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Department to recruit staff, a cordial relationship between
the Forest Department and the managements of tea gardens
can prove to be effective to carry out wildlife conserva-
tion activities.
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Cineraria maritima Linn. is an important medicinal
plant of known therapeutic value for the treatment of
cataract and corneal opacity. An in vitro regeneration
protocol has been standardized for large-scale supply
of planting material of this otherwise scarce medicinal
plant species. The medium for propagation contained
MS salts, Bs vitamins, 30 g I'! sucrose and 8.0 g rt agar
(designated as MSB medium). Addition of thidiazuron
[TDZ: N-phenyl-N"-(1,2,3-thidiazol-5-yl) urea] in the
culture medium proved superior to the combined treat-
ments of 6-benzyladenine and a.-naphthaleneacetic acid.
The highest adventitious shoot bud (36 * 2.34) induc-
tion, per nodal explant used, occurred at 4.54 uyM TDZ
after 6 weeks of incubation. The number of shoots for-
med per explant increased significantly upon sub-cul-
ture of the responding explants on plant growth regu-
lator-free MSB medium, after 8 weeks of culture
initiation. In vitro produced shoots exhibited good root-
ing response on half strength MSB medium containing
4.92 uM indole 3-butyric acid. After 3 weeks of harden-
ing of plantlets as hydrophonic cultures, almost 95%
of 300 rooted plants could be successfully transferred
and acclimatized ex vitro under glass-house conditions,
followed by their establishment in the field.

CINERARIA maritima Linn. (Asteraceae), an important an-
nual exotic medicinal herb, is commonly known as ‘Dusty
Miller” or ‘Silver dust’ due to its characteristic wooly, sil-
very-grey foliage and a low mound-like habit. This plant
is cultivated in Europe and cooler areas of USA'. In India,
recently, limited cultivation of C. maritima has been taken-up
in the Nilgiri Hills of southern India. The plant is used in
the preparation of homeopathic drops, applied in various
eye ailments'?, particularly for treating cataract and corn-
eal opacity’. On account of its therapeutic value, the plant
is in great demand in the pharmaceutical industry. Due to
limited availability of raw materials of C. maritima in India,
the national requirement is met solely by importing the
prepared drug formulations from other countries. In order
to meet the internal requirements of our country and at the
same time to keep pace with the growing demand of this
herb in the global commercial markets, there is an urgent
need to develop an efficient multiplication protocol suitable
for commercial use. Plant tissue culture techniques have
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been put to effective use for obtaining the required quantity
of uniform, high quality planting material in a short time
in some cases™. The present communication describes ef-
forts undertaken to standardize an efficient and reproduci-
ble in vitro micropropagation protocol for C. maritima.

Cineraria maritima Linn. plants were collected from
Udagamandalam, Tamil Nadu, maintained in the glass-
house in our institute and were used as the source of ex-
plants. Nodal segments, collected from the young side
branches, were cut into 1-1.5 em pieces and washed with
Teepol (10%, v/v; 2-3 min) followed by thorough washing
under running tap water for 2 h. The explants were then
surface disinfected with mercuric chloride (0.1%, w/v;
3 min) with intense shaking, followed by several wash-
ings with sterile distilled water. Such explants were sub-
sequently cultured on modified basal medium containing
MS salts®, Bs vitamins’, 30 g 1! sucrose and 8.0 g ! agar-
agar (hereafter called as MSB medium). For the regenera-
tion trials, varying concentrations of 6-benzyladenine
(BAP) (1.11, 2.22, 4.44 and 8.89 uM) along with a fixed
concentration of -naphthaleneacetic acid (NAA; 0.27 uM)
or thidiazuron (TDZ) alone (1.14, 2.27, 3.40 and 4.54 uM)
were added to the MSB medium. The pH of the medium
was adjusted to 5.8 before autoclaving at (121°C) 15 psi
for 20 min. Cultures were incubated at 25+ 2°C under
continuous light of cool white fluorescent tubes (approx.
30 —40 umol m s,

The nodal explants along with the induced adventitious
shoots were subsequently transferred to plant growth re-
gulator (PGR)-free MSB medium for shoot elongation.
After 2-3 weeks, the elongated shoots were excised from
the explants and transferred onto half strength MSB me-
dium supplemented with either 2.46 or 4.92 uM indole 3-
butyric acid (IBA) for rhizogenesis.

The rooted shoots were taken out of the culture vessels
after 3—-4 weeks, delicately washed under running tap water
to remove the adhering culture medium from the roots,
placed at the top of culture tubes filled with plain water

Table 1.

(the roots were allowed to be dipped into the water). The
tubes were kept in the culture room for two weeks for
hardening; afterwards these plantlets were further harde-
ned under glass-house conditions for one week, and then
transferred to pots containing a mixture of soil : sand : farm-
yard compost (3 : 1 : 1; w/w).

The shoot regeneration response of nodal explants of
C. maritima was tested on MSB medium supplemented
with various concentrations of either BAP (with NAA) or
TDZ. Both the cytokinins promoted shoot proliferation and
40-60% response could be observed with either of them
after 4-6 weeks of culture.

As reported in Glycine max (L) Merr.®, Hypericum
perforatum cv *Anthos’®, Bacopa monniera', Rosa dam-
ascena"' and Artemisia judaica 1", the presence of TDZ
in the culture medium proved vastly superior to the treat-
ment with BAP in case of C. maritima also, and the rate
of proliferation was significantly higher in TDZ-containing
media (Table 1).

Proliferation appeared to be by direct organogenesis as
callus formation was not observed at any of the tested
TDZ concentrations. The list of plant species exhibiting
morphogenesis in the sole presence of TDZ has continued
to increase over the years, facilitating the improvement of
tissue culture technology'?.

The maximum number of adventitious shoot bud indu-
ction in C. maritima was caused by 4.54 uyM TDZ, and an
average of 36+ 2.34 shoot buds were produced per ex-
plant after 6 weeks of incubation (Table 1). After a period
of 6-8 weeks, a thick mat of shoot buds was found to cover
80-90% surface of the explant in the presence of 3.40 or
4.54 uM TDZ and each explant was transformed into a
dense mass of profusely regenerating shoot buds (Figure
1 @), which made it impossible to count the number of shoot
buds/explant after 8 weeks.

In accordance with earlier observations by several wor-
kers'* ', sub-culturing of the resultant shoot buds on the
same medium caused stunted shoot growth, which was

Effect of BAP, NAA and TDZ on shoot bud induction and microshoot formation in

nodal explants of Cineraria maritima L

Concentration of growth regulators

Number of microshoots/explant

After 4 weeks After 6 weeks

Control (PGR-free medium)

BAP 0.25mg 1™ + NAA 0.05 mg 1!
BAP 0.5 mg I"' + NAA 0.05 mg 1!
BAP 1.0 mg I"' + NAA 0.05 mg 1"
BAP 2.0 mg I"' + NAA 0.05 mg 1!
TDZ 0.25 mg 1"

TDZ 0.5 mg 1™

TDZ0.75 mg 1™

TDZ 1.0 mg 1™

No response No response

325405 425408
5.0+1.0 6.6+1.14
5.0+£08 7.4+£0.89
524+1.09 7.6 £0.55
11.60+1.14 22.0+1.30
12.4+1.82 2244182
15.8+1.64 30.6£1.34
22.8+1.79 36.0+£2.34

Values are means £+ SE (n =30 explants for each treatment); PGR, Plant growth regulator. All
experiments were done using MSB medium with or without PGRs.
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Figure 1a-h. In vitro plant regeneration from nodal segments of
Cineraria maritima Linn. and its acclimatization under glass-house and
field conditions. &, Multiple shoot induction from nodal explants on
MSB + 4.54 pM TDZ after six weeks of culture; b, ¢, Proliferation and
elongation of in vitro regenerated shoots on PGR-free MSB medium
after two and three weeks of transfer respectively; d, Induction of roots
from shoots on half-strength MSB + 4.92 uM IBA after three weeks; e,
Complete plantlet; f, Initial hardening of in vitro raised plantlets main-
tained on water under culture-room conditions; g, h, Glass-house and
field establishment of in vitro propagated plants of C. maritima Linn.
after two and three months of ex vitro establishment respectively.

followed by hyperhydricity of shoots upon prolonged ex-
posure to the same concentration of TDZ. In contrast,
sub-culturing of profusely regenerating shoot mass from
TDZ-containing medium to PGR-free MSB medium after
8 weeks of culture initiation stimulated elongation and
further growth of each individual regenerant (Figure 15
and ¢), as in other medicinal herbs like Lavandula stoec-
has"” and Bacopa monniera'. Moreover, repetitive cycles
of shoot regeneration could be observed in C. maritima
through culturing these profusely regenerating shoot masses
on PGR-free MSB medium after initial exposure to the
optimal TDZ concentration, as reported earlier'.

C. maritima shoots of about 2.5 to 3.5 cm height were
subsequently separated and transferred to rooting medium
for rhizogenesis. The optimal rooting medium contained
only half the concentration of basal salts and vitamins
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along with 4.92 uyM IBA on which cent per cent shoots
developed roots within 3—-4 weeks (Figure 1d). Complete
plants were obtained 2 months after the regenerated shoots
were transferred to PGR-free MSB medium followed by
culture on rooting medium (Figure 1 e).

The potential of in vitro propagated C. maritima plant-
lets to be used for glass-house or field cultivation was in-
vestigated with the plantlets transferred to pots containing
a mixture of soil : sand: farmyard compost (3:1:1) after
2 weeks of initial hardening as hydrophonic cultures un-
der culture-room conditions (Figure 1/). Almost 95% of
these regenerants survived under standard glass-house con-
ditions and grew into fully developed plants (Figure 1 g),
which were morphologically similar to in vivo seed-pro-
pagated plants. Through the rapid and efficient micropro-
pagation protocol developed in this study, 300 healthy
plants could be successfully established under ex vitro
conditions (Figure 1 /). These may be useful for the pro-
duction of medicinally active constituents for the eventual
development of optimized pharmaceutical products having
easy accessibility.
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The effect of nutrient stress on astaxanthin formation
in flagellated cells of Haematococcus pluvialis was
evaluated under autotrophic conditions. High biomass
yield of 3.5 g/l was achieved on phosphate free medium
and astaxanthin constituted 1.5% (w/w) on dry weight
basis, with a production of 55.6 mg/l. A combination
of nitrogen and phosphate limitation was effective in
enhancement of astaxanthin content to 2.0 + 0.2% (on
dry weight basis), resulting in its production of 35-
38 mg/l. Actinomycin-D inhibited both cell growth as
well as carotenogenesis, while chloramphenicol and 3-
(3,4-dichlorophenyl)-1,1-dimethyl urea inhibited signi-
ficantly the secondary carotenoid formation in flagel-
lated cells under low light intensity, with no effect
under high light intensity. Cycloheximide inhibited
carotenogenesis in both flagellated and encysted cells
under low as well as high light intensities. The accu-
mulation of astaxanthin in lipid globules of flagellated
cells was detected with staining of algal cells. The re-
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sults indicated that both cytoplasmic and organellar
translational inhibitors play a role in the secondary
carotenoid formation in flagellated cells, which depend
on light to a greater extent than salinity stress.

HAEMATOCOCCUS pluvialis, a green alga, gained commer-
cial importance owing to its ability to accumulate a potent
antioxidant, astaxanthin, having nutraceutical and phar-
macological applications as well as pigmentation source
in farmed salmon, trout and poultry industries'. Most of
the reports showed astaxanthin accumulation in encysted
cells when grown in heterotrophic conditions under high
light or due to salinity stress®”. However, astaxanthin ac-
cumulation in flagellated cells would be advantageous as
the flagellated cells are fragile over the thick encysted
cells which are resistant for solvent extraction, enzyme
treatment and mechanical breakage. The present study
focused to understand the effect of nutrient stress on
astaxanthin accumulation in flagellated cells and its regu-
lation in both flagellated and encysted cells using photo-
synthesis, transcriptional and translational inhibitors.

H. pluvialis (SAG 19-a) was obtained from Sammlung
von Algenkulturen, Pflanzen Physiologisches Institut, Uni-
versitat  Gottingen, Gottingen, Germany. Stock cultures
were maintained in autotrophic bold basal medium (BBM)".
Haematococcus cultures grown in autotrophic medium
were used for this study. The cultures were grown in a
two-tier flask containing nutrient limiting medium (limit-
ing to 1/4 and 1/10 of original concentration of nitrogen,
magnesium and phosphorus individually and in combina-
tion) with 10 ml inoculum, as detailed by Sarada et al’?
and Usha et al®. The two-tier vessel consisting of two
250 ml narrow-neck Erlenmeyer flasks was used for enri-
ching CO, in the culture environment. The lower com-
partment of the flask contained 100 ml of 3M buffer
mixture (KHCOs/K,COs) at specific ratio, which generated
a partial pressure of CO, at 2% in the two-tier flask’. The
upper chamber contained 40 ml of nutrient limiting
medium. The cultures were incubated at 25+ 1°C tempe-
rature under multi-directional light source of intensity
2+ 0.2 klux".

Cells were stained with coomassie brilliant blue R 250
(0.25 %) at vegetative, intermediate and encysted stages.
Growth in terms of cell count was determined using a
haemocytometer (12.6 x 10*/ml) at the time of inoculation
and also before imposing salt stress (NaCl; 0.04%). At
the end of the experimental period, cultures were harvested
by centrifugation. Dry weight of biomass was estimated
after drying at 60°C in hot-air oven till constant weight
was obtained.

Total carotenoid and chlorophyll contents were calcu-
lated according to the method of Lichtenthaler’ by reading
the absorbance at 470, 645 and 661.5 nm respectively.
Astaxanthin content was estimated by Davies® method by
reading absorbance at 480 nm. Carotenoid extracts were
subjected to HPLC analysis using reversed phase CI18
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