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Abstract: Soil salinity is a major environmental constraint that
significantly affects plant growth, metabolism, and secondary metabolite
biosynthesis. Silybum marianum L., an important medicinal plant,
produces silymarin—a complex mixture of flavonolignans with potent
antioxidant and hepatoprotective properties. The present study provides a
comprehensive and integrative analysis of the dynamic behavior of the
silymarin complex under varying levels of salt stress. The results
demonstrate that salinity induces a dose-dependent modulation of
silymarin biosynthesis, characterized by a stimulatory effect at moderate
stress levels and inhibitory effects under severe stress conditions. This
response is mediated through the activation of the phenylpropanoid
pathway, enhanced antioxidant defense mechanisms, and transcriptional
regulation of key biosynthetic genes. The study further explores the
physiological adaptations, metabolic trade-offs, and stress signaling
pathways involved. These findings contribute to a deeper understanding
of plant stress physiology and offer practical strategies for enhancing the
production of valuable phytochemicals in saline environments.

1. Introduction: Salinity stress is one of the most critical abiotic
stress factors limiting agricultural productivity worldwide, affecting

more than 800 million hectares of land. The accumulation of soluble salts
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in soil leads to osmotic stress, ionic toxicity, nutrient imbalance, and

oxidative damage, ultimately impairing plant growth and development.
At the cellular level, salt stress disrupts water uptake due to reduced soil
water potential, while excessive sodium (Na*) and chloride (Cl") ions
interfere with essential metabolic processes. One of the most damaging
consequences of salinity is the overproduction of reactive oxygen species
(ROS), including superoxide radicals (O27), hydrogen peroxide (H-0O-), and
hydroxyl radicals (+ OH), which can damage lipids, proteins, and nucleic
acids.Plants have evolved complex adaptive mechanisms to cope with
salinity stress, including: osmotic adjustment, ion homeostasis,
activation of antioxidant systems, reprogramming of primary and
secondary metabolism. Secondary metabolites, particularly phenolic
compounds, play a crucial role in plant defense. In this context, Silybum
marianum L. is of particular interest due to its ability to synthesize
silymarin, a biologically active complex of flavonolignans derived from
the phenylpropanoid pathway.Silymarin consists mainly of: silybin A
and B (dominant isomers), isosilybin, silychristin, silydianin. These
compounds exhibit strong antioxidant, anti-inflammatory, and
membrane-stabilizing  properties, making them valuable in
pharmaceutical applications.Despite extensive research on silymarin
pharmacology, the regulatory mechanisms governing its biosynthesis
under abiotic stress conditions remain insufficiently understood. In
particular, the dynamic response of silymarin to salt stress, including its

biochemical regulation and physiological significance, requires further

Investigation.
2. Theoretical Background and Mechanistic
Framework.Phenylpropanoid Pathway and Silymarin

. . . AMERICA, 2026
https://unsciense.ru/index.php/american 26



American Journal of Modern World Sciences 2026
Vol 3 Issue 5 Impact faktor: 8.3 (Researchbib)
Biosynthesis. Silymarin biosynthesis originates from the amino acid

phenylalanine through the phenylpropanoid pathway. The key steps
include: Phenylalanine — Cinnamic acid (via PAL), Cinnamic acid — p-
coumaroyl-CoA ,Formation of flavonoid intermediates (via CHS, CHI),
Oxidative coupling with coniferyl alcohol — flavonolignans.The
regulation of this pathway is tightly controlled at both enzymatic and
transcriptional levels.

2.1 Salt Stress Signaling Mechanisms: Salt stress perception
triggers multiple signaling pathways: calcium signaling (Ca*" influx),
activation of MAP Kkinases, phytohormone signaling (ABA, jasmonic
acid), ROS-mediated signaling cascades.These signals lead to
transcriptional activation of stress-responsive genes, including those
mvolved in secondary metabolism.

3. Materials and Methods (Further Detailed).3.1
Experimental SetupThe experiment followed a completely randomized
design with four treatments and three biological replicates.
Environmental conditions were strictly controlled to minimize
variability.

3.2 Sampling Strategy:Samples were collected at three time
points: early response (7 days),

adaptive phase (14 days), prolonged stress (21 days). This allowed
analysis of temporal dynamics.

3.3 Advanced Analytical Techniques: HPLC with UV
detection for silymarin profiling Spectrophotometric assays for
antioxidant enzymes, QRT-PCR for gene expression Correlation analysis

between biochemical parameters
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4. Results (Highly Expanded).4.1 Temporal Dynamics of

Growth Inhibition

Growth reduction was gradual and time-dependent. Under moderate
stress, plants maintained relatively stable growth during early stages,
suggesting effective acclimation. However, prolonged exposure led to
cumulative damage.

4.2 Time-Dependent Silymarin Accumulation.Silymarin
accumulation showed dynamic temporal variation:Day 7: slight increase
(stress perception phase), Day 14: peak accumulation (adaptive
phase),Day 21: decline under severe stress.This indicates that
biosynthesis is tightly linked to stress duration and plant adaptive
capacity.

4.3 Metabolic Trade-Offs: Under stress conditions, plants
reallocate resources:

.reduced primary metabolism (growth),
.enhanced secondary metabolism (defense).

This trade-off explains increased silymarin accumulation under
moderate stress.

4.4 Oxidative Stress Markers

MDA levels increased significantly under severe stress, indicating
lipid peroxidation. However, under moderate stress, antioxidant systems
effectively controlled ROS levels.

4.5 Enzymatic Antioxidant Network

The coordinated increase in SOD, CAT, and GPX suggests a
synergistic defense mechanism. SOD converts superoxide radicals into

H-O:, which is then detoxified by CAT and GPX.
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5. Discussion (Deep Scientific Interpretation): The findings

demonstrate that silymarin biosynthesis is an integral part of the plant’s
adaptive response to salinity stress. Moderate salt stress enhances
metabolic flux through the phenylpropanoid pathway, resulting in
increased production of flavonolignans.The role of ROS as signaling
molecules is particularly important. While excessive ROS can cause
damage, controlled ROS production acts as a trigger for defense
responses. This dual role explains the biphasic nature of the
response.Furthermore, the decline in silymarin under severe stress
reflects a breakdown of metabolic homeostasis. Energy limitations,
enzyme inactivation, and damage to cellular structures collectively
inhibit biosynthesis.

6. Integrated Model of Silymarin Regulation under Salt
Stress: The study proposes the following model:Salt stress — ROS
production — signaling activation — gene expression (PAL, CHS)
— increased silymarin — antioxidant protection.Under excessive
stress:Salt stress — excessive ROS — cellular damage — enzyme
inhibition — decreased silymarin.

Conclusion: This study provides a comprehensive understanding of
how salinity affects silymarin biosynthesis in Silybum marianum. The
results highlight the importance of stress intensity, duration, and
metabolic regulation in determining phytochemical accumulation.
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