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ABSTRACT

Silybum marianum has effective biological activities, iacluding,antioxidant and anticancer, due to its phytochemical properties.
Hence, it has long been consideféd a valuable medicinal plant. The purpase of this study was to investigate the effects of biological
stimuli, including bacteria (Pseudomonas putida), yeast (Yarrowia lipolytica), fungi (Aspergillus niger), and AgNO:s elicitors, on
the contents of phenolic compounds, silymarin and antiexidantotential in the seeds and aerial parts of plants during the vegetative
and reproductive stages af,growth. This study was conducted as separate experiments in a completely randomized design with 3
repetitions in the research greenhouse of Ferdowsi University of Mashhad. The results of the experiment revealed that the phenol
content in the seeds with bielegical and non-biological motivation was greater than that in the aerial parts in both the vegetative
and reproductive growth stages, whereas thélowest ICso was assigned to the seeds in all the investigated treatments. In this study,
the total flavonoidieontent decreased with the transition from the vegetative stage to reproductive and seed production that is likely
related to the increasenin cell differentiation during the period of growth, protection against pest attack, degradation, and reduction
in the activity of biosynthetic pathway enzymes. Although AgNOs increased the percentage of silymarin in the vegetative growth
(9.96%) and reproductive stage$y(6.64%) compared with the control, in the seed production stage, bacterial inoculation had the
greatest effect:on improving the silymarin content and the silymarin content in the seed. Compared with the control, the percentage
increased by 33%:

Keywords: freeyradical, phenolic compounds, silymarin, phenology
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1- High Performance Liquid Chromatography
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The effect of fungal, bacterial, yeast and silver nitratetelicitorsion the
content of antioxidant compounds and silymarin in milkithistle plant
development stages (Silybum marianum L.)

Extended Abstract
Introduction

The milk thistle (Silybum marianum Gaernt L.) contains silymarin @Sithe flavonaligan in its seeds, which is used to treat liver,
digestive, biliary, and poisoning diseases. Aspergillus nijer issknownias the main seurce of citric acid‘production, Pseudomonas
putida can produce high amounts of organic acids by decomposing,organic substances in the soil and subsequently providing more
phosphorus in the soil for absorption by plants. The yeast Yarrowialipolytica is Khown as the host of naringenin biosynthesis. By
inhibiting the activity of ethylene, silver nitrate increases the expression, of/some genes and different intracellular enzymes and
affects the synthesis of secondary metabolites in plants. Considering the impartance of milk thistle as a medicinal plant, this study
was conducted to investigate the possibility of increasing the synthesis of secondary medicinal compounds, especially silymarin
and antioxidant compounds, by using some biotic and abiotic elicitorsjin different phenological stages.

Materials and methods

Milk thistle seedling were transferred to"pets containingpsterile soil . P. putida and Y. lipolytica with 0/5 McFarland standards
(approximately 1/5 - 108 bactegial or yeast suspensions mL™)"and A. nijer suspension (1.2, 107 spores ml'*) (Medina et al., 2010)
were added to the rhizosphere of seedling in‘avolume of 10 ml. Foliar spraying of silver nitrate (ppm 100) was performed in
vegetative and reproductive stages.¢A methadnolic extract (1 gram of plant powder in 10 ml of 80% methanol) was prepared, and
the phenol contentwas measured,via Veraon et al. (1999), flavonoid content (Chang et al., 2002), phenolic acid content (Matkowski
et al., 2008), ICso (Akowuah et al.;, 2005), silymarin percentage (Hasanloo et al., 2008), and silymarin content (Wen et al., 2008).

\

Results and Discussion

The results revealed that the highest content of total phenol in the vegetative stage was related to the application of silver nitrate
(5.33 mg GAE g*DW), whereas in the reproductive stage, the highest content was associated with the control treatment (5.11 mg
GAE g DW), and in seeds was achieved via the use of yeast (12.94 mg GAE g* DW). The highest content of flavonoids in the
vegetative stage was associated with silver nitrate (5.5 mg QE g* DW), that in the reproductive stage was related to fungi (3.4 mg
QE g' DW), and that in the seeds was belonged to yeast (4.5 mg QE g* DW). The highest content of phenolic acid in the vegetative
stage (2.73 mg CEA ¢! DW) was related to the applied bacteria, and in the reproductive stage, it was related to fungi (1.62 mg
CEA ¢! DW) and yeast in the seeds (3.5 mg CEA g* DW). Fungi, bacteria, and yeast was applying in this experiment are the
sources of citric acid production (Tong et al., 2023) and are able to produce and accumulate phenolic and flavonoids compounds
in the vacuole and alsoincreasing antioxidant activity (Soroori et al., 2021). Some heavy metals protect plants against oxidative
damage via the induction of phenolic compound synthesis , reduce free radical damage and increase the compatibility of plants
with the environment (Vinogradova et al., 2023).
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The highest antioxidant activity and value of DPPH (ICso) were obtained by using silver nitrate in the vegetative stage (85.99 pg
milt) and in the reproductive stage (65.45 pug milt) and in seed (37.54 pug mlt) was belong to yeast. By changing the plasma
membrane, yeast can synthesize secondary metabolites and activate a defensive response against ROS (Humbal et al., 2023).

Silver nitrate caused the synthesis of the highest percentage of silymarin in the aerial part of the plant in the vegetative (9.96%) and
reproductive (6.64%) stages, and applying the bacteria significantly increased the content of silymarin in the seeds. Heavy metals
bind to receptors on the surface of the plasma membrane, initiate a network of signal transmissions and cause the overexpression
of all genes involved in the synthesis of secondary metabolites, including silymarin (Khalili et al., 2010). Bacteria, as external
producers of auxin and gibberellin hormones, induce flavonoid synthesis pathway, which subsequently lead to increases the
taxifolin and silymarin synthesis (Zboralski and Filion., 2023). Yeast increases the synthesis of phenylalanine as the primer of the
silymarin synthesis pathway (Lv et al., 2019).

Conclusion

Results revealed that the content of total phenol increased from the vegetative to reproductive stage and‘then the seed, but this,
adversely for total flavonoid content. It seems that the elicitors have various effects on different plant growth stages due to their
special function in the biosynthetic pathway of various compounds including silymarin.
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