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different concentration (0.5 - 3 mg/L) and the combination of auxins and
cytokinins. Maximum shoot initiation was observed in BAP (2 mg/L) and
Kin (1 mg/L) and in a combination of BAP (0.5 mg/L) and NAA (2
mg/L). A higher number of roots were observed when the embryo was
inoculated on L2 medium supplemented with NAA (1 mg/L) and 2, 4-D
(0.5 mg/L). Whereas, elongated roots were observed on L2 medium
fortified with BAP/KIN (0.5 mg/L) and NAA (1 mg/L). The proliferation
of multiple shoots from the nodal explants of in-vitro plantlets, when sub-
cultured on MS medium supplemented with BAP (2 mg/L), TZD (0.2
mg/L) and L-glutamine (100 mg/L). The obtained plantlets were
hardened in soil-rite and then transferred them to a mixture of soil, sand,
and manure (1:1:1). In conclusion, our study demonstrates the in-vitro
root induction and regeneration of Nothapodytes nimmoniana.

INTRODUCTION: Nothapodytes nimmoniana CPT was first isolated from Camptotheca
Graham (Syn. Mappiafoetida, N. foetida) which is  acuminata by Wall et al., * later Govindachari and
commonly called a stinking tree belongs to the  Viswanathan ° in detected CPT in N. nimmoniana
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family Icacinaceae. It is a small evergreen tree,
which is widely distributed and endemic to the
Western Ghats, North East India, Srilanka,
Myanmar and Thailand * 2. N. nimmoniana is an
excellent source of cytotoxic quinolone alkaloids,
camptothecin (CPT) and 9-methoxy camptothecin,
which are the most promising anticancer drugs of
21% century *.
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for the first time. The derivatives of water-soluble
CPT are topotecan and irinotecan, which
commercially exist for the treatment of solid
tumors. CPT is a potent topoisomerase inhibitor
that interferes with the essential function of
topoisomerase in DNA replication. CPT is also
therapeutically used in the treatment of anti-
malarial drug, anemia, antibacterial, antifungal and
anti-inflammatory ® " 8. Due to its wide range of
pharmaceutical use, it has been exploited naturally.

According to World Bank (1997) report, the twigs
of this tree available for Rs. 9/kg in India, whereas
pharmaceutical industries sell the processed plant
extracts for US$ 15000/kg in the world market °. It
is reported that N. nimmoniana has highest CPT
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among all other plants, hence to meet its clinical
demands it has been overexploited. Over 50-80%
of the population has been vanishing from the
Western Ghats of India and has been declared as an
endangered species ** ™. Various workers have
been reported on in-vitro propagation of N.
nimmoniana. Among various tissues analyzed, the
root bark yielded the highest CPT content followed
by stem bark and root Y. In tree species, seed
germination is very low due to hard seed coat and
dormant embryos. The present study is to
investigate the efficient protocol for embryo
culture, in-vitro propagation, and induction of roots
of N. nimmoniana.

MATERIAL AND METHODS: Mature seeds
and seedlings of N. nimmoniana were collected
from Mahabaleshwar, Maharashtra, and Ooty,
Tamil Nadu, India during January and February.
The seeds were shade dried and stored in the
refrigerator in airtight container for further studies.
The plant materials were authenticated (Voucher
no. BUB-2272) and the seedlings were maintained
in the greenhouse condition Department of Botany,
Bangalore University, Bengaluru.

Embryo Culture: The outer epicarp was decorated
by soaking in water for 24 h and seeds were
disinfected with bavastin and then washed in
running tap water for 15-20 min, again they were
surface sterilized with teepol for 5-10 min and
washed thoroughly with tap water to remove traces
of detergent followed by sterile distilled water
wash. The seeds were sterilized with 0.1%
mercuric chloride for 5 min, followed by a 4-5
wash in deionized water. Embryos were dissected
aseptically from seed and inoculated on L2 medium
13 and MS medium ** containing 3% sucrose, 0.8%
agar and pH of 5.6 to 5.8, supplemented with
different concentration and combination of auxins
such as NAA (Naphthalene acetic acid), IBA
(Indole-3-butyric acid), IAA (Indole-3-acetic acid),
2,4-D (2, 4-Dichloro-phenoxyacetic acid) and
cytokinins like BAP (6-benzyl aminopurine) and
Kin (Kinetin). Cultures were maintained in
standard culture condition provided 25 + 2 °C
temperature and 16/8 h photoperiod with cool
fluorescent light (4000lux/m).

Sub-culture: Node and internodal explants were
sub-cultured on MS and L2 medium supplemented
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with different concentration and the combination of
auxins and cytokinins for multiplication of shoots.
For induction of somatic embryos, node and
internodal region were inoculated on L2 medium
fortified with a combination of BAP and IBA.
Further multiplication of embryos, the nodal region
was transferred to MS medium fortified with a
combination of BAP and 2, 4-D/TZD.

Hardening: Regenerated plants with well-
developed roots were removed from the medium
and washed thoroughly in tap water to remove
traces of agar and transferred to soil-rite (Keltech
energies Ltd., Bangalore) and then covered by the
polythene bag with 3-4 holes for aeration to
maintain 80-90% humidity and kept in the culture
room for 15-20 days. Later the plantlets were
transferred to pots and maintained in the
greenhouse condition.

Statistical Analysis: The data were expressed as
Mean £ SD. All the experiments were repeated
thrice, and 15 replicates for each experiment.

RESULTS AND DISCUSSION: Mature zygotic
embryos of N. nimmoniana were cultured on L2
and MS medium containing various concentration
and the combination of auxins and cytokinins. L2
medium was found to be the best regarding
complete regeneration of plants after 8-10 w of
culture. The significant changes were observed on
L2 medium fortified with different auxins and its
combinations. The L2 medium supplemented with
a lower concentration of auxins (0.1 -1 mg/L)
showed maximum root induction. Whereas,
initiation of roots were observed in the higher
concentration of auxins and there was no further
development of roots even after 8 w of an old
culture.  Similar observation was reported by
Devendra et al., *° in Zingiber roseum, when
zygotic embryos were cultured on medium
containing 2.68 UM of NAA with an efficiency of
95.4 % root induction compared to higher
concentration. Hemadri Reddy *° reported that L2
medium was better than MS medium regarding
shoot multiplication and shoot length in Asclepias
curassavica.

Induction of callus was observed initially, and in
the later stages, shoots and roots were initiated in
the medium supplemented with 1 mg/L of 2, 4-D,
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NAA and 0.5 mg/L of IBA. There was no shoot
elongation even after 10 w of culture Fig. 1 A-C.
Combinations of 0.5 mg/L of 2,4-D + 1mg/L of
NAA showed a maximum number of roots (30-40)
after 10-12 w of culture Fig. 1D. The results are in
agreement with the studies of Pranati Nayak *". The
medium containing 1 mg/L of Kin and 2 mg/L of
BAP and combination of auxins and cytokinins
(0.5mg/L of BAP/KIN + 2mg/L of NAA) showed
the significant percent of root induction and shoot
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elongation Table land 2; Fig.l1 E-H. Maximum
root induction and elongation was observed on L2
medium supplemented with 0.5 mg/L of BAP or
Kin in combination with 0.5-1 mg/L of NAA Fig. 1
I-K. Studies by Kaveri et al.*® showed maximum
root and shoot induction in N. nimmoniana, when
medium supplemented with BAP (1 mg/L) and
NAA (0.2 mg/L). Our results are also concordance
with the studies of Pandey et al. *°

FIG. 1 A-H: EFFECT OF GROWTH REGULATORS ON ZYGOTIC EMBRYOS OF N. NIMMONIANA ON L2
MEDIUM. A- 2,4-D (1 mg/L), B- IBA (0.5 mg/L), C- NAA (1 mg/L), D- 2,4-D (0.5 mg/L) + NAA (1 mg/L), E-BAP (2 mg/L),
F-Kin (1 mg/L), G-BAP (0.5 mg/L) + NAA (2 mg/L), H- Kin (0.5 mg/L) + NAA (2 mg/L).

FIG. 1 I-K: EFFECT OF AUXINS AND CYTOKININS ON L2 MEDIUM ON ROOT INDUCTION.

I- Kin (0.5 mg/L) +

NAA (1 mg/L), J- BAP (0.5 mg/L) + NAA (1 mg/L), K- BAP (0.5 mg/L) + NAA (0.5 mg/L)

TABLE 1: EFFECT OF AUXINS AND CYTOKININS ON EMBRYO CULTURES OF N. NIMMONIANA

Conc. of GRs % of response in Mean + SD
in mg/L 2,4-D IAA IBA NAA BAP KIN
0.5 33.00 + 5.00 51.66+7.63  53.33+12.58 40.00+10.00 56.66 £5.77  68.33+12.58
1.0 48.33+£7.63 30.00+17.32 28.33+1258 56.66+7.63 85.00+13.22  96.66+5.77
2.0 16.66 + 7.63 23.33+15.27 13.33+5.77 4500+10.00 98.33+288  76.66 +15.27
3.0 17.5 +10.60 - -- 31.66 + 7.63 86.66 + 5.77 71.66 + 1040
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TABLE 2: EFFECT OF COMBINATION OF AUXINS AND CYTOKININS ON EMBRYO CULTURES OF N.
NIMMONIANA

Conc. of GRs in mg/L % of response
BAP KIN NAA 1AA IBA 2,4-D Mean + SD
0.5 1 81.66 +2.88
1 0.5 70.00 + 5.00
0.5 2 100.00 + 00
1 1 66.66 + 7.64
0.5 1 91.66 + 10.41
1 0.5 83.33+7.64
0.5 2 46.66 + 5.77
1 1 61.66 + 24.66
0.5 1 85.00 + 5.00
1 0.5 80.00 + 10.00
0.5 2 43.33 £ 15.27
1 1 70.00 + 13.23
0.5 1 60.00 + 43.59
1 0.5 70 +£13.23
0.5 2 100.0 £ 00
1 1 78.33 +12.58

FIG. 2 L-P: EFFECT OF GROWTH REGULATORS ON INDUCTION OF SOMATIC EMBRYOS AND SHOOT
REGENERATION FROM NODE AND INTERNODE. L-L2 + BAP (1 mg/L) + TDZ (0.2 mg/L) + NAA (0.5 mg/L), M-L2
+ BAP (2 mg/L) + TDZ (0.2 mg/L) + GAz (2 mg/L), N- L2 + BAP (0.5 mg/L) + IAA (1 mg/L), O-L2 + BAP (2 mg/L) + TDZ
(0.2 mg/L), P-MS + BAP (1 mg/L) + 2,4-D (1 mg/L), Q- Measurement of root length, R & S- Hardening.
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Induction of somatic embryoids and development
of multiple shoots were observed after sub-
culturing of node and internode from in-vitro
regenerated plants Fig. 2 L-O. When the
proliferated buds were transferred to medium
containing BAP (2 mg/L), TZD (0.2 mg/L), GAs
(2mg/L) and L-Glutamine (100 mg/L) showed
significant shoot elongation up to 3-4 cm after 12-
14 w of culture. A maximum number of somatic
embryoids were induced on MS medium fortified
with combinations of BAP (1 mg/L) and 2, 4-D
(Img/L) after 14 w of culture Fig. 2P. Similar
results were reported by Tejavathi et al., 2> ?* from
embryos of N. foetida cultured on L2 medium
fortified with a lower concentration of TZD.

Complete regenerated plants were observed on L2
medium supplemented with BAP (0.5 mg/L) and
NAA (2 mg/L) with slight callus induction on the
transition zone of primary root and hypocotyls. The
well-developed rooted plantlets were carefully
washed in sterile distilled water to remove the
traces of agar, then they were transferred to small
polythene cups containing soil-rite and maintained
in the hardening chamber. After 15 d the plantlets
were transferred to pots containing soil, sand, and
manure (1:1:1) Fig. 2 Q-S.

CONCLUSION: In the present study, we
developed the efficient protocol for in-vitro mass
propagation of N.nimmoniana through direct
regeneration of plantlets from embryo culture. L2
medium was found to be better for shoot
multiplication. A lower concentration of BAP and
NAA resulted in better root induction. Development
of somatic embryoids and multiple shoots was
achieved with lower concentrations of cytokinins.
The developed protocol may be useful for in-vitro
regeneration of N. nimmoniana which prevents the
exploitation of this plant from natural habitat.
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