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Abstract 

 

Elaeocarpus grandiflorus (Elaeocarpaceae) has the potential to be developed as an antidiabetic agent and as a source of 

antioxidants. However, massive exploration of this species is very risky and likely to be extinct because it is rare and 

difficult to cultivate. Cell culturing of E. grandiflorus is an effective alternative technique for producing secondary 

metabolites, especially phenolic acid. Picloram and 2,4-Dichlorophenoxyacetic acid (2,4-D) are plant growth regulators in 

the form of synthetic auxins which are widely used to increase the production of secondary metabolites in the cell culturing 

process. Therefore, this study aimed to analyze the effect of the type and concentration of picloram and 2,4-D on the 

composition of phenolic acids. The organ samples for the cell suspension culture were petioles of mature leaves obtained 

from two-year-old E. grandiflorus plants. Petiole was prepared aseptically and inoculated on a woody plant medium and 

induced using 2,4-D at a dose of 1.5 ppm, 2.5 ppm, and 3.5 ppm and picloram at a dose of 2.5 ppm, 5.0 ppm, and 7.5 ppm. 

Cultures were maintained for 35 days and then analyzed using liquid chromatography-mass spectrometry to measure the 

phenolic content. The results showed that picloram and 2,4-D with various concentrations had the same effect in inducing 

the formation of phenolic compounds in E. grandiflorus cell cultures. However, cell suspension cultures derived from the 

petiole of young leaves produced various types of phenolic acid compounds. The dominant compound found was 

kaempferol, which accounted for more than 16% of the total identified secondary metabolites. Further research is needed to 

determine the mechanism of action of picloram and 2,4-D in influencing the productivity of phenolic acid compounds. 
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Introduction 

 

The water extract of the leaves and fruits of the 

Elaeocarpus plant can scientifically be used for 

antidiabetic treatment (Prasannan et al., 2020; Rahayu et 

al., 2018). In addition, Elaeocarpus grandiflorus has been 

proven to contain various secondary metabolites, 

especially flavonoids, which reach up to more than 50% 

and have potential as antioxidants (Habibah et al., 2021a; 

2021b). However, massive and explorative use of E. 

grandiflorus is very difficult because this plant is rarely 

found and also difficult to cultivate (Rahayu et al., 2018). 

Therefore, one of the technologies that can be used is the 

cell culture technique for E. grandiflorus. 

Several studies have shown that cell cultures of E. 

grandiflorus are capable of producing various secondary 

metabolites, especially phenolic compounds (Anggraito et 

al., 2020; Habibah et al., 2019a, 2020). Moreover, more 

than 100 secondary metabolites were also identified from 

the methanol extract of E. grandiflorus cell culture 

(Habibah et al., 2021b). Cell culturing provides 

opportunities to produce secondary metabolites in high 

quantity with minimal resources and can be continuously 

increased by adding plant growth regulators (PGRs). 

Furthermore, the use of PGRs has been shown to 

increase secondary metabolic synthesis (Habibah et al., 

2019b; Jamwal et al., 2018; Radić et al., 2016) and to 

increase the antioxidant activity (Kousalya & Bai, 

2016). In general, the PGRs used in cell culturing are 

auxin phytohormones (Bedetti et al., 2017), such as 4-

amino-3,5,6-trichloropyridine-2-carboxylic acid 

(picloram) and 2,4-dichlorophenoxyacetic acid (2,4-D) 

(Melo et al., 2019). Picloram and 2,4-D are systemic 

herbicides used for the control of broadleaf weeds and 

grasses (Dayan et al., 2010; Mwakalesi & Potter, 2020; 

Yang et al., 2021). However, the presence of picloram 

and 2,4-D in low concentrations can be used as a callus 

growth inducer in cell culture (Moura et al., 2017). 

Several studies have shown that the distribution of 

picloram in low concentrations can trigger the 

production of metabolites, especially phenolic acid 

(Zaman et al., 2020), while at high concentrations, it 

does not show an increase (Habibah et al., 2021a). 

Furthermore, high concentrations of picloram and 2,4-D 

were shown to reduce the root growth length in 

Thalictrum foliolosum (Mishra et al., 2020), the callus 

formation in Physalis angulata (Mastuti et al., 2017), 

and the production of phenolic acid in Aconitum 

violaceum culture (Rawat et al., 2013). 

Phenolic compounds are widely distributed in plant 

tissues and are often considered secondary metabolites of 

plant metabolism that contribute to the physiological or 

ecological functions of the plant (Liu et al., 2017). These 

phenolic substances, or polyphenols, contain numerous 

varieties of compounds: simple flavonoids, phenolic 

acids, complex flavonoids, and colored anthocyanins. 

Plant phenolic compounds can act as antioxidants, 

structural polymers (lignin), attractants (flavonoids and 

carotenoids), UV screens (flavonoids), signal compounds 

(salicylic acid and flavonoids), and defense response 

chemicals (tannins and phytoalexins) (Muszyńska et al., 

2021; Singh et al., 2018). 
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Based on the above explanation, the administration of 

PGRs still needs to be evaluated to establish a clear 

justification for the use of synthetic auxins, in this study, 

picloram and 2,4-D in the cell culture of E. grandiflorus. 

Therefore, this study aimed to analyze the effect of the 

type and concentration of PGRs on the composition of 

phenolic acids. This is to obtain information on the best 

medium for production of phenolic compounds in E. 

grandiflorus cell culture. 
 

Method 

 

The sample of E. grandiflorus cell suspension culture 

was a two-year-old plant seed obtained from the Bali 

Botanical Garden, Indonesian Institute of Sciences, Bali, 

Indonesia. The plants were then stored in the Plant 

Culture Laboratory, Universitas Negeri Semarang, 

Central Java, Indonesia for six months for acclimatization 

and adaptation. The inoculum was obtained from mature 

petioles of leaves or the third to fifth leaves of the shoot. 

 

Cell culture induction: Woody plant medium (WPM) 

was used as the callus induction medium and cell culture 

medium. Callus induction was carried out using picloram 

and 2,4-D (Sigma Aldrich, Darmstadt, Germany) as PGRs 

at doses of 1.5 ppm, 2.5 ppm, and 3.5 ppm for 2,4-D and 

2.5 ppm, 5.0 ppm, and 7.5 ppm for picloram. Cell 

suspension cultures were prepared by inserting 1 g of 

callus aged 5 months into 20 ml of liquid woody plant 

medium with the same PGRs concentration as the callus 

induction medium by following the procedure of Habibah 

et al., (2021b). The culture was shaken using a shaker at a 

speed of 120 rpm and maintained for 35 days in the dark. 

The harvested cells were dried in an oven at 60°C for 

extraction. A total of ± 0.2 g dried culture cell was 

obtained from the drying process. 

 

Preparation and purification of methanolic extract: 

Extraction was carried out by following the method of 

Hao et al., (2009). A total of 5 mL methanol containing 

1% HCl (v/v) was used to macerate 0.2 g dried culture 

cell of E. grandiflorus, followed by the addition of 2 N 

HCl and was incubated at 90°C for 1 hour. The extract 

was then dried and resuspended in methanol. 

 

Liquid chromatography–mass spectrometry (LC-MS) 

analysis: The extract obtained was dissolved with a 

methanol solvent to a concentration below 100 ppm to 

obtain a homogeneous solution. Then it was centrifuged at 

8000 rpm for 10 minutes to separate the solids. The 

supernatant obtained was used for the protein precipitation 

step. Two ml of the extract supernatant was put into a 

centrifuge tube, added 3 ml of acetonitrile acidified with 

0.2% formic acid, and centrifuged at 8000 rpm for 30 

seconds. The supernatant was used for the purification 

process by the solid phase extraction method. The solution 

was filtered using a 0.45 m cellulose acetate filter 

membrane, and degassing was carried out. The solution 

was ready to be used for injection into the LC-MS 

apparatus. The LC-MS apparatus used was Shimadzu LC-

MS-8040 LC-MS with the column Shimadzu Shim-pack 

FC-ODS (2 mm × 150 mm, 3 m). The conditions used were 

as follows: injection volume 1 l, capillary voltage 3.0 kV, 

column temperature 35°C, isocratic mobile phase mode, 

flow rate 0.5 ml/min, mobile phase methanol 90% with 

water, MS focused ion mode Io type [M]+, collision energy 

5.0 V, desolvation gas flow 60 ml/hr, desolvation 

temperature 350°C, fragmentation method low energy 

collision-induced dissociation, ionization electrospray 

ionization, scanning 0.6 sec/scan (Mz: 10–1000), source 

temperature 100°C, and run time 80 minutes. 

 

Results and Discussion 

 

The LC-MS result showed, around 87-90 various 

secondary metabolites were identified from cultured cell 

of E. grandiflorus induced with picloram or 2,4-D (Fig. 

1). This condition revealed high potential of E. 

grandiflorus cell culture for producing bioactive 

compounds through In vitro technique. 

Identification and quantification of approximately 39 

phenolic compounds form cultured cell of E. grandiflorus, 

enhanced with picloram or 2,4-D was done. This study has 

determined the optimal conditions related to the callus 

culture induction process and E. grandiflorus cell 

suspension to produce maximum secondary metabolites. 

However, the synthesis of secondary metabolites is more 

dominantly influenced by environmental stress factors or 

plant defense systems in the face of pathogens (Caser et al., 

2019; Kiokias et al., 2020). In addition, the In vitro 

production of secondary compounds may also influence by 

the variations of growth regulator type and concentration in 

the medium (Ali et al., 2017; Castro et al., 2021). 

Regarding to this study, the cell culture of E. grandiflorus 

induced with picloram and 2,4-D produces various 

secondary metabolites, which is dominated by polyphenolic 

compounds up to more than 60% and monophenolic 

compounds were up to 6% from the total compounds 

(Table 1). Other compounds identified also included 

alkaloids, grandiflorus acids, terpenoids, and vitamins (Fig. 

2). Phenolic acid compounds are aromatic compounds 

containing a phenolic ring and an organic carboxylic acid 

function (C6–C1) (Liu et al., 2017). 

Several studies have shown that PGR substances 

regulate the synthesis of secondary metabolites, both as 

suppressors and enhancers. Specifically, the 

administration of picloram at a dose of 1 mg/L was able to 

increase the production of azadirachtin compounds in 

Azadirachta indica (Farjaminezhad & Garoosi, 2019). 

Moreover, picloram and 2,4-D effectively increased the 

total antioxidant activity of Polyalthia bullata (Zaman et 

al., 2020). This report differs from the results of the LC-

MS analysis of secondary metabolites of E. grandiflorus 

cell culture induced by picloram and 2,4-D in this study. 

Induction of picloram and 2,4-D resulted in secondary 

metabolite profiles that were not significantly different. 

The concentrations of picloram used up to 7.5 ppm and 

2,4-D up to 3.5 ppm also did not show significant 

differences in the production of secondary metabolites 

with lower inducer concentrations. In other words, both 

picloram and 2,4-D gave the same effect on the 

production of secondary metabolites, especially 

flavonoids and phenolic acid. 
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Fig. 1. LC-MS chromatographs represent E. grandiflorus culture cell extract. Approximately, more than 95 – see text compounds were 

identified from the picloram induced-culture cell (A); and 87 compounds from the 2,4-D inducement (B). 

 

 
 

Fig. 2. Types of secondary metabolites of E. grandiflorus cell 

culture on various PGR variations. 

In detail, there were at least 19 flavonoid 

polyphenol compounds that had been identified using 

the LC-MS method, with the dominant compound being 

kaempferol, which consisted of 13 derived compounds. 

The total concentration of kaempferol compounds 

produced from the cell culture of E. grandiflorus was 

more than 25% of the total components per each induced 

callus (Table 1). Furthermore, the induction of picloram 

and 2,4-D at various concentrations in the cell culture of 

E. grandifloras also showed no significant difference in 

monophenolic production. Induction of picloram and 

2,4-D at various concentrations also produced four 

monophenolic compounds, which were dominated by 

gallic acid with a concentration of more than 2.00% of 

the total secondary metabolites. 

The results of LC-MS showed that four compounds 

from the polyphenol group were not found in E. 

grandiflorus cell cultures, including isovitexin, 
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kaempferol 3-(4′′-acetylrhamnoside), and kaempferol 3-

glucuronide, which were not detected in the 1.5 ppm 

2,4-D treatment. In addition, the kaempferol compound 

3-(3′′-acetylrhamnoside) was also not detected in cell 

cultures of E. grandiflorus maintained in the medium 

with the addition of 7.5 ppm picloram. This indicates a 

possible link between the presence of certain compounds 

and the levels of synthetic auxin PGR administration. 

Therefore, further research is needed to identify the 

mechanism of this relationship. 

Furthermore, there was no difference in the 

production of phenolic compounds due to the influence of 

picloram and 2,4-D, possibly because the two types of 

growth regulators were synthetic auxins with similar 

mechanisms (Wang et al., 2018). Meanwhile, there was 

no difference in the production of secondary metabolites 

in the E. grandiflorus cell culture, possibly because the 

presence of PGR, used by E. grandiflorus cells for 

growth. Picloram and 2,4-D undergo cellular metabolism 

like natural indole-3-acetic-acid (IAA) involving in 

growth through regulation of auxin-influx carrier or auxin 

resistant 1 or aux1 (AUX1/LAX) protein (Chandler, 

2016). Further research needs to be carried out to analyze 

the effect of the type and dose of PGR on the 

concentration of phenolic compounds to explain the best 

cell culture technique for E. grandiflorus. 

Other studies have also shown that there is an 

inverse correlation between the growth and production 

of secondary metabolites in PGR-induced plant 

cultures. Research on differentiated In vitro cell lines 

of Azadirachta indica showed that the production of 

phenolic compounds had an inverse relationship with 

cell growth, which was determined by the callus weight 

(Ashokhan et al., 2020). The relationship between cell 

growth and accumulation of secondary metabolites has 

been reported (Ho, et al., 2020) although it is still not 

well understood. Decreased production of secondary 

metabolites may be related to the energy use of sucrose 

in culture media for growth. Several studies have 

shown that auxin contributes to the biosynthesis of 

flavonoid compounds by inhibiting the production of 

anthocyanins (Liu et al., 2021; Wang et al., 2018), 

increasing the synthesis of epicatechin, and having no 

effect on the concentration of catechins, as in Camellia 

sinensis (Zhao et al., 2020). 

Phenolic compounds synthesized by plants via the 

shikimate pathway that requires molecular precursors or 

aromatic compounds include the amino acids 

phenylalanine (Phe), tryptophan (Trp), and tyrosine 

(Tyr) (Barros & Dixon, 2020). The main aromatic 

phenolic compounds synthesized from Phe and Tyr are 

flavonoids such as anthocyanins (Qu et al., 2011) and 

anthraquinone (Anjusha & Gangaprasad, 2017; Demirci 

et al., 2021) and monophenolic acid (Szewczyk et al., 

2021). Trp is a precursor of alkaloids in secondary 

metabolism, including various hydroxybenzoic acids and 

aromatic aldehydes (Sharma et al., 2018). Flavonoids 

are synthesized from the amino acid phenylalanine 

through the phenylpropanoid metabolism pathway. The 

process produces 4-coumaroyl-CoA and reacts with 

malonyl-CoA to form the main structure of the flavonoid 

chain, called chalcone, which contains two phenyl rings 

(Ferreyra et al., 2012). The ring closure of the chalcone 

conjugate produces a three-ring structure of the flavone 

(Fig. 3) and only one ring in monophenolic compounds 

(Fig. 4). The metabolic pathway continues to produce 

flavanones followed by dihydroflavonols to produce 

anthocyanins or other flavonoid compounds through a 

series of enzymatic modifications (Metsämuuronen & 

Sirén, 2019). This biosynthesis sequence produces 

intermediates and derivatives, including naringenin, 

flavan-3-ols, flavonols, proanthocyanidins (tannins), and 

several other polyphenols.  

Meanwhile, monophenolics are produced from the 

main precursor of Phe through two main pathways, 

namely the formation of 3-dehydroshikimate by the 

shikimate dehydrogenase enzyme until the final product 

gallic acid is obtained (Al-Jitan et al., 2018). In the 

second pathway, Phe undergoes hydrolysis to form an 

intermediate compound p-coumaric acid, which is then 

produced by ferulic acid and eugenol. In general, the 

structural similarity of the four compounds is found in the 

structure of the main phenyl ring with the end of the side 

chain attached to the C1 and C4 atoms. Meanwhile, in 

further reactions, p-coumaric acid also becomes an 

intermediate compound for the biosynthesis of flavonoid 

and lignin compounds. 

In this study, the use of resources in the medium is 

prioritized for growth rather than the need for the 

biosynthesis of phenolic compounds. However, several 

studies have shown the effect of administering picloram 

and 2,4-D on the production of phenolic compounds 

followed by callus or cell growth significantly. This is 

probably because auxin signaling regulates flavonoid 

biosynthesis at the nuclear receptor scale. The presence of 

auxin in low concentration triggers the activation of the 

auxin response factor (ARF), which binds to the Aux/IAA 

complex and suppresses the expression of the auxin-

induced gene (Luo et al., 2018; Yamauchi et al., 2019). 

This has an impact on increasing the rate of cell division 

and increasing the number of cells. 

Meanwhile, in high concentrations, auxin acts as an 

initiator of Aux/IAA binding to the F-box protein-

transport inhibitory response 1 (TIR1) factor and triggers 

Aux/IAA degradation (Ljung, 2013). This process reduces 

the amount of Aux/IAA protein in the cytoplasm, which 

increases the formation of ARF homodimers to bind to 

auxin response elements (AuxRE), thereby triggering the 

expression of growth-related genes (Fendrych et al., 

2018). In addition, the Aux/IAA–ARF complex is 

associated with the MdARF receptor complex, which is 

responsible for gene expression in the biosynthesis of 

various types of polyphenols, such as flavones and 

anthocyanins (Wang et al., 2018). However, the 

explanation of the auxin effect, in this study picloram and 

2,4-D, on flavonoid production is still unclear. We suspect 

that the absence of stress on cells leads to priority use of 

resources for cell growth, thereby reducing the 

availability of Phe precursors. This is because 

phosphoenolpyruvate as a precursor of the shikimate 

pathway tends to be used to produce ATP rather than 

producing secondary metabolites (Zabalza et al., 2017). 
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Fig. 3. Similarity in the structure of polyphenol compounds, especially flavonoids, having the main structure of the chalcone chain 

containing two phenyl rings and compounds that have undergone ring closure of the chalcone conjugate to produce three phenyl rings. 
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Fig. 4. Monophenolic compounds having only one phenyl aromatic ring with the side chain end of a hydroxyl or carboxyl group 

attached to C1 or C4. 
 

The increase in the content of phenolic compounds 

was probably due to an increase in the quantity of cell 

growth during culture. The secondary metabolite profile 

may be influenced by metabolic activity at the cellular 

level as a result of the process of differentiation, 

specification, and organogenesis (Park et al., 2020). In 

other words, it is necessary to have a tissue differentiation 

process to increase the biosynthesis of secondary 

metabolites in cell culture. This is in line with the studies 

of Wojtania et al., (2020) who suggest that tissue-specific 

differentiation is a prerequisite for secondary metabolite 

production. Furthermore, the current study further 

explains that polyphenol compounds show an activity that 

inhibits auxin transport and accumulation in cells (Sharma 

et al., 2020). Rutin, scularein, and naringenin induce the 

distribution of auxin from shoots to roots by altering the 

formation of PIN proteins and triggering efflux via a polar 

auxin transport mechanism (Zhang et al., 2021). 
 

Conclusion 
 

Picloram and 2,4-D are PGRs in the form of synthetic 
auxins, which have the same effect in inducing the 
formation of secondary metabolites in E. grandiflorus cell 
cultures. In addition, cell culture induction treatment 
using picloram and 2,4-D can be used to produce phenolic 
compounds. Based on this study, four main monophenolic 
compounds were identified namely eugenol, ferulic acid, 
p-coumaric acid, and gallic acid. Them, kaempferols is 
the main phenolic compounds identified in all treatment, 
which is composed by 12 derived compounds. However, 
this study proved that cell suspension cultures for callus 
derived from petiole young leaves of the plant E. 
grandiflorus are capable of producing various types of 
phenolic acid compounds. The dominant compound found 
was kaempferol, which accounted for more than 16% of 
the total identified secondary metabolites. 
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