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ABSTRACT

As in vitro plant cultures are used extensively to produce bioactive
metabolites, our goal was to establish calli from Tulbaghia violacea
Harv. flowers and assess the tissue phytochemically and biologically.
Murashige & Skoog medium(MS) + 22.6 μM 2,4-dichlorophenoxyacetic
acid +2.2 μM benzylaminopurine induced callus from flowers.
Gas chromatography/mass spectrometry(GC/MS) analyses of nhexane extracts of calli(HC) and flowers(HF) revealed 33 and 32
components(92.6 and 98.5%, respectively). Hydrocarbons were
predominant in HC (55.0%), whereas a higher percentage of oxygenated
compounds was found in HF(74.6%). Trans(E)-anethole(39.1%) and
16-hentriacontanone (30.3%) dominated in HF and HC, respectively.
However, sulphur compounds were only detected in HF. Quantitative
estimation of thiosulphinates, phenolics, flavonoids and saponins in
ethanolic extracts of calli(EC) and flowers(EF) showed much higher
contents in EF. Antioxidant, antimicrobial and cytotoxic screening
of extracts demonstrated that EF was the most potent, followed by
HF and EC; conversely, HC was inactive. Although HC and EC were
less biologically active, these calli could be an alternative source of
bioactive metabolites.

GC/MS of n-hexane extract

Quantitative estimation
of Thiosulfinates,
phenolics, flavonoids,
saponins

Tulbaghia violacea
flowers

ARTICLE HISTORY

Received 3 September 2016
Accepted 12 January 2017
KEYWORDS

Tulbaghia violacea Harv.;
callus cultures; GC/MS;
secondary metabolites;
biological activities

Callus cultures

Phytochemical &
Biological
Investigation

In vitro biological
screening of anti-oxidant,
anti-microbial, cytotoxic
activities
.

1. Introduction
Tulbaghia violacea Harv. is a small bulbous herb belonging to Amaryllidaceae family (formerly: Alliaceae), indigenous to KwaZulu–Natal, Gauteng and the Eastern Cape region in
South Africa, and are cultivated for medicinal, ornamental and culinary purposes (Chase
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et al. 2009). It has tubular mauve or pale purple flowers occurring in umbels up to 20 at the
tip of the slender stalk. The plant is closely related to garlic (Allium sativum) and is commonly
known as wild garlic, society garlic or sweet garlic. It also has a garlic-like odour when the
leaves are bruised (Van Wyk & Gericke 2000; Lyantagaye 2011). It has traditionally been used
for fever, colds, asthma, tuberculosis (Van Wyk 2008), and had also been reported to possess
anticancer (Bungu et al. 2006), antithrombotic (Bungu et al. 2008), antimicrobial (Ncube
et al. 2011), antidiabetic and anticoagulant properties (Davison 2012).
As with the genus Allium, volatile sulphur-containing compounds are responsible for the
characteristic smell and taste of Tulbaghia species (Kubec et al. 2013). However, Ranglová et
al. (2015) confirmed that such compounds were different from those found in Allium species,
indicating their uniqueness to Tulbaghia violacea Harv. Marasmicin, an unstable thiosulphinate present in the plant under study, decomposes to generate various degradation products, such as 2,4,5,7-tetrathiaoctane-2,2-dioxide, 2,4,5,7-tetrathiaoctane-4,4-dioxide and
2,4,5,7-tetrathiaoctane-2,2,7,7-tetraoxide (Kubec et al. 2002). In contrast to Allium species,
there are few studies to date regarding the chemical constituents of the studied plant.
Available researches report the presence of saponins (Watson & Dallwitz 1992), flavonoids
and tannins (Ncube et al. 2011). In a previous publication, the influence of extraction methods
on the composition and antimicrobial activity of volatile constituents of leaves and flowers
of Tulbaghia violacea Harv. cultivated in Egypt (Eid 2015), was studied.
Currently, in vitro cultures (callus and cell suspension) are frequently used as alternative
sources for producing secondary metabolites in high yields and a reasonable timeframe.
Except for few studies focusing on the micropropagation of the investigated plant (Phelan
et al. 2007; Ncube et al. 2011), to our knowledge, there is no research thus far on the establishment of callus cultures or the investigation of their secondary metabolites. Therefore, as
a continuation of our previous work on locally cultivated plant (Eid 2015), the aim of the
present study was to induce callus from Tulbaghia violacea Harv. and to assay extracts compared to field-grown plants; the n-hexane extracts were examined for non-polar compounds
and ethanolic extracts were assessed quantitatively for polar secondary metabolites (thiosulphinates, phenolics, flavonoids and saponins). Moreover, n-hexane and ethanolic (70%)
extracts of the calli and field-grown plants were investigated for antioxidant, antimicrobial
and cytotoxic activities.

2. Results and discussion
2.1. Callus induction and biomass yield
Toaima et al. (2003) and Sundarasekar et al. (2012) recommend a combination of the plant
growth regulators; 2,4-dichlorophenoxyacetic acid (2,4-D) and benzylaminopurine (BAP) in
callus initiation for some members of Amaryllidaceae. In this study, a whitish-green compact
undifferentiated callus was successfully initiated from flowers of field-grown plants on
Murashige & Skoog (MS) medium supplemented with 22.6 μM 2,4-D and 2.2 μM BAP; other
explants (leaves and stalks of the inflorescence) showed no callus induction. Figure S1 (a–d)
shows the stages of callus development from Tulbaghia violacea Harv. flowers during eightweek incubation period. Growth commenced at the basal part of the flower within the first
two weeks and reached its maximum after eight weeks. The survival percentage on the
medium used ranged from 40 to 80%. The growth curve of the calli was investigated to
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determine its capacity to increase biomass and continue to multiply (Robledo-Paz et al.
2006). The fresh and dry weights followed a sigmoidal pattern with lag, exponential and
stationary phases, during the eight weeks (Figure S2). The lag phase occurred from the beginning of the culture until the end of the third week, with an increase of 6.3 mg (calculated on
a dry weight basis). The exponential phase (the period of maximum cell division) occurred
after the 3rd–6th week, with an increase in weight up to 99 mg (calculated on a dry weight
basis). The stationary phase started after the sixth week and continued until the eighth week,
at which no cell division or increase in weight occurred. The produced sigmoid growth curve
is in accordance with previous studies (Ling et al. 2009), which also reported the three phases.
The curve indicated that the highest growth rate, cell division and biomass yield were
attained between the third and the sixth weeks, after which an increase in secondary metabolites rather than cell division could be afforded (Tan et al. 2010). Thus, the callus cultures
were harvested for further phytochemical and biological studies after ensuring that the
stationary phase has begun (at the end of the eighth week).

2.2. Determination of moisture content
The moisture content (Figure S3) in the period from the first week until the beginning of the
third week (88.1–91.8%) was higher than that in the period after the third week to the end
of the incubation period (85.7–88.8%).

2.3. Preliminary phytochemical screening of callus cultures and flowers
The data presented in Table S1 reveal the presence of volatile constituents, carbohydrates
and/or glycosides, coumarins, flavonoids, and saponins and the absence of alkaloids, anthraquinones, cardiac glycosides and tannins. Sterols were present in trace amounts. These
results revealed some similarity between the flowers of the field-grown plants and its callus
cultures with respect to secondary metabolites; an exception was volatile constituents, flavonoids and saponins, which were present in higher amounts in the flowers of the fieldgrown plants than in the calli. These differences in secondary metabolite concentrations are
in agreement with previous studies (Koua et al. 2011; Bagratishvili & Jikia 2014). Furthermore,
the similarity in secondary metabolites in the calli and flowers of the same plant suggested
that callus cultures may be an alternative source for these phytochemicals.

2.4. GC/MS analysis of n-hexane extracts of calli and flowers
A yellowish white semi-solid residue with faint garlic-like odour (0.1% w/w) was produced
from n-hexane extracts of calli (HC), whereas n-hexane extracts of flowers (HF) afforded a
yellowish green semi-solid residue with a strong garlic-like odour (4% w/w). Results of gas
chromatography/mass spectrometry (GC/MS) analyses revealed qualitative and quantitative
variability for the chemical profiles of the investigated samples (HC and HF). A total of 54
compounds (33 in HC and 32 in HF) were identified in both extracts, with only 11 being
common; the identified components represented 92.6 and 98.5% of HC and HF, respectively.
These compounds included variable classes viz. non-oxygenated compounds such as hydrocarbons (aliphatic, monoterpene and sesquiterpene), oxygenated compounds (alcohols,
aldehydes, ketones, phenolics, fatty acid esters and aromatics) and sulphur-containing
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compounds. Hydrocarbons were the major components in HC (55.0%), but oxygenated
compounds were predominant in HF (74.6%). All classes were abundant in HF, except for
aldehydes. On contrast, HC was devoid of monoterpene hydrocarbons, sesquiterpene hydrocarbons and sulphur-containing compounds. 16-Hentriacontanone (30.3%) and nonacosane
(12.6%) were major compounds in HC, whereas trans(E)–anethole (39.1%) and 16-hentriacontanone (28.2%) were found at high levels in HF. This variation could be attributed to the
fact that differentiation in callus cultures is essential for the production of secondary metabolites (Hagimori et al. 1982; Kutchan et al. 1983) and could partly explain the absence of
sulphur-containing compounds, such as those responsible for the garlic-like odour;
2,3,5-trithiahexane, 2,4,5,7-tetrathiaoctane and dimethyl trisulfide (Eid 2015), in addition to
monoterpene and sesquiterpene hydrocarbons from HC. Aliphatic hydrocarbons were predominant in HC, among which nonacosane was a main component; this indicates that calli
may be an accessible source for this biologically active component that acts as a vasodilator
and saluretic metabolite (Mihailović et al. 2011). Additionally, the bioactive compound
16-hentriacontanone (palmitone), which is reported to have anticonvulsant (GonzalezTrujano et al. 2001) and anxiolytic (Gonzalez-Trujano et al. 2006) activities, could be easily
supplied by either HC or HF.
The results of GC/MS analysis of HF in this study are in agreement with Eid (2015) regarding
the content of sulphur-containing compounds (8.8 and 8.6%) and aliphatic hydrocarbons
(14.2 and 14.9%), additionally, 16-hentriacontanone (28.2 and 13.6%) and trans(E)-anethole
were major components (39.1 and 6.4), respectively. Conversely, Eid (2015) described oxygenated non-aromatic compounds as major components, at 37.6%, whereas in our study,
HF was found to be largely composed of oxygenated aromatic compounds (44.7%). Finally,
the chemical profile of HF in this study quantitatively differed to a great extent from that
reported by Eid (2015) and this variation could be directly related to the extraction method,
as the previous report used only cold percolation, but in this study sonication was used.
These results emphasise that ultrasound-assisted extraction, which is proposed as an alternative method to conventional extraction, provides higher recovery of volatile constituents,
lower solvent consumption and a high content of bioactive compounds (Santos et al. 2009).

2.5. Evaluation of secondary metabolites in ethanolic extracts of callus and
flowers
Ethanolic extracts of callus (EC) and flowers (EF) were brownish in colour, with yields of 1.5
and 10.8% (calculated on a fresh weight basis), respectively. According to the data shown
in Table S3, among all of the investigated metabolites, EC exhibited lower contents of thiosulphinates, phenols, flavonoids and saponins than EF.
Due to their medicinal importance, we sought to assess the amount of thiosulphinates
in EC compared to EF. The thiosulphinate marasmicin is an enzymatic product of marasmin,
which is present in Tulbaghia violacea Harv. (Kubec et al. 2002), exhibiting antimicrobial
activity against various micro-organisms, including Escherichia coli, Micrococcus luteus,
Bacillus cereus, Candida albicans, Saccharomyces cerevisiae, Fusarium solani and Aspergillus
niger (Ranglová et al. 2015). This activity is comparable to that of allicin. The thiosulphinate
content in EF (0.5 ± 0.02 μg mg−1, F. wt) was fivefold higher than that in EC (0.1 ± 0.02 μg mg−1,
F. wt), which is in accordance with Nasim et al. (2009), who noted that the allicin content of
non-differentiated callus of Allium sativum L. was lower than that of differentiated callus.
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The phenolic and saponin contents were approximately 10-fold higher in EF (14.8 ± 3 and
53.8 ± 1.8 μg mg−1, F. wt, respectively) than in EC (1.7 ± 0.7 and 5.3 ± 0.2 μg mg−1, F. wt,
respectively). Compared to EF (132.6 ± 1.5 μg mg−1, F. wt), flavonoids were only found in
trace amounts in EC (2.3 ± 1.7 μg mg−1, F. wt). These results are in agreement with Mustapha
and Harun (2015), who reported lower amounts of phenolic compounds and flavonoids in
leaf-derived calli of Ficus deltoidea than in the leaves of the same plant. Additionally, our
results agreed with those of Collin (2001), who stated that differentiation of any tissue is
associated with increased synthesis of secondary metabolites under in vitro conditions, which
could be due to the appearance of complex cells and tissues that are more metabolically
competent.

2.6. Evaluation of the biological activities of n-hexane and ethanolic extracts of
callus and flowers
The antioxidant activities of HC, HF, EC and EF were assessed (Table S4) based on the free
radical-scavenging activity (the 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) method).
According to IC50 results, HC exerted no activity compared to HF (2502.8 μg ml−1). In addition,
EC showed less (7349.5 μg ml−1) in vitro antioxidant activity than EF (1932.5 μg ml−1). The
activity of EF could be attributed to the presence of trans(E)-anethole (Wong et al. 2014) as
well as higher amounts of antioxidant metabolites, such as phenolics and flavonoids (Tsao
2010).
The antimicrobial activities of the n-hexane and ethanolic extracts of the callus cultures
and flowers of field-grown plants were investigated. As shown in Table S5, it could be concluded that HC was inactive against all of the tested organisms. Conversely, HF exhibited
moderate activity against Escherichia coli (14.2 ± 0.8 mm) and Bacillus subtilis (19.7 ± 0.6 mm)
compared to ciprofloxacin (32.0 ± 0.5 and 35.0 ± 1.5 mm, respectively) but nearly similar
activity against Candida albicans (31.0 ± 1.0 mm) as nystatin (30.0 ± 1.0 mm) and slightly
higher activity against Staphylococcus aureus (30.3 ± 1.5 mm) than ciprofloxacin
(27.0 ± 1.0 mm). The strong activity of HF could be explained by the presence of high levels
of trans(E)-anethole, in agreement with Mohammed (2009), who reported activity of the
compound against Escherichia coli, Staphylococcus aureus and Candida albicans but no activity
against Pseudomonas aeruginosa. However, EF showed higher activity against the tested
microorganisms than EC, which exhibited moderate activity (19.0 ± 0.6 mm) that was slightly
higher than that of EF (16.8 ± 0.3 mm) against Escherichia coli. Weak activity was exerted by
EC against Bacillus subtilis, Staphylococcus aureus and Candida albicans (13.0 ± 1.0, 11.5 ± 0.5
and 10.8 ± 0.3 mm, respectively), whereas very high activity was observed for EF (36.3 ± 1.5,
33.2 ± 0.8 and 30.3 ± 0.6 mm, respectively), approaching that of the standard antimicrobial
compounds (the antibacterial: ciprofloxacin and antifungal: nystatin), which was even higher
in the case of Staphylococcus aureus (35.0 ± 1.5, 27.0 ± 1.0 and 30.0 ± 1.0 mm, respectively).
The high antimicrobial activity of EF compared to EC is due to the presence of higher amounts
of thiosulphinates (Ranglová et al. 2015) and saponins (Sparg et al. 2004), which are known
for their antimicrobial activity, in the former. Nonetheless, the results of HF antimicrobial
activity disagreed with Eid (2015), who reported that the extract obtained via cold percolation
was inactive against Escherichia coli and Candida albicans; in the present study, both micro-organisms were sensitive to the extract, and also both extracts were active against Staphylococcus
aureus and Bacillus subtilis, though with variable responses. These variations in activity could
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be attributed to the presence of antimicrobially active compounds such as eugenol (Burt
2004), trans(E)-anethole (Mohammed 2009), 2,4,5,7-tetrathiaoctane (Kubota et al. 1994) and
16-hentriacontanone (Shanker et al. 2007) in different concentrations. Additionally, the antimicrobial activity of HF against Escherichia coli and Candida albicans is consistent with the
results of Ncube et al. (2011), who investigated the activity of non-polar extracts (prepared
similarly using sonication) against these micro-organisms. All of the tested extracts proved
to be inactive against Pseudomonus aeruginosa and Aspergillus niger, partially agreeing with
Eid (2015) with regard to the former micro-organism not being sensitive to HF.
Screening of the cytotoxic activity of n-hexane and ethanolic extracts for each of the
callus cultures and the flowers of field-grown plants (HC, HF, EC, EF, respectively) was performed at a dose of 250 μg ml−1, according to Bungu et al. (2006). Activity was evaluated
using three different types of human carcinoma cell lines: hepatocellular (HepG2), prostate
(PC-3) and breast (MCF-7). The results presented in Table S6 show that HF, EC and EF at a
concentration of 250 μg ml−1 exhibited variable cytotoxic activities against the tested cancer
cell lines; in contrast, HC displayed almost no activity under the tested conditions. The highest
growth inhibition by the investigated extracts was achieved by EF against HepG2 (74.3 ± 0.9)
and MCF-7 (73.3 ± 0.9) cells, whereas HF exerted the strongest inhibition of PC-3 cells
(63.3 ± 2.0); the least activity was observed for EC (52.4 ± 1.0, 21.7 ± 3.1 and 19.6 ± 0.6, respectively). Furthermore, the inhibition results were almost as great as that of the anticancer drug
doxorubicin. The different responses achieved by the extracts in the cancer cell lines could
be due to variation in bioactive metabolites in each extract. Our results are in agreement
with Bungu et al. (2006), who reported that methanolic extracts of Tulbaghia violacea Harv.
leaves and bulbs inhibited the growth of MCF-7 cells at a concentration of 250 μg ml−1
(43.9 ± 4.7 and 49.6 ± 2.6%, respectively), and Lyantagaye (2013a, 2013b), who stated that
0.5 mg ml−1 of a crude aqueous extract of Tulbaghia violacea Harv. is able to induce apoptosis
in MCF-7 cells (59%). This work provides an important basis for further investigation of callus
cultures of Tulbaghia violacea Harv. with regard to isolating and identifying metabolites that
could be responsible for the observed biological activities and further screening of the in
vivo pharmacological activity of the plant and its in vitro cultures. Moreover, from the tissue
culture point of view, different growth factors and techniques can be assessed to increase
the levels of bioactive metabolites. To the best of our knowledge, this is the first report on
callus induction using flowers of Tulbaghia violacea Harv. and evaluation of their secondary
metabolites.

3. Conclusion
Flowers of field-grown plants were suitable material for initiating in vitro callus cultures on
MS medium supplemented with 22.6 μM 2,4-D and 2.2 μM BAP. Although these cultures
were found to be less biologically active than the flowers of field-grown plants, this study
could be considered a starting point for further investigation and for enhancing the production of secondary metabolites in in vitro callus cultures for future use in pharmaceutical
applications as antioxidant, cytotoxic or antimicrobial preparations. Additionally, the establishment of differentiated callus cultures is recommended because they could be a potential
source of higher amounts of bioactive metabolites.
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