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ABSTRACT
INTRODUCTION: A protocol for the in vitro culture of the anxiolytic medicinal plant Souroubea sympetala 
(Marcgraviaceae) was developed, representing one of the first in vitro cultures for the family. This species 
was previously very difficult to cultivate from seed or cuttings.
METHODS: Methods included (1) the improvement of seed germination by axenic culture (2) development of 
regenerative cultures in vitro, then cultivation under greenhouse and finally field conditions and (3) creation 
of cell suspensions. Phytochemical analysis was undertaken by liquid chromatography coupled to mass 
spectrometry (HPLC-MS).
RESULTS: The percentage of seed germination was improved from 2% to 59% in axenic culture and the 
full development of the seedling with its apical shoot and root took twenty-four days. The best seedling 
development was obtained in Gamborg B5 culture medium. Most friable callus formation, (66.7%) was 
obtained in the Murashige and Skoog medium supplemented with naphthalene acetic acid (1 mg · L–1) and 
kinetin (0.5 mg · L–1) from which viable cell cultures were developed. Analysis identified 4 main triterpenes 
with both in vitro plants and greenhouse grown plants derived from them. The triterpenes were betulinic 
acid, ursolic acid, alpha-amyrin and beta-amyrin. The betulinic acid found in greenhouse plants was 
comparable to wild plants. The cell suspension cultures had much lower levels of betulinic acid than plants 
and are not at present a viable source of this anxiolytic triterpene.
DISCUSSION: The improvement in seed germination of this recalcitrant tropical species was highly 
successful. The subsequent in vitro propagation and progression of plants through greenhouse and field 
conditions to provide mature plants with active principle concentrations comparable to wild plants was 
promising. Friable callus was achieved but phytochemical analysis showed that the level of betulinic acid in 
callus was much lower than that found in mature plant tissue.
CONCLUSION: The method provides healthy plants for cultivation of this new medicinal plant and 
consequently harvesting of wild plants is not required.

KEYWORDS: 2,4-D and kinetin; anxiolytic; betulinic acid; cell suspensions; in vitro culture

Introduction
The neotropical forests of Central America and the 
Caribbean region have been classified as a biodiversity 
hotspot for scientific study because of high levels of ende-
mism and threats to conservation [1]. Beside the value 
of these forests to humans as ecosystems that capture 

rainwater, fix CO2 etc, they hold great potential for new 
biodiversity based products and applications beyond 
the destructive extraction of wood products or conver-
sion of forests to agriculture. Many non-timber forestry 
products can be derived from them ranging from orna-
mental flowers, to natural products from plant second-
ary metabolism that can be developed as nutraceuticals, 
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evidence based medicinal plants, insecticides, essen-
tial oils for flavorings etc. Our research group has been 
studying the potential of the neglected tropical family, 
Marcgraviaceae. It consists of 7 genera and 130 species 
in the neotropics and there are 7 genera and 26 species 
distributed in Central America and the Caribbean [2]. 
Among these, the species, Souroubea sympetala Gilg. was 
discovered by our group to reduce anxiety in behavioral 
tests in rodents using the elevated plus maze and other 
paradigms [3]. It is a woody vine with large roots, alter-
nate simple leaves and racemic inflorescence with attrac-
tive red to orange flowers which have potential as an 
ornamental plant. Phytochemical studies conducted with 
this species led to the identification of anxiolytic active 
principles as the triterpenes, betulinic acid and alpha 
and beta amyrins [3]. Animal trials using standardized 
extracts showed that the anxiolytic activity was abolished 
by co-administration of a GABAA benzodiazapine antag-
onist, flumaziniel [4]. S. sympetala has recently been 
used in a formulation with another source of betulinic 
acid, Platanus occidentalis as an anxiolytic for compan-
ion animals. It was found to have a good safety profile in 
dogs and reduced their cortisol levels significantly in a 
thunderstorm model of noise aversion [4].

Responsible use of tropical biodiversity includes a 
plan for agriculture propagation and/or tissue culture 
production to conserve species and provide high quality 
pathogen free germplasm for local use. Unfortunately, 
agriculture production of S. sympetala in our trials 
was limited by the low germination of the recalcitrant 
tropical seeds. Typically, around 2–5% of seeds germi-
nate, with a high rate of fungal infection. Our attempts 
at reproducing plants with cuttings had a very low 
success rate (>7%). As an alternative, cell culture has 
never been attempted for this genus and possibly other 
Marcgraviaceae, which may be a biotechnological route 
to production of anxiolytic extracts.

The objectives of the present research were to estab-
lish (1) a method for in vitro germination of S. sympetala 
seeds, which are pathogen free (2) regenerative cultures 
for S. sympetala plants (3) development of cell suspen-
sion cultures as a possible in vitro production of bioactive 
metabolites. The phytochemical chemical composition 
of regenerated root, stem, leaf and cell suspension cul-
ture was also studied. 

Methods
Plant Material
The plant material was collected at the “Cerro 
Tortuguero”, Caño Palma, Limón, Costa Rica, at the 
geographic coordinates: 100o 36′ 1.36′ N and 83° 31′ 
56.91″ W. The plant material was identified by Marco 

Otarola Rojas and Pablo Sanchez Vindas at the Juvenal 
Valerio Rodriguez herbarium, UNA. A voucher speci-
men (#131231) was deposited in the herbarium.

In Vitro Seed Germination of Souroubea Sympetala
This portion of the research was conducted at the 
Laboratory of Plant Tissue Culture, Institute of 
Research and Forestry Services (INISEFOR), National 
University.

Fruits without visible symptoms of contamination by 
fungi, bacteria or yeast, or mechanical or physical injury 
were selected. The fruits were surface disinfected as fol-
lows: they were brushed with soap (antibacterial Brand 
Bactex) and water. Subsequently, they were immersed in 
70% ethanol for 1 minute and then dipped in 3.5% (v/v) 
sodium hypochlorite in water for 20 minutes. Finally, 
three washes with sterile water were performed in a 
laminar flow chamber.

During the aseptic removal of the seeds from fruit, 
most of the fleshy tissue of the fruits was removed. Each 
seed was scarified by nicking the seedcoat with a sterile 
scalpel and cultured aseptically in a test tube with 10 ml 
of solid Murashige and Skoog (MS) medium [5] pH 5.7 
(MS basal medium with 3% sucrose and solidified with 
0.7 % w/v agar, Sigma).

Each experimental unit consisted of a test tube with 
a scarified seed. Three replicates were performed per 
experimental block. Each block had 100 seeds distrib-
uted in a randomized design. These were placed in the 
growth chamber at a temperature of 25°C with a photo-
period of 16:8 L:D and 24.2 µmol m–2 . s–1 light intensity. 
The evaluation of germination was performed every 
8 days for 48 days.

Establishment of In Vitro Plant Culture
Germinated plants were transferred to three different 
culture media for in vitro propagation of the species: 
MS medium with 100% nitrate, Gamborg B5 with 100% 
nitrate (B5 medium) and Cowen’s MC Woody Plant 
Medium (WPM medium) with 100% nitrate [9]. MS 
and B5 media were supplemented with 3% sucrose and 
solidified with phytagel 0.27%; the pH of the media was 
adjusted to 5.7 before sterilization (21°C, 103 kPa pres-
sure, 25 min). In the case of WPM medium, 2% sucrose 
was added and solidified with phytagel 0.27%; the pH 
of the medium was adjusted to 5.5 before sterilization 
(21°C, 103 kPa pressure, 25 min). Each culture medium 
was distributed in a random fashion in the growth cab-
inet. Each experimental unit consisted of a glass bot-
tle (baby food jar) containing 25 ml of the respective 
culture medium. There were 20 replications per treat-
ment. Each plant was initially 2 cm in size. The culti-
vated material was placed in the growth chamber at a 
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temperature of 25°C with a photoperiod of 16:8 L:D and 
24.2 µmol m–2 . s–1 light intensity. Evaluation of develop-
ment was performed every 15 days for three months. In 
each, length (cm) was determined. Then the plants were 
transferred to a fresh culture medium of the same treat-
ment. The experiment was conducted twice.

The effect of gibberellic acid (GA3) on the elonga-
tion of the explants was evaluated. The best culture 
medium determined by the establishment of Souroubea 
sympetala in vitro was used. All culture media were 
supplemented with 2% sucrose and solidified with 
phytagel 0.27%; the pH of the media was adjusted to 
5.5 before sterilization (21°C, 103 kPa , 25 min). Each 
culture medium was distributed in a random design 
of four treatments: 0.0 mg . L–1, 0.5 mg . L–1 1.0 mg . L–1 
and 1.5 mg . L–1 of GA3. Each experimental unit (treat-
ment) consisted of a baby food jar containing 25 ml 
of the respective culture medium with 20 replica-
tions per treatment. The initial explant was an average 
length of 1.0 cm. The cultivated material was placed 
in the growth chamber at a temperature of 25°C with 
a photoperiod of 16:8 L:D and 24.2 μmol m–2 . s–1. The 
evaluation was performed every 30 days for three 
months. For each explant, the number of shoots and 
shoot length (cm) were evaluated. After each month of 
culture in laminar flow hood, each explant was trans-
ferred to fresh media.

Greenhouse Acclimatization and Field Growth
Twenty plantlets with a taproot were used with an aver-
age height of 2.0 cm. In the greenhouse, in vitro plants 
were removed from the culture dish using the proto-
col established by Valverde et al. (2004) [7]. The plant 
length (cm) and percentage survival was evaluated. The 
evaluation was performed every 15 days for 60 days. 
Subsequently, the plants were planted in a field trial in 
San Ramon de La Virgen de Sarapiqui, Costa Rica.

Callus Induction In Vitro
Root segments (2 cm) obtained from in vitro mother 
stocks established with optimal medium for the devel-
opment of crop species were used. Subsequently, the 
root segments were cultured on MS medium described 
above, supplemented with ingredients (Table 1) adjusted 
to pH 5.8. The root segments were placed in contact 
with the culture medium.

For friable callus formation, the callus formed was 
sub-cultured every 30 days in the same culture medium 
used for induction. To multiply each callus, it was sep-
arated into small pieces. All explants were kept in the 
dark at 25 ± 2°C. Friable callus formation was evaluated 

every 15 days for 75 days, and the presence of some sort 
of contaminant (bacterium or fungus).

In Vitro Establishment of Cell Suspensions
Callus formed from root segments with high friability 
and a weight of 0.75 g were placed in 50 mL Erlenmeyer 
flasks with 10 mL of the best treatment determined in 
the above section (Table 1), but in liquid form. The bot-
tles were sealed with cotton plugs and aluminum lids 
and kept in indirect light (6.13 µmol m–2 . s–1) under 
constant stirring at 100 rpm at 25 ± 2°C with 20 repli-
cate. Fresh medium (5 mL) was replaced each month. 
Subculture using 5 mL of the suspension was trans-
ferred to a new vial with 5 mL culture medium to a total 
volume of 10 mL.

The Analysis of Concentration of Phytochemical 
Compounds in In Vitro Plants, Greenhouse 
Plants and Cell Suspensions of Souroubea 
Sympetala
The in vitro plants and greenhouse plants were sepa-
rated by plant part for phytochemical analysis. Dried 
roots, stem and leaves (0.5 g) were analyzed separately.

Table 1. Treatments used for callus induction in root 
segments of Souroubea sympetala.

Treatment Concentration of growth regulator (μM)

1 2.2 2,4-D 

2 4.5 2,4-D 

3 6.7 2,4-D 

4 9.0 2,4-D 

5 11.3 2,4-D 

6 13.5 2,4-D 

7 2.0 Picloram 

8 4.1 Picloram

9 6.2 Picloram

10 8.2 Picloram

11 10.3 Picloram

12 12.4 Picloram

13 4.6 KIN +18.0 2,4-D 

14 4.6 KIN + 22.6 2,4-D

15 4.6 KIN + 27.1 2,4-D

16 4.4 BAP + 13.5 2,4-D

17 4.4 BAP + 18.0 2,4-D

18 4.4 BAP + 22.6 5 2,4-D

19 4.4 BAP + 27.14 6 2,4-D

20 2.3 KIN + 5.3 NAA

21 2.3 KIN + 10.7 NAA

22 2.3 KIN + 16.1 NAA

Control 0
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Greenhouse plants were grown in sand in a humidity 
chamber with watering three times daily, with a run time 
of 2 minutes. In vitro plants analyzed were cultured on 
B5 medium with 2% (m/v) sucrose, 0.27% (m/v) phy-
tagel and adjusted to pH 5,5. The cultures were main-
tained at 25 ± 2°C, with a photoperiod of 12:12 L:D and 
a light intensity of 24.2 µmol m–2 . s–1.

For cell suspension culture, 200 mL corresponding 
to 20 replicates were analyzed. Each cell suspension cul-
ture (10 mL) was grown in a 50 mL Erlenmeyer flask. 
To each Erlenmeyer in a laminar flow cabinet, were 
added 5 mL of cell suspension and 5 mL of B5 medium 
supplemented with 2% (w/v) sucrose, 0.5 mg . L–1 kine-
tin (KIN) and 1 mg . L–1 napthalene acetic acid (NAA), 
adjusted to pH 5.5, previously autoclaved for 20 min-
utes at 121°C and a pressure of 103 kPa. The cell cul-
tures were sealed and kept in indirect light (6.13 μmol 
m–2 . s–1) at constant stirring at 100 rpm at 25 ± 2°C. The 
suspension cells were harvested, fresh weight was deter-
mined, then frozen at –20°C, lyophilized and its dry 
weight determined. 

The samples were transferred to the University of 
Ottawa for analysis using a validated method for tri-
terpenes [4]. Briefly, they were extracted with 250 ml 
of ethyl acetate for 2 hours in a Soxhlet extractor. The 
extracts were combined and dried by evaporation in 
a rotary evaporator at 45°C and re-dissolved in 20 ml 
of methanol and placed in the sonicator for 2 min-
utes. The three extracts were placed in a volumetric 
flask and the total volume of the extract was adjusted 
to 50 ml. Subsequently, a 1 mL aliquot of each extract 
was taken and filtered through a PTFE membrane filter 
(0.22 μm). Finally, the samples were analyzed by high 
pressure liquid chromatography coupled to tandem 
mass spectrometry (HPLC-MS-MS) QTRAP Sciex 
3200 AB model.

For plantlets from greenhouse, the procedure was 
similar to the above, except that they were not lyo-
philized but oven dried at 60°C for 48 hours.

Detection and Quantification of Compounds
Detection of the compounds was carried out in negative 
ion mode Q1M1 (for betulinic acid and ursolic acid) 
and in positive ion mode of mode (α, β amyrin lupeol 
and betulin). For quantification of compounds, stan-
dard curves were constructed, using a standard of the 
respective compound.

Statistical Analysis
The collected data were processed with the InfoStat/
Professional version 1.1 (National University of 
Cordoba, Spain) statistical program. Differences 
between the different treatments were determined anal-
ysis of variance followed by a post hoc Tukey’s multi-
ple range test (p<0.05). Unless stated otherwise values 
reported are means ± standard error.

Results and Discussion
Seed Germination of Souroubea Sympetala
At the first day of sowing of surface sterilized seeds in 
sterile culture medium, seeds were white and three days 
later the seeds began to have a green hue. Emergence of 
the radicle was also evident at 3 days (Figure 1A).

Germination (Table 2) increased rapidly until 8 days 
(to 53%) and maximum germination (58%) occurred 
at 24 days. At day 48 (last day of culture) there was no 
difference in germination at 24 days (Table 2).

The disinfection treatment yielded plants 96% free of 
contamination after 48 days of culture. This is a remark-
able improvement over unsterilized seeds sown directly 
in soil where germination was estimated at only 2–5%. 

A B C

Figure 1. In vitro development of Souroubea sympetala in MS culture medium. (A) Seed germination (3 days). 
(B) Embryo development (8 days) and (C) Plantlet (48 days).
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Fungal growth observed in soil was eliminated in ster-
ile culture. The removal of the seed coat of S. sympetala 
could also be a factor improving in vitro germination 
of the species. It has been reported previously that seed 
scarification of tropical species, either by exposing them 
briefly to concentrated sulfuric acid to soften the seed 
coat, or rubbing the seeds on a sheet of sandpaper, sig-
nificantly improves germination [8, 9] 

Establishment of In Vitro Plant Culture
Shoots emerged by day 8 (Figure 1B) and formation of 
a fully developed healthy green plantlet was achieved 
by day 24 without fungal contamination (Figure 1C). 
Therefore, in accordance with Smith (2000) [6], the 
exposure time and concentration of disinfectant was 
mild enough that it did not cause damage to the seed or 
the growing plant.

Another aspect that favored the successful estab-
lishment of S. sympetala seedlings without patho-
gens, was the use of fruit, which was recommended 
by Kosky (1998) [10] to reduce contamination. 
S. sympetala fruiting occurs in the dry season 
(February to April in Central America) and there are 
fewer microorganisms present in the dry season than 
in the wet [11, 12].

Since S. sympetala is recalcitrant and seeds sown 
directly in soil germinated poorly and similarly, prop-
agation from leaf and stem cuttings was very poor, the 
successful sterile seed culture method described here is 
a new method to ensure successful propagation.

Growth of Plantlets in Different Nutrient Media
Of the three nutrient growth media used (B5, MS or 
WPM), it was found that B5 was best for the growth 
of the plantlets in vitro. Significantly (p<0.05) greater 
growth over the 7 days was observed in plantlets grown 
in B5 culture medium as compared to MS and WPM 
medium (Figure 2). WPM and MS medium showed 
no significant differences. With B5 medium the best 
growth of plantlets was obtained, and they reached on 
average >3.0 cm after 90 days of culture. Furthermore, 
the quality of the plants was always higher in this culture 
medium, the plants had a dark green color and were 
healthy and vigorous.

While the MS medium is the most widely used world-
wide for in vitro multiplication of species, B5 was better 
in our experiments. One of the major differences of B5 
compared to MS is the concentration of the vitamin 
thiamine. B5 has over 100 times the concentration of 
thiamine in MS [13]. These results suggest that the pres-
ence of this specific vitamin is important for growth of 
S. sympetala, as noted by George (2008) [14] for several 
other species. Growth is reported to be directly related 
specifically to the biosynthesis of several amino acids 
enhanced by this vitamin. WPM also has 90 times less 
thiamine than B5, and was similarly not a good growth 
medium. Therefore, it is suggested that thiamine in large 
quantities favors development of S. sympetala under 
in vitro conditions. GA3 was evaluated with plantlets at 
different concentrations to promote growth and increase 
the elongation rate of the shoot [14]. The best result 
was obtained for elongation in culture medium sup-
plemented with 0.5 mg . L–1 GA3, which showed a sig-
nificant difference with the other treatments. However, 
it did not increase the mean growth of shoots by more 
than 1 cm even after 90 days of culture.

For in vitro propagation of this species, it was not 
essential to supplement the medium with growth regu-
lators. In other species, the results of Pierik (1987) [15] 
and George (2008) [14] showed that GA3 successfully 
increased elongation in shoots during the multiplication 
stage. In our experiments, the average number of shoots 
per plant obtained with use of GA3 at different concen-
trations, showed no statistical difference between treat-
ments on any of the days of culture.

In addition, the average number of shoots obtained 
(2 per plant or less), is low and the best results were 
obtained with sprouting treatment 4 and 2, with 0.5 and 

Number of culture days Germination (%)

0 0

8 53 ± 0.15

16 56 ± 0.0

24 58 ± 0.0

Table 2. Mean ± SE germination of Souroubea sympetala 
seeds in MS culture medium at different culture days.

Le
ng

th
 (c

m
)

Time (days)

WPM

B5

MS

Figure 2. Growth response (mean length (cm)) of 
Souroubea sympetala plantlets in different culture 
media. Standard errors <15% of mean are not shown.
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1.5 mg . L–1 GA3 respectively. Sprouting is not very dif-
ferent from that reported for other species which pro-
duce 3 new shoots per plant (Rout et al., 2000) [16].

Ex Vitro Acclimatization in Greenhouse 
and Field Conditions
Despite some challenges for in vitro propagation, 100% 
survival of the plantlets in the greenhouse was obtained. 
The plants reached an average size of 8 cm, after 60 
days of acclimatization and for each month of evalu-
ation plants grew 1 cm. The use of Jiffy pots provided 
mechanical support and let the roots take water and 
nutrients, so that and proper acclimatization and growth 
was achieved. After 150 days of greenhouse acclimatiza-
tion, S. sympetala plants (Figure 3A) were planted in an 
experimental farm (Figure 3B). 

For the next 12 months of growth plants showed 
excellent performance under field conditions. Plants 
showed an annual mortality rate in the field of 5%. 
Therefore the method of acclimatization in the green-
house was successful and led to obtain low mortality 
rates. Plants had a normal morphological and physio-
logical development in the field.

Callus Induction In Vitro
For the development of cell suspension cultures as a 
possible in vitro production of bioactive metabolites, the 
explant used was a root segment. At 15 days after the 
start of growth, there was tissue deformation in treat-
ments 2, 9, 10 and 20 (Table 3). Deformation started at 
the ends of the root segment, because at the site where 
the cut was made, the tissue responds to stress and an 
induced healing callus formed.

After 30 days of culture, 20 treatments showed 
increased amounts of deformation and protrusions. 
Decreased callus induction was seen in treatment #2, 9 
and 10. At 45 days of culture the protrusions formed in 
treatments #2, 9,10 and 20 increased their biomass after 
subculture and formed calluses. In addition, treatment 
#12 formed deformation early in the first days of culture.

Almost all treatments after 60 and 75 days of culture 
formed callus. However, the calluses formed had dif-
ferences from each other in terms of color and friabil-
ity. This coincides with observation by George (2008) 
[14], who described differences that occur in color, 
appearance, degree of compaction and morphogenetic 
response, depending on the type of explant and type of 
growth regulator used for induction.

The response rate to callus formation was not the same 
for the 22 treatments (Table 3). This is most likely due to 
the effect of exogenous growth regulators that were in 
the culture medium, stimulating cell metabolism, which 
went from a quiescent state to an active state of division. 
Furthermore, according to the literature, an auxin and 
cytokinin combination promotes the induction of fria-
ble calluses in many species as it did here in S. sympetala 
[14, 15]. The best treatment was #20 where a friable cal-
lus increased biomass with each subculture. It was used 
for the establishment of cell suspensions.

The rest of the treatments that formed calluses were 
more compact. The use of high concentrations of aux-
ins like 2,4-D and picloram (treatments 1-12), were 
included with the aim of increasing the specific activ-
ity of enzymes that act on the dissolution of the middle 
lamella of the cell wall of the plant.

BA

Figure 3. Souroubea sympetala plants (A) 150 days after greenhouse growth (B) 12 months after field planting.
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In Vitro Establishment of Cell Suspension Culture
Cell suspensions were established with friable callus 
formed from root segments of callus induction treat-
ment #20. Cell suspensions had a light brown coloration. 
After one year of subculture, 460 ml of cell suspension 
was generated, which suggested that cell growth was 
very slow. Future changes in procedures may improve 
growth, such as increasing the amount of initial callus, 
increasing rotation speed to improve the disintegration 
of the cells, and modification of medium.

The Concentration of Phytochemical Compounds 
In Vitro Plants, Greenhouse Plants and Cell 
Suspensions S. sympetala
Phytochemical analysis (Table 4) was performed to 
determine the concentration of the triterpenes present 
in root, leaf and stem of plantlets generated by in vitro 
propagation, the greenhouse plants and established cell 
suspensions.

Betulinic acid was present in all organs analyzed in 
the in vitro plantlets, but the largest amount was detected 

Organ Betulinic acid Ursolic acid α amyrin β amyrin

Leaves of in vitro plantlets* 0.082 0 0.219 0.476

Stem of in vitro plantlets* 0.652 0 0.350 0

Roots of in vitro plantlets* 0.289 nd 0.158 0

Leaves of greenhouse plants 0.0148 ± 0.003 0.013 ± 0.008 3.06 ± 0.39 1.64 ± 0.10

Stem of greenhouse plants 1.71 ± 0.40 0.0072 ± 0.005 0.103 ± 0.011 0.101 ± 0.10

Roots of greenhouse plants 2.85 ± 0.49 nd 0.0638 ± 0.012 0.155 ± 0.113

Cellular suspension* 0.020 0.08 0.170 3.65

Note: Nd = not detected.
* = Samples bulked to obtain enough sample for analysis with 3-5 replications.

Table 4. Concentration (mg/g ) (mean ± SE, n = 5) of triterpenes in tissue or cell suspensions of Souroubea sympetala detected by HPLC-MS.

Table 3. Mean ± SE induction (%) of callus response of Souroubea sympetala on different days of culture. Different letters 
in a row indicate significant differences in Tukey’s multiple range test (p<0.05).

Number of days of culture 

Treatment 0 15 30 45 60 75

1 0 18.3 ± 3.0 a 18.3 ± 3.0 a 30.0 ± 9.2 ab 48.3 ± 12.3 ab 51.7 ± 12.5 a

2 0 45.1 ± 11.6 b 40.0 ± 11.6 b 58.9 ± 12.4 b 73.2 ± 11.9 b 73.2 ± 11.8 c

3 0 6.45 ± 1.67 a 3.33 ± 2.27 a 40 ± 11.1 b 35 ± 12.4 ab 53.3 ± 13.3 bc

4 0 0 ± 0 a 0 ± 0 a 0 ± 0 a 23.3 ± 10.5 a 33.3 ± 12.6 abc

5 0 0 ± 0 a 1.67 ± 1.67 a 3.33 ± 2.27 a 6.67 ± 5.16 a 6.67 ± 5.16 a

6 0 0 ± 0a 1.67 ± 1.67 a 3.33 ± 2.27 a 10.0 ± 6.8 a 15.0 ± 9.0 ab

7 0 0 ± 0 a 0 ± 0 a 0 ±0 a 0 ± 0 a 0 ± 0 a

8 0 6.45 ± 1.67 a 5.00 ± 2.67 a 15.0 ± 9.1 ab 21.7 ± 9.7 ab 28.3 ± 11.7 ab

9 0 26.5 ± 6.8 ab 18.3 ± 6.7 ab 33.3 ± 10.5 ab 46.7 ± 10.9 bc 61.7 ± 11.4 bc

10 0 38.0 ± 6.8 b 36.7 ± 8.8 b 85.0 ± 8.0 c 95.0 ± 5.0 d 95.0 ± 5.0 c

11 0 0 ± 0a 1.67± 1.67 a 1.67 ± 1.67 a 11.7 ± 8.0 ab 15.0 ± 9.1 a

12 0 0 ± 0 a 3.33 ± 2.27 a 46.7 ± 13.3 b 60.0 ± 13.1 cd 60 ± 13.1 bc

13 0 0 ± a 0 ± 0 a 2.78 ± 2.78 a 2.78 ± 2.78 a 36.1 ± 14.5 a

14 0 0 ± a 0 ± 0 a 0 ± 0 a 0 ± 0 a 18.3 ± 7.1 a

15 0 0 ± a 5.00 ± 2.67 a 5.00 ± 2.67 a 5.00 ± 2.67 a 18.3 ± 7.1 a

16 0 0 ± a 0 ± 0 a 0 ± 0 a 0 ±0 a 16.7 ± 7.59 a

17 0 0 ± a 3.33 ± 2.27 a 3.33 ± 2.27 a 3.33 ± 2.27 a 10.7 ± 7.28 a

18 0 0 ± a 0 ± 0 a 0 ± 0 a 0 ± 0 a 13.3 ± 4.8 a

19 0 0 ± a 6.67 ± 2.95 a 6.67 ± 2.95 a 6.67 ± 2.95 a 11.7 ± 5.38 a

20 0 15.4 ± 3.98 a 16.7 ± 7.18 a 30 ± 9.19 a 45.0 ± 10.1 a 66.7 ±7.97 a

21 0 0 ± 0a 20 ± 9.82 a 41.6 ± 11.4 a 51.7 ± 12.3 a 60 ± 1.65 a

22 0 8.80 ± 2.27 a 3.33 ± 2.27 a 25.0 ± 9.1 a 41.7 ± 11.4 a 53.3 ± 12.7 a

Control 0 0 ± 0 a 0 ± 0 a 0 ± 0 a0 0 ± 0 a0 0 ± 0 a
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in stems. Betulinic acid was highest in the root of the 
greenhouse plants. It is likely that in vitro plantlets pro-
duced less betulinic acid in all plant parts than mature 
plants because of their early growth stage as we have 
observed previously that larger concnetrations of triter-
penes accumulate in older wild plants. The greenhouse 
grown plants had comparable amounts of triterpenes to 
previously analyzed wild grown plants at the same stage 
[17] suggesting that passage through the in vitro stage 
doesn’t affect phytochemistry of more mature plants. 
This is similar to observations reported by Karuppusamy 
[18], for other species, that the plant cell, tissue or organ 
that is grown in vitro often has the ability to produce and 
accumulate the same phytochemicals as wild plants.

Otárola [19] reported that when wild plants of 
S. sympetala have more sunlight there is an increase 
in the production of betulinic acid compared to shade 
plants. Therefore, a change in the lighting conditions for 
growth could induce in vitro plants to produce greater 
amount of betulinic acid. 

The cell suspension cultures did produce measurable 
amounts of betulinic acid, but the concentration was 
almost 2 orders of magnitude less that roots or leaves 
of mature plants. Clearly, at this stage of method devel-
opment cell suspensions are not a good source of this 
main active compound. Rout et al. (2000) noted that 
the accumulation of secondary metabolites during in 
vitro culture depends on the composition of the culture 
medium, including type and amount of growth reg-
ulators, minerals and carbon sources as well as ambi-
ent conditions, temperature, light and gas composition 
during cultivation. A variety of physical and chemical 
conditions besides light could be changed to improve the 
in vitro production of betulinic acid in future work. In 
addition, elicitors should be studied in future work and 
could enhance the phytochemical yield substantially.

Ursolic acid was detected in very small quantities 
(Table 4) only in established plants in the greenhouse. 
Ursolic acid is a triterpene reported to have biological 
antimalarial and antimicrobial activity [20] but was not 
anxiolytic in our trials. The triterpenes, α and β amyrin 
were found in much greater quantity in the organs of 
in vitro plants and established plants in the greenhouse. 
These compounds have some mild anxiolytic activity 
and may synergize betulinic acid [4].

Conclusions
This is the first report of methods to improve propaga-
tion of S. sympetala by in vitro methods from seed and 
was necessary because both wild seed germination and 
greenhouse propagation from leaf and stem cuttings was 
poor. The present protocol could be used to establish 

pathogen free plantations of the species for agricul-
ture production. It is the first report of in vitro culture 
of S. sympetala and demonstrates that it can be easily 
grown as a cell culture. The methods may be transferable 
to other Marcgraviaceae, which appear to have received 
little or no study and are likely to pose similar challenges 
to propagation. The tissue culture protocol produced 
callus and cell suspension culture easily which may have 
future potential in research. In vitro propagation from 
stem and leaf material from greenhouse or field plants is 
the next step and will be studied in future work.

List of Abbreviations
NAA: napthylene acetic acid
BAP: 6-benzylaminopurine
B5 medium: Gamborg B5 with 100% nitrate
GA-3: gibberellic acid
HPLC-MS-MS: high pressure liquid chromatography 
coupled to tandem mass spectrometry
KIN: kinetin
MS medium: Murashige and Skoog medium
WPM medium: Woody Plant medium
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