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medicine. Callus induction was performed from leaf and internode explants

cultured on Murashige and Skoog’s medium supplemented with different pywWORDS
concentrations and combinations of plant growth regulators (PGRs) with 6

treatments. The highest callus induction response was obtained from the leaf- Brugmansia suaveolens L.,
originated explants (73%) on the medium supplemented with 0.4 mg/L KIN  Atropine,

and 0.2 mg/L NAA which produced friable callus in 4 weeks. The cell Callus,

suspension culture of B. suaveolens was established in shake flasks using
friable calli. The extraction protocol of tropane alkaloids was optimized,
atropine and scopolamine were obtained efficiently. The data could provide Suspension culture.
technical support for the large-scale production of valuable alkaloids of B.

Scopolamine,

suaveolens in vitro systems with improved strategies.

1. INTRODUCTION

Plants have a diverse group of well-recognized phytochemicals which are named as secondary
metabolites. Secondary metabolites have been used as drugs, flavors, insecticides, and dyes for
thousands of years. The applications of in vitro plant culture techniques have been seen as
beneficial alternatives to whole plants for the production of valuable secondary metabolites
(Baque et al., 2012). The secondary metabolites are being extracted efficiently from plants as
their chemical synthesis is complex and requires expensive instrument use. However, large
amounts of plant materials are needed for the extraction of secondary metabolites.
Unfortunately, the collection of plants from their natural habitats threatens the existence of
different types of living organisms and environments (Kumar and Gupta, 2008). Production of
the secondary metabolites by plant tissue culture system could be accomplished efficiently
using callus, cell suspension, and organ (embryo, root, and shoot) cultures. The following are
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some of the benefits of in vitro plant culture systems for the generation of secondary
metabolites:

1) Whole plant and organs can be produced under controlled conditions independently of
external factors (eg., climate, soil content); 2) Controlled plant cell and tissue cultures can yield
a source of defined standard phytochemicals in large volumes with improved quality; 3)
Cultured plant cells would be free of microbes.

Several in vitro plant cell culture applications have been performed for large-scale
production of secondary metabolites to produce higher amounts than in intact plants (Ikeuchi
et al., 2013; Chandran et al., 2020). Many reports have described that some approaches have
been applied to increase their productivity. Shoot cultures of Bacopa monnieri were established
for the production of bacoside A by Praveen et al., (2009) and when compared to field-grown
plants, the regenerated shoots had a 3-fold increase in bacoside A content. Similarly, in vitro
regenerated shoots of Nothapodytes nimmoniana yielded higher amounts of camptothecin when
compared to their mother plants (Dandin & Murthy, 2012).

The accumulation of secondary metabolites is improved by some strategies such as
transformation, elicitor treatment, mutagenic chemical, and bioreactor use. The scaling up of
the tropane alkaloid anisodamine in hairy root cultures of two ecotypes of Brugmansia candida
plants by rolC gene expression was achieved (Cardillo et al., 2013). The release of scopolamine
and hyoscyamine into the media after elicitor treatment of B. candida roots was previously
documented in a study (Pitta-Alvarez et al., 2000). In addition, special bioreactor systems have
been devised for the large-scale cultivation of plant cells for the production of bioactive
compounds with efficient applications.

Alkaloid group is currently used in medicine and this group includes the analgesics morphine
and codeine, the anticancer agent vinblastine, the gout suppressant colchicine, and the sedative
scopolamine. Tropane alkaloid group is a typical secondary metabolite of certain Solanaceous
genera including Atropa, Hyoscyamus, Duboisia, Scopolia, and Mandragora. Tropane
alkaloids are a unique group of compounds that are commonly employed as parasympathetic
nervous system blockers. They are known to prevent the binding of acetylcholine to its receptor
and as a result have effects on heart rate, respiration, and functions in the central nervous system
(anticholinergic poisoning). Atropine and scopolamine are the major alkaloids in Solanaceae
family plants. It is reported that tropane alkaloid content is different in the tissues and
development stages of plants (Ghorbanpour et al., 2013). Atropine is a well-known tropane
alkaloid and is used for treating organophosphate poisoning and exposure to some chemical
weapons. Scopolamine (sometimes called hyoscine) is a pharmacological drug that is used to
treat nausea, vomiting, motion sickness, and smooth muscle spasms. Scopolamine has a tenfold
higher commercial demand than atropine. Scopolamine was also suggested as a protective
metabolite of B. suaveolens against insects (Alves et al., 2007; Sarin, 2005).

Many efforts have been undertaken to improve practical tropane alkaloids production
methods using plant tissue culture techniques (Dehghan et al., 2012). A variety of Solanaceous
plants have been examined for the production of medically important alkaloids through callus,
suspension, and hairy root cultures (Pitta-Alvarez et al., 2000; Cardillo ef al., 2010; Chandran
et al., 2020).

B. suaveolens is an ornamental plant known as angel trumpet. It is a member of Solanaceae
family and is considered toxic with some medical properties. B. suaveolens produces atropine,
scopolamine, and hyoscyamine alkaloids as defense molecules which are organic esters
exhibiting hallucinogenic, antispasmodic, diaphoretic, and diuretic activities (Pitta-Alvarez et
al., 2000; Anthony et al., 2009). In vitro tropane alkaloid production of Brugmansia species is
carried out in a few scientific works and they are mostly performed with hairy root cultures.
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The main objective of this study was to establish optimal in vitro culture conditions by using
different combinations of PGRs. Also, an efficient extraction protocol of tropane alkaloids was
optimized, and the presence of scopolamine and atropine was determined qualitatively.

2. MATERIAL and METHODS
2.1. Plant Material and Seed Germination

Mature seeds of B. suaveolens were collected in September of 2019 in Gebze, Kocaeli, Turkey
and a voucher specimen was deposited. The seeds were immersed in water for one hour and the
seed coat was removed gently. The seed surface sterilization was performed in 70% (v/v)
ethanol for 2 min and in 50% (v/v) commercial bleaching (5.25% w/v solution of sodium
hypochlorite) including Tween 20 (two drops for 100 ml solution) for 10 min. Then the seeds
were rinsed four times in sterile distilled water. The disinfected seeds were blotted with sterile
filter paper and cultured on PGR free Murashige Skoog (MS) (1962) basal medium containing
3 % sucrose (w/v) and 0.6 % agar (w/v) with pH 5.8. The seeds were incubated at 25+2 °C with
a relative humidity of 55-60 % under dark for two weeks. Then, the cultures were transferred
to 16 h light /8 h dark photoperiod conditions by cool white fluorescent lamps with an intensity
of 3000 lux.

2.2. Establishment of Callus and Cell Suspension Cultures

Calli were induced from leaf and internode (epicotyl and hypocotyl pieces) explants of 8 weeks
old in vitro germinated seedlings of B. suaveolens. The leaf pieces with 0.5 m? and the
internodes with 1 cm length were excised from the seedlings and were placed on full-strength
semisolid MS basal media. The media were supplemented with a synthetic auxin and different
combinations of auxins and cytokinins including; 2,4-dichlorophenoxyacetic acid (2,4-D),
naphthalene acetic acid (NAA), benzyl aminopurine (BAP), indole-3-acetic acid (IAA),
thidiazuron (TDZ) and kinetin (KIN).

The explants were placed on 90 mm petri dishes for callus development. Normally, plants
are subjected to variable stresses in vitro culture systems. Considering the stress effects of plant
tissue culture systems, concentrations of PGRs were used in minimal amounts in the culture
media of B. suaveolens. The PGR free MS basal medium was used as a control treatment. In
addition, one set of the treatments of the cultures were incubated under dark. The frequency of
callus induction on semisolid MS medium was calculated according to the following equation:

__ The number of calli formation

Callus induction frequency (%) = x100

Total number of explant used

Following the callus formation on the edges and at the tips of the explants, the induced calli
were dissected from the explants and transferred onto the same ingredients containing fresh
medium for the subsequent 4 weeks. The calli were harvested from the second passage of cultures
and co-cultivated on semisolid MS media for the fourth passage where the assessment of the 6
treatments was performed to find out the effective experimental design for callus growth of B.
suaveolens. Inoculum weight of callus for fourth subculturing was 1.0+ 0.05 g as initial fresh
weight (FWinitiar).

Cell suspension cultures of B. suaveolens were initiated by transferring fourth-round
subcultures of leaf-derived, friable calli into liquid MS3 medium (containing 0.4 mg/L KIN+0.2
mg/L NAA). The best cell growth performance of the suspension cultures was observed with
the MS3 medium. Two sizes of flasks (100 and 250 ml) were used with different volumes (1/8
and 1/5) of the growth media. Erlenmeyer flasks of 100 ml and 250 ml sizes were filled with
1/5 and 1/8volume of liquid MS3 growth medium. The flasks with 100 ml size were filled with
12.5 m and 20 ml and the culture flasks with 250 ml size were filled 31.25 ml and 50 ml of the
growth medium. Actively growing friable calli clumps were selected for suspension culture
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starting material. The callus clumps were slightly chopped with a scalpel and cell suspension
culture was inoculated with 1.0+0.05 g of calli biomass (FWinitial) to initiate suspension cultures.

The inoculated flasks of the suspension cultures were placed on a rotary orbital shaker at
100 rotations per minute and incubated under the same photoperiod, temperature, and humidity
conditions as the callus cultures. The culture medium was refreshed with a new liquid medium
at the end of 2 weeks, and the suspension cultures were maintained for 4 weeks.

2.3. Assessment of the Culture Growth

After 30 days of fourth cultivation in liquid MS medium, the calli were morphologically
assessed and final fresh weight (FW) was obtained. Cell growth of the cultures was expressed
as FW, dry weight (DW), and growth index (GI). Rating of callus was also evaluated as callus
score by size between 1-7 mm.

The calli were washed with distilled water and were blotted on tissue paper at the end of cell
suspension culture period of 4 weeks. The FW of the proliferated calli was obtained by
weighing. The callus and the cell suspension culture biomass were oven-dried at 40°C for 24 h
and DW was obtained. The growth of the cultures was represented as GI by using the equation
given below.

_ (Final fresh weight of biomass — Initial fresh weight of inoculum)

Initial fresh weight of inoculum

2.4. Tropane Alkaloid Extraction from Plant Material

Tropane alkaloid extraction was carried out from 4% subcultured callus cultures and leaf
samples. The leaf material was collected from the natural habitat in flowering time. The dried
samples (5 g DW) were ground to fine powder by using a grinder and alkaloid extraction was
performed as described by Kamada ef al, (1986) with some modifications. Briefly, an
appropriate volume of extraction buffer CHCI;/MeOH/NH4+OH (I5/5/1) was added onto the
powdered materials, and the mixture was sonicated in an ultrasonic water bath for 10 min. The
slurry was macerated for 24 hours at room temperature. The crude extract was filtered through
filter paper, washed twice with chloroform (CHCI3), and evaporated. The residue was dissolved
in 2 ml of sulfuric acid (98% v/v) and 5 ml of CHCI3 to separate CHCI3 phase. The aqueous
phase was adjusted to pH 10 with 25% ammonium hydroxide (NH4OH) solution in the ice
bucket. Alkaloid residue was extracted twice with CHCI3 and filtered by adding anhydrous
NazSO4 under vacuum at 40°C.

2.5. Qualitative Analyses of Tropane Alkaloids

Qualitative estimation of the alkaloid content of B. suaveolens leaf extract was carried out using
thin-layer chromatography (TLC) on silica gel alumina TLC plates (20X20 cm Silica gel 60
F2s4 plates). The alkaloid leaf extract of B. suaveolens and alkaloid standards of atropine and
scopolamine were spotted onto the silica plate. The separation of the spots was performed on
the plate using solvent systems of chloroform/acetone/ammonia: methanol (3/17) with a
combination of 5/4/1 as mobile phase. Following the separation, the spots were visualized under
short and long-wavelength ultraviolet lights (254 and 365 nm) and immediately the plate was
sprayed with Dragendorff’s Reagent to clarify the spots of tropane alkaloids.

The alkaloid extracts of the callus and the leaf samples and atropine standard (Sigma-
Aldrich) were analyzed by High-Performance Liquid Chromatography (HPLC) system
(Shimadzu) equipped with a Zorbax Extend C18 column (100x4,6 mm, 3,5 um particle size)
and a UV-VIS detector. The data series of standard atropine dilutions over a range of 150 —
6555 pg/ml were used to construct a calibration graph by plotting the peak area versus the
corresponding concentration.
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The samples were filtered through a 0.45 pm membrane prior to the HPLC assay. The mobile
phase was optimized with potassium acetate/acetonitrile (82/18, v/v, pH 3.5) with a flow rate
of 1 ml.min"! at 40 °C and total analysis time was 10 min. The injection volume of the samples
was set at 10 pl and elution was monitored at 210 nm (Koetz et al., 2017).

2.6. Statistical Analyses

Experimental designs of the callus and the cell suspension cultures were repeated four times
with a sample size of 6 replications. The influence of the experimental designs was analysed by
one-way analysis of variance (ANOVA) to detect significant differences between the means of
the data. All the treatments were conducted in a randomized design.

3. RESULTS
3.1. Plant Material and Seed Germination

The uncoated seeds of B. suaveolens were germinated on PGR free semisolid MS basal medium
with 80% germination rate (Figure 1). The seed germination of B. suaveolens was evaluated
using different chemical treatments by Montanucci et al. (2012). They found that the seed
germination was reduced to various extents by physical and chemical treatments.

Figure 1. In vitro germination of B. suaveolens seeds on MS basal medium after 14 days (Scale bar: 1
cm).

3.2. Establishment of Callus and Cell Suspension Cultures

In the present work, in vitro culture system leading to the induction of callus was initiated from
the internode and the leaf explants of 8 weeks old in vitro raised seedlings of B. suaveolens.
Different PGRs were used either singly or in combination (Table 1) to evaluate their influences
on callus induction.

Table 1. Effects of different PGR treatments on callus induction from internode and leaf explants of B.
suaveolens after 6 weeks of cultivation.

Internode derived Leaf derived explant
Treatment PGR (mg/L) Callus . Calluf Callus . Callui
morphology  score morphology score
MSO0 PGR free MS DG, B, ¢ + G,DG, B, ¢ +
MS1 2,4-D (0.5) L .fir ++ WG, f, r ++
MS2 2.,4-D+Kin (0.2+0.5) W,.L,f ++ G, LG, f, g ++
MS3 Kin+NAA (0.4+0.2) LG, f, g +++ LG, f, g +++
MS4 BAP+NAA (0.5+0.5) L g + WG, g +
MS5 BAP+2,4-D+Kin (0.5+0.2+0.5) L,G,c ++ WG, G, co ++
MS6 TDZ+IAA (0.1+0.1) L,WG,¢ ++ G, WG, ¢ ++

*Callus formation: (+) weak (1 mm diameter), (++) moderate (up to 4 mm diameter), (+++) good (up to 7 mm
diameter).

**Colour; Whitish (W), Light green (L), Yellowish (Y), Green (G), Lush green (LG), Dark green (DG), Brownish
(B) and form; Friable (f), Globular (g), Compact (c), Root formation (r), Cotton like (co).
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Callogenic response of the explants was observed in the second week through the swelling
of the explants on 6 different MS media. Subsequently, the formation of friable and compact
calli forms was observed at the cut tips of internode sticks and on the edges of the leaves.
Callogenesis was observed on both types of explants with different morphology and growth
rate. The best response of callus formation was observed with friable and green calli of the leaf
explants. The leaf explants exhibited the highest frequency of callus induction (73%) which
was greater than that obtained in the internode explants (59%). Callus induction of the explants
has also been performed under the dark. The highest callus induction frequency was obtained
(55%) with the leaf explants compared to the induction frequency of internode explants (45%)
under dark. Generally, the induced calli were observed as light yellow and the color turned
brownish after two weeks under dark.

It is obvious that the callogenesis process of B. suaveolens was positively affected under
photoperiod conditions. The light was beneficial for the production of callus and cell suspension
cultures compared to dark. The effects of different PGR on callus induction were assessed based
on callus morphology and callus score after 6 weeks of culturing of the explants (Table 1). The
appearance of the calli was observed as friable, globular, compact, root forming, and cotton-
like. The color of the calli was various on different growth media. The callus score was also
evaluated based on the diameter of the propagated callus.

3.3. Assessment of the Culture Growth
Assessment of the 6 treatments was performed for callus propagation using the fourth
subculture as callus score, FW, DW, and GI as shown in Table 2.

Table 2. Effects of different PGR treatments on callus growth of 3¢ cultivation of leaf-derived explants
of B. suaveolens after 4 weeks.

o Growth
Treatment PGR (mg/L) Callus Callus Fw DW (2) Index
morphology score*  (gr/culture) (GI)
MSO0 PGRs free MS Dark green, compact  + 1.42+0.19 0.12+0.01 0.42
MS1 2,4-D (0.5) Whitish, root form ++ 2.62+0.30 0.19+0.01 1.62
MS2 2,4-D+Kin Green, semi friable ++ 3.3840.27 0.32+0.01 2.38
(0.2+0.5)
MS3 KintNAA Lush green, friable,  +++ 3.9240.29 0.37+0.00 2.92
(0.4+0.2) globular
MS4 BAP+NAA Whitish, loose + 1.61£0.41 0.09+0.01 0.61
(0.5+0.5)
MSS5 BAP+2,4-D+Kin  Whitish, cottony, ++ 1.15+£0.21 0.06+0.01 0.15
(0.5+0.2+0.5) leaf
MS6 TDZ+IAA Greenish, compact ++ 2.04+£0.32  0.16+0.01 1.04
(0.1+0.1)

*(+) weak (1 mm diameter), (++) moderate (up to 4 mm diameter), (+++) good (up to 7 mm diameter)
“FW: Fresh weight final. Callus inoculum: 1 g/culture. Data represent mean values (£ SE) of three
repeats each with six replicates. Level of significance p <.05.

Compact, dark green, and small (around Imm diameter) callus forms were observed on the
PGR free MS medium (MSO0) after 2 weeks of cultivation, and the cultures became brownish
after 4 weeks of cultivation. Interestingly, a transition state was observed where some tiny leaf
structures formed on some explants after 5 weeks on PGR free MS medium. 2,4-D is the most
often used synthetic auxin for callus induction with fast-growing calli. While the explants of 5.
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suaveolens were cultured on MS1 medium supplemented with 0.5 mg/L 2,4-D, light green,
friable calli formation were observed under photoperiod conditions. In addition, distinctly
different morphology root formation was observed on some callus aggregates after the fourth
subculturing on MS1 media (Figure 2a). In addition, the calli became necrotic after 4 weeks
when subcultured on the medium containing 2,4-D. Combinations of auxins and cytokinins
produced more callus than auxin alone, according to our findings. It is reported that 2,4-D
amounts ranging from 1.0 mg/L to 3.0 mg/L in the culture medium resulted in a high degree of
browning of callus after 3 weeks (Dong et al., 2015). Liu et al. (2018) performed a study with
miniature rose that 3.0 to 5.0 mg/L 2,4-D concentration caused high degree browning of callus
and abnormal embryo appearances. In order to reduce the inhibitory effect of 2,4-D, it is advised
not to use high concentrations in the callus induction process. Importantly, browning is causing
cell death by affecting cell growth in plant tissue culture (Dong et al., 2015; Sarin, 2005). The
browning of callus was observed after extended periods of the culture.

Figure 2. The morphology of leaf-derived calli of B. suaveolens on different semisolid media after 4
weeks of cultivation, (a) Root forming callus on MS1 medium, (b) Callus on MS3 medium, (¢) Callus
on MS4 medium, (d) Callus on MS5 medium. (Scale bars: 1 cm.)

a b

The highest values of FW (3.92+0.29 g), DW (0.37+0.00 g), and GI (2.92) data were
obtained in a combination of the semisolid MS3 medium supplemented with 0.4 mg/L KIN +
0.2 mg/L NAA. The MS3 treatment produced friable and lush green calli (Figure 2b). Based on
the mean of FW (3.38+0.27 g) and GI (2.389) data, the MS2 treatment (0.2 mg/L 2,4-D +0.5
mg/L KIN) provided an efficient callogenesis after the MS3 treatment. Montanucci et al. (2012)
performed callus induction and plant regeneration studies of B. suaveolens with different
combinations of 2,4-D and KIN and they obtained 66 % callus induction with 0.5 mg/L 2,4- D
+0.5 mg/L KIN combination on MS medium.

MS4 treatment has a combination of 0.5 mg/L BAP+ 0.5 mg/L NAA resulting in formation
of whitish, loose callus forms (Figure 2c¢) and 1.61+0.41g FW was recorded in 4 weeks of
cultivation. However, previously a study was performed by our group using BAP and NAA
supplemented media for callus induction of Hyoscyamus niger. The media containing 0.25
mg/L BAP+0.25 mg/L NAA and 0.5 mg/L BAP+0.5 mg/LL NAA performed friable, green callus
formation with leaf and stem explants of H. niger which is a member of the Solanaceae family.
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The effect of MS6 medium supplemented with 0.1 mg/LTDZ+0.1 mg/LIAA promoted light
green, compact callus formation. Cultivation of the leaf-derived calli on MS6 medium resulted
in 2.04+0.32g FW and 1.04 GI at the end of 4 weeks. The calli became brown on MS6 medium
when the cultivation prolonged more than 4 weeks.

The lowest callus FW (1.15+0.21 g) was obtained on the treatment of MS5 medium (0.5
mg/LBAP+0.2 mg/L.2,4-D+0.5 mg/LKIN). MSS5 medium was poor at propagating standard
callus forms like other calli-forming media. In MS5 medium is caused to produce cotton-like
cotton-like white tissue forms (Figure 2d) with some tiny leaves in some callus aggregates.
Because of the cotton-like calli appearance and leaf formation in some callus aggregates, FW
and GI data of this treatment were not included in the statistical analyses.

The cell inoculum size was used 1.0+ 0.05 g/culture for callus and cell suspension cultures
of B. suaveolens. Inoculum size is an important parameter on cell growth and has a positive
effect on the metabolite yield of cell suspension cultures. A suitable inoculum size can provide
higher biomass production and accumulation of secondary metabolites. Lee and Shuler (2000)
studied the effect of cell inoculum density on ajmalicine production of Catharanthus roseus
cells. The study's findings revealed that increasing inoculum density resulted in higher
ajmalicine concentrations. However, high inoculum size could be growth limiting in vitro
cultures because of the accumulation of cell metabolites, toxic products, dead cells, and oxygen
depletion during the stationary phase. It is also reported that a higher inoculum size does not
produce high cell biomass. The suspension culture media were refreshed at the 15" day and the
cultures were terminated after 30 days of culturing under photoperiod conditions. Cell
aggregates of suspension cultures were composed of greenish, irregular, friable aggregates
between 0.1 and 0.8 mm in diameter (Figure 3).

Figure 3. Suspension cell cultures of B. suaveolens after 4 weeks of inoculation, (a) In the 250 ml size
flasks bottom view, (b) Filtered cell aggregates on filter paper.

b

Biomass data (FW and DW) of the cell suspension cultures of B. suaveolens were maintained
with different container sizes and medium amounts. The maximum mean biomass of FW
(4.85%0.46 g/culture) and DW (0.4185+0.56 g/culture) were obtained in the 250 ml size flask
containing 1/8 volume (31.25 ml) of growth medium (Table 3).

The flasks with 250 ml size and with 1/5 volume (50 ml) of growth medium had the higher
FW (4.60+0.33 g/culture) and DW (0.34 g/ culture) values of cells than the cell data of 100 ml
size flasks. The 12.5 ml medium containing 100 ml flasks produced a bit higher FW (3.63+0.58
g) having cells than the high amount medium (20 ml) containing flasks of the same size (FW:
3.44+0.24 g). The same situation was observed with 250 ml flask cultures. It is concluded that
a low amount (1/8) of growth medium is more effective than a high amount (1/5) of growth
medium in biomass production of cell suspension cultures. This biomass growth could be
explained by the positive effect of high aeration in big culture containers on the shaker. The
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assessment of the results showed that the highest cell growth on callus and cell suspension
cultures were obtained on the medium MS3 which was the best medium for callogenesis of B.
suaveolens.

Table 3. Effects of container size and medium amount on growth parameters of B. suaveolens
suspension cultures.

Erlen Size  Medium  Callus Morphology FwW DW GI
(ml) (ml) (g/culture) (2)
100 12.5 Greenish, friable 3.62+0.58 0.25+0.01 2.62
100 20 Greenish, friable 3.44+0.24 0.28+0.00 2.44
250 31.25 Greenish, friable 4.85+0.46 0.41+0.02 3.85
250 50 Greenish, friable 4.60+0.33 0.34+0.00 3.60
100 12.5 Yellowish, compact 2.98+0.25 0.27+0.11 1.98
100* 20 Yellowish, compact 2.76+0.25 0.34+0.51 1.76
250" 31.25 Yellowish, compact 3.62+0.24 0.29+0.01 2.62
250" 50 Yellowish, compact 3.40+0.45 0.30+0.03 2.40

Medium: MS3. Callus inoculum: 1 g/culture. "PGRs free MS medium. Data are means (+SE) of three
repeats each with six replicates. Level of significance p <.05.

Comparing the biomass propagations of the semisolid and liquid cultures of B. suaveolens,
the cell suspension culture system seems more promising. This is the first report on the
establishment of the cell suspension cultures of B. suaveolens for tropane alkaloid production.
To our knowledge, there is no previous report related to the cell suspension cultures of B.
suaveolens. When compared to the overall plant system, cell suspension culture studies for the
generation of secondary metabolites under controlled conditions are preferable. Plant growth
regulators are important for the growth, development, and synthesis of secondary metabolites.
Media composition, explant type, media strength, and presence of light have significant effects
on in vitro plant development. These factors are critical for variation in biomass weight and
production of secondary metabolites. Media strength was also assessed on callus induction of
B. suaveolens that whole MS media promoted better callus growth than half-strength MS media
in the presence of PGRs.

3.4. Tropane Alkaloid Extraction from Plant Material

The alkaloid extraction of the plant materials of B. suaveolens was performed efficiently as
described in the material and methods section. After the chloroform washing step, a dark brown
alkaloid extract was obtained and it was kept at 4°C until further use. Chloroform extracts of
the samples were applied onto the TLC plate and purity of scopolamine and atropine extracts
were observed.

3.5. Qualitative Analyses of Tropane Alkaloids

The chloroform extract of leaf and alkaloid standards of atropine and scopolamine were spotted
onto the silica TLC plate. The chromatography was performed in the related solvent system and
the plate was sprayed with Dragendorff’s reagent for the visualization of the spots. After
spraying with the reagent, the plate was exposed to daylight and orange color spots of tropane
alkaloids were appeared (Figure 4). Atropine (Figure 4A) and scopolamine (Figure 4B) spots
of the leaf sample were observed clearly on the plate compared with the standard spots of
atropine and scopolamine. This demonstrates that the modified alkaloid extraction protocol was
effective for target alkaloid extraction of B. suaveolens. TLC technique is used in qualitative
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analyses for the initial screening of plant extracts for routine alkaloid analysis before more
sophisticated instrumental chromatography analyses.

Figure 4. TLC chromatogram of alkaloid standards and extraction of B. suaveolens leaf sample: 1.
Atropin standard, 2. scopolamine standard, 3. Brugmansia leaf extract. Atropine band (A), scopolamine
band (C), and other tropane alkaloid molecules (B, D). Crude extracts of Brugmansia leaf extract (4.
and 5). The derivatizing agent is Dragendorff’s reagent.

Qualitative estimation of the callus the leaf extracts of B. suaveolens was performed by
HPLC (Figure 5). The atropine peak at the retention time of approximately 2.5 minutes was
observed clearly. It was compared with literature data and concluded that the peaks between
1.25 and 2.0 min could be other alkaloids, most probably including scopolamine peak.

A linear calibration curve was obtained with a correlation coefficient (r?) 0f 0.9977. Based
on the atropine standard curve, the percentages of atropine in total extracts of the leaf and callus
were 66.52% and 55.78%, respectively. The amounts of atropine obtained from the leaf and the
callus were 18.87 = 0.19 mg/g dry weight and 6.94+0.19 mg/g dry weight, respectively. The
callus has the capacity to biosynthesize atropine as the leaf. The results confirmed that atropine
was produced in the callus of B. suaveolens as the major tropane alkaloid which resulted in
55.78% of total alkaloids. Several studies were performed to quantify tropane alkaloids in the
Solanaceae family’s plants. Atropa belladonna is the most known tropane alkaloid producer
and the atropine amount was quantified in the leaves as 112.86 pg/ml (Koetz et al., 2017).
Statistically, the results of the ANOV A showed that there were no significant differences among
the treatments for FW and GI of the callus and cell suspension cultures (Table 2). The result is
significant at p <.05.

4. DISCUSSION and CONCLUSION

The goal of this study was the establishment of in vitro growth systems of B. suaveolens and to
improve the tropane alkaloid extraction technique from the leaf and the callus materials. The
induction of callus cultures and establishment of cell suspension cultures of B. suaveolens were
performed efficiently using different combinations of PGRs and the best growth medium was
determined. B. suaveolens is not a widely known tropane alkaloid having species and not
involved much in scientific studies. In addition, the extraction protocol of tropane alkaloids was
modified efficiently, atropine and scopolamine were determined qualitatively and
quantitatively using chromatography methods of TLC and HPLC.

According to the data obtained in this study, we can conclude that in vitro growth of B.
suaveolens cells is promising for the production of main tropane alkaloids. /n vitro culture
systems with different strategies could be considered as an alternative source for the production
of valuable phytochemicals. Further studies could focus on investigating atropine and
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scopolamine productivity of the cultures under scale-up conditions using elicitor and bioreactor.
The results could serve as a background for the large-scale production of valuable alkaloids of
B. suaveolens in vitro plant systems with improved strategie

Figure 5. HPLC chromatograms of (a) atropine as a standard alkaloid, (b) alkaloid extraction of the leaf
sample, (c) alkaloid extraction of callus sample of B. suaveolens by UV-VIS detector at 210 nm at a
with a flow rate of 1 ml/min.
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