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Influence of Carbon Source, Nitrogen and PEG on Caffeic Acid Derivatives Production
in Callus Cultures of Echinacea purpurea L.

Echinacea purpurea L. Kallus Kiiltiirlerinde Karbon Kaynagi, Nitrojen ve PEG'in Kafeik Asit
Tiirevlerinin Uretimine Etkisi

Miiniire TANUR ERKOYUNCU?, Mustafa YORGANCI LAR?
Abstract

This study aimed to determine the effects of polyethylene glycol (PEG) as an abiotic elicitor and nutritional factors
(different ammonium/nitrate ratios, carbon source and amount) in the culture medium on the production of Caffeic
Acid Derivatives (CADSs) in callus cultures of Echinacea purpurea L. Petiole and root explants were cultured on
MS medium modified in terms of different types (sucrose and maltose) and amounts (sucrose 15, 45, 60 g I, and
maltose 15, 30, 45, 60 g I'Y) of carbon source, different concentrations (5, 10, 15 g I'Y) of PEG and ammonium
nitrate ratios (0:35, 5:25, 15:15, 35:0 mM). The amounts of CADs in the callus obtained at the end of the 10-week
culture period were analysed. In both explant types, the highest amount of CADs were obtained from the medium
containing 15 g It sucrose and 15 or 30 g It maltose applications, while the highest amount of CADs was obtained
in the medium containing 0:35 mM ammonium/nitrate in nitrogen applications. While the highest amount of CADs
in root explant was obtained from the medium containing 10 g I PEG applications, CADs content could not be
obtained in petiole explant. As a result, the highest amounts of caftaric, chlorogenic, caffeic, and chicoric acids
(respectively, 9.38, 0.71, 0.29, and 34.77 mg g'*) were determined at callus obtained from root explant cultured on
MS medium containing 30 g I'* sucrose and 0:35 mM ammonium/nitrate. In conclusion, optimization of culture
conditions and different elicitor applications were made to increase secondary metabolite content in E. purpurea
L. under in vitro conditions and the results obtained were presented comparatively.
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Oz

Bu calismada, abiyotik bir elisitér olarak polietilen glikoliin (PEG) ve besin ortamindaki farkli beslenme
faktorlerinin (farkli amonyum/nitrat oranlari, karbon kaynagi ve miktari) Echinacea purpurea L. kallus
kiiltiirlerinde kafeik asit tiirevlerinin miktarlarina etkisinin belirlenmesi amaglanmigtir. Petiyol ve kok eksplantlar
karbon kaynagmin farkli tiirleri (sakkaroz ve maltoz) ve miktarlari (sakkaroz 15, 45, 60 g I'* ve maltoz 15, 30, 45,
60 g I'Y), farkli amonyum nitrat oranlar (0:35, 5:25, 15:15, 35:0 mM) ve farkl1 konsantrasyonlarda (5, 10, 15 g I'%)
PEG igeren MS besin ortamlarinda 10 hafta boyunca kiiltiir alinmig ve kiiltiir siiresi sonunda elde edilen
kalluslarda kaftarik, klorojenik, kafeik ve kikorik asit miktarlar tespit edilmistir. Her iki eksplant tiiriinde de en
yiiksek kafeik asit tiirevlerinin miktarlari, karbon kaynag1 uygulamalarmda, 15 g I sakkaroz ile 15 ve 30 g I
maltoz; nitrojen uygulamalarinda ise 0:35 mM amonyum/nitrat iceren besin ortamlarinda uyarilan kalluslarda
tespit edilmistir. PEG uygulamalarinda ise, en yiiksek miktarlarda kafeik asit tiirevleri, 10 g I'* PEG iceren besin
ortamindan kok eksplantindan uyarilan kalluslarda elde edilirken, petiyol eksplantindan elde edilen kallus
dokularinda kafeik asit tiirevlerinden higbiri tespit edilememistir. E. purpurea L kallus kiiltiirlerinde, kafeik asit
tiirevlerinin miktarin1 artirmak igin, in vitro sartlar altinda, abiyotik elisitér olarak PEG ve farkli beslenme
faktorlerinin optimizasyonu arastirildigi bu ¢alismada, elde edilen sonuglar karsilastirmali olarak sunulmustur.
Tim uygulamalar degerlendirildiginde; sonug¢ olarak, en yiiksek kaftarik, klorojenik, kafeik ve kikorik asit
miktarlar1 (sirastyla 9.38, 0.71, 0.29 ve 34.77 mg g*) 0:35 mM amonyum/nitrat ve 30 g I sakkaroz igeren MS
ortaminda kiiltiire alinan kok eksplantindan elde edilen kallus dokularinda tespit edilmistir.

Anahtar Kelimeler: Sakkaroz, Maltoz, Azot, PEG, Kafeik asit tiirevleri, Echinacea purpurea L., HPLC
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1. Introduction

Echinacea purpurea L. is a medicinal herb mostly used to reduce the symptoms and duration of colds, influenza,
and upper respiratory tract infections (Rajasekaran et al., 2013; Shahrajabian et al., 2020). It is rich in medicinally
important secondary metabolites, such as alkamides (alkylamides), phenolic compounds (caffeic acid derivatives-
CADs), glycoproteins and polysaccharides (Bruni et al., 2018). In particular, CADs namely cichoric acid,
chlorogenic acid, caftaric acid, caffeic acid and echinacoside are characteristic phenolic compounds of Echinacea
spp. and has important pharmacological properties (Murthy et al., 2014; Rady et al., 2018). Cichoric acid, caftaric
acid and chlorogenic acid are the most studied CADs due to their anticancer, antiviral, anti-inflammatory, and
antioxidant effects (Lin et al., 1999; Thygesen et al., 2007; Pleschka et al., 2009; Aarland et al., 2017; Chiou et al.,
2017; Sharif et al., 2021)

Plant cell/tissue culture is a promising alternative technique to produce plant secondary metabolites. With
cell/tissue culture techniques, secondary metabolites are produced in a short time independent of environmental
factors (i.e. climate, geographical difficulties, seasonal restrictions, diseases and pests). At the same time, it is
possible to increase the production of secondary metabolites with plant cell/tissue culture techniques, by
optimizing the culture conditions (medium content, carbon source, growth regulators etc.) and elicitor sources
(Rao and Ravishankar, 2002; S6kmen and Giirel, 2002; Tanur Erkoyuncu and Yorgancilar, 2015).

Secondary metabolites can be produced by using different biotechnological approaches, such as cell/callus
culture techniques (Ram et al., 2013; Royandazagh and Pehlivan, 2016). Callus cultures are usually effected by
various in vitro conditions including explant type, plant growth regulators, nutrient supply, carbohydrate source
and other environmental conditions (Pehlivanet al., 2017; Khan et al., 2018). Optimization of callus cultures and
different elicitor sources should be investigated in order to both increase biomass and increase the production of
secondary metabolites. There are various studies on the optimization of in vitro culture conditions (different plant
growth regulators types and concentrations) and different elicitor applications (methyl jasmonate, silver
nanoparticle, yeast extract and fungal) to increase secondary metabolite production in E. purpurea L.
(Ramezannezhad et al., 2019; Erkoyuncu and Yorgancilar, 2021; Demirci, 2022; Elshahawy et al., 2022), However,
in different in vitro cultures (callus, shoot, cell suspension cultures) of E. purpurea L. research could be extended
to increase both biomass production and the amount of CADs.

This study aims to investigate the effects of polyethylene glycol (PEG) as an abiotic elicitor and nutritional
factors (different ammonium/nitrate ratios, carbon source and amount) in the culture medium on the production of
CADs in callus cultures of E. purpurea L.

2. Materials and Methods
2.1. Sterilization and culture of seeds

Echinacea purpurea seeds obtained from plants cultivated in Selguk University, Konya, Tiirkiye were used as
starting material and sterilization procedure were applied as specified in Erkoyuncu and Yorgancilar (2021). Sterile
seeds were cultured on MS (Murashige and Skoog, 1962) medium without plant growth regulators and 8-week-old
sterile seedlings were used as explant sources throughout the study. All cultures were incubated in a growth cabinet
(Sanyo: MLR-351H) at 2442 °C, 65 % humidity, 5 LS light intensity, and a photoperiod of 16/8 hours.

2.2. Preparation of different carbon sources and amount, ammonium/nitrate ratio and PEG containing
medium

As a result of a previous study by Erkoyuncu and Yorgancilar, 2021, the highest CADs amounts in callus cultures
of E. purpurea were obtained from callus induction from petiole and root explants. In this study, for optimum callus
induction from petiole and root explant, the best combination of growth regulators (1.0 mg I"* naphthalene acetic acid
(NAA)+0.5 mg I'* thidiazuron (TDZ); 0.5 mg I* NAA+0.5 mg I benzylaminopurine (BAP), respectively), culture
time (10 weeks), solid MS medium containing 30 g I"* sucrose and 8 g I'* agar were determined.

Both types of explants (root and petiole) were cultured on MS media containing the determined growth regulators
combinations, modified in terms of carbon source and amounts, ammonium/nitrate ratios and PEG applications at
different concentrations. Experiments were set up with 20 replications, 10 explants per petri dish, in order to obtain
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sufficient material for CADs analysis. Cultures were maintained for a 10-week culture period under controlled
conditions at 2442 °C, 65 % humidity, 5 LS light intensity, 16/8 photoperiod (Figure 1).

Different carbon sources and amount: Petiole and root explants were cultured on MS media containing suitable
growth regulators combinations (1.0 mg It NAA+0.5 mg I'TDZ; 0.5 mg I NAA+0.5 mg I": BAP, respectively) and
different types and amount of carbon sources (sucrose 15, 45, 60 g I'%, and maltose 15, 30, 45, 60 g I'%). Since 30 g I
sucrose was used as a standard in previous studies, it was excluded in this study.

Different ammonium/nitrate ratios: Petiole and root explants were cultured on MS medium was modified in
terms of ammonium/nitrate ratio (0:35, 5:25, 15:15, 35:0 mM) containing suitable growth regulators combinations (1.0
mg I NAA+0.5 mg I TDZ; 0.5 mg It NAA+0.5 mg It BAP, respectively).

Polyethylene glycol (PEG): Petiole and root explants were cultured in MS media containing suitable growth
regulators combinations (1.0 mg I* NAA+0.5 mg I TDZ; 0.5 mg I NAA+0.5 mg I'* BAP, respectively) and different
concentrations (5, 10, 15 g I'Y) PEG.

Figure 1. Callus tissues of different applications a. callus from root explant b. callus from petiole explant c.
callus from petiole explant

2.3. Quantification of caffeic acid derivates

Cichoric, chlorogenic, caftaric and caffeic acid contents of 10 weeks old calli from all treatments were analysed.
Following oven-drying for 1 d at 37 °C, plant materials ground into fine powders (0.2 g) were extracted in an ultrasonic
bath with 8 ml of methanol 70 % (v/v) for 15 min. The extracts were diluted with methanol 70 % (v/v) to make up the
volume to 10 ml, filtered through a 0.45pum membrane filter and transferred to vials (Taha et al., 2009).

Standard stock solutions related CADs were prepared at 1, 5, 10, 25, 50 and 100 ppm, and were run at HPLC, the
retention times of the standards were identified, and the calibration graphic was created with the absorption values read
against the concentration values. According to these graphics, R2 ~ 0.99, and the results were evaluated according to
the formulas in the graphics (Figure 2).

The HPLC-DAD method was employed for the analyses of caffeic acid derivates in the extracts. All the specifics
of HPLC-DAD analyses, equipment’s, and conditions were according to Erkoyuncu and Yorgancilar (2021).
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Figure 2. Chromatogram showing the separation times of the mixture of caffeic acid derivatives
3. Results and Discussion

3.1. The effect of carbon sources and amounts on the accumulation of CADs.

In order to determine the effect of the different carbon source on the amount of secondary metabolites, MS medium
was modified in terms of sucrose (15, 45, 60 g I'*) and maltose (15, 30, 45, 60 g I'Y) containing the growth regulator
with the best callus formation (1.0 mg It NAA+0.5 mg It TDZ for petiole, and 0.5 mg I NAA+0.5 mg I'* BAP for
root explants) was reported (Erkoyuncu and Yorgancilar, 2021). The amounts of caffeic acid derivatives were analysed
at the callus tissues obtained at the end of the 10-week culture period in both explant types. Dry weights (mg/calli) and
content of CADs of calli developed in the applications are given in Table 1 and 2.

Table 1. Quantities of CADs in calli obtained from different sucrose levels (mg g)

Explant Sucrose Callus dry Caffeic acid derivatives (mg g2)
sources (OS] weight (mg/calli)  Caftaric Chlorogenic Caffeic Chicoric
Root 15 6.9 0.83+0.02 0.16+0.05 - 2.57+0.24
. 45 7.1 0.14+0.03 - - 0.40+0.01
derived 60 8.6 i i i i
. 15 4.6 0.54+0.02 0.21+0.01 - 1.27+0.04
Petiole
derived 45 6.9 ) ) ) )
60 5.4 - - - 0.09

When Table 1 is examined, the highest amounts of caftaric (0.83 mg g%), chlorogenic (0.16 mg g™*), and chicoric
(2.57 mg g'?) acids were detected in callus tissues obtained on MS medium containing 15 g I'* sucrose from root explant.
Similarly, the highest amounts of caftaric (0.54 mg g%), chlorogenic (0.21 mg g), and chicoric (1.27 mg g) acids
were detected 15 g I sucrose from petiole explants.

According to Table 2, the highest amounts of caftaric (1.28 mg g™1), chlorogenic (0.37 mg g}), caffeic (0.10 mg g
1, and chicoric (3.76 mg g*) acids were detected in callus tissues obtained after 10 weeks of culture MS medium
containing 1.0 mg I* NAA+0.5 mg I TDZ and 15 or 30 g I"* maltose from root explants. Similarly, the highest amounts
of caftaric (0.96 mg g %), chlorogenic (0.59 mg g1, caffeic (0.12 mg g*), and chicoric (3.75 mg g*) acids were detected
15 g I'* maltose from petiole explants.

Table 2. Quantities of CADs in calli obtained from different maltose levels (mg g*)

Explant Maltose Callgs dry Caffeic acid derivatives (mg g2)
sources () WEIght. Caftaric Chlorogenic Caffeic Chicoric
(mg/calli)
15 16.9 1.24+0.01 0.37+0.25 0.11+0.08  2.69+0.05
Root 30 12.3 1.28+0.05 0.20+0.08 0.10+£0.10  3.76+0.02
derived 45 9.4 0.30+0.07 0.06+0.01 0.06+0.14  0.33+0.03
60 29.2 0.30+0.01 - - 0.33+0.04
15 20.4 0.96+0.05 0.59+0.20 0.12+0.01  3.75+0.05
Petiole 30 315 0.57+0.08 0.18+0.01 0.06+0.01  1.16+0.04
derived 45 27.4 0.85+0.09 0.15+0.08 0.06+0.02  2.30+0.10
60 20.0 0.90+0.10 0.55+0.06 0.09+0.03  1.73+0.05

Caffeic acid derivatives could not be detected in callus tissues developed from 45 and 60 mg I* sucrose applications
in almost both explant types. For both explant types, the efficiency of using maltose was lower than sucrose in terms
of amounts of caffeic acid derivatives. As can be understood from here, 15 or 30 g I sucrose or maltose can be
recommended for further studies for the production of CADs in callus culture of E. purpurea L. Erkoyuncu and
Yorgancilar (2021) reported that they used 30 g I sucrose when determining the best culture medium for callus
development and production of caffeic acid derivatives.

Different carbon sources such as sucrose, maltose, fructose and glucose are used separately or in combination to
support the growth of cell and tissue cultures (Kretzschmar et al., 2007). In addition to their effects on growth, carbon
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sources play an active role in the biosynthetic pathways of many compounds by regulating the expression of a
significant number of genes. (Ali et al., 2016). Moreover, in in vitro cultures, carbon sources are also commonly used
to generate osmotic stress factors, so it is very difficult to separate the osmotic stress effect and nutritional role of
carbon sources (Liu and Cheng, 2008). Although the osmotic stress applied by different carbon sources varies
depending on the plant species and culture system, it has been reported in various studies that it can lead to the
production of biomass and secondary metabolites (Suan et al., 2011). In our study, it was determined that high
concentrations of sucrose and maltose applications in the medium did not have a positive effect on the amounts of
caffeic acid derivatives in both explant types. Among the carbon sources, the highest amounts of caftaric, chlorogenic,
caffeic and chicoric acids were obtained in both explant types in medium containing 30 g I sucrose.

Similar to our results, Liu et al. (2006) investigated the capacity of E. purpurea L. to produce caffeic acid derivatives
in hairy root cultures, the highest biomass and amounts of chicoric acid (19.21 mg g%), caftaric acid (3.56 mg g*) and
chlorogenic acid (0.93 mg g'*) were obtained in MS medium containing 30 g I'* sucrose.

Romero et al. (2009), in their study investigating alkamide production from in vitro cultures of three different
Echinacea species, were reported 2 B5 medium containing 3% (30 g 1) sucrose was twice as effective as medium
containing 1%, 2%, 4%, 5% (respectively, 10, 20, 40, and 50 g I'Y). The effectiveness of carbon source type and
concentration in the medium varies depending on the plant species, but is also affected by other chemical compounds
of the medium.

Wu et al. (2006), in a study investigating the effects of different auxin types (IAA, IBA, NAA) and concentrations
(1.0, 2.0, 4.0, 6.0 mg I'Y) and different sucrose (1%, 3%, 5%, 7%, 9%), ammonium/nitrate ratio (0:40, 0:35, 0:30, 5:25,
10:20, 15:15, 20:10, 25:5, 30:0), medium strength (1/4, 1/2, 3/4, 1/1, 3/2, 2/2) and pH (4, 5, 6, 7, 8, 9) levelson biomass
increase, total phenol and flavonoid accumulation in adventitious root culture of E. angustifolia, the highest biomass
increase and total phenol and flavonoid content, obtained from 1/2 MS medium containing 5% sucrose, 5:25 (mM)
ammonium/nitrate, pH:6.0., 2 mg I'* IBA.

Cui etal. (2013) in a similar study investigating the effects of different sucrose concentrations (0 %, 1 %, 3 %, 5 %,
7 %, 9 %) on the biomass increase and accumulation of caffeic acid derivatives in adventive root cultures of E.
angustifolia, the highest biomass and amounts of chlorogenic acid (2.26 mg g*), echinacoside (4.66 mg g), cynarine
(1.57 mg g%) and chicoric acid (1.57 mg g*) were determined in % MS medium containing 5% sucrose.

These findings reveal that many factors such as the chemical composition of the medium, the type and
concentrations of growth regulators used, culture type, plant species and explant type should be evaluated together in
order to obtain and increase secondary metabolite production in vitro. Therefore, optimization of in vitro culture
conditions is very important. In addition, studies on different medicinal plant species carried out for similar purposes
also support our findings. On the other hand, Khan et al. (2018) investigated the effects of carbon sources of different
types (sucrose, maltose, glucose and fructose) and concentrations (1 %, 3 % and 5 %) on biomass and secondary
metabolite production in Fagonia indica callus cultures, with the highest biomass increase. Total phenol and flavonoid
contents were determined in calli obtained from medium containing 3 % sucrose and 3 % maltose, respectively.

3.2. The effect of different nitrogen (ammonium/nitrate ratios) applications on the accumulation of CADs

In order to determine the effect of the different nitrogen source on the amount of caffeic acid derivatives, root and
petiole explants of E. purpurea were cultured on MS medium with modified 0:35, 5:25, 15:15, 35:0 mM
ammonium/nitrate ratio. In both explant types, callus stimulation did not occur in medium containing 35:0 mM
ammonium/nitrate ratio, while healthy calli were obtained in other applications. The amounts of caffeic acid derivatives
in the callus tissues obtained at the end of the 10-week culture period were analysed and the values obtained are given
in the Table 3.

The highest amounts of caftaric, chlorogenic, caffeic and chicoric acids (respectively, 9.39, 0.71, 0.29, and
34.77 mg g*) were determined in callus tissues obtained from root explant cultured in MS medium containing
0:35 mM ammonium/nitrate. The highest amounts of caffeic acid derivatives in the petiole explant were also
obtained from the 0:35 mM ammonium/nitrate (Figure 3).
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As a result, the highest amounts of caftaric, chlorogenic, caffeic and chicoric acids were determined in callus

tissues obtained from root explant after 10 weeks of culture in MS medium containing 0.5 mg I* NAA+0.5 mg I
BAP and 0:35 mM ammonium/nitrate ratio.

Table 3. Quantities of CADs in calli obtained from different ammonium/nitrate ratios (mg g*)

= T T Tt s S et Callgs r:jry Caffeic acid derivatives (mg g2)
sources rate (mM) Welg t. Caftaric  Chlorogenic Caffeic Chicoric
(mg/calli)

Root 00:35 10.4 9.38+0.10 0.71+0.04 0.29+0.30  34.77+0.09

derived 15:15 4.6 0.09+0.01 0.09+0.09 0.08+£0.25  0.22+0.01
05:25 9.5 1.04+0.02 - 0.08+£0.12  1.61+0.03

Petiole 00:35 61.4 4.51+0.05 0.67+0.01 0.25+0.04  7.93+0.78

derived 15:15 8.1 - 0.08+0.08 - -
05:25 115 3.37+0.09 0.39+0.09 0.07£0.15  6.78+0.05

Nitrogen sources are very important in the medium for the synthesis of secondary metabolites in vitro. In
particular, the ratio of NH4+ to NO3- in the medium affects not only the growth of plant cell cultures (Veliky and
Rose, 1973), but also the production of secondary metabolites (Smetanska, 2008). In our study, the highest amounts
of caffeic acid derivatives were obtained in the two different explant types of E. purpurea, growth regulator
combinations with the best callus development and 0:35 mM ammonium/nitrate ratio.
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Figure 3. HPLC chromatogram of callus tissues obtained in 0:35 amonium/nitrate

Wau et al. (2006) obtained the highest total phenol and flavonoid content in adventive root culture of E. angustifolia
in %2 MS medium containing 5:25 mM ammonium/nitrate, 2.0 mg It IBA. For a similar purpose, Lee et al. (2011)
examined the amount of secondary metabolites in MS medium containing different ammonium/nitrate ratios and
in mulberry callus cultures, they found the highest amount of rutin in the medium containing 34/66
ammonium/nitrate and 5.0 mg It IAA. Cui et al. (2010), obtained the highest hypersin content of 0:30 mM
ammonium/nitrate, and total phenol and flavonoid content in 2 MS medium containing 10:20 mM
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ammonium/nitrate in St. John's Wort adventitious root cultures. In our results, the highest amounts of caftaric,
chlorogenic, caffeic, and chicoric acids were found in callus tissues obtained from root explant after 10 weeks of
culture period on MS medium containing 0.5 mg I* NAA+0.5 mg I't BAP and 0:35 mM ammonium/nitrate ratio.
The difference between these studies is due to the genotype, which clearly shows that each genotype has its own
specific response. The findings revealed that medium optimization is very important in secondary metabolite
production in vitro and optimization conditions specific to each genotype should be determined.

3.3. The effect of different Polyethylene glycol (PEG) applications on the accumulation of CADs

To determine the effect of drought stress on the amount of caffeic acid derivatives, root and petiole explants of
E. purpurea L. were cultured on MS medium containing the growth regulator with the best callus formation and
different polyethylene glycol (PEG) concentrations (5, 10, 15 g I'Y). The amounts of caffeic acid derivatives were
analysed at the callus tissues obtained at the end of the 10-week culture period in both explant types, but none of
the caffeic acid derivatives could be detected in any of the callus tissues obtained from the petiole explant. For this
reason, caffeic acid derivatives determined only at calli obtained from root explants are given in Table 4.

Table 4. Quantities of CADs in calli obtained from different PEG concentrations (mg g)

PEG (g Callus dry weight Caffeic acid derivatives (mg g2)
1) (mg/calli) Caftaric Chlorogenic Caffeic Chicoric
5 144 0.34+0.01 0.05+0.01 - 0.60+0.17
10 27.3 1.88+0.12 0.58+0.05 0.07+0.01 6.07+0.08
15 26.3 0.10+0.01 - - 0.13+0.05

The highest amounts of caftaric (1.88 mg g), chlorogenic (0.58 mg g), caffeic (0.07 mg g*) and chicoric
(6.07 mg g acids were detected at the callus tissues obtained from the root explant after 10 weeks of culture on
MS medium containing 0.5 mg I* NAA+0.5 mg I BAP, 30 g I sucrose and 10 g I'* PEG.

Water stress is one of the most important environmental stresses that can regulate the growth and development
of plants, limit plant production, and change the physiological and biochemical properties of plants. It is known
that water stress increases the production of secondary metabolites as an abiotic elicitor in plants (Zobayed et al.,
2007). PEG is an osmotic agent that is used in many plants to induce water stress and cannot be taken up by the
plant (Lemcoff et al., 2006). According to study was conducted on Hypericum perforatum by Pavlik et al. (2007)
researches were studied the effect of PEG (1.25, 2.5, 5, 10, 15 g I') and sucrose (10, 20, 30 g I') on secondary
metabolite amount. At the mentioned study it was found that mostly low concentrations of PEG (1.25and 5 g %)
have increased the production of hypericin and hyperforin. In our study, unlike this, 10 g I"* PEG application was
more effective. Similarly, Yamaner and Erdag (2013) were reported that Hypericum adenotrichum in vitro shoot
cultures obtained on modified MS medium containing different concentrations of PEG (2.5, 10, 15 g IY) during
different culture periods, in 10 g I'* PEG application for 15 days. They reported that the amounts of hypericin (2.1
times) and pseudohypericin (2.3 times) increased at the end of the culture period. Osmotic stress caused by PEG
application increased secondary metabolite production in many plants; Ex. iridoid glycosides (catalpol,
harpagoside, aucubin and harpagide) in the roots of Scrophularia ningpoensis Wang et al. (2010), production of
paclitaxel in Taxus chinensis cell suspensions Kim et al. (2001) and phenethanoid glycosylates in Cistanche
deserticola cell cultures Liu and Cheng (2008) were increased by PEG applications. However, in order to increase
secondary metabolite production by PEG application in vitro, it is necessary to determine the optimum PEG
concentration for each plant species and explant type.

4. Conclusion

Optimization of culture conditions and different elicitor applications were made to increase secondary
metabolite content in E. purpurea L. under in vitro conditions and the results obtained were presented
comparatively.

The effect of the changes in the nutritional factors (nitrogen amount, type and amount of carbon source) in the
medium and the abiotic elicitor (drought) formed in the medium on the amounts of caffeic acid derivatives were
determined.
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Among these applications, the highest amounts of caftaric acid (9.38 mg g), chlorogenic acid (0.71 mg g?),

caffeic acid (0.29 mg g*) and chicoric acid (34.77 mg g?), it was reached in callus tissues obtained from root
explant at the end of 10-week culture period in medium containing 0:35 mM ammonium/nitrate and 30 g I'! sucrose.
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