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The Interplay Between Glutathione, Microplastics,
and Ultra-Processed Foods: Mechanisms and
Health Implications

Emerging research reveals a complex relationship between glutathione (GSH)—the body'’s
master antioxidant—and two modern environmental and dietary stressors: microplastics and
ultra-processed foods (UPFs). Both factors independently and synergistically disrupt
glutathione homeostasis, exacerbating oxidative stress and compromising cellular defense
systems.

Microplastics Induce Glutathione Dysregulation

Direct Oxidative Stress and Antioxidant Depletion

Microplastics (MPs) and nanoplastics (PNPs) generate reactive oxygen species (ROS) through
physical and chemical interactions. For example, polystyrene nanoplastics (20-40 mg/L) in
aquatic organisms like Macrobrachium nipponense reduced total glutathione (GSH) levels by
25-40% while increasing oxidized glutathione (GSSG), disrupting the critical GSH/GSSG ratio
essential for redox balancelll. Similarly, polyethylene MPs in rice plants suppressed growth by
30-50%, but exogenous glutathione application (3.0 mM) restored biomass and photosynthesis
by scavenging ROS2l,

Glutathione-Dependent Detoxification Pathways

Microplastics activate glutathione S-transferase (GST), an enzyme critical for conjugating toxins
to GSH for excretion. In fish exposed to weathered polyethylene MPs, GST activity increased by
2.5-fold, indicating a compensatory detoxification responsem. However, chronic exposure
overwhelms this system: soil invertebrates (Porcellionides pruinosus) exposed to PNPs (300
mg/kg) exhibited lipid peroxidation (LPO) increases of 45% despite elevated GST activity,
sighaling glutathione depletion[ﬂ.

Mitochondrial and Metabolic Disruption

PNPs impair energy metabolism linked to glutathione. In mice, polystyrene nanoplastics (5 mg/L)
suppressed the G6PD/glutathione pathway, reducing glycolysis by 30% and triggering
ferroptosis—a glutathione-dependent form of cell deathl3l. This disruption correlates with
mitochondrial membrane potential loss (AWm reduced by 50%), further depleting cellular GSH
reserves 8l
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Ultra-Processed Foods Exacerbate Glutathione Deficits

Nutrient Deficiencies and Precursor Limitations

UPFs lack cysteine and glycine—amino acids essential for GSH synthesis. Rats fed UPFs for 90
days showed 20% lower hepatic GSH levels despite unchanged caloric intake, attributed to
deficient precursor availability IZ1 181, Processed foods also degrade dietary GSH: cooking
reduces spinach’s glutathione content by 60%, and UPFs like cereals provide <10% of the GSH
found in whole foods91 1101

Pro-Oxidant Additives and Metabolic Stress

UPFs contain additives (e.g., nitrates, acrylamide) that directly deplete GSH. Processed meats
increase reactive nitrogen species (RNS), which conjugate with GSH, lowering its bioavailability
by 15-25% 1. High-fat UPFs in rats reduced soleus muscle GSH by 25% within 14 days, while
increasing pro-inflammatory IL-6 expression 4.5-fold, further taxing antioxidant defenses[12l [13],

Gut Microbiota Dysbiosis

UPFs alter gut microbiota composition, reducing Allobaculum and Dubosiella species that
produce butyrate—a metabolite supporting GSH synthesis. Rats fed UPFs had 40% fewer

butyrate-producing bacteria, correlating with hepatic steatosis and 30% lower GSH in liver
tissue 21 L8]

Synergistic Effects: A Vicious Cycle of Oxidative Damage

Combined Exposure Risks

Co-exposure to MPs and UPFs amplifies GSH depletion. For example:

e MPs impair intestinal barriers, increasing UPF-derived toxin absorption by 20-35% [141
e UPFs suppress GST activity by 15%, reducing MPs detoxification 15l

e Combined exposure in mice accelerated hepatic GSH depletion by 50% compared to either
stressor alone 3l

Clinical and Ecological Implications

¢ Human Health: Chronic GSH deficiency increases risks of NAFLD (3-fold higher in UPF
consumers)Z, neurodegenerative diseases (linked to MP-induced ferroptosis) 2!, and
insulin resistance 12l

¢ Ecological Impact: Aquatic species with GSH depletion (e.g., prawns, fish) show 40-60%
mortality under MP stress, disrupting food chainsl 31
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Mitigation Strategies

Dietary Interventions

o Sulfur-Rich Foods: Cruciferous vegetables (e.g., broccoli) boost GSH synthesis by 35% via
sulforaphane 12l

e Whey Protein: Provides cysteine, increasing GSH levels by 20-30% in humans{12l,

¢ Polyphenol-Rich Diets: Berries and green tea enhance GST activity by 25%, improving MP
detoxification[81 1141,

Environmental and Policy Measures

e Reducing MP pollution through filtration systems lowers aquatic GSH depletion by 50% (2.

e Regulating UPF additives (e.g., banning nitrites) could prevent 15% of diet-induced GSH
loss[M,

Conclusion

Microplastics and ultra-processed foods converge to disrupt glutathione homeostasis through
oxidative stress, metabolic interference, and nutrient deficiencies. Addressing these dual threats
requires integrated strategies—enhancing dietary antioxidants, reducing environmental MP
pollution, and reforming food processing practices. Without intervention, the cumulative burden
on glutathione systems may accelerate aging and chronic disease pandemics@“ﬁl.
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