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ABSTRACT 

 
Syzygium cordatum Hochst.ex C.Krauss (Myrtaceae), a recalcitrant tree species, 

commonly known as umdoni or water berry is known for its many uses. Extracts of 
the plant are taken as remedies for various ailments including tuberculosis. We 
detected betulinic acid, an important triterpene in leaf extracts. Betulinic acid is 
reported to selectively induce apoptosis in human melanoma cells only in anti-
cancer clinical trials.  Furthermore, its inhibitory activity against HIV-1 replication 
has also been reported. Our study focuses on the mass propagation of whole plants 
or selected organs, tissues or cells of this species for the development of in vitro 
protocols for the bulking of betulinic acid, mainly by using bioreactor technology.  
Seed germination on MS medium was 100% and occurred within 2-3 days. 
Following transfer to larger vessels, healthy rooted green plants developed within 1-
2 weeks. Protocols for suspension and root cultures are being developed. Field and 
in vitro leaf material separately oven-dried and grounded into fine powders were 
extracted sequentially in hexane, dichloromethane and ethyl acetate and methanol. 
TLC analysis indicated that the ethyl acetate extracts contained better quantities of 
betulinic acid. These extracts were further eluted by column chromatography. The 
BA fractions are being analysed by NMR for verification.   

 Key Words : Betulinic acid, Micropropagation, Oleanolic acid, Recalcitrant, 
Triterpene, Tissue culture, Umdoni   

  
INTRODUCTION 

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 -15 m and known for 
its many uses. As a medicine, extracts of the 

plant are taken as remedies for stomach ache, 
diarrhoea, respiratory ailments, tuberculosis, 
mild diabetes mellitus and are also used in 
cases of glucose intolerance1,2,3. Furthermore, 
antibacterial properties of S. cordatum 
extracts against Vibro cholera, Escherichia 
coli, Staphylococcus aureus, Shigella spp., 
and Salmonella typhi was demonstrated4.  * Author for correspondence 
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Candy et al.,5 have reported on the wood and 
bark constituents, but there are no recent 
phytochemical studies on this species.  

The seeds of S. cordatum are recalcitrant 
and cannot tolerate dehydration below a high 
critical water content and therefore 
germplasm storage is problematic. Storage 
for up to 10 weeks without any significant 
loss in vigour and viability was attained in 
plastic bags with regular aeration at 16ºC. At 
25ºC fungal contamination was severe, 
whilst at 6ºC the seed exhibited sensitivity to 
chilling6. In vitro propagation has proven to 
be a useful route for the conservation of rare 
and threatened species, but has not been 
studied in S. cordatum. Our primary 
objective therefore was to develop an in vitro 
micropropagation protocol for S. cordatum, 
seeing as germination and seed storage 
problems as well as exploitation have been 
reported6.   

Terpenes are a wide-spread group of 
natural compounds comprised of 
hydrocarbons, derived from isoprene units. 
Terpenes are classified by the number of 5-
carbon units they contain. Triterpenes C30 are 
based on six isoprene units and are 
biosynthetically derived from squalene7. 
Preliminary analyses of field leaf material 
revealed the presence of important 
triterpenes in organic extracts of S. 
cordatum. Betulinic acid (BA) a very 
important triperpene is reported to selectively 
induce apoptosis in human melanoma cells 
only8-12. BA may also inhibit HIV-1 
replication and the growth of Bacillus 
subtilis and Escherichia coli13,14.   

A second objective of this study was 
therefore to phyto-analyse in vitro and field 
leaf extracts of S. cordatum. In this paper, we 
compare the presence BA and oleanolic acid 
(OA) by their corresponding fractions 
following column separation. We envisage 

that through mass propagation or, tissues and 
cell culture studies the bulking of these 
important plant metabolites can be achieved.    

MATERIAL AND METHODS 

Plant tissue culture   
Purple coloured fleshy fruit of S. 

cordatum were collected from trees growing 
at the University of KwaZulu-Natal, 
Westville, South Africa. To confirm 
identification, the fruit were referenced 
against voucher specimen deposited in the 
University’s Ward Herbarium (MH/05). 
Using a clean serrated kitchen knife, the 
outer fleshy covering and the testa of each 
fruit was carefully removed and the exposed 
seeds were placed in a beaker of water. Seeds 
that floated were discarded, and the 
remainder were rinsed for 30 sec in 70 % 
ethanol (v/v), then transferred to 0.15 % 
HgCl containing one drop of Tween 80 for 5 
min of constant hand agitation. Following 
rinsing with sterile distilled water, the seeds 
were covered with 3.5 % sodium 
hypochlorite, containing one drop of Tween 
80 and then hand agitated for a further 5 min. 
This last step was repeated, using 1.75 % 
sodium hypochlorite and lasted 10 min. 
Following 4 sterile distilled water washes, 
each lasting 5 minutes, the paper towel 
patted dry seeds were then plated on 
solidified MS15 (Sigma) medium. The pH of 
the medium was adjusted to 5.8 by the 
addition of a few drops of either 1 M HCl or 
1M NaOH before sterilization by autoclaving 
at 121°C for 15 minutes.  

Cultures were incubated in the dark at 
25º C for one week. Germinated seeds were 
transferred to the same medium in Majenta 
(Sigma) plastic vessels, and incubated at 
26ºC in an 18-h photoperiod, under diffuse 
white light of 55 µmol m-2 s-1, provided by 
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cool, white fluorescent tubes and observed 
daily. After 8 weeks, single node segments of 
the rooted plantlets were sub-cultured on to 
MS medium supplemented with 1mg l-1 
indole-3- butyric acid (IBA), for a 4 week 
pulse period, and then transferred back to 
MS medium.  

Plant extraction and fractionation  
Field leaf material, 300 g (FW) were 

oven-dried at 70º C for 48 h and grounded 
into a fine powder using a pestle and mortar. 
The powder was exhaustively extracted 
sequentially in hexane, dichloromethane, 
ethyl acetate and methanol3. Ten grams (FW) 
in vitro plant material were oven-dried at 
50ºC for 18h, grounded to a fine powder 
using a pestle and mortar, and then 
sequentially extracted as the field material. 
The extracts were filtered through Whatman 
No. 1 paper. Each filtrate was concentrated 
in a Corning vacuum rotary evaporator under 
reduced pressure at 50ºC to yield the crude 
extracts. The extracts were analyzed by 
preliminary thin layer chromatography 
(TLC) where it was indicated that the ethyl 
acetate extract contained better quantities of 
BA. Therefore, the crude ethyl acetate 
extracts were used throughout this study.  

Half a gram of the crude ethyl acetate 
extract of the field material was subjected to 
chromatography by using a glass column (40 
x 2 cm) filled with Merck silica gel 60 (0.04 
– 0.063 mm) and eluted with a gradient of 
hexane in ethyl acetate, (9:1; 8:2; 7:3; 6:4). 
One hundred and five fractions of 2 ml each 
were collected and regrouped on the basis of 
analytical TLC into 5 fractions. Forty 
miligrams of the crude in vitro leaf ethyl 
acetate extract were prepared for column 
chromatography as above, except that a 
smaller column (20 x 2 cm) was used. 
Eighty, 2 ml fractions were collected and 
analyzed for the presence of BA, and then 
grouped into 5 fractions based on analytical 
TLC similarity.   

Identification of betulinic acid (BA) and 
oleanolic acid (OA) by TLC  

The eluted fractions and standards of BA 
were spotted on pre-coated aluminum plates, 
Silica gel 60 F254 (Merck) and run in a 
solvent comprised of hexane: ethyl acetate 
(70:30). The presence of BA was visualized 
following spraying with a mixture of 
absolute alcohol, sulphuric acid and 
anisaldehyde (95:5:5)3, as a bright purple 
colouration after drying the plates in a 
laboratory oven at 105ºC for 5 min.  
Oleanolic acid (OA) was also include as a 
standard and was visualized as a bright blue 
spot following spraying. The developed TLC 
plates were immediately photographed using 
a Sony Cybershot digital camera.   

Nuclear Magnetic Resonance   
Combined fractions of the similar 

compound following TLC analysis were left 
to dry at room temperature and the dry mass 
recorded after 2-4 days. A small amount, (the 
size of a pin head), of each dried sample was 
dissolved in chloroform-D and taken for 
analysis by NMR using a Bruker Top Spin 
400.   

RESULTS AND DISCUSSION 
Plant tissue culture   

Recalcitrant seeds impose serious storage 
and conservation problems due to their 
desiccation and chilling sensitivity, and 
germination of S. cordatum in the field is 
difficult. Although detailed information on 
seed viability in this species is lacking, it is 
clear that the seeds undergo no 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. Plants that produce recalcitrant 
seeds are typically restricted to aquatic 
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environments or humid tropical areas, as is 
the coastal region of KwaZulu-Natal where 
S. cordatum occurs.   

Tissue culture of S. cordatum through 
seed germination and then nodal subculture 
was easily achieved in 2-3 days with a 100% 
initial seed germination rate. In preliminary 
experiments (results not shown), nodal 
explants did not produce roots on MS 
medium lacking IBA. Rooting (100 %) was 
achieved from the bases of excised nodal 
segments after application of IBA in the 
medium. IBA was also shown to 
significantly affect rooting in S. 
alternifolium16.  In this study, it was shown 

that with regular sub-culture on basal MS 
medium, S. cordatum plants remained green 
and healthy in culture vessels one year later. 

We plan to further study in vitro culture 
in S. cordatum, and then progress to the 
application of cell culture technologies such 
as bioreactor studies for the mass production 
of commercially important metabolites such 
as BA. Plant cell culture technologies were 
introduced at the end of the 1960’s as a 
possible tool for both studying and producing 
plant secondary metabolites. Different 
strategies, using in vitro systems, have been 
extensively studied to improve the 
production of plant chemicals, for e.g. the 

 
Fig. 1 :  Extract analysis by TLC of field and in vitro leaf material of S. cordatum following 

fractionation by column chromatography 
Lane 1. BA standard (Sigma), 2. OA standard (Sigma), 3. Crude EA extract from field material, 4. 

Crude EA extract from in vitro material, 5. Combined BA fractions from field material, 6. 
Combined BA fractions from in vitro material, 7. Combined OA fractions from field material, 8. 
Combined OA fractions from in vitro material, 9. BA standard (Sigma), 10. OA standard (Sigma)  
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occurrence of BA in callus cultures of 
Solanum aviculare17.  Nowadays, plant cells 
are being cultured in bioreactors for 
production of secondary metabolites, 
including pharmaceuticals, pigments and 
other chemicals. Among them, ginseng root 
cultures have been mass produced for 
saponin content18,19.   

By using tissue culture techniques, the 
cryopreservation of shoot tips and meristems 
which present distinct conservation 
opportunities, is possible. Furthermore, it is 
estimated that air temperature will rise by 
2ºC in the next century which will in general 
threaten the survival of the whole ecosystem, 
especially plants and animals. Germplasm 
conservation through tissue culture 
techniques therefore provides a means of 
preserving endangered species that produce 
recalcitrant seeds that are difficult to store.   

Phytochemical analysis  
The early fraction of the column 

chromatographic separations, 1–30 and 1-27 
respectively of the field and in vitro leaf 
material extracts were chlorophylls and were 
not further analysed. The fractions number 
31-35 (field) and 28-33 (in vitro) of the 
extracts contained pure BA. Fractions 36- 50 
(field) and 34- 37 (in vitro) contained 
mixtures of BA and OA, whilst fractions 38- 
44 (field) and 51-68 (in vitro) contained 
mainly OA (Fig. 1).   

CONCLUSION 
Characterization by NMR confirmed the 

presence of BA in both field and in vitro leaf 
samples following H1 and C13 analysis where 
identical spectra were produced. Thus BA 
does occur in fresh and in vitro plant material 
of S. cordatum, a medicinal plant used 
widely in South Africa. Further experiments 
to bulk in vitro material for the mass 
production of this important triterpene are 
the next progression.  
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