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HIGHLIGHTS
e Active metabolites of T. parthenium were affected by TRP and MeJA treatments
¢ MeJA application enhanced the SER level in the flowering period
e TRP application enhanced SER and MEL levels in the flowering period

e TRP and MeJA treatments did not positively affect PRT amount.

Abstract: Tanacetum parthenium (L.) Schultz-Bip (feverfew) is among the important medicinal and aromatic
plants due to its tryptophan (TRP), serotonin (SER), melatonin (MEL), and parthenolide (PRT) content. In
recent studies, have reported TRP, MEL, and (PRT) are effective in the treatment of COVID-19, thus
increasing the popularity of feverfew, which is rich in these valuable molecules. This study investigated the
possible effects of exogenous foliar applications of methyl jasmonate (MeJA 0.5 mM) and TRP (20 mM) on
plant TRP, SER, MEL, and PRT levels. During the pre-flowering period, endogenous TRP was measured as
128.9 ng/mL and endogenous PRT as 1.53% mg/g in the leaves of the control group. During the flowering
period, the MEL level was measured as 1.38 pg/mL in the leaves of the TRP application group. In addition,
in the pre-flowering period, MeJA-induced increases of 94.51% were determined in DPPH antioxidant activity
and the total flavonoid content was 38.76 mg QE/g, whereas the highest total phenolic content of 51.63 mg
GAE/g was found in flower samples of the control group. However, neither the developmental periods nor
the treatments significantly affected the total phenolic content in the leaves.

Keywords: Tanacetum parthenium; serotonin; melatonin; parthenolide; total phenol; flavonoid.

INTRODUCTION

Feverfew (Tanacetum parthenium), belonging to the Asteraceae family, has been widely used for
treatment of migraine, rheumatism, arthritis, insect bites, spasms, and gynecological problems [1,2,3]. The
plant is well known for its rich sesquiterpene lactone content. Of those metabolites, parthenolide (PRT) is
among the most important [3,4]. It is found in higher amounts in the flowers and leaves, with trace amounts
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contained in the stems and roots. The PRT originates from the germacranolide lactone skeleton and is
derived from its precursor, costunolide, which is most likely synthesized through the mevalonic acid pathway
[4]. Parthenolide has been well-documented as possessing antileishmanial, anti-inflammatory, and antitumor
activity, e.g., against bone tumors, breast cancer, melanoma, mesenchymal tumors, and prostate cancer. In
addition, its strong ability to inhibit nuclear factor kappa B (NF-kB) led to its patenting as a cancer inhibitor in
the year 2005 [5,6]. Furthermore, PRT is the first small compound to selectively kill acute myelogenous
leukemia stem cells (LSCs) without causing any damage to normal stem cells [6,7]. In a recent report,
Bahrami and coauthors [8], claimed that PRT, may be one of the herbal candidates for clinical evaluation in
supporting reduced mortality from COVID-19. The IL-6 cytokine storm plays a significant role in diabetes
mellitus and cardiovascular diseases as principal comorbidities, whereas PRT reduces L-1, IL-2, IL-6, IL-8,
and TNF-a production pathways.

Noteworthy among the other important molecules, melatonin, its precursor serotonin, and tryptophan
are. Tryptophan (TRP) is one of the essential amino acids and is synthesized through the same pathway
precursors of auxin, phytoalexins, glucosinolates, terpenoid indole alkaloids, and tryptamine derivatives. TRP
plays significant roles in plant development, pathogen defense systems, plant-insect interactions, and
pollination biology. The biosynthetic pathway of TRP in plants was exhaustively investigated in the late 1980s
using molecular and physiological applications in the characterization of the pathway in wild-type and mutant
plants [9,10]. Plant growth parameters have been positively induced with TRP treatments [11,12,13,14,15].
In addition to growth and development, the carotenoid content, total soluble sugars, and total free amino
acids in Philodendron erubescens have been augmented with TRP application [16]. Serotonin (SER) is
synthesized from TRP. The physiological roles of SER in the regulation of morphogenesis, flowering, ion
permeability, delaying senescence, and seed germination have been reported, in addition to its protective
role as an antioxidant against unfavorable conditions [17]. The presence of SER has been revealed in all
plant tissues in varying amounts, and is especially more abundant in fruits, seeds, and the vascular
parenchyma [18]. Many reports have been published in previous studies concerning the SER content in foods
because of its association with feelings of happiness and well-being and its role in preventing both anxiety
and depression. However, studies carried out with aromatic plants have been limited.

Melatonin (MEL) is one of the significant compounds in T. parthenium. It is produced from the TRP-SER
pathway. As a potent antioxidant compound, MEL has a role in scavenging reactive oxygen species and
regulating the circadian rhythm and photoperiodism. Moreover, the role of the compound in the regulation of
plant growth and development in response to environmental stress factors has been well-documented [19].
In a recent study, the expression of genes implicated in TRP metabolism was elevated in COVID-19 patients,
and thus, tryptophan-rich sources could be beneficial for treating COVID-19 [20]. Researchers have
suggested that MEL, alone or in combination with other drugs, be given consideration for prophylactic use or
treatment for COVID-19 [21]. In Spain, a clinical study was designed with MEL use in COVID-19 patients and
results showed that it had a positive effect in the treatment of COVID-19 symptoms [22]. According to recent
reports, on the global market, MEL was worth 700 million USD in 2018 and was expected to reach 2,790
million USD by 2025, growing at a compound annual growth rate (CAGR) of 18.9% between 2019 and 2025
[23]. Research focusing on the MEL, SER, and TRP content of foods, drinks, and medicinal plants is rapidly
increasing because of the rising demand for synthetic MEL.

Although synthetic antioxidants have been widely used, health problems occurring over time attract
attention. Herbal antioxidants can protect the human body from free radicals, foods against lipid oxidative
rancidit and play role in prevention and treatment of diseases. There is an increasing demand to replace
these synthetic antioxidants with natural ones. Natural antioxidants from plants include phenolic compounds,
vitamins and carotenoids. Phenolic compounds are contain simple molecules (e.g., ferulic acid, vanillin, gallic
acid, caffeic acid) and polyphenols like tannins and flavonoids [24, 25, 26]. Flavonoid compounds donate a
hydrogen atom from their hydroxyl group and thereby scavenge the free radical groups. The radical-
scavenging activity is noteworthy because of the harmful role of free radicals play in foods and in biological
systems. Studies on the free radical scavenging and antioxidant activities of medicinal plants have revealed
the importance of plant species efficiency [24, 27]. Biotic and abiotic stresses induce changes in both primary
and secondary plant metabolism, leading to the generation of phenols and other valuable compounds.
Elicitors may stimulate specific biosynthetic pathways and thus enhance levels of stress metabolites [28].

Recently, Gharaghanipor and coauthors [29] demonstrated that hormone signal transduction pathways
regulate the expression of a network of transcription factors (TFs) mediating abiotic-stress responses in
plants. They also highlighted the role of phytohormones such as cytokinins, auxins, ABA, jasmonic acid,
salicylic acid, gibberellins, and ethylene in regulating plant defense under abiotic stress conditions. Therefore,
the exogenous application of these phytohormones triggers various signaling pathways associated with
particular stress and developmental responses [30]. Nonetheless, the exogenous applications of salicylic
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acid and jasmonates are widely used to elicit the production of bioactive compounds in herbal plants.
These hormones are known to elicit different species-specific specialized metabolic pathways. Methyl
jasmonate (MeJA)-mediated changes in volatile compounds [31] and terpenoid pathways [32] have been
reported. These include MeJA-induced increments in glucosinolates, a group of secondary metabolites
[33,34,35,36,37], and increments in antioxidant activity and phenolic compounds in basil [38,39,40], phenolic
acids in Mentha spicata [41], and artemisin in Artemisia annua L. [42].

This study examined the way in which metabolic profiles were affected by the exogenous foliar
application of the two elicitors MeJA and TRP. We also investigated the relationship between these induced
metabolic profiles and the production of PRT, TRP, SER, MEL, and total phenolic and flavonoid contents in
different parts of T. parthenium L. In this context, the treatments were applied at two different developmental
stages: the pre-flowering and flowering periods.

MATERIAL AND METHODS

Plant material

Tanacetum parthenium (L.) Schulz Bip. seeds were purchased from Swallowtail Garden Seeds. Seeds
were sterilized with 1% sodium hypochlorite solution for 2-3 min and then washed with sterile water [40]. The
seeds were then planted in plastic pots filled with a mixture of peat, perlite and soil (3:1:1 w/w, respectively).
The plants were grown until four true leaves were produced. When the seedlings reached the stage of four
fully expanded leaves and afterwards for every 15 days until harvest, foliar spraying was carried out with 100
mg/L liquid manure mixed with a commercial fertilizer (EC Fertilizer, Magnum) containing w/w N (20 %), Cu
(0.05%), Fe (0.05%), Mn (0.05%), Mo (0.001%), and Zn (0.05%). Seedlings were then transplanted into 1-L
pots and placed in a growth chamber with a fluorescent lamp generating about 100 pmol m? s light at 23 +
2 °C, and 40-60% RH, following a photoperiod regime of 16:8 h (L:D). Plants were regularly irrigated using
tap water, with field capacity measured at 80%. Foliar spray application of the plant growth regulator solutions
of 0.5 mM MeJA (dissolved in 1% ethanol solution) and 20 mM TRP (dissolved in warm distilled water) were
carried out 15 days before harvesting. Both sides of the leaves were completely saturated with the fertilizer
and elicitor spray. Control groups were sprayed with distilled water only. The MeJA groups were grown in a
separate chamber to prevent the volatile MeJA from contaminating the other plants. Concentrations of the
elicitors were determined as recommended in previous reports [40,43]. After harvest, the plant material was
dried under room temperature conditions. A complete randomized block design was used for each treatment,
corresponding to nine plants and replicated three times. Nearly six months was needed to reach the flowering
period. Plants were harvested at pre-flowering and full flowering stages.

Chemicals

All of the analytical grade solvents were purchased from Merck. The 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) was procured from Aldrich, the L-tryptophan, SER, MEL, and MeJA from Sigma-Aldrich and, the
Folin-Ciocalteu reagent (2N), gallic acid (GA), and quercetin (Q) from Sigma. The butylated hydroxytoluene
(BHT) and aluminum chloride were obtained from Fluka and the PRT from Cayman.

Sample preparation

For sample preparation, 2 g dried plant material was crushed in a porcelain mortar, put into a Duran
bottle to which 60 mL of methanol-water (2:1) was added, and mixed with a magnetic stirrer (INTTLAB) for
20 min to achieve homogenization. The samples were then placed in an ultrasonic bath (United Jewelry Tool
Supplies) for 1 h and centrifuged for 10 min at 4,025 x g (Centrifugal, Hettich Zentrifugen Micro 220 R,
Germany) [44]. After centrifugation, the samples were preserved in a freezer (-20 C) until subsequent
analyses. For TRP, SER, and MEL analyses, samples were incubated in the freezer for two weeks. Prior to
the HPLC analysis, plant extracts were passed through an HPLC filter membrane (0.2-25 um, Millipore). The
same extractions were used for PRT and antioxidant activity analyses.

HPLC analysis

Plant extracts were identified using an HPLC system (Agilent Technologies, Inc., Santa Clara, CA, USA)
with four ECOM pumps (Prague, Czech Republic) equipped with a UV detector (Hewlett-Packard 1100
model). Analysis was performed on an ACE 5-C18 column (4.6 x 250 mm). Standards were prepared in 1.95
to 250 pg/mL concentrations at maximum resolution: TRP (dissolved in warm double-distilled water- ddH-0),
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SER (dissolved in 0.1 M HCL- ddH20), and MEL (dissolved in 80% methanol). The injections were performed
in triplicate. For TRP and derivates, the mobile phase used 0.1% formic acid and 0.1 M KH;PO. buffer in
ddH20O / acetonitrile (ACN) (20:80), at a flow rate of 1 mL/min. The total analysis time was 35 min. Column
heat was adjusted to 28 °C and the UV detector to 280 nm [44]. The SER, TRP, and MEL peaks were seen
at 3.9, 4.5, and 28.3 min, respectively. For the PRT analyses, the PRT was dissolved with DMSO at 1.95 -
250 pg/mL concentrations. The mobile phase used isocratic elusion with 55% ACN and 45% water. The total
analysis time was 22 min at a 1.5 mL/min flow rate [45]. The peaks were analyzed at 210 nm using the UV
detector. The 20 pL samples were injected into the HPLC system and the PRT peak was seen at 4.7 min.

Total phenolic compounds

Total phenolic content was measured using the Folin-Ciocalteu procedure modified by Fonseca and
coauthors [45]. Folin-Ciocalteu reagent (2 mL) was added to a 400 yL sample. After 3 min, 1.6 mL of sodium
carbonate (7.5%) was added and the mixture was allowed to stand for 30 min. Absorption was measured at
765 nm using a spectrophotometer (Agilent Rochester, NY, USA). Total phenolics were expressed as gallic
acid (GA) units. A multipoint linear curve was obtained with the GA standard (Sigma) ranging from 20 to 400
mg/L. The results were inserted into the equation (y = 0.0083x + 0.3223) and calculated as mg/g GA.

Total flavonoid compounds

Total flavonoid content was measured using the procedure modified by Subedi and coauthors [46], in
which 100 uL (2%) AICI; were added to 100 pL extract, two drops of CH;COOH were added to the mixture,
and the total volume adjusted with methanol to 5 mL. The mixture was allowed to stand for 40 min and was
measured at 415 nm by the spectrophotometer. Quercetin (Q) was used as the standard (6.125-200 mg/L)
and the absorbance was calculated using the equation (y = 0.0022x + 0.0054) as mg/g Q.

Antioxidant activity

The antioxidant activity of the extracts was determined by using the radical scavenging activity of DPPH.
The positive control BHT (1 mM) and DPPH (1 mM) were dissolved in methanol. Extract samples (50 pL)
were put into plastic spectrophotometer cuvettes and 3 mL DPPH were added to each sample, which was
then kept in the dark for 30 min. After the 30-min incubation period at room temperature, the absorbance
was read against a blank at 517 nm. The percent of DPPH free radical inhibition was calculated as: radical
scavenger effect (%): {(A0-A1/AQ) x 100}, where AO represents the absorbance of the control without the
sample and Al represents the absorbance of the test solution.

Statistical analysis

All measurements were performed in three replicates and the results were represented as means. SPSS
15 statistical program was used to determine statistical significance levels by employing the independent
one-way analysis of variance (ANOVA) followed by the Tukey HSD multiple range test and the differences
between individual averages were considered to be statistically significant at p < 0.05. The results were
expressed as mean and standard deviation.

RESULTS AND DISCUSSION

Hplc Analysis of Tryptophan, Serotonin, Melatonin and Parthenolide Content

Changes in the endogenous content of TRP and its derivates SER and MEL were analyzed after
exogenous MeJA and TRP applications. The results are represented in Figure 1. The chromatogram of
feverfew extract is also given in Figure 2a. All treatments significantly influenced the content of the
compounds in the flowers (p <0.01), but not all parameters affected the leaves at different developmental
stages. With the TRP treatments, the TRP content of leaf samples at the pre-flowering stage was enhanced,
but it decreased at the flowering stage in comparison with the control. Under all circumstances, TRP-
mediated changes in the endogenous TRP content of the leaf tissue were higher than with the MeJA
treatments, which decreased the endogenous TRP amount of the leaves. However, the TRP content peaked
at the pre-flowering stages in the TRP application group. Interestingly, the flower TRP content decreased at
the flowering stage by approximately 50% with TRP treatments, whereas MeJA treatment caused an increase
in TRP content in the flower samples compared to the non-treated and TRP-treated groups.
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Figure 1. Mean values and standard deviation of metabolites in leaves and flowers of T. parthenium at different

developmental stages with MeJA and TRP treatments

The TRP treatments enhanced the SER and MEL content in leaves and flowers in the flowering period
but reduced the endogenous TRP content. This might be explained by the conversion of TRP to its products,
SER and MEL. This inference was supported by Zhao and coauthors [47], who reported that TRP
decarboxylase gene (PaTDC) expression was positively related to the MEL production in cherry. The SER
content of the flowers and leaves exhibited significant differences (p <0.01), ranging between 43.7 and 84.9
pg/mL in the plant tissues. Treatments triggered the biosynthesis of SER content in leaves at the flowering
stage, whereas a decrease was observed at the pre-flowering stage in comparison with the control.
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Figure 2a. HPLC chromatograms of TRP, SER and MEL in plant extracts
Figure 2b. HPLC chromatogram of PRT in plant extracts

The phytohormone MEL increased in the flowering period with TRP applications for both leaves (1.38
pg/mL) and flowers (1.09 pg/mL) compared to the control groups (0.93 pg/mL, 0.85 pug/mL). The highest MEL
content was observed in leaf samples at the flowering stage with TRP treatment, whereas MeJA suppressed
the biosynthesis of MEL in leaf samples at both the pre-flowering and flowering stages. However, the highest
MEL content in the flowers was observed at the pre-flowering stage in the control group, followed by groups
treated with TRP and MeJA, respectively. Similar to the MEL content, in the leaf samples, the highest content
was observed at the flowering stage with TRP treatments, whereas MeJA again caused a decline in the
content in the flowers. Likewise, in Hypericum perforatum germplasm, exogenous TRP application enhanced
the endogenous MEL, SER, and TRP content in roots and shoots, but depended on the concentration of the
application [48]. During the flowering period, the endogenous TRP, SER, and MEL content of the flowers
decreased once compared with the pre-flowering control group. This decline might be attributed to the
consumption of TRP for the protein biosynthesis required by the flower reproductive organs. Similar findings
were also reported in Datura metel, with SER and MEL contents progressively decreasing as the flower buds
and fruits matured [49]. During the flowering period, TRP content was increased, whereas MEL content
exhibited a decline in the leaves of control groups compared to the pre-flowering period. Korkmaz and
coauthors [50] reported similar results for eggplant, in which lower MEL contents in the leaves and roots were
detected at the flowering stage, whereas TRP levels increased dramatically from the beginning of the
flowering stage. As with all biological systems, plant systems are relatively complex and susceptible to any
environmentally induced stimuli, exogenous treatments, or post-harvest practices, etc. In this study, we also
examined the biochemical pathways including the primary metabolite TRP and its conversion to secondary
metabolites such as the phytohormones SER and MEL. One of the well-known major metabolites of T.
parthenium flowers is PRT, as was determined in the leaf and flowers of the plant (Figure 1; Figure 2b). The
PRT content was more pronounced during the pre-flowering period than in the flowering period. The samples
of control groups during the two vegetation periods had higher amounts of PRT content (1.53%-0.92%) in
the flowers than did the treatment group samples (1.09%, 0.93%-0.56%, 0.59%). In the leaves, TRP
applications enhanced the PRT content in the flowering period, whereas MeJA applications increased the
PRT content in both the pre-flowering and flowering periods, although this effect was not statistically
significant. Furthermore, exogenous application of 2,4-D enhanced the PRT level [51,52], and PRT
biosynthesis was significantly increased with the addition of 2 mM Mg up to 50 uM Mn [53]. Applications with
a combination of a-naphtalenacetic acid and kinetin induced higher PRT amounts in shoots than in roots in
30-day-old tissues, and also in younger tissues (9, 20, and 24 days) [54]. The MeJA applications were
effective only in the first 24 h, after which increases were not seen in the T. parthenium leaves [55]. In the
study of Malarz and coauthors [56], a sesquiterpene lactone group reached the maximum (over 200%
compared to the control) in 72 h after jasmonate treatment of the hairy roots of Cichorium intybus. Rowe and
coauthors [57] reported that MeJA-treated sunflower plants had a lower sesquiterpene lactone production,
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although MeJA has been successfully used to induce secondary metabolite production in many plants, such
as the artemisin level in Artemisia annua [58] and the xanthumin level in Xanthium strumarium [59], the
rosmarinic and caffeic acid in Ocimum basilicum [39,40] and Salvia miltiorrhiza [60], the saponin content in
Calendula officinalis [61], and the jacaranone amount in Jacobaea vulgaris and Jacobae aquatic [62].

Analysis of Antioxidant Activity, Total Phenolic and Total Flavonoid Contents

Phenolic compounds, including flavonoids, play multiple regulatory and protective roles in plant and
human physiology including defense, antioxidant activity, free radical scavenging, signaling, and mediating
auxin transport [63]. The average total phenolic contents, total flavonoid concentrations and antioxidant
activity of feverfew grown with applications of different plant growth regulators are presented in Figure 3.
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Figure 3. Mean values and standard deviation of total phenolic and flavonoid contents and DPPH antioxidant activity
in leaves and flowers of T. parthenium at different developmental stages with MeJA and TRP treatments

Antioxidant capacity was determined according to the DPPH method. Extracts of leaves (93.61%-
94.22%) and flowers (93.64%-94.51%) exhibited significant differences from the positive control BHT (p
<0.01). Feverfew showed strong free radical-scavenging activity, especially in the flowering period in leaves
and in the pre-flowering period in flowers. In previous studies, T. parthenium extracts showed high DPPH
scavenging activity 84.4% [64] and 81.12% [65], and 83.66% and 88% in leaves and flowers, respectively
[66]. The results obtained herein are consistent with the previous studies. Total phenolic contents in the pre-
flowering period ranged from 44.31 to 45.78-46.33 mg GAE/g dry weight (DW) for feverfew flowers treated
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with MeJA and TRP applications and for the control group and in the flowering period, from 46.66 to 45.74-
51.63 mg GAE/g DW, respectively. Total flavonoid content ranged from 16.19 to 30.31 mg QE/g in the leaves,
and from 13.94 to 38.76 QE/g in the flowers. In the current study, no statistically significant effects from the
treatments were exhibited on the total phenolic contents in the leaves of the plant (p >0.05) or in the flowers
during the pre-flowering period. However, in comparison with control groups, decreases were observed in
the flowering period. The results of the current study could indicate that TRP and MeJA might have given rise
to the increased activity of the enzymes that caused the degradation of the phenolic compounds [67].The
TRP and MeJA applications enhanced the total flavonoid contents significantly in both leaves and flowers
compared to the control groups (p <0.01). In the flowers, total flavonoid content was more pronounced in the
pre-flowering period than in the flowering period. The MeJA treatment groups had more abundant total
flavonoid content than the others. However, it was observed that the TRP applications were more effective
in the leaves.

The TRP application significantly enhanced the total phenol and flavonoid contents of Citrullus
colocynthis L. [68] and the total phenolic compounds of lupine seeds [69], although induced total phenolic
content inhibited the total flavonoid content in basil leaves, depending on the application dose [11]. The MeJA
applications stimulated a group of flavonoids known as anthocyanins in cell cultures of ohelo (Vaccinium
phalae) [70], enhanced the total phenol and flavonoid contents of basil leaves [40] and the total phenolic
content and antioxidant capacity of 7-day buckwheat cultures [71]. Danaee and coauthors [72] reported that
MeJA treatments increased the flavonoid, phenolic yield, and antioxidant activity, depending on
concentration, in Phyllanthus pulcher callus. According to Chung and coauthors [73], jasmonic acid-elicited
hairy root cultures of Momordica charantia produced significantly higher amounts of phenolic compounds,
total phenolic and flavonoid content, and DPPH activity. Agikgdz and coauthors [74] stated that, MeJA
applications neither enhanced nor affected total phenolic content and neither decreased nor affected total
flavonoid content in Achillea gypsicola cell suspensions, depending on application dose. In Achillea
millefolium aerial parts, the total flavonoid amount was shown to increase and the DPPH antioxidant activity
to either increase or remain unchanged with different concentrations of MeJA application [75]. Duran and
coauthors [76] reported that the flavonoid production of Thevetia peruviana cell suspension cultures was
enhanced by MeJA application. Several reports have shown that the application of different concentrations
of MeJA led to changes such as lower or higher antioxidant capacity in different tissues of the plants at
harvest time.

Correlation and Multiple Regression Analysis of the Metabolites

According to the correlation analysis, moderate and strong negative correlations were observed between
PRT-Leaf and TRP-Leaf; TPC-Flower and SER-Leaf; TPC-Flower and SER-Flower; TPC-Flower and PRT-
Leaf; TPC-Leaf and DPPH-Leaf; DPPH-Leaf and PRT-Leaf; DPPH-Leaf and PRT-Flower; TFC-Leaf and
MEL-Leaf; TFC-Leaf and MEL-Flower; TFC-Leaf and TPC-Flower; TFC-Flower and TPC-Flower.

The remaining correlation coefficients between other parameters were low or positive. The PRT content
was found to be negatively correlated with the DPPH scavenging activities of the extracts. Moreover, the total
phenolic content was clearly determined to be negatively correlated with the SER content in the plant tissues,
as was the total flavonoid content with the MEL content in the plant tissues (Table 1).

Correlation coefficients of the metabolites estimated in flowers at pre-flowering and flowering stages with
MEL and TRP treatment (r=0.52), SER and TRP (r=0.60), SER and PRT (r=0,56), as well as TRP and PRT
(r=0.60). It is worthy to note that all correlation coefficients are positive directed (Table 2).

However, no statistically significant correlations were found between the metabolites examined in leaf

samples. In contrast to flower samples, the correlation coefficients were negatively directed except for the
correlations between MEL and SER (0.08) and SER and PRT (0.04) (Table 3).
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Table 1. Correlation coefficients of the variables in leaves and flowers of T. parthenium at different developmental stages

with MeJA and TRP treatment
TRP- TRP- SER- SER- MEL- MEL- PRT- PRT- DPPH- DPPH- TPC- TPC- TFC- TFC-

Leaf Flower Leaf Flower Leaf Flower Leaf Flower Leaf Flower Leaf Flower Leaf Flower

TRP-
Leaf 0.03 -0.05 0.49 0.12 0.54 -0.64 0.33 0.04 0.68 0.02 0.33 -0.40 0.21
ea
TRP-

0.03 0.83 0.67 -0.07 0.40 -0.04 0.74 0.11 -0.07 0.48 -0.13 -0.24 0.02
Flower
SER-
Leaf -0.05 0.83 0.76 0.20 0.62 0.04 0.49 0.22 -0.38 0.32 -0.49 -0.32 0.24
ea
SER-

0.49 0.67 0.76 -0.11 0.59 -0.21 0.63 0.18 0.27 0.32 -0.47 -0.14 0.59
Flower
MEL-
Leaf 0.12 -0.07 0.20 -0.11 0.72 -0.09 -0.12 -0.11 -0.60 0.01 0.28 -0.78 -0.28
ea
MEL-

0.54 0.40 0.62 0.59 0.72 -0.35 0.33 0.09 -0.21 0.16 0.03 -0.80 0.10
Flower
PRT-
Leaf -0.64 -0.04 0.04 -0.21 -0.09 -0.35 0.20 -0.72 -0.33 0.62 -0.44 0.62 0.41
ea
PRT-

0.33 0.74 0.49 0.63 -0.12 0.33 0.20 -0.48 0.34 0.87 -0.01 0.02 0.38
Flower
DPPH-
Leaf 0.04 0.11 0.22 0.18 -0.11 0.09 -0.72 -0.48 -0.09 -0.81 -0.10 -0.33 -0.35
ea
DPPH-

0.68 -0.07 -0.38 0.27 -0.60 -0.21 -0.33 0.34 -0.09 0.09 0.20 0.31 0.32
Flower
TPC-
Leaf 0.02 0.48 0.32 0.32 0.01 0.16 0.62 0.87 -0.81 0.09 -0.09 0.21 0.44
ea
TPC-

0.33 -0.13 -0.49 -0.47 0.28 0.03 -0.44 -0.01 -0.10 0.20 -0.09 -0.48 -0.73
Flower
TFC-
Leaf -0.40 -0.24 -0.32 -0.14 -0.78 -0.80 0.62 0.02 -0.33 0.31 0.21 -0.48 0.51
ea
TFC-
Fi 0.21 0.02 0.24 0.59 -0.28 0.10 0.41 0.38 -0.35 0.32 0.44 -0.73 0.51
ower

Table 2. Correlation coefficients of the metabolites estimated in flowers at pre-flowering and flowering stages with MeJA
and TRP treatment

Mean Std deviation Melatonin Serotonin Tryptophan Parthenolide
Melatonin 0.88 0.25 1.00 0.52 0.31 0.27
Serotonin 56.12 16.23 0.52 1.00 0.60 0.56
Tryptophan 54.10 42.24 0.31 0.60 1.00 0.60
Parthenolide 0.94 0.38 0.27 0.56 0.60 1.00

Table footnote: Marked correlations are significant at p <,05000; N=18

Table 3. Correlation coefficients of the metabolites estimated in leaves at pre-flowering and flowering stages with MeJA
and TRP treatment

Mean Std deviation Melatonin Serotonin Tryptophan  Parthenolide
Melatonin 0.90 0.40 1.00 0.08 -0.06 -0.19
Serotonin 68.54 14.56 0.08 1.00 -0.17 0.04
Tryptophan 52.75 35.27 -0.05 -0.17 1.00 -0.01
Parthenolide 0.42 0.23 -0.19 0.04 -0.01 1.00

Table footnote: Marked correlations are significant at p < ,05000; N=18
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CONCLUSION

Recently, many studies have been conducted on the exogenous application of phytohormones and their
responses. This study investigated the role of the plant growth regulators TRP and MeJA on changes in the
secondary metabolite content and antioxidant activity of T. parthenium. Active metabolites of T. parthenium
were affected by TRP and MeJA applications, dependent on the vegetation period and plant tissue involved.
The MeJA treatment was observed to enhance the SER level, whereas the TRP treatment enhanced the
SER and MEL levels in the flowering period. Furthermore, the PRT content was not positively influenced by
the treatments. None of the treatments enhanced the main metabolites. That could be attributed to the
formation of different intermediate metabolites, indicating that different metabolic pathways might play a role
in the conversion of the products to the target molecules. Different valuable plant native products have been
collected from specific specialized structures. By creating an infrastructure, this study facilitates opportunities
for future studies that can provide new prospects for enhancing and diversifying the manufacture of highly
valuable bioactive metabolites.
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