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Syzygium cordatum (Myrtaceae), a recalcitrant tree species, commonly known as ‘umdoni‘or water
berry is known for its medicinal uses. Extracts of the plant are taken as remedies for various ailments
including tuberculosis. This study reports on developing a protocol for in vitro propagation of S.
cordatum and the detection of important triterpenes in in vitro and field grown plants. A hundred
percent seed germination occurred on Murashige and Skoog (MS) medium (Murashige and Skoog,
1962) within 2 to 3 days of culture. In vitro developed Syzigium shoots were cultured on MS medium
supplemented with various concentrations of Thidiazuron (TDZ) and Indole butyric acid (IBA) for their
multiplication. MS medium supplemented with 0.5 mg L™ TDZ and 1.0 mg L™ IBA is proved to be most
effective in which 4.3 shoots per explants were obtained. The best rooting medium was 2 MS or 2
woody plant medium (WPM) supplemented with 1 mgL'1 IBA in which 92% rooting with an average of 3.7
roots per plantlet were obtained. In vitro and field leaf materials were oven-dried, grounded into fine
powders and extracted sequentially in hexane, dichloromethane, ethyl acetate and methanol. Betulinic
acid (BA), oleanolic acid (OA) and ursolic acid (UA) were investigated in vitro and field plants by thin-
layer chromatography (TLC), column fractionation using silica gel, and nuclear magnetic resonance
(NMR) spectroscopy.
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INTRODUCTION

Terpenes are a wide-spread group of natural compounds
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Abbreviations: BA, Betulinic acid; DW, Dry weight; FW, Fresh
weight; IBA, Indole butyric acid; NMR, Nuclear magnetic
resonance; OA, Oleanolic acid; PGRs, Plant growth regulators;
PPF, Photosynthetic photon flux; TDZ, Thidiazuron; TLC,
Thin-layer chromatography; UA, Ursolic acid.

which comprised of hydrocarbons, derived from isoprene
units. Betulinic acid (BA), an important triterpene, and its
derivatives have been discovered as a new class of
compounds that seem to protect the cells of human
immunological system in vitro from attack by the HIV
virus (Soler et al., 1996). It has been confirmed that BA
and also some other triterpenoide acids inhibit HIV 1
replication (Ma et al., 1999). The antiviral properties of
BA were also confirmed in clinical trials (De Clercq,
2000). The antitumor-activity of BA is strongly selective
against human melanoma cells (Selzer et al., 2000). As is



generally acknowledged, BA induces apoptosis that is the
controlled death of a cancer cell. Being selective towards
melanoma cells, it does not affect normal cells (Zuco et
al., 2002). This feature makes BA unique in comparison
to compounds that are currently used in cancer therapy,
such as taxol, camptothecin, elipticine, etoposide,
vinblastine or vincristine.

Syzygium cordatum Hochst.ex C.Krauss (Myrtaceae)
commonly known as umdoni or water berry, is an
evergreen tree which grows to a height of 8 to 15 m and
known for its many uses. As a medicine, extracts of the
plant are taken as remedies for stomachache, diarrhoea,
respiratory ailments, tuberculosis, mild diabetes mellitus
and glucose intolerance (van Wyk et al., 1997; van Wyk
and Nigel, 2000; Musabayane et al., 2005). Antibacterial
properties of S. cordatum extracts against Vibro cholera,
Escherichia coli, Staphylococcus aureus, Shigella spp.,
and Salmonella typhi have been demonstrated (Mathabe
et al., 2006). Candy et al., (1968) reported on the wood
and bark constituents; however, there are no recent
phytochemical studies on this species. The seeds of S.
cordatum are recalcitrant and can not tolerate
dehydration below high critical water content and
therefore germplasm storage is problematic (Cheruiyot et
al., 2004). In vitro plant propagation methods have been
developed for some Syzygium species (Mathew and
Hariharan, 1990; Yadav et al., 1990; Sha Valli Khan et
al., 1997, 1999; Remashree et al., 2007). Tissue culture
techniques for the clonal propagation and in vitro
conservation of these rare and endemic species have
proven useful for maintaining its population. However,
there have been no reports on in vitro propagation of S.
cordatum.

Therefore, the objective of the present study was to
develop a micropropagation protocol for S. cordatum,
seeing as sexual as well as vegetative propagation
methods are beset with many problems which restrict its
multiplication on large scale. The presence of BA,
oleanolic acid (OA) and ursolic acid (UA) in in vitro and
field plants was investigated by thin-layer chroma-
tography (TLC), column fractionation using silica gel, and
nuclear magnetic resonance (NMR) spectroscopy.

MATERIALS AND METHODS
Plant material and seed germination

Fully ripe fruits of S. cordatum Hochst. ex C. Krauss were collected
from trees growing at the University of KwaZulu-Natal, Westville,
South Africa. To confirm identification, the fruits were referenced
against voucher specimen deposited in the University's Ward
Herbarium (MH/05). The seeds were manually removed from the
fruits, washed and air dried. Small and injured seeds were
excluded. The seeds wererinsed in 70% (v/v) ethanol for 30 s
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followed by 0.15% HgCl. containing one drop of Tween 80 for 5 min
under a constant hand agitation. Seeds were then washed with
sterile distilled water and rinsed in 3.5% sodium hypochlorite
containing one drop of Tween 80 for 5 min followed by 1.75%
sodium hypochlorite for 10 min. Seeds were then washed thrice
with sterile distilled water for 5 min each. The seeds were
inoculated in Petri dishes each containing 20 ml of MS medium
(Murashige and Skoog, 1962) supplemented with 3% (w/v) sucrose
and 0.8% (w/v) agar without plant growth regulators (PGRs). The
pH of the medium was adjusted to 5.8 before autoclaving for 20 min
at 121°C. The cultures were incubated at 25 + 2°C under dark
conditions. After one week of culture, germinated seeds were sub-
cultured into 250 ml Majenta (Sigma) plastic vessels containing 50
ml of the same medium for 4 weeks. All cultures were incubated at
25 + 2°C with 16 h light at 55 pmol m? s photosynthetic photon
flux (PPF) provided by cool white fluorescent tubes. Shoot tips and
nodes of the proliferated plantlets were maintained on MS medium
without PGRs and kept at 25 + 2°C with 16 h light at 55 pmol m? s™
PPF. Subsequent sub-cultures for one year gave more shoots until
sufficient stock material was produced and used for further
experiments.

Shoot multiplication and in vitro rooting

In vitro shoots (3 to 4 cm in length) were served as initial plant
material for shoot multiplication experiments. Syzygium shoots (4
per culture vessel) were cultured into Majenta Sigma culture vessel
(120 ml capacity) containing 25 ml MS medium supplemented with
3% sucrose and solidified with 0.8% agar (w/v). The medium was
supplemented with different concentrations and combinations of
thidiazuron (TDZ) at 0, 0.5, 1 and 2 mg L™ and indole butyric acid
(IBA) at 0, 1 and 2 mg L. The pH of the medium was adjusted to
5.8 before autoclaving (at 121°C and 1.2 kg cm™ pressure for 15
min). All the culture bottles were maintained at 25 + 2°C under a 16
h photoperiod provided by cool white fluorescent light at 40 pmol m’
2 s PPF. The shoot multiplication and growth parameters in terms
of number of axillary shoots developed per explant, shoot length of
microshoots as well as fresh weight (FW) and dry weight (DW) of
the whole explants were recorded after 8 weeks of culture. All
measurements were obtained from 12 randomly chosen plantlets.
DW was determined after drying for 48 h at 70°C.

Two-to-three centimeter long shoots were used for rooting in half
strengths of both MS basal medium and woody plant medium
(WPM) (Lloyd and McCown, 1980) supplemented with different
concentrations of IBA at 0, 1, 3 and 5 mg L. IBA was added to the
media prior to autoclaving and all media were solidified with 0.8%
agar. The pH of the medium was adjusted to 5.8 before autoclaving
(at 121°C and 1.2 kg cm™ pressure for 15 min). The cultures were
kept at 25°C and 40 pmol m? s' PPF (16 h/day). Rooting
parameters were recorded after 4 weeks in culture from 12
randomly chosen plantlets.

Column chromatography, thin layer chromatography and NMR

Field leaves material and in vitro plant material were oven-dried at
60°C for 24 h. Extracts were prepared by grinding 608.16 g DW of
field material and 5.58 g DW of in vitro plant material into a fine
powders using a grinder. All powders were extracted twice in ethyl
acetate (Musabayane et al.,, 2005) and the extracts were filtered
through Whatman No. 1 filter paper. Each filtrate was concentrated
in a corning vacuum rotary evaporator under reduced pressure at
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64°C to yield the crude extracts.

The crude extract of the field material (400 mg) was subjected to
column chromatography using a glass column (40 x 2 cm) filled
with Merck silica gel 60 (0.04 to 0.063 mm) and eluted with a
gradient of hexane in ethyl acetate (9: 1; 8: 2; 7: 3; 6: 4). 311
fractions (2 ml each) were collected and analyzed for the presence
of BA, OA and UA, then regrouped on the basis of analytical TLC
into 26 fractions. The crude extract of in vitro plant material (190
mg) was prepared for column chromatography as above, except
that a smaller column (40 x 1.1 cm) was used. Two hundred and
eighteen fractions of 2 ml each were collected and analyzed for the
presence of BA, OA and UA and then grouped into 15 fractions
based on analytical TLC similarity, referenced Sigma standards.
The eluted fractions and standards of BA, OA, and UA (Sigma)
were spotted on pre-coated aluminum plates, Silica gel 60 Fass
(Merck) and run in a solvent comprised of n-hexane: Ethyl acetate
(7: 3). The presence of the standards was visualized following
spraying with a mixture of absolute alcohol, sulphuric acid and p-
anisaldehyde (90: 5: 5) (Musabayane et al., 2005), as bright purple,
green and blue colourations after drying the plates in a laboratory
oven at 105°C for 5 min. The developed TLC plates were
immediately photographed using a Sony Cybershot digital camera.
Combined fractions of the similar compound following TLC analysis
were left to dry at room temperature and the dry mass recorded
after 3 days. Ten milligram of each dried sample was dissolved in
chloroform-D and NMR analyzed using a Bruker Advance 1ll 400
MHz instrument.

Experimental design and data analysis

Experiments were set up in a completely randomized design. Data
were subjected to Duncan’s multiple range test (Duncan, 1955) and
ANOVA using SAS program (Version 6.12, SAS Institute Inc., Cary,
USA).

RESULTS AND DISCUSSION

A 100% of S. cordatum seeds were germinated within 2
to 3 days of culture on MS medium without PGRs.
Following subculture, healthy rooted green plantlets were
developed within 2 weeks (Figure 1A and B). Recalcitrant
seeds impose serious storage and conservation
problems due to their desiccation and chilling sensitivity,
and germination of S. cordatum in the field is achieved
with difficulty. Although detailed information on seed
viability in this species is lacking, it is clear that the seeds
do not undergo maturation drying during the final phase
of seed development and are thus shed in moist
condition. Viability, which may last for only one day may
be lost following desiccation below a critical level, as
recalcitrant seeds are intolerant to both drying and low
temperatures (Probert and Brierley, 1989). Plants that
produce recalcitrant seeds are typically restricted to
aquatic environments or humid tropical areas, as is the
coastal region of KwaZulu-Natal where S. cordatum
occurs. Germplasm conservation through plant tissue
culture techniques therefore provides a means of

preserving endangered and species that
recalcitrant seeds that are difficult to store.

Of the various TDZ and IBA combinations tested for
shoot multiplication (Table 1), MS medium with 0.5 mg L™
TDZ and 1.0 mg L™ IBA proved to be the most effective
treatment (Figure 1 C) in terms of number of shoots per
explant (4.3) and shoot length (6.2 cm). TDZ alone at 0.5
mg L produced the highest shoot length, FW and DW
per explant. MS medium without PGRs had the lowest
number of shoots, shoot length, FW and DW per
explants. Exogenous application of cytokinins and auxins
has been known to increase shoot proliferation in many
plant species (George, 1993) and in Syzigium species
such as S. alternifolium (Sha Villa Khan et al., 1997) and
S. cumini (Yadav et al.,, 1990; Remashree et al., 2007).
TDZ is considered to be one of the most active PGRs for
shoot induction (Murthy et al., 1998). TDZ-induced
morphogenesis probably depends on the levels of
hormones, and also modulates the endogenous auxin
levels. The effect depends on the concentration and the
duration of its application. TDZ-induced shoot organo-
genesis from different explants of many recalcitrant
species as well as from medicinal plants has been
reported earlier (Thomas, 2003; El-Mahrouk et al., 2010;
Dewir et al., 2010). However, TDZ is effective for some
species (Heuttenan and Preece, 1993) but not effective
for others (Dewir et al., 2006; Mitras et al., 2009), that is,
it is species specific.

There was a considerable rooting activity in S. cordatum
which differed significantly amongst the media type and
IBA concentration (Table 2). The best rooting medium
was % MS or %2 WPM supplemented with 1 mg L™ IBA in
which 92% of shoots were rooted with an average of 3.7
roots per plantlet (Figure 1D). Clearly, the rooting
percentage was decreased when media were
supplemented with = 1 mg L™ IBA. However, the highest
number of roots per plantlet (5.2), FW per plantlet (0.274
g) and DW per plantlet (0.041 g) were recorded in 2 MS
supplemented with 3 mg L' IBA. The highest root length
(3 cm) and shoot length (4.1 cm) were recorded in 2 MS
without IBA. Inducing of roots has previously been a
limiting factor in the micropropagation of woody species
(Nemeth, 1986). In vitro shoots of S. alternfolium failed to
form roots on 2 MS basal medium (Sha Valli Khan et al.,
1997). IBA was shown to significantly affect rooting in S.
alternifolium (Sha Valli Khan et al., 1997) and S. cumini
(Remashree et al., 2007) in which a maximum rooting
percentage (70%) was obtained at 1.0 mg I for both
species. IBA has successfully been used in root induction
for other species (Mereti et al.,, 2002; He et al., 2007;
Dewir et al., 2010). From the aforementioned results, it is
clear that an exogenous supplement of auxins is
necessary to improve rooting in S. cordatum since

produce
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Figure 1. in vitro culture of S. cordatum. (A) Intact seeds used as plant
material. (B) seed germination in vitro. (C) Shoot multiplication. (D) In
vitro rooting.

Table 1. Effect of TDZ and IBA on shoot multiplication and growth of S. cordatum using nodal

explants after 8 weeks in culture.

PGRs (mg I") No. of shoots Shoot length Fresh weight Dry weight
TDZ IBA /explant (cm) / explants (mg) /explants (mg)
MS without PGRs 1.2d° 2.7f 0.091d 0.018d
0.5 0.0 2.6 bc 6.1a 1.199 a 0.146 a
1.0 43a 6.0a 0.909 abc 0.114 abc
2.0 2.9bc 4.4cd 0.560 c 0.064 cd
1.0 0.0 2.7 bc 4.7 bed 0.792 bc 0.108 abc
1.0 3.3ab 5.7 ab 0.954 abc 0.127 ab
2.0 3.6ab 5.1 abc 0.794 bc 0.109 abc
2.0 0.0 3.4 ab 4.1 cde 1.036 ab 0.141 ab
1.0 2.8 bc 4.0de 0.995 ab 0.126 ab
2.0 2.0cd 3.3 ef 0.788 bc 0.083 bc
Significance’
TDZ Conc. (A) NS NS NS
IBA Conc. (B) NS ** * **
AxB ** NS NS NS

“Mean separation within column by Duncan’s multiple range test at 5% level;* NS, *, **, *** not significant
or significant at P<0.05, 0.01 and 0.001, respectively.
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Table 2. Effect of media salt strength and IBA concentrations on rooting of S. cordatum after 4 weeks in culture.

Treatment Rooting  No. of roots Root Shoot Fresh weight Dry weight

Media IBA(mg L™ (%) /plantlet length (cm) length (cm) /explants (g) /explants (g)
0 67 ab’ 2.6cd 3.0a 41a 0.146 bc 0.030 ab

1/2 MS 1 92 a 3.7 abc 1.6b 3.1bc 0.216 ab 0.026 bc
3 83 ab 52a 1.2 bc 3.4b 0.274 a 0.041 a
5 25¢ 4.0ab 05¢ 2.2d 0.086 ¢ 0.016 ¢

1/2 WPM 0 58 abc 21d 25a 3.1bc 0.120 bc 0.027 bc
1 92 a 3.7 abc 1.4b 2.7cd 0.178 bc 0.020 bc
3 75 ab 3.3 bed 1.4b 2.3d 0.150 bc 0.027 bc
5 50 bc 43ab 05¢ 2.4d 0.102¢ 0.023 bc

Significance’

Media type (A) NS NS NS * NS

IBA Conc. (B) - * x

A xB * NS NS ** NS NS

“Mean separation within column by Duncan’s multiple range test at 5% level; ¥ NS, *, **, *** not significant or significant at P 0.05, 0.01

and 0.001, respectively.

Table 3. Column chromatography, TLC and NMR analysis of field leaves and in vitro
plant material of S. cordatum

Fractions

TLC plate analysis

NMR analysis and remarks

Field leaves

1-84

85-112
113 -137
138 - 144
145 - 150
151 - 302
303 - 311

1 spot; Rr 0.98

1 spot; R 0.76

1 blue spot; Rs 0.65

2 spots; Ry 0.65 and 0.48
1 tailing spot; R 0.48

1 green spot; R 0.48

2 spots; R 0.35 and 0.27

In vitro plant material

1-36
36 - 48

49 - 99

100 - 104
105 - 112
113 - 144
145 - 218

1 spot; Rr 0.94

1 spot; R 0.76

2 spots; Ry 0.76 and 0.64
1 blue spot; Rs 0.64

1 green spot; Rr 0.48

1 green spot; Rr 0.48

2 spots; Ry 0.48 and 0.35

Not identified; yellowish powder

Not identified; yellow orange powder
Pure BA white powder

Mixture with traces of BA and OA
OA (major) and UA

OA and UA (major)

Not identified

Not identified; yellowish powder
Not identified; greenish powder
Mixture with traces of BA

Pure BA white powder

Mixture of OA and UA

UA white powder

Not identified; cream white powder

endogenous auxin levels are not adequate.
Table 3 summarizes the results obtained on collection

of fractions and NMR analysis of

the eluents

corresponding to reference samples of BA, OA and UA

for both field leaves and in vitro plan

t materials. The early

fractions (1 to 112) of the field leaves following column
separation were chlorophylls and therefore were not
further analyzed. The fractions number 113 to 137 con-
tained pure BA. Fractions 138 to 144 contained mixtures
of BA and OA, while fractions 145 to 150 contained



mainly OA only. Fractions 151 — 302 corresponded to OA
and UA. Fractions 303 — 311 were polar fractions and not
further analyzed. The early fractions 1 to 36 of the in vitro
leaves were chlorophylls and therefore were not further
analyzed. Fractions 37 to 48 were steroids. Fractions 49
to 99 did not contain the reference compounds.

Fractions 100 to 104 corresponded to BA. Fractions
105 to 112 were unknowns. Fractions 113 to 144 (ST /41
(xv)) corresponded to OA and UA. Fractions 145 to 218
were mixture of un-analyzed polar compounds. Samples
and standards (BA, OA, UA - Sigma), produced identical
spectra following H' and C'®* NMR analysis. The afore-
mentioned confirms the presence of the vitally important
BA and OA in S. cordatum, a medicinal plant used widely
in South Africa and further supports the early
report of the existence of pentacyclic triterpenoids (Candy
et al., 1968).

The present study is the first reported on in vitro
propagation of S. cordatum. Through tissue culture, the
cryopreservation of shoot tips and meristems present
distinct conservation opportunities. The presence of
betulinic acid in the in vitro plant material can be
exploited for the mass production of this compound using
bioreactor technology.
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