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Abstract

Callus was obtained from leaf explants of Cephaelis ipecacuanha on Murashige and Skoog (MS)

basal medium supplemented with 0.5 mg/l Kin, 4.0 mg/l 2,4-D and 3% (w/v) sucrose [Murashige,

T., Skoog, F., 1962. Plant Physiol. 15, 437±497]. Plantlet regeneration through somatic

embryogenesis was achieved on MS medium containing 2.5 mg/l Kin, 1.0 mg/l 2,4-D and 3%

(w/v) sucrose. Maturation and germination of somatic embryos was achieved on MS basal salts

supplemented with vitamins and 2% (w/v) sucrose without growth regulators. Histological studies

con®rmed induction of somatic embryogenesis. Analysis of root tips of 100 somatic embryo derived

plants revealed that all plants were morphologically normal and possessed the normal diploid

chromosome number 2n�22. Somatic embryo derived plantlets were hardened in the greenhouse

and eventually planted in the open ®eld. # 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cephaelis ipecacuanha A. Richard (family Rubiaceae) is a perennial medicinal
plant cultivated for the alkaloids, emetine and cephaeline (Teshima et al., 1988).
It is distributed in Brasil, Nicaragua and Malaya. It is introduced to India and is
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cultivated commercially only in the lower hills of Darjeeling (De, 1955). The
roots of this plant are the sources for an expectorant, emetic and amoebacide.
Roots of 3-year-old plants yielded the maximum amount of alkaloids (Chatterjee
et al., 1982). Propagation through seed is unreliable due to poor germination,
slow growth and death of young seedlings under natural condition. Vegetative
propagation through stem or root cuttings is possible but is seriously damaged by
red ants and a soil fungus, Fusarium solani (Chetia and Baruat, 1963). Most of
the pharmaceutical companies largely depend upon material procured from
naturally occurring stands which are being depleted rapidly raising concern about
possible extinction of the species and providing justi®cation for the development
of in vitro techniques for this crop. In vitro propagation of Cephaelis ipecacuanha

was achieved through shoot bud regeneration via the callus phase and mass
multiplication of axillary buds and shoot tips (Ideda et al., 1988; Jha and Jha,
1989). Reports on its cultivation and improvement programmes are limited. A
possible alternative to the conventional approach in crop improvement
programmes is to utilise emerging biotechnologies such as somatic hybridization
and/or recombinant DNA technology. However, application of either technique is
dependent on the availability of an ef®cient regenerative (i.e., embryogenic or
organogenic) protocol (Rout et al., 1991; Gray, 1992). To date, there are no
reports on plant regeneration via somatic embryogenesis from callus cultures of
Cephaelis ipecacuanha. The present communication is the ®rst report on
induction of somatic embryogenesis from leaf callus of Cephaelis ipecacuanha

A. Richard.

2. Material and methods

2.1. Plant material and explant source

Young leaves were collected from juvenile shoots of 4-year-old, pot-grown
plants of Cephaelis ipecacuanha and washed in 1% (v/v) detergent solution
`̀ Teepol'' (Qualigen, India) for 5 min and subsequently surface sterilised in 0.1%
(w/v) aqueous solution of mercuric chloride for 30 min. After rinsing 4±5 times
with sterile distilled water, the leaves were cultured on Murashige and Skoog's
(1962) (MS) basal salts supplemented with various growth regulators.

2.2. Culture medium and condition

Leaf (3±4 mm) explants were placed on semi-solid, basal MS medium
supplemented with BA, Kin, NAA and 2,4-D at different concentrations (0.0, 0.5,
1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 4.5 and 5.0 mg/l) for callusing and induction of somatic
embryogenesis. The pH of the media was adjusted to 5.8 using 0.1 N HCl or
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0.1 N NaOH prior to autoclaving. Routinely, 25 ml of the liquid medium
containing 0.8% (w/v) agar (Qualigen, India) was dispensed into culture tubes
(25�150 mm) (Borosil, India) and plugged with non-absorbent cotton wrapped in
one layer of cheese-cloth. The media were autoclaved at 1218C and 1.06 kg/cm2

for 15 min. To maintain the callus culture, the proliferated calluses (200�10 mg)
were regularly subcultured at 4 week intervals on fresh medium with the same
composition. The cultures were incubated under a 16 h photoperiod
(55 mmol mÿ2 sÿ1) provided by cool, white ¯uorescent lamps (Phillips, India)
and maintained at a constant temperature of 25�28C.

2.3. Induction of somatic embryogenesis

To induce somatic embryogenesis, the proliferated friable callus (100�20 mg)
derived from leaf explants were transferred to various media containing BA, Kin,
NAA and 2,4-D (0.0±5.0 mg/l) at various concentrations and combinations with
3% (w/v) sucrose. All cultures were incubated under a 16 h photoperiod
(55 mmol mÿ2 sÿ1) provided by `̀ cool-white'' ¯uorescent lamps (Philips, India)
and maintained at a constant temperature of 25�28C.

2.4. Histology

For histological observations, embryogenic calli at different developmental
stages (globular, terpedo and heart shaped somatic embryos) were ®xed in FAA
(formalin:glacial acetic acid:ethanol, 5:5:90, v/v) for 48 h, dehydrated through
graded ethanol±xylol series and embedded in paraf®n wax. Tissues were
sectioned at 14 mm and stained with 0.05% (w/v) toluidine blue and examined
under a microscope (Nikon, Japan).

2.5. Chromosome study

For chromosome counts, root tips were obtained from somatic embryo-derived
plants and incubated at 08C for 24 h, ®xed in acetic acid-ethanol (1:3, v/v) for 3 h,
stained by the Feulgen reaction and squashed with 45% acetic acid on a
microscope slide for examination using a light microscope at 100� magni®ca-
tion.

2.6. Embryo germination and recovery of plantlets

For germination, the somatic embryos were transferred to MS basal salts
supplemented with 2% (w/v) sucrose with or without growth regulators, and
incubated at 25�28C under a 16 h photoperiod as mentioned previously. Well-
rooted plantlets (3±4 cm) were transferred to 5 cm earthern pots containing
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garden soil, sand and cowdung (2:1:1, v/v) and kept in a climate-controlled
greenhouse for acclimatization. Later, the plantlets were transferred to the open
®eld.

2.7. Observations of cultures and presentation of results

Twenty cultures were used per treatment and each experiment was repeated at
least three times. The data pertaining to mean percentage of cultures showing
embryogenic callus, mean number of somatic embryos per culture and percentage
of plantlets surviving in soil were statistically analysed by ANOVA and Duncan
multiple range test (Harter, 1960).

3. Results and discussion

3.1. Callus induction

Leaf explants enlarged and developed callus at the cut surfaces irrespective of
the media within 12±14 days of inoculation; the calluses subsequently covered
the entire surface of the explants. There was no sign of callus formation when
explants were cultured in media without auxin or cytokinin. Friable calli
developed on the surface of the explants 5±6 weeks after culture initiation on
MS basal medium supplemented with varying concentrations of kinetin with
either 2,4-D or NAA. The medium containing 1.0 mg/l Kin and 4.0 mg/l 2,4-D
promoted rapid callus growth from leaf explants which subsequently turned
brown within 8 weeks of culture (Tables 1 and 2). Callus in cultures containing
Kin and 2,4-D were soft and granular. Yellowish-pale calluses were produced
on the medium containing Kin with NAA but the rate of callus growth was
very slow (data not shown). The rate of growth of callus increased from the
second week of culture initiation until the eighth week, after which the rate of
callusing declined.

3.2. Induction of somatic embryogenesis

After 4 weeks on callus induction media (MS�1.0 mg/l Kin�4.0 mg/l 2,4-D),
the calluses were subcultured on fresh media containing different concentrations
of BA, Kin and 2,4-D or NAA�3% (w/v) sucrose for induction of somatic
embryogenesis. Numerous small white clumps of compacted cells ranging in
diameter from 3 to 4 mm were developed into a mass of somatic embryos over
the entire surface of the callus on MS basal medium supplemented with cytokinin
(2.5 mg/l Kin) and 1.0 mg/l 2,4-D after 4 weeks of culture (Figs. 1 and 2).
The frequency of embryogenic callus production varied from 22.7 to 89.1% in
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leaf-derived calluses depending on the concentration of auxins and cytokinins
tested (Table 3). The ability of the cultures to become embryogenic declined with
an increase in the concentration of 2,4-D. Healthy and organised embryogenic
callus, when transferred to the medium forti®ed with high concentrations of
cytokinin (2.5 mg/l Kin) and a low concentration of 2,4-D (1.0 mg/l), grew
rapidly and produced clusters of embryoids within 28±30 days (Fig. 3). The
average number of somatic embryos per embryogenic culture ranged from 8.4 to

Table 1

Effect of Kin, BA, 2,4-D on callus induction in leaf explants of Cephaelis ipecacuanha after 4

weeks of culture

MS�Growth regulator (mg/l) Explants forming

callus (%�S.E)a

Kn BA 2,4-D

0 0 0 0

0.5 0 0 07.56�0.56a

1.0 0 0 12.45�0.43b

1.5 0 0 14.34�0.61b,c

0 0.5 0 13.41�0.42b

0 1.0 0 16.52�0.67c

0 1.5 0 18.32�0.48d

0 2.0 0 27.67�0.54e

0.5 0 1.0 28.21�0.32e

1.0 0 1.0 32.32�0.78f

1.0 0 2.0 45.41�0.72h

1.0 0 2.5 52.64�0.71i

1.0 0 3.0 72.78�0.76k

1.0 0 3.5 81.26�0.56l

1.0 0 4.0 89.62�0.45m

0 1.0 2.0 34.45�0.34f

0 1.0 3.0 42.67�0.78g

0 1.0 4.0 67.42�0.41j

a Twenty observations/treatment; experiment replicated three times. a±m: means having the

same letter in a column were not signi®cantly different by Duncan's multiple range test, p<0.05.

Table 2

Analysis of variance for the effects of Kin, BA and 2,4-D on production of callus from leaf explants

of Cephaelis ipecacuanha

Source of variation d.f. Mean squares

Replication 19 4.57

Treatment 17 1976.12a

Error 323 2.46

a Signi®cant at p<0.05 as determined by the F-test.
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Fig. 1. Embryogenic callus of Cephaelis ipecacuanha grown on MS medium supplemented with

2.5 mg/l Kin and 1.0 mg/l 2,4-D after 4 weeks of subculture (Bar�5 mm).

Fig. 2. Embryogenic callus developed into numerous globular embryos (arrows) grown on 2.5 mg/l

Kin and 1.0 mg/l 2,4-D (Bars�10 mm).

Fig. 3. Embryogenic callus developed into numerous torpedo shaped embryos grown on 2.5 mg/l

Kin and 1.0 mg/l 2,4-D (Bars�10 mm).

Fig. 4. Development of shoot and root from a clump of somatic embryos (Bar�20 mm).

Fig. 5. Longitudinal section of embryogenic calli in a somatic embryo with provascular strand

(pvs) and root apex (rp) (Bar�100 mm).

Fig. 6. Longitudinal section of a somatic embryo with provascular strand (pvs) and root apex (rp)

(Bar�100 mm).

Fig. 7. Different stages in the development of a somatic embryo (Bar�10 mm).

Fig. 8. Well-developed plantlet suitable for transfer to ®eld (Bar�20 mm).

Fig. 9. Root tip cell chromosome (2n�22) of a somatic embryo-derived plant (Bar�10 mm).
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93.7 depending on the growth regulators tested (Table 3). Similar embryogenic
potential of calluses subjected to high levels of cytokinins and low levels of auxin
were reported for crownvetch (Coronilla varia) (Mariotti and Arcioni, 1983),
®nger millet (Eleusina coracana) (Eapen and George, 1989) and Typhonium
trilobatum (Das et al., 1999). Low frequency of somatic embryogenesis also took
place at low concentrations of Kin (data not shown). Similar results were reported
for leaf explants of Thevetia peruviana (Kumar, 1992) and mericarps of Bunium

persicum (Wakhlu et al., 1990). In some cases, the clump of somatic embryos
developed shoot and root systems on the same induction medium (MS�2.5 mg/l
Kin�1.0 mg/l 2,4-D�3% sucrose) with similar culture conditions (Fig. 4). This
seems similar to the results of shoots derived from nodal explants of Cephaelis
ipecacuanha cultured on medium supplemented with high concentration of
cytokinin (3.0±5.0 mg/l BA) as reported earlier (Ideda et al., 1988). Histological
examinations revealed induction of somatic embryos with shoot and root
meristems having provascular strands (Figs. 5 and 6).

3.3. Germination of somatic embryos

Somatic embryos were separated and transferred to MS basal salts, vitamins
and 2% (w/v) sucrose devoid of growth regulators; 77% of somatic embryos
germinated into complete plantlets with well-developed roots without secondary
callusing of the embryos (Fig. 7). However, the rate of germination declined to
50% on medium containing either auxin or cytokinin and plantlets had a poorly
developed root system. From 100 mg of embryogenic callus, an average of 80±90
plantlets was obtained. The developmental process closely resembled zygotic

Table 3

Frequency of somatic embryogenesis in leaf callus cultures of Cephaelis ipecacuanha after 4 weeks

of subculture on the induction medium

Treatments (mg/l) Cultures forming

embryogenic callus

(%�S.E.)a

Average number of somatic

embryos per embryogenic

culture (Mean�S.E.)a

MS 0 0

MS�Kin 1.0�2,4-D 0.5 30.14�0.6b 14.56�0.7b

MS�Kin 2.0�2,4-D 0.5 67.32�0.8c 36.52�0.6c

MS�Kin 2.5�2,4-D 0.5 71.34�0.5d 87.52�0.8d

MS�Kin 2.5�2,4-D 1.0 32.36�0.5b 17.34�0.6b

MS�Kin 1.0�2,4-D 1.0 89.23�0.2e 93.67�0.7e

MS�Kin 1.0�2,4-D 1.0 22.67�0.5a 8.45�0.6a

a Mean�S.E. of three replicates; each treatment consisted of 20 observations. a±e: means

having the same letter in a column were not signi®cantly different by Duncan's multiple range test,

p<0.05.
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embryo development (Mariotti and Arcioni, 1983; Das et al., 1999). The rooted
plantlets were acclimatised in a climate controlled greenhouse (30�28C; 85%
humidity) with 70% survival (Fig. 8). The somatic embryo-derived plants grew
well in pots and looked similar to plants in their natural environment. Cytological
examinations of the root tip cells showed that the somatic embryo-derived
plantlets had the normal chromosome number 2n�22 (Fig. 9). There were no
variations observed in the morphology of the plantlets.

The induction of somatic embryogenesis was strongly dependent on the auxin
and cytokinin concentrations used during the subcultures. For subsequent growth
and development of the embryos, auxin was not required. This protocol might
help in the genetic improvement of this species for commercial use. Further
investigations are necessary for enhancing the secondary production of alkaloids
through free cell cultures and genetic transformation.
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