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Abstract

Catharanthine bioactive compounds from Catharanthus roseus L. (G.) Don has been
studied either in vitro and in vivo. Studies have been conducted to determine the effect
of precursor tryptophan on the optimal growth and catharanthine content produced by
cell aggregate cultures of Catharanthus roseus. The optimal growth and catharanthine
content occur when the aggregate cell growth is good and the content of catharanthine is
also high. Aggregate cell C. roseus was cultured on Murashige and Skoog (MS) with
the addition of 2 mg/L NAA and 0.2 mg/L Kinetin. Treatment was given with the
addition of 150 mg/L tryptophan and the control without tryptophan. Further, the
growth and the content of catharanthine were observed in cell aggregates and the
medium on day 0, 4, 7, 10, 14, and day- to-21. Catharanthine content analysis was
conducted using High-Performance Liquid Chromatography (HPLC) using a VP-ODS
column C-18. The optimal growth was different in control and that 150 mg/L treatment
tryptophan of cell aggregates and tryptophan may improve the growth and lead to longer
growing phase after treatment compared with controls. The growth and catharanthine
content are the highest after the tryptophan treatment on cell aggregates occurred on day
14 with the content of 2261.68 + 17.05 mg/g DW. Subculture and harvest time are the
best cells on day 14 after culture, and on day 14 the highest catharanthine content and
biomass were obtained. The results of this study are needed to determine the appropriate
harvest time on the production of secondary metabolites of catharanthine by in vitro. For
future research, the optimal growth and content of catharanthine on the 14th day of
culture in the bioreactor in a large scale or industries should be observed.
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2 Introduction

Indonesia has the second largest biodiversity in the world after Brazil. It is known as a mega-
biodiversity area. Indonesian plant diversity also becomes a priceless asset. According to the
estimation of the World Health Organization, 80% of the world population still rely on treatments
using drugs derived from plants. Even a quarter of modern medicines circulating in the world comes
from an active ingredient isolated and developed from plants (Tripathi and Tripathi, 2003). Secondary
metabolites have long been used as raw materials for chemical compounds, such as flavorings,
cosmetics, and pharmaceutical raw materials; even more, than 60% of essential drugs in the world are
made from pure extracts of secondary metabolites produced by various plant species (Scragg, 1994).
One of the plants used as a raw material medicine is Catharanthus roseus. This plant produces more
than 130 kinds of alkaloids. One of them is vinblastine, the condensation of vindoline and
catharanthine, which is efficacious as anticancer drugs (van der Heidjen et al., 2004). One of the major
constraints faced by the pharmaceutical industry in producing vinblastine is the low content in the
plant (about 0.0003%); it should not be made from synthetic compounds (van der Heidjen et al., 2004,
El Sayed et al., 2004). However, the results showed that the semisynthetic vinblastine can be created,
which is by dimerization catharanthine and vindoline using peroxide (\VVan der Heijden et al., 2004, El
Sayed et al., 2004). The synthesis of vinblastine requires vindoline and catharanthine. Vindoline can
be extracted directly from plants; the content in the plants is about 0.2 — 0.5% (Misawa, 1994,
Sutarno & Rudjiman, 2003). Meanwhile, very low catharanthine content is found in plants (Vanisree et
al., 2004). Therefore, more research leads to increased production of catharanthine (Pandiangan et.
Al., 2013).

Production of secondary metabolites with the conventional method has several weaknesses; it
requires a lot of raw materials, vast land, a little production. It is also strongly influenced by
environmental factors such as climate change and pathogens. Tissue culture methods can be used as
an alternative method for producing secondary metabolites (Vanisree et al., 2004, El Sayed et al.,
2004). However, many studies have reported that secondary metabolites produced in some plant
cultures are still low. Therefore, in recent years, various strategies have been used to increase the
production of secondary metabolites using tissue culture techniques. One of which is with the
addition of a precursor directly into the medium (Luckner and Diettrich, 1990). Based on the above
description, research on the influence of tryptophan on growth and increased content of catharanthine
in aggregate cultures of Catharanthus roseus cells was conducted.

2 Materials and Methods

2.1 Research Materials

The plants used as the source of explants in this study are Catharanthus roseus (L.) G. Don a
white flower. These plants were grown in the greenhouse Botanical Laboratory, Sam Ratulangi
University of Manado, Indonesia. The leaf explants that are used for callus induction are leaves
that grow actively, among others 3rd and 4th leaves from the shoot apex (Pandiangan and
Nainggolan, 2006).
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2.2 Callus Induction and Culture

The method used for callus induction follows the method of Pandiangan and Nainggolan (2006).
Leaf explants were sterilized by soaking them in 70% alcohol for 1 minute. Then, they have soaked a
solution of sodium hypochlorite (NaClO) 0.525% for 10 minutes. The explants that had been sterilized
were left and cut to the size of 0.5 x 0.5 cm? in the transfer box, and then implanted into the solid MS
medium added with growth regulators of 1.5 mg/L 2,4-D and 0.15 mg/L kinetin (Pandiangan et al.,
2011). The culture was then stored in a culture rack at room temperature of 25°C. Callus which was
used at this stage was 4 months old, or about 16 weeks. Callus was subcultured on media production.
Medium production was the basis of callus induction medium with growth regulator 2 mg/L NAA and
0.2 mg/L kinetin (Pandiangan et al. 2013). Callus cultures were incubated at room temperature.

2.3 Aggregate Cell Culture

After 16 weeks, the callus was transferred to MS liquid medium and added with 2 mg/L NAA, 0.2
mg/L kinetin, and 150 mg/L tryptophan for treatment. The control medium was without the addition
of tryptophan. Heavy callus used was 1 g to one 100 mL Erlenmeyer flask containing 25 mL medium.
Cell aggregate cultures were incubated at room temperature and agitated at 120 rpm (Pandiangan et al.,
2008).

2.4 Growth Measurement of Cell Aggregates

The cell aggregates formation process Cultures were observed visually (Pandiangan et al., 2006).
Cell aggregate Cultures that have been given the treatment and control were carried out on days 0, 4,
7, 10, 14, and 21 after culture. Cell aggregates in the freeze dryer were dried and weighed to obtain the
dry weight, both treatment, and control. The dried cell aggregates were then used as a sample to
determine the content of catharanthine in the next procedure (Pandiangan et al., 2015).

2.5 Determination of Catharanthine Content C.roseus Cell Aggregates

The method used for determining the catharanthine content follows Pandiangan et al. (2015).
Callus samples were dried using the freeze dryer until they reached a constant weight. A total of 0.1
grams of dried callus was crushed and dissolved in 10 mL methanol analytical. The samples were
agitated for 4 hours at a speed of 120 rpm. The mixture was separated using Whatman filter paper no.
1. Then, the methanol extract was evaporated at a temperature of 250C during the day. The evaporation
residue was dissolved in 2 mL of methanol HPLC, ready for analysis.

Catharanthine content analysis was performed using quantitatively and qualitatively using High-
Performance Liquid Chromatography (HPLC). The mobile phase used as eluent was a solution
consisting of methanol, acetonitrile, and 5 mm diammonium hydrogen phosphate with a ratio of 3: 4: 3
in isocratic. The flow rate was 1 mL/min. The type of column used was Shimpac VP-ODS C18 150 x
4.6 mm. The wavelength used to detect catharanthine was 220 nm.

2.6 Data Analysis

Data analysis to determine the effect of treatments was performed using analysis of variance
(ANOVA) in a completely randomized design (CRD) with a factorial of 95%. If real differences were
found, it was then followed by a post hoc test DMRT (Duncan's Multiple Range Test) at a 95%
confidence level in program Statistica release 6 (Steel and Storrie, 1995).
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3. Results and Discussion

3.1 The Growth of C. roseus Cell Aggregates Treated with Tryptophan

Cell aggregate cultures obtained from the callus cultures were transferred into liquid MS medium
with the addition of 2 mg/L NAA and 0.2 mg/L kinetin (Figure 1A). Cell aggregates were cultured in
the medium by shaking at 120 rpm (Figure 1). Shuffle function is to distribute the cells evenly in the
medium (Bhojwani and Razdan. 1983). So, the culture will get the same nutrients. Aggregate cultures
of cells that have acquired cell sizes range from a single cell to cell aggregates with a diameter of 2 mm
(Mattel and Smith, 1983). Aggregate cell culture represents a natural or immobilized cell, also called
NICS (Naturally immobilized Cell System) with low cell growth and secondary metabolite
production compared to cell suspension (Lindsey and Yeoman, 1983). This is due to the position of
dense cells in cell aggregates which may limit cell division and take nutrients from the medium, but it
can enhance chemical and physical interactions between cells, forming conditions that resemble
normal conditions in intact plants (El Sayed et al., 2004).

Figure 1: C.roseus cell aggregate cultures in MS liquid medium. A. Control culture of cell aggregates to
a 4-day. B. Cell aggregate cultures day-to-4 treatment tryptophan. K = cell aggregate cultures of control
after 14-day cultured. T= cell aggregate cultures treated after 14-day cultured.

Verpoorte et al. (2000) reported that the aggregate cultures of C. roseus have advantages in the
regulation of tryptophan decarboxylase, which is an important factor in the biosynthesis of terpenoid
indole alkaloids. Cell aggregates were subcultured every 14 days of culture. Subcultures were
performed with removal of old medium with new medium similar in terms of the composition to the
previous medium. Subcultures in the new medium gave rise to the gas exchange between air and cell
aggregates in the medium and provided new nutrients to the cell aggregates (Bhojwani and Razdan,
1983).

Tryptophan treatment can affect cell aggregate growth directly or indirectly (Pandiangan, et al.,
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2012). The direct effect of precursor tryptophan on cell growth is through the synthesis of proteins in
cells by using one of the amino acid tryptophans in the formation of polypeptides or proteins
(Lehninger, 1990). It is influenced indirectly through the synthesis of auxin (Dahab and El-azis, 2006)
because tryptophan acts as a precursor in the biosynthesis of IAA in the tryptophan path independent
(Fosket, 1994). Moursy et al. (In Dahab and El-Azis, 2006) have investigated the influence of
tryptophan on callus dry weight Datura stramontum tryptophan treatment would cause an increase in
the amount of endogenous IAA. Furthermore, the IAA will induce cell division, so that cell growth is
enhanced. Verpoorte et al., (2000) states that the addition of tryptophan can lead to overexpression of
TDC-gene. TDC activity in cell aggregates C. roseus is at a high linear phase, leading to increased
accumulation of tryptamine, which could increase the wet weight of cell aggregates (Facchini and
DiCosmo, 1991). The effect of various concentrations of the tryptophan on the growth of cell aggregates
can be obtained from the next study.

Data cell aggregate culture growth or the average dry weight of aggregate in the control and
treatment of 150 mg/L tryptophan are presented in Table 1. The result of a one-way ANOVA test
with a 95% confidence level showed the dry weight of the control callus with treatment, which was
significantly different. The growth curve of dry weight measurements shows the pattern of cell
aggregates as presented in Figure 2. The growth curve shows that the growth pattern of cell aggregate
culture of control and the treatment is in a similar lag phase and both occurred on day 4. At this lag
phase, cells have a physiological adaptation to new surroundings and start to continue the cell division
of cells in the log phase (Endress, 1994).

The analysis of variance test results in Table 1 and Figure 2 shows that there are significant
differences between the pattern of aggregate growth of cells without treatment tryptophan (control) and
with tryptophan treatment. The real difference between the two aggregate growth patterns of
tryptophan and without tryptophan treatment in the logarithmic or linear phase of cell aggregate is that
the optimum harvest time or growth with tryptophan treatment is longer than the control (Pandiangan
et al., 2015). The stationary phase in the control cell aggregates occurred starting from day 10 while
in treatment it occurred on day 14 (Figure 2). Therefore, tryptophan treatment can extend the
subculture and is very useful in storage or stock cells during production (Mandagi et al., 2017).
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Figure 2: Catharanthus roseus cell aggregate growth curve of control and treatment of tryptophan 150 mg/L.
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Culture Age (day) Dry Weight (g)

Control £ SD Treatment + SD
0.080 + 0.002? 0.083 + 0.001®
0.083 + 0.001%® 0.085 + 0.001°

7 0.084 +0.001® 0.092 + 0.002¢

10 0.096 + 0.003% 0.096 + 0.006

14 0.094 +0.001% 0.107 + 0.003¢

21 0.092 + 0.001° 0.098 + 0.002¢

Table 1: Average dry weight (g) of C. roseus cells aggregate treated with tryptophan 150 mg/L and
control
Note: - The value above is the average dry weight of aggregates of cells + standard deviation (SD).

- Value followed the same letters indicates not significantly different based on the Duncan
test with a level of confidence 95%.

- The blue box represents the highest catharantine content and is significantly different
from the other culture days at a significance level of 5%

Figure 2 indicates that control cell aggregates have a lag phase of day-to-0 until the 4th, then the
acceleration phase on day 4 through the 7th, the next log, or exponential phase occurred from day 7 to
day-to-10, stationary phase or phases ultimately senescence after a day-to-10. In cell aggregate cultures
with the addition of 150 mg / L tryptophan, the phase lag day 0 to the 4th, then the acceleration phase
at around day 4. This phase is shorter than the control. The next log or exponential phase occurred from
day-to- 4 to day 14, eventually stationary phase or phases senescence after day 14. In the control cell
aggregate, the stationary phase occurred faster than in the four days of treatment. It is predicted that the
addition of tryptophan precursors will lead to cell growth in a long linear phase, from days 4 to 14,
because tryptophan is available to synthesize enough protein for growth of callus and also to other
interests in the metabolism of vinca cell aggregates. C. roseus cell aggregate growth curve of control
and treatment of tryptophan showed a difference.

Different patterns of growth control cell aggregate culture and treatment lie in the acceleration
phase, the log, and stationary (Pandiangan et al., 2015). In the acceleration or the acceleration phase,
cell growth and increased cell count are high enough, because, at this phase, the cell has to adapt to the
environment and get enough nutrients from the medium (Pandiangan et al., 2008). The acceleration
phase of the cell aggregates may be more short-tryptophan treatment, but because the dry weight
measurement was not done every day, it does not appear in the data (Pandiangan et al., 2006). Longer
logarithmic or exponential phase cells of tryptophan treatment possibilities are estimated at day 4 to 14
(Pandiangan et al., 2008). Furthermore, in the stationary phase, cells will decrease in terms of the
amount of nutrient medium because of the diminishing and the possibility of waste substances that are
toxic to cells (Moreno-Valenzuela et al., 1999). Walton et al. (1988) extended that Cadapherin
alkaloids in Nicotiana rustica root cultures have toxic effects on cells. Therefore, the accumulation of
alkaloids in the late stationary phase culture of cell aggregates is believed to be the cause of the
decline of cells. Stationary phase cells of tryptophan treatment are longer than the control achieved.

3.2. Catharanthine Content of Cell Aggregates that Treated Tryptophan

Catharanthine contents in cell aggregates were significantly different in treatment. The content of
tryptophan treatment cell catharanthine is also higher than the controls on each day of observation
(Table 2 and Figure 3). In general, the differences from the control treatment was on day 4; the
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catharanthine content of control decreased, whereas the treatment did not differ from day-to-0
(Pandiangan et al., 2012). Likewise, the real difference in the best content of catharanthine occurred in
the control occurred after 10 days of culture (2026.86 + 12.05 g/g DW) while the highest content of
tryptophan treatment occurred after the 14th day of culture (2261.68 + 17.05 g/g DW). The details can
be seen in Table 2.

The highest content of cell aggregate culture catharanthine on tryptophan treatment occurred on
day 14 after culture. This supports that day 4-to-14 is an early stage of the stationary phase of the
growth curve (Pandiangan et al., 2015). According to Endress (1991), the highest accumulation of
secondary metabolites C. roseus serpentine occurred in the early stationary phase of the growth curve.
The high content of catharanthine in these phases is also associated with the activity of TDC (Facchini
and DiCosmo, 1991). This will be proved in the next stage of research.

Culture Age (day) Dry Weight (9)

Control £ SD Treatment + SD

1874.19 + 17.07° 1874.19 + 17.07°

1791.29 + 14.91° 1898.09 + 5.48°

1896.25 + 4.44P 2085.32 + 31.07"

10 2026.86 + 12.05¢ 2144.48 + 30.92%

14 1984.40 + 6.55¢ 2261.68 + 17.05"

21 1944.08 + 30.64° 1985.13 + 21.93¢

Table 2. The average catharanthine content (ng/g DW) in the aggregate C.roseus cells treated
with 150 mg/L tryptophan and control.

Note: - The value above is the average catharanthine content (ug/g DW) of aggregates of cells
standard deviation (SD).

Value followed the same letters indicate not significantly different based on the Duncan test
with a level of 95%
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Figure 3: Curve catharanthine content (ng/g DW) in cell aggregates treated C.roseus 150 mg/L
tryptophan and control.
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The relation between best growth and highest content catharanthine in cell aggregate culture is
considered to obtain the optimum condition for next step research or culture with large volume likely
bioreactor and the pharmaceutical industry. Once both parameters are linked (Tables 1 and 2),
subculture should be done on day 14, and preferably also treated cell aggregates harvested at day 14
after subculture (Pandiangan et al., 2015). It is important to keep the cells continue to grow without
having to adapt to the longer lag phase. Likewise, the harvested cell for the production of catharanthine
should be used after 14 days of tryptophan treatment and control (Pandiangan et al., 2013). The
decrease of catharanthine content after day 14 of treatment and control on day-to-10 can also be
caused by the secretion of catharanthine to the culture medium (Pandiangan et al., 2013). Nijkamp et
al. (1990) explain that several secondary metabolites produced by the cells will be secreted to the
medium. Likewise, Drapeau, et al. (1987) reported that the addition of succinic acid also increased the
alkaloid ajmalicine up to five times, the increase was more than 78% of the total ajmalicine and 67%
of total serpentine was released into the medium. There is a possibility that after the stationary phase,
catharanthine was released into the medium (Pandiangan et al., 2006). Thus, compounds within the cell
aggregate were reduced (data not shown).

These results strengthen the hypothesis that the addition of tryptophan precursor C. roseus cell
aggregates in Erlenmeyer culture medium can affect the optimum growth and catharanthine content.
The effect generated is also significant and has a positive effect; an increase occurs and the morphology
is better (Pandiangan et al., 2012). The results of this study are needed to determine the appropriate
harvest time on the production of secondary metabolites of catharanthine by in vitro (Mandagi et al.,
2017; Pandiangan et al., 2015).

4 Conclusion

It can be concluded that the optimal growth was different in control and that 150 mg/L treatment
tryptophan of cell aggregates and tryptophan may improve the growth and lead to longer growing
phase after treatment compared with controls. The growth and catharanthine content are the highest
after the tryptophan treatment on cell aggregates occurred on day 14 with the content 0f 2261.68 + 17.05
mg/g DW. Subculture and harvest time are the best cells on day 14 after culture, and on day 14 the
highest catharanthine content and biomass were obtained. The results of this study are needed to
determine the appropriate harvest time on the production of secondary metabolites of catharanthine by
in vitro. For future research, the growth and content of catharanthine on the 14th day of culture in the
bioreactor in a large scale or industries should be observed.
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