kinetin
plus 0.1 mg/l 2,4-D (28+0.82 shoots per explant; 100%
explants formed shoots) and 3 mg/l kinetin (10.38+0.61 sho-
ots per explant; 100% explants formed shoots) (Table 1).

When leaf or petiole explants were cultured on media
containing BA or kinetin in combination with 2,4-D, [AA
or NAA, it is evident that the frequency of shoot formation
was closely related to concentrations of the auxin supply
(Table 1). Increasing concentrations of auxin severely inhi-
bited shoot development. For example, among leaf
explants investigated, 1 mg/l IAA in combination with 3
mg/l BA decreased mean number of shoots per explant to
1.38 and the number of the shoots producing explants to
62% while 0.5 mg/l TAA in combination with 3 mg/l BA
induced shoots in all explants and mean number of shoots
per explant was 40 (Table 1). Similarly, among petiole
explants investigated, although 0.5 mg/l 2,4-D in combina-
tion with 3 mg/l kinetin did not form shoots, 0.1 mg/l 2,4-
-D in combination with 3 mg/l kinetin was the most effecti-
ve combination for shoot formation.

In addition, some root formation was observed in the tre-
atments which were used higher NAA (3 and 5 mg/l), 2,4-
-D (0.5 mg/l) or TAA (1 mg/l). Such effects of auxin on
shoot and root developments are in agreement with the
classical findings of Skoog and Miller (1957); a low ratio
of auxin to cytokinin induces shoots, while the reverse situ-
ation induces roots.

Callus was observed for leaf and petiole explants before
shoot formation (indirect organogenesis). In control experi-
ments (plant growth regulator free medium) none of the
explants formed shoots (Table 1).

Leaf and petiole explants did not form shoots on media
containing TDZ in combination with TAA, IBA or 2,4-
-D (data not shown). Only 0.1 mg/l TDZ formed shoots on
leaf and petiole explants (Table 1). TDZ was not an effecti-
ve growth regulator for shoot induction of S. dulcamara
explants.

Regenerated shoots were separated individually and put
on rooting medium. They formed roots in 3-4 weeks (Fig.
1b). If we compare among auxins investigated for rooting,
TIAA and IBA were better than 2,4-D and NAA (Table 2).
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TABLE 1. Shoot development from leaf and petiole explants incubated on media containing combinations of BA, kinetin or TDZ with 2,4-D, IAA or
NAA after 2 weeks incubation on elongation medium. Data are presented as mean number of shoots per explant * standard error (SE).

abc.d et ghijMean values with the same letters within vertical columns are not significantly different (P>0.05) (i.e., Comparison of hormon combina-
tions for each explant).
XY Mean values with the same letters within horizontal columns are not significantly different (P>0.05) (i.e., Comparison of explants for each hormon com-

bination).
Treatments EXPLANTS
Petiole
Mean # of shoots % explants Mean # of shoots % explants
MSMO medium per explant forming shoots per explant forming shoots
without growth regulators - - - -
Kinetin (mg/l)  2,4-D (mg/l)
1.0 0.0 26.6+1 <« 100 9.0£0.4 ¢ y 100
1.0 0.1 23.842.7 de 100 7.63+0.8 ¢ y 100
1.0 0.5 - - - -
3.0 0.0 33.9+2 100 104+1.6 » y 100
3.0 0.1 13.940.6 /2 100 28.0+0.8 « x 100
3.0 0.5 22.543.7 de 100 - -
5.0 0.0 11.9£0.9 ¢ 100 - -
5.0 0.1 10.4+0.8 st 100 4.88+0.7 4 y 100
5.0 0.5 - - - -
BA (mg/l) TIAA (mg/l)
0.1 0.0 - - - -
0.1 0.5 21.50+3.4 de 100 4.25+1.3 d y 75
0.1 1.0 4.88+0.6 i 100 3.5£0.2 4 y 100
0.5 0.0 18.63+5 < 100 1.5+0.2 & y 100
0.5 0.5 20.13+3.3 de 100 8.38+2.1 ¢ y 100
0.5 1.0 11.0£2.1 ¢ 100 9.0£1.4 b x 100
1.0 0.0 23.2546.1 de 100 4.38+1.2 d y 100
1.0 0.5 19.043.1 ¢ 100 1.75+0.4 o y 87.5
1.0 1.0 2.25+0.9 ¥ 75 1.0+04 o x 50
3.0 0.0 30.0+6.6 b 100 8.5£0.6 ¢ y 100
3.0 0.5 40.047.1 ¢ 100 4.88+1.2 4 y 100
3.0 1.0 1.3840.5 7 62.5 - -
BA (mg/l) NAA (mg/l)
0.5 0.0 21.443 de 62.5 2.0£0.6 ¢ y 62.5
0.5 1.0 4.63+1.4 hi 62.5 - -
0.5 3.0 - - - -
0.5 5.0 - - - -
1.0 0.0 21.3+3.3 de 100 - -
1.0 1.0 8.13+£0.7 shi 100 - -
1.0 3.0 - - - -
1.0 5.0 - - - -
3.0 0.0 33.1+1.6 ° 100 - -
3.0 1.0 22.5+4.9 de 100 - -
3.0 3.0 4.0+1.1 ¥ 87.5 - -
3.0 5.0 - - - -
TDZ (mg/1) IAA (mg/l)
0.1 0.0 8.0+2.4 shi 100 2.0£1.2 ¢ y 25
0.1 0.5 - - - -
0.1 1.0 - - - -
0.5 0.0 - - - -
0.5 0.5 - - - -
0.5 1.0 - - - -
1.0 0.0 - - - -
1.0 0.5 - - - -
1.0 1.0 - - - -
3.0 0.0 - - - -
3.0 0.5 - - - -
3.0 1.0 - - - -

The greatest number of roots per explant was observed on
media with 0.5 mg/l IBA (Table 2; Fig. 1b). Media contai-
ning 3 mg/l [AA (9.2+4.43 roots per explant; 80% explants
formed roots) and 1 mg/l IBA (7.7£1.51 roots per explant;

90% explants formed roots) were also good for root forma-

tion (Table 2).

Fewer explants produced roots as IBA concentration in-
creased, 100% of the explants formed roots at 0.5
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Fig. 1. In vitro regeneration of bittersweet (S. dulcamara): a) shoot regeneration through indirect organogenesis from leaf explant cultured on MSMO r
dium containing 3 mg/l BA+ 0.5 mg/l IAA after 3 weeks incubation on regeneration medium; b) rooting of the regenerated shoots in medium containing
0.5 mg/l IBA; ¢) regenerated plants in Magenta containers including vermiculate for acclimatization; d) regenerated plants transferred to plastic pots con-
taining sterile potting soil under growth room conditions.

mg/l IBA compared to 10% at 3 mg/l IBA. Similar pattern 2). In control experiments (no auxin added to the media)
was observed with NAA concentrations on rooting. Altho- none of the explants formed roots (Table 2).

ugh 60% of the explants formed roots at 0.5 mg/l NAA, Some of the regenerated shoots on media with 3 mg/1 ki-
root formation was not observed with 3 mg/l NAA (Table netin plus 0.5 mg/l 2,4-D, 0.5 mg/l BA plus 1 mg/l IAA
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TABLE 2. Effects of IAA, IBA, 2,4-D and NAA on root formation from
regenerated shoots after 3 weeks incubation on rooting medium. Data are
presented as mean number of roots per shoot * standard error (SE). Me-
ans with the same letter within columns are not significantly different at
P>0.05.

Mean #
of roots per explant

Treatments % explants

forming roots

MSMO medium - -
without growth regulators

IAA (mg/l)
0.5 5.2+1.3 b 90
1 4,141 be 80
3 9.244 .4 ab 80
IBA (mg/l)
0.5 11.6+1.432 100
1 7.7£1.52 90
3 0.5£0.5¢ 10
2,4-D (mg/1)
0.05 3.5%1.4 be 50
0.1 4.5%1.3be 80
0.5 0.3£0.3 ¢ 10
NAA (mg/l)
0.5 6.4+3.3 20 60
1 0.2+0.1¢ 20
3 _ _

and 3 mg/l BA plus 3 mg/l NAA combinations formed
roots and these regenerants directly transferred to vermicu-
late and then to pots without rooting procedure.

Rooted plants were transferred to Magenta containers in-
cluding vermiculate for acclimatization (Fig. 1c). After 2
weeks, they were transferred to soil (Fig. 1d). More than
90% of the shoots survived through the hardening off pro-
cess when the rooted shoots (regenerated plantlets) were
transferred to pots and kept under growth room conditions
for four weeks before finally moving to room conditions at
low humidity.

Although there are some studies on S. dulcamara, there
are no reports on an efficient protocol for in vitro regenera-
tion of this plant. In some studies only callus initiation me-
dium was used for callus production. For example, Emke
and Eilert (1986) compared the steroidal alkaloid soladul-
cidine quantity in callus, regenerated plants and suspension
cultures of S. dulcamara. They obtained callus on Eriksson
medium with 1 mg/l NAA+0.02 mg/I kinetin or Murashige
and Skoog (MS) Basal medium with 1 mg/l 2,4-D+0.4
mg/1 kinetin. They reported that for plant regeneration, cal-
lus which was not subcultured and left growing for 2 mon-
ths showed the tendency to regenerate roots or shoots only
on MS basal medium with 1 mg/l 2,4-D+0.4 mg/1 kinetin.
Also in our study, kinetin plus 2,4-D combinations provi-
ded rapid clonal propagation of this species (Table 1). Si-
milarly, Khanna et al. (1988) compared the solanine con-
tent of callus grown on revised Murashige and Skoog me-
dium supplemented with 1 mg/l of 2,4-D after harvesting
2,4, 6 and 8 weeks.

Both direct and indirect shoot regeneration require plant
cells to undergo dedifferentiation and redifferentiation,
both of which are known to be affected by not only exoge-
nous plant growth regulators but also endogenous content
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of the hormones (Schwarz and Beaty 1996). Different tis-
sues may have different levels of endogenous hormones
and, therefore, the type of explant source would have a cri-
tical impact on the regeneration success. In our study,
when leaf and petiole explants were compared, leaf
explants were much more productive for shoot formation
than petiole explants with all plant growth regulator combi-
nations and concentrations (Table 1). Similarly, leaf
explant was also reported as the responsive explant in
terms of shoot organogenesis with some members of Sola-
naceae family; Solanum surattense Burm. f. (Baburaj and
Thamizhchelvan 1991), Solanum commersonii Dun. (lapi-
chino et al. 1991), Solanum tuberosum L. (Yadav and Stic-
klen 1995; Nadolska-Orczyk et al. 1995; Hussain et al.
2005), Solanum nigrum L. (El-Ashaal et al. 1999), Sola-
num laciniatum Ait. (Okrslar et al. 2002) and Lycopersicon
spp. (Lech et al. 1996; Jabeen et al. 2005). Four of the stu-
dies (Baburaj and Thamizhchelvan 1991; El-Ashaal et al.
1999; Okrslar et al. 2002; Hussain et al. 2005) showed that
BA was the most succesful growth regulator for Solanum
spp., like bittersweet.

Plant tissue culture is an alternative method of commer-
cial propagation and is being used widely for the commer-
cial propagation of a large number of plant species, inclu-
ding many medicinal plants (Rout et al. 2000). In order to
have standardized formulations, the chemical constituents
from plants and their parts are required to be uniform both
qualitatively and quantitatively. Furthermore, an ever in-
creasing demand of uniform medicinal plants based medi-
cines warrants their mass cloning through plant tissue cul-
ture strategy (Chaturvedi et al. 2007). This protocol can be
helpful in the large scale production of certain secondary
products of S. dulcamara. Micropropagation of S. dulca-
mara can provide a mass production of pesticide, herbicide
and disease free plants on a commercial scale and unlimi-
ted plant materials can consistently be obtained throughout
the whole year. Moreover, this protocol can provide plant
material for future pharmacological, physiological and bio-
chemical studies.

ACKNOWLEDGEMENTS

The authors are grateful to The Scientific and Technolo-
gical Research Council of Turkey (TUBITAK) for finan-
cial support [TBAG-2278(103T024) and TBAG-HD/27
(105T040)].

LITERATURE CITED

BABURAJ S., THAMIZHCHELVAN P. 1991. Plant regenera-
tion from leaf callus of Solanum surattense Burm F. Indian J.
Exp. Biol. 29: 391-392.

BAYTOP T. 1999. Theraphy with medicinal plants in Turkey
(Past and Present). Istanbul University Publication, Istanbul.
BINDING H., MORDHORST G. 1984. Haploid Solanum dulca-
mara L.: Shoot culture and plant regeneration from isolated

protoplasts. Plant Sci. Lett. 35: 77-79.

CHATURVEDI H.C,, JAIN M., KIDWAI N.R. 2007. Cloning of
medicinal plants through tissue culture-A review. Indian J.
Exp. Biol. 45: 937-948.

CHEVALLIER A. 1996. The Encyclopedia of medicinal plants.
Dorling Kindersley Limited, London.



280 IN VITRO CULTURE OF BITTERSWEET

DAVIS P.H. 1978. Flora of Turkey and the East Aegean Islands,
vol. 6. Edinburgh Univ. Press, Edinburgh.

DOBELIS LN. 1990. Magic and Medicine of Plants. The Rea-
der’s Digest Association, New York.

EHMKE A., OHMSTEDE D., EILERT U. 1995. Steroidal glyco-
alkaloids in cell and shoot teratoma cultures of Solanum dul-
camara. Plant Cell Tiss. Org. Cult. 43: 191-197.

EL-ASHAAL H.A., GHANEM S.A., MELEK F.R., KOHAIL
M.A., HILAL S.H. 1999. Alkaloid production from regenera-
ted Solanum plants. Fitoterapia 70: 407-411.

EMKE A., EILERT U. 1986. Steroidal alkaloids in tissue cultures
and regenerated plants of Solanum dulcamara. Plant Cell Rep.
5:31-34.

FRIEDMAN M., MCDONALD G.M. 1997. Potato glycoalkalo-
ids: chemistry, analysis, safety and plant physiology. Crit.
Rev. Plant Sci. 16: 55-132.

GRIEVE M. 1982. A modern herbal, vol. 2. Dover Publications,
New York.

HUSSAIN 1., MUHAMMAD A., ASGHAR R., NAQVI S.M.S.,
RASHID H. 2005. Morphogenic potential of three potato (So-
lanum tuberosum) cultivars from diverse explants, a prerequi-
site in genetic manipulation. Pakistan J. Bot. 37: 889-898.

IAPICHINO G., LEE S.P, CHEN T.H.H., FUCHIGAMI L.H.
1991. In vitro plant-regeneration in Solanum-commersonii. J.
Plant Physiol. 137: 734-738.

JABEEN N., CHAUDHRY Z., RASHID H., MIRZA B. 2005.
Effect of genotype and explant type on in vitro shoot regenera-
tion of tomato (Lycopersicon esculentum Mill.). Pakistan J.
Bot. 37: 899-903.

KHANNA P., KUMAR P., SINGHVI S. 1988. Isolation and cha-
racterization of solanine from in vitro tissue culture of Sola-
num tuberosum L. and Solanum dulcamara L. Indian J. Pharm.
Sci. 50: 38-39.

KUMAR V., LAOUAR L., DAVEY M.R., MULLIGAN B.J.,
LOWE K.C. 1992. Pluronic F-68 Stimulates Growth of Sola-
num dulcamara in Culture. J. Exp. Bot. 43: 487-493.

Mutlu E.C. et al.

KUPCHAN, S.M., BARBOUTIS S.J., KNOX J.R., CAM C.A.
1965. Beta-Solamarine: Tumor Inhibitor Isolated from Sola-
num dulcamara. Science 150: 1827-1828.

LECH M., MICZYNSKI K., PINDEL A. 1996. Comparison of re-
generation potentials in tissue cultures of primitive and cultivated
tomato species (Lycopersicon sp.). Acta Soc. Bot. Pol. 65: 53-56.

MURASHIGE T., SKOOG F. 1962. A revised medium for rapid
growth and bioassays with tobacco tissue cultures. Physiol.
Plantarum 15: 473-497.

NADOLSKA-ORCZYK A., MILKOWSKA L., PALUCHA A,
CZEMBOR P., ORCZYK W. 1995. Regeneration and trans-
formation of Polish cultivars of potato. Acta Soc. Bot. Pol. 64:
335-340.

OKRSLAR V., STRUKELJ B., KREFT S., BOHANEC B., ZEL
J. 2002. Micropropagation and hairy root culture of Solanum
laciniatum Ait. In Vitro Cell. Dev. Biol. Plant 38: 352-357.

ROUT G.R., SAMANTARAY S., DAS P. 2000. In vitro manipu-
lation and propagation of medicinal plants. Biotechnol. Adv.
18: 91-120.

RONSCH H., SCHREIBER K. 1966. Uber beta and sigma sola-
marin, zwei neue tomatideralglycoside aus Solanum dulcama-
ra L. Phytochemistry 5: 1227-1233.

SCHWARZ 0O.J., BEATY R.M. 1996. Propagation from nonme-
ristematic tissues-organogenesis. In: Plant Tissue Culture Con-
cepts and Laboratory Exercises, Trigiano R.N., Gray D.J.
(ed.). CRC Press, Florida, pp. 95-103.

SKOOG F., MILLER C.O. 1957. Chemical regulation of growth
and organ formation in plant tissues cultivated in vitro. Symp.
Soc. Exp. Biol. 11: 118-130.

TUNON H., OLAVSDOTTER C., BOHLIN L. 1995. Evaluation
of anti-inflammatory activity of some Swedish medicinal
plants. Inhibition of prostonglandin biosynthesis and PAF-in-
duced exocytosis. J. Ethnopharmacol. 48: 61-76.

YADAV N.R., STICKLEN M.B. 1995. Direct and efficient plant-
regeneration from leaf explants of Solanum-tuberosum L. cv
Bintje. Plant Cell Rep. 14: 645-647.



		2012-04-07T18:30:57+0200
	Polish Botanical Society




