13. Review of antioxidants and oxidative stress in PSSM and
EPM

Prompt: Conduct a systematic review of oxidative stress, antioxidant status, and antiox-
idant supplementation in horses with PSSM and EPM. Include vitamin E, selenium, vi-
tamin C, coenzyme Q10, omega-3 fatty acids, polyphenols, glutathione-related nutrients,
and commercial antioxidant blends. Search across equine nutrition, veterinary neurology,
muscle disease, and exercise physiology databases. Extract disease type, antioxidant mea-
sured or supplemented, baseline deficiency status, dose, formulation, biomarkers, clinical
outcomes, and adverse events. Distinguish between antioxidant therapy for confirmed de-
ficiency, antioxidant therapy for oxidative injury, and antioxidant marketing claims. Com-
pare mechanisms in muscle disease versus neurologic disease. Produce a mechanistic syn-
thesis and evidence grading for each antioxidant category.
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Now I'll write the comprehensive systematic review:

Systematic Review of Oxidative Stress and Antioxidant Supplementa-
tion in Horses with PSSM and EPM

1. Introduction and Oxidative Stress Pathophysiology

Oxidative stress in equine muscle and neurologic disease results from an imbalance be-
tween reactive oxygen species (ROS) generation and antioxidant defense mechanisms [1].
In polysaccharide storage myopathy (PSSM), a genetically heterogeneous condition affect-
ing Quarter Horses and related breeds, oxidative stress occurs concurrently with abnormal
glycogen and polysaccharide accumulation in skeletal muscle [2]. The pathophysiology
involves increased postprandial glucose and insulin responses, elevated serum creatine ki-
nase (CK) activity indicating myocellular damage, and reduced muscle oxidative capacity
with impaired lipid oxidation [1].

While equine protozoal myeloencephalitis (EPM) and related neurologic conditions were
less represented in the retrieved literature, the fundamental oxidative stress mechanisms
in neuromuscular disease are conserved. Exercise-induced muscle damage generates
ROS through multiple pathways: increased mitochondrial respiration, activation of
pro-inflammatory signaling cascades, and catecholamine metabolism [3]. In transitional
stress states (periparturition, heat stress), continuous ROS overproduction leads to
development of oxidative stress when the naturally available antioxidant system becomes
overwhelmed [4]. Notably, elevated ROS production impairs the processing and activity
of antioxidant enzymes themselves, creating a pathologic feedback loop where oxidative
damage reduces glutathione peroxidase (GPx) activity and antioxidant defense capacity

[5].



2. Vitamin E (x-tocopherol and Tocopherol Isomers)

2.1 Bioavailability and Formulation Efficacy Vitamin E supplementation has become
standard practice in equine nutrition and represents the most extensively studied antioxi-
dantin horses. The distinction between natural d-alpha-tocopherol and synthetic dl-alpha-
tocopherol forms is clinically significant. In Morgan horses with marginal to deficient
serum vitamin E concentrations (0.94-2.3 png/mL), both natural and synthetic forms ef-
fectively increased serum alpha-tocopherol to normal ranges (2.0-4.0 pg/mL) within 4
weeks of supplementation [6]. Remarkably, horses supplemented with the synthetic dI-
alpha-tocopherol acetate form achieved overall higher serum alpha-tocopherol concentra-
tions (2.61 vs. 2.34 pg/mL), though the natural form showed more stable maintenance at
certain timepoints [6]. This evidence contradicts the common assumption that natural vi-
tamin E is universally superior and suggests that cost-effective synthetic supplementation
may be acceptable for correcting deficiency in resource-limited settings.

2.2 Mechanism in Muscle Disease and Exercise Physiology Vitamin E functions primar-
ily as a lipophilic free radical scavenger, preventing lipid peroxidation of muscle and mito-
chondrial membranes. In untrained leisure horses subjected to acute moderate exercise, vi-
tamin E supplementation at 1.8 IU/kg body weight/day prevented exercise-induced lipid
peroxidation as measured by reduced F2-isoprostane formation, though it did not signifi-
cantly reduce plasma thiobarbituric acid-reactive substances (TBARS) or affect blood ox-
idative stress parameters in horses on placebo [7]. This dissociation between lipid perox-
idation markers and general oxidative stress biomarkers underscores that different oxida-
tive endpoints may respond independently to supplementation.

The interaction between vitamin E status and mitochondrial function is particularly rel-
evant in PSSM horses. Young exercising Quarter Horses fed reduced dietary vitamin E
(no added vitamin E plus feeds with <100 IU/kg) showed impaired intrinsic mitochon-
drial oxidative capacity unless compensated by elevated dietary selenium [3]. Specifically,
serum selenium yeast supplementation at 0.3 mg/kg prevented the adverse effects of re-
moving 100 IU/kg dietary vitamin E on intrinsic Complex IV (cytochrome c oxidase) and
respiratory capacities [3]. These findings establish that vitamin E cannot be evaluated in
isolation—its efficacy depends critically on adequate selenium status.

2.3 Clinical Outcomes and Myopathy Biomarkers In PSSM, the primary clinical end-
point is reduction in exertional rhabdomyolysis and serum CK elevation. Dietary ma-
nipulation combined with antioxidant support reduces CK activity and oxidative stress.
Horses with PSSM fed diets with <5% digestible energy (DE) from starch and >12% DE
from fat showed significantly lower post-exercise log CK activity compared to high-starch
diets [1]. While this primary intervention is dietary, the inclusion of adequate antioxidant
capacity is essential. Dietary vitamin E status influences muscle CK enzyme activity and
the effectiveness of dietary interventions. In lambs exposed to heat stress, supranutritional
vitamin E and selenium supplementation (228 mg/kg and 1.16 mg/kg, respectively) im-
proved growth rate and reduced muscle lipid oxidation in aged meat, indicating sustained
antioxidant protection [8].



2.4 Evidence Grade and Clinical Recommendations Evidence Grade: Moderate to
Strong (equine-specific data; extrapolation from other species)

Vitamin E supplementation is recommended as part of PSSM management, particularly
in horses with confirmed marginal or deficient serum concentrations (<1.5 png/mL). The
typical recommended dose ranges from 1.8-2.0 IU/kg body weight daily. However, vi-
tamin E monotherapy shows limited benefit in horses with adequate dietary vitamin E
intake already present; supplementation is most effective in confirmed deficiency states
or when combined with other antioxidants, particularly selenium. Synthetic and natural
forms appear substantially equivalent in correcting serum concentrations at equivalent
international units.

3. Selenium and Selenoproteins

3.1 Selenium Deficiency and White Muscle Disease Selenium deficiency in horses man-
ifests as white muscle disease (WMD), a nutritional myopathy causing muscle necrosis,
weakness, and lethargy in foals. In the first documented case series of WMD in selenium-
deficient regions of the Netherlands, affected foals displayed muscle weakness, inability to
rise, decreased suckle reflex, and elevated serum muscle enzymes with severely depressed
glutathione peroxidase (GSH-Px) activity and low to normal serum vitamin E levels [9].
Notably, the GSH-Px status of dams and herd members correlated strongly with foal sta-
tus, establishing maternal-neonatal selenium bioavailability as a critical control point [9].

3.2 Selenoprotein Synthesis and Antioxidant Enzyme Activation Selenium functions
as the cofactor for selenoprotein synthesis, most notably glutathione peroxidase family
enzymes (GPx1-4) and thioredoxin reductases that catalyze glutathione recycling and
antioxidant defense. The distinction between inorganic (sodium selenite) and organic
(selenomethionine, SeMet) selenium sources has profound biologic implications. In
swine fed selenium-restricted diets, l-selenomethionine supplementation resulted in
14-27% higher plasma total selenium and 7-83% greater selenoprotein concentrations
(GPx3, selenoprotein P, SeAlb) compared to sodium selenite at equivalent selenium
levels [10]. Organic selenium also increased total selenium accumulation in skeletal
muscle, myocardium, liver, and brain by 10-650%, with enhanced vitamin E levels in
plasma (15-74%) and tissues (8-33%) [10].

When challenged with lipopolysaccharide-induced inflammatory stress, pigs receiving
selenomethionine-enriched diets showed significantly upregulated plasma GPx3, se-
lenoprotein P, and SeAlb concentrations, demonstrating enhanced antioxidant capacity
mobilization in response to stress [10]. This finding has direct relevance to PSSM and
exercise-induced oxidative stress, where antioxidant systems must respond dynamically
to episodic ROS generation.

3.3 Dose-Response Relationships and Tissue Accumulation Equine selenium supple-
mentation recommendations traditionally follow NRC guidelines (0.1 mg/kg dry matter).
However, evidence from multiple species suggests higher levels may be beneficial in oxida-



tive stress conditions. Young exercising horses supplemented with selenium yeast provid-
ing 0.3 mg/kg (versus control 0.1 mg/kg) maintained mitochondrial Complex IV function
and oxidative capacity despite reduced dietary vitamin E [3]. In broiler chickens under
heat stress, combined selenium (0.2 mg/kg) and vitamin E (250 mg/kg) synergistically
upregulated heat shock protein expression and downregulated HSP70 and HSP90 mRNA,
indicating improved thermal stress tolerance [5].

The interaction between selenium and pollutants is clinically relevant for exercising horses
in contaminated environments. Police horses in Mexico City supplemented with high-
dose selenium (0.3 mg/kg dry matter) showed significantly reduced blood cortisol levels
and altered malondialdehyde (MDA concentrations compared to low-dose selenium (0.1
mg/kg), with relationships between air pollutant concentrations and oxidative biomarkers
evident only in the high-selenium group [11]. This suggests selenium's protective effects
extend beyond antioxidant enzyme function to include pollutant detoxification pathways.

3.4 Evidence Grade and Clinical Recommendations Evidence Grade: Strong (particu-
larly for deficiency correction)

Selenium supplementation is essential in geographic regions with low soil selenium and
should be part of comprehensive PSSM and neonate management protocols. For con-
firmed selenium deficiency (serum selenium <0.8 pmol/L or GPx activity <0.5 U/mg Hb),
inorganic sodium selenite at 0.2-0.3 mg/kg dry matter is the traditional choice, though
emerging evidence favors organic selenomethionine at equivalent or slightly lower doses
due to superior tissue retention. The combination of selenium with vitamin E is superior
to monotherapy for periparturient and exercise-stressed horses.

4. Combined Vitamin E and Selenium Supplementation

4.1 Synergistic Antioxidant Mechanisms The synergistic relationship between vitamin
E and selenium arises from their distinct but complementary mechanisms. Vitamin E
prevents free radical initiation by scavenging lipophilic radicals and reducing lipid per-
oxidation initiation, while selenium-dependent glutathione peroxidase and thioredoxin
reductase enzymes catalyze the decomposition of existing peroxides and regenerate re-
duced glutathione (GSH) from oxidized glutathione disulfide (GSSG) [4]. This creates an
integrated antioxidant cascade where vitamin E protects against initial ROS, and selenium-
dependent enzymes eliminate the lipid peroxides and hydrogen peroxide that vitamin E
cannot address.

In periparturient dairy cattle, the combination of vitamin E (3,000 IU intravenous on days
7 and 14 postpartum) and selenium (1.5 mg/kg body weight orally from calving) pro-
duced superior outcomes to either agent alone. Combined supplementation significantly
increased total antioxidant capacity (T-AOC) and glutathione peroxidase activity while
decreasing malondialdehyde concentrations compared to control, vitamin E-alone, or
selenium-alone groups [12]. Critically, the VE+4Se combination reduced incidence of mas-
titis, metritis, and ketosis—three major periparturient metabolic complications—while
maximizing economic returns to the dairy operation [12].



4.2 Tissue Biomarkers and Bioaccumulation The ratio of serum vitamin E to gamma-
tocopherol (x-tocopherol/-tocopherol ratio) may indicate tissue antioxidant status. In
COPD patients receiving pulmonary rehabilitation combined with nutritional antioxidant
supplementation (x-tocopherol 30 mg/day, ascorbate 180 mg/day, zinc gluconate 15
mg/day, selenomethionine 50 pg/day), the x-tocopherol/-tocopherol ratio increased
significantly, and serum selenium increased by 58% 4 20%, while muscle strength
improved 11% + 3% despite modest changes in primary exercise endpoints [13]. These
secondary outcomes suggest that combined micronutrient supplementation favorably
modulates skeletal muscle substrate turnover and protein synthesis capacity.

4.3 Interaction with Inflammatory Biomarkers Combined vitamin E and selenium sup-
plementation modulates inflammatory cytokine expression beyond direct antioxidant ef-
fects. In periparturient cows, the VE+Se combination reduced plasma interleukin-1p (IL-
1B) and interleukin-6 (IL-6) compared to controls, alongside reduced haptoglobin (an
acute-phase reactant) [12]. In broiler chickens under heat stress, the VE+Se combina-
tion significantly enhanced plasma glutathione peroxidase activity and increased mRNA
expression of GPx1 and GPx4 in breast muscle while decreasing heat shock protein 70
(HSP70) and HSP90 mRNA expression, indicating reduced heat-induced cellular stress

[5].

4.4 Evidence Grade and Clinical Recommendations Evidence Grade: Strong

Combined vitamin E and selenium supplementation is the recommended first-line antiox-
idant intervention for PSSM, periparturient horses, and horses in chronic exercise or en-
vironmental stress. The typical effective doses are vitamin E 1,000-3,000 IU daily and
selenium 0.2-0.3 mg/kg dry matter, though individual horse requirements depend on
baseline diet and geographic selenium availability. This combination should be initiated
during late pregnancy in mares carrying PSSM-affected foals and continued through the
tirst year of life in foals born in selenium-deficient regions.

5. Coenzyme Q10 (Ubiquinone)

5.1 Mitochondrial Function and Bioenergetics Coenzyme Q10 (CoQ10, ubiquinone)
serves as the electron carrier in Complex III (cytochrome bcl complex) of the mitochon-
drial electron transport chain and as a membrane antioxidant stabilizing the lipid bilayer.
In untrained leisure horses supplemented with 800 mg/day CoQ10 for 14 days before
acute moderate exercise, neither CoQ10 alone nor in combination with vitamin E (1.8
IU/kg/day) affected blood CoQ10 concentrations, vitamin E status, or oxidative stress
parameters measured by MDA, reduced/oxidized glutathione (GSH/GSSG) ratio, or glu-
tathione peroxidase activity [7]. This apparent lack of bioavailability is noteworthy—oral
CoQ10 supplementation in recreational horses does not substantially increase circulating
CoQ10 levels under the supplementation protocols tested.

However, in systemic inflammatory disease models, CoQ10 shows greater promise. In
adjuvant-induced arthritis in rats (a model of chronic inflammatory myopathy), treat-



ment with CoQ10 (100 mg/kg body weight) significantly restored skeletal muscle mito-
chondrial bioenergetics, increased mitochondrial CoQ9 and CoQ10 concentrations, and
improved respiratory chain function parameters including Complex II-dependent succi-
nate oxidation and Complex IV-dependent cytochrome c oxidation [14]. The combination
of CoQ10 and omega-3 polyunsaturated fatty acids (omega-3 PUFA) produced synergistic
improvements in mitochondrial function, though neither agent enhanced function alone
when inflammation remained active [14].

5.2 Mechanisms Specific to Neuromuscular Disease The relevance of CoQ10 to equine
neurologic disease derives from the energy demands of neuronal axons. Demyelinat-
ing and degenerative neuropathies feature mitochondrial dysfunction and axonal bioen-
ergetic failure. CoQ10's role in stabilizing the ubiquinone redox pool and maintaining
steady-state electron transport chain function is theoretically beneficial, but direct equine
studies are absent. Clinical experience suggests CoQ10 supplementation has minimal im-
pact in horses with adequate mitochondrial function and normal dietary CoQ10 intake
but may be beneficial in horses with documented mitochondrial dysfunction (absent or
severely reduced Complex III and IV enzyme activities measured in muscle biopsies).

5.3 Evidence Grade and Clinical Recommendations Evidence Grade: Limited (equine
specific evidence absent)

Coenzyme Q10 supplementation is not routinely recommended as a first-line intervention
in equine myopathy or neurologic disease due to uncertain bioavailability and lack of
equine-specific efficacy data. However, CoQ10 may be considered as an adjunctive agent
in horses with documented mitochondrial dysfunction (confirmed by muscle biopsy
showing reduced electron transport chain enzyme activities) or in chronic inflammatory
myopathies unresponsive to standard antioxidant therapy. The typical dose in other
species (20-30 mg/kg body weight) would translate to 9-14 grams daily for a 450 kg
horse, which may limit practical implementation.

6. Omega-3 Polyunsaturated Fatty Acids (EPA and DHA)

6.1 Anti-Inflammatory Mechanisms and Specialized Pro-Resolving Mediators
Omega-3 polyunsaturated fatty acids, particularly eicosapentaenoic acid (EPA, 20:5n-3)
and docosahexaenoic acid (DHA, 22:6n-3), exert antioxidant effects primarily through
anti-inflammatory mechanisms rather than direct free radical scavenging [15]. EPA
and DHA serve as substrates for the synthesis of specialized pro-resolving mediators
(SPMs)—including resolvins, protectins, and maresins—that actively promote resolution
of inflammation without causing immunosuppression [16]. These lipid mediators
enhance clearance of apoptotic cells by macrophages, suppress pro-inflammatory sig-
naling, and promote macrophage phenotype switching from pro-inflammatory (M1) to
pro-resolving (M2) states.

Fish oil enriched with pro-resolving mediator precursors including 14-hydroxy-
docosahexaenoic acid (14-HDHA), 17-HDHA, and 18-hydroxy-eicosapentaenoic acid



(18-HEPE) demonstrated marked antioxidant effects in lipopolysaccharide-challenged
human bronchial epithelial cells [17]. Fish oil administration significantly mitigated ROS
production, prevented glutathione (GSH) depletion, and reduced mitochondrial depolar-
ization while upregulating endogenous antioxidant enzyme gene expression, including
glutathione peroxidase (GPX), catalase (CAT), superoxide dismutase 1 (SOD1), and
superoxide dismutase 2 (SOD2) [17].

6.2 Muscle-Specific Effects on Oxidative Stress and Lipid Peroxidation In growing
horses, 70 days of omega-3 fatty acid supplementation via milled flaxseed (60 mg omega-
3/kg body weight) or encapsulated fish oil did not reduce serum vitamin E or selenium
status and, remarkably, elevated vitamin E status in fish oil-supplemented horses [18]. At
day 70, serum triglycerides were significantly lower in both flaxseed and fish oil groups
compared to controls, and F2-isoprostanes (specific lipid peroxidation products) were
lower in fish oil horses [18]. Notably, these benefits occurred without adverse effects on
circulating oxidative stress markers or glutathione peroxidase activity, contradicting the
theoretical concern that highly unsaturated omega-3 fatty acids might increase lipid per-
oxidation in vivo.

In inflammatory myopathy models, omega-3 PUFA supplementation produces substantial
anti-inflammatory effects. Boys with Duchenne muscular dystrophy (DMD) receiving 2.9
g/day omega-3 long-chain PUFA for 6 months showed downregulation of nuclear factor
kappa-B (NF-xB) and its target genes interleukin-1p (IL-1f) and IL-6 in circulating leuko-
cytes, with serum IL-1B decreasing 59.5% and serum IL-6 decreasing 54.8% compared
to placebo [19]. Concurrently, serum interleukin-10 (an anti-inflammatory cytokine) in-
creased 99.9%, indicating a shift from pro- to anti-inflammatory immune phenotype [19].

6.3 Cardiac and Systemic Protection Against Oxidative Injury Omega-3 PUFA supple-
mentation provides protective effects against various forms of oxidative injury beyond
muscle disease. In rats exposed to daunorubicin (a chemotherapy agent), omega-3 sup-
plementation at 600 mg/kg/day significantly attenuated daunorubicin-induced cardiotox-
icity by reducing oxidative stress markers, suppressing inflammatory mediators, reduc-
ing apoptotic signaling (caspase-3), and maintaining myocardial integrity [20]. Similarly,
when combined with other antioxidants (vitamin C, vitamin E, zinc, selenium), omega-3
PUFA prevented muscle deconditioning and maintained strength during prolonged bed
rest in humans, though the cocktail alone could not fully prevent atrophy-related signaling
dysregulation [21].

6.4 Dosing and Formulation Considerations The effective dose range for omega-3 PUFA
varies by vehicle and intended outcome. In growing horses, 60 mg omega-3/kg body
weight (delivered via flaxseed or fish o0il) was well-tolerated and non-immunosuppressive
[18]. For adult horses, typical supplementation provides 3—4 grams of EPA+DHA daily
via fish oil capsules or liquid marine oil. The omega-3 index (EPA+DHA as percentage of
total red blood cell fatty acids) increases significantly within 4 weeks of supplementation,
and optimal clinical effects emerge after 8-12 weeks, consistent with the timeline for tissue



remodeling and immune cell membrane incorporation [22].

6.5 Evidence Grade and Clinical Recommendations Evidence Grade: Strong (particu-
larly for inflammatory myopathy and chronic disease)

Omega-3 PUFA supplementation is recommended as an adjunct to vitamin E and sele-
nium in horses with chronic inflammatory conditions, dystrophic myopathies, and con-
ditions where inflammation contributes to muscle damage (such as post-viral myositis).
The typical dose of 3-4 grams EPA+DHA daily (0.7-0.9 mg/kg for a 450 kg horse) is prac-
tical and cost-effective. Omega-3 supplementation does not negatively affect vitamin E or
selenium status and may enhance endogenous antioxidant enzyme expression. Unlike vi-
tamin E, omega-3 PUFA exerts effects gradually over 6-12 weeks, necessitating sustained
supplementation for chronic disease management.

7. Vitamin C (Ascorbic Acid) and Glutathione-Related Nutrients

7.1 Water-Soluble Antioxidant Functions Vitamin C functions as a water-soluble an-
tioxidant regenerating reduced glutathione (GSH) from oxidized glutathione disulfide
(GSSG) and reducing oxidized vitamin E back to its active form. In synaptic membrane
studies, vitamin C combined with vitamin E and selenium was essential for optimal ef-
fects of membrane phospholipid precursors (DHA, EPA, uridine) on brain phospholipid
synthesis and synaptic protein expression [23]. Vitamin C deficiency or insufficiency im-
paired these beneficial effects even when DHA and EPA were adequate, establishing vita-
min C as a critical cofactor in antioxidant-dependent membrane remodeling.

7.2 Glutathione Metabolism and NAC Supplementation N-acetylcysteine (NAC)
serves as a glutathione precursor, replenishing cellular GSH and supporting glutathione-
dependent antioxidant enzyme activity (glutathione peroxidase, glutathione reductase,
and glutathione S-transferases). In cystic fibrosis patients with chronic airway infection,
oral NAC supplementation showed modest benefits on forced expiratory volume in 1 sec-
ond (FEV1) at 6 months (mean difference 4.38% predicted, moderate-quality evidence)
and minimal impact on quality of life, though subgroup analyses and mechanistic data
were limited [24]. Inhaled glutathione (aerosolized reduced glutathione) showed more
favorable effects on FEV1 at 3 months (mean difference 3.50% predicted), indicating
local administration may be more effective than systemic supplementation for respiratory
conditions.

7.3 Combined Micronutrient Protocols Commercial antioxidant blends often combine
vitamin C, vitamin E, zinc, copper, and selenium in proportions designed to optimize syn-
ergistic enzyme function. In COPD patients undergoing pulmonary rehabilitation, sup-
plementation with x-tocopherol (30 mg/day), ascorbate (180 mg/day), zinc gluconate
(15 mg/day), and selenomethionine (50 pg/day) improved muscle strength (+11% + 3%,
p<0.001) and reduced the prevalence of muscle weakness from 30.0% to 10.7% (p<0.05)
despite no significant improvement in the primary endpoint of exercise-induced muscle



endurance [13]. These findings suggest that comprehensive micronutrient repletion ben-
efits secondary muscle function parameters and fatigue resistance.

7.4 Evidence Grade and Clinical Recommendations Evidence Grade: Moderate (vita-
min C and NAC as monotherapy); Strong (as adjunct in comprehensive protocols)

Vitamin C monotherapy shows limited benefit in equine myopathy and neurologic dis-
ease but is recommended as part of comprehensive antioxidant protocols at doses of 10-20
mg/kg body weight daily (4.5-9 grams for a 450 kg horse). NAC supplementation may be
beneficial in horses with documented recurrent airway obstruction or chronic pulmonary
inflammation but has minimal evidence in primary muscle disease. Commercial antiox-
idant supplements containing vitamin C, vitamin E, selenium, and other micronutrients
may provide better clinical outcomes than any single agent, though individual ingredient
bioavailability varies substantially among commercial formulations.

8. Polyphenols, Resveratrol, and Plant-Derived Antioxidants

8.1 Molecular Mechanisms and Nrf2 Signaling Polyphenolic compounds (resveratrol,
curcumin, quercetin, catechins, anthocyanins, and others) exert antioxidant effects
through multiple mechanisms: direct free radical scavenging, metal chelation, and
activation of intracellular antioxidant response elements, particularly the nuclear factor
erythroid 2-related factor 2 (Nrf2) pathway [25]. Nrf2 translocates to the nucleus and
binds antioxidant response elements (AREs) to upregulate expression of glutathione
S-transferases, NAD(P)H quinone oxidoreductase, heme oxygenase-1, and glutathione
synthesis enzymes, creating a sustained antioxidant response [26].

In inflammatory bowel disease models, multiple polyphenolic substances including
resveratrol, curcumin, quercetin, green tea flavonoids, caffeic acid phenethyl ester,
luteolin, xanthohumol, genistein, alpinetin, and proanthocyanidins demonstrated ROS
scavenging and increased antioxidant defense capacity to inhibit pro-oxidative enzymes
and reduce intestinal inflammation [25]. However, polyphenol bioavailability in equine
gastrointestinal systems remains inadequately characterized. The equine microbiota may
metabolize plant polyphenols differently than human or rodent microbiota, potentially
affecting their systemic antioxidant activity.

8.2 Limited Equine-Specific Evidence No direct studies of resveratrol, curcumin, or
other isolated polyphenols in horses with PSSM, EPM, or other myopathic/neurologic
diseases were identified in the literature. This represents a significant evidence gap, as
polyphenol-rich supplements (grape seed extract, turmeric, green tea extract) are mar-
keted for equine anti-inflammatory and antioxidant purposes. The lack of equine-specific
data prevents evidence-based dosing recommendations and outcome predictions.

8.3 Evidence Grade and Clinical Recommendations Evidence Grade: Limited (no
equine-specific trials)



Polyphenol supplementation via plant extracts (turmeric, curcumin, grape seed extract,
green tea) cannot be recommended based on equine-specific evidence, though mecha-
nistic data from other species and observational reports suggest potential benefits. If
used, polyphenol-rich supplements should be viewed as adjunctive only and subordi-
nate to proven micronutrient supplementation (vitamin E, selenium). Commercial equine
supplements claiming high polyphenol content should include third-party verification of
polyphenol concentration and bioavailability testing.

9. Commercial Antioxidant Blends: Efficacy Versus Marketing Claims

9.1 Formulation Standardization and Quality Issues Commercial equine antioxidant
supplements vary markedly in ingredient composition, concentrations, and bioavailabil-
ity. A quality analysis of omega-3 PUFA preparations identified substantial differences in
standardization: only products with EPA+DHA comprising >55% of total fatty acids and
omega-11 constituents <3% met quality criteria for reliable dosing [27]. Many commercial
tish oil products exhibited “omega-11" concentrations suggesting adulteration with plant
oils or other non-marine sources, and standardization coefficients (measured omega-3 vs.
declared amount) ranged from 0.4 to 1.2, indicating that consumers may receive 40-120%
of declared doses [27]. This variability undermines clinical interpretability of trial results
and clinical outcomes.

9.2 Mechanistic Mismatch: Marketing Claims Versus Evidence Marketed antioxidant
claims often exceed evidence bases. For example, many commercial equine supplements
claim “complete antioxidant support” or “comprehensive oxidative stress protection”
based on inclusion of multiple ingredients without evidence of synergistic interactions
or additive clinical efficacy at claimed doses. The distinction between proven benefits
(e.g., vitamin E in confirmed deficiency) and theoretical benefits (e.g., polyphenol X at
undetermined doses) is often absent from marketing materials [26].

9.3 Adverse Event Reporting and Safety Comprehensive adverse event reporting is lim-
ited in equine antioxidant supplementation studies. Vitamin E, selenium, and omega-3
PUFA supplementation have wide safety margins at doses up to 5-10x recommended lev-
els, with minimal toxicity reported. However, combinations of multiple antioxidants in
high doses may rarely cause pro-oxidant effects or interfere with normal inflammatory
signaling necessary for tissue repair. In one study, excess antioxidant supplementation
during bed rest-induced muscle atrophy paradoxically impaired beneficial adaptations to
rehabilitative exercise through suppression of mitochondriogenesis and protein synthesis
signaling [21], underscoring that antioxidant supplementation is not universally benefi-
cial across all clinical contexts.

9.4 Evidence Grade and Clinical Recommendations Evidence Grade: Variable (case-
specific evaluation required)

Commercial antioxidant blends should be evaluated for: (1) evidence-based ingredient
composition (verified vitamin E, selenium, omega-3 doses), (2) third-party ingredient
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certification and quality testing, (3) documented clinical efficacy in equine disease (pre-
ferred) or mechanistic relevance, and (4) clear ingredient quantity per dose to allow dose
calculation. Blends making broad claims without supporting evidence (”complete cellu-
lar protection,” “optimal for all horses”) should be viewed with skepticism. Single-agent
supplementation (vitamin E, selenium) with documented baseline deficiency is preferable

to polycomponent formulations when evidence is lacking for synergy.

Summary Tables and Evidence Grading

Table 1: Antioxidant Classes—Mechanism, Dose, and Evidence Summary

Equine
Antioxidant  Primary Baseline RecommendedClinical Evidence
Class Mechanism  Deficiency?  Dose Evidence Grade
Vitamin E Lipophilic Commonin 1.8-2.0 PSSM CK Moderate
(- free radical  pasture- IU/kg/day reduction,
tocopherol) scavenger, limited exercise
membrane  horses biomarkers
protectant
Selenium GPx cofactor, Geographic  0.1-0.3 WMD foals, Strong
(inor- redox (soil- mg/kg DM periparturi-
ganic/selenite pnzyme dependent) ent immune
function function
Selenium Superior Regional 0.15-0.25 Tissue bioac- Strong
(or- tissue deficiency mg/kg DM cumulation
ganic/selenometteiviing ) in other
GPx species
synthesis
Vitamin E + Synergistic = Common VE100IU +  Periparturient Strong
Selenium lipid /peroxide combined Se 0.2 disease
breakdown  deficiency mg/kg reduction,
immune
markers
Coenzyme  Mitochondrial Unlikely 20-30 Mitochondrial Limited
Q10 electron unless mg/kg BW  function in
transport, chronic inflamma-
membrane  illness tion

antioxidant



Equine

Antioxidant  Primary Baseline RecommendedClinical Evidence
Class Mechanism  Deficiency?  Dose Evidence Grade
Omega-3 Anti- Rare dietary  60-100 Exercise Strong
PUFA inflammatory, deficiency mg/kg BW  lipid peroxi-
(EPA/DHA) SPM dation,

precursor, inflamma-

immune tory markers

modulation
**Flaxseed n-3 PUFA Rare with 60 mg/kg Triglyceride = Moderate
(a-linolenic  precursor, pasture BW reduction,
acid) membrane access vitamin E

incorpora- preservation

tion
Vitamin C Water- Rare in 10-20 Synergistic = Moderate
(ascorbic soluble horses mg/kg BW  effect with
acid) antioxidant, (synthesize VE+Se;

GSH endoge- limited

regenerator  nously) monother-

apy

NAC/Glutathi6ix] Rare 80-100 Pulmonary =~ Moderate

precursor, primary mg/kg diet  disease;

glutathione  deficiency limited

enzyme equine

cofactor myopathy

data

Polyphenols Nrf2 No Variable No equine-  Limited
(resveratrol, activation, deficiency (formulation- specific
curcumin, direct state dependent)  studies
etc.) radical identified

scavenging
Commercial Combined Depends on  Product- Variable Variable
blends mechanisms components dependent  (context-
(multi- (variable) dependent)
component)

Table 2: Disease-Specific Antioxidant Management Recommendations
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Secondary

Primary An- Antioxi- Expected
Disease/Condiffathophysiologyoxidant(s)  dant(s) Duration Benefit
PSSM (with Abnormal Vitamin E + Omega-3 Months to CK
exercise polysaccha-  Selenium PUFA years reduction,
intolerance) ride storage, improved

ROS from exercise
glycogenoly- tolerance
sis
White Myonecrosis, Selenium Vitamin E 8-12 weeks  Foal
Muscle glutathione  (selenite or survival,
Disease peroxidase  SeMet) muscle
(selenium deficiency strength
deficiency) restoration
Foal myosi- Infection- Vitamin E + Vitamin C, = Weeks to Reduced in-
tis/myopathy driven Selenium omega-3 months flammation,
inflamma- PUFA improved
tion, recovery
oxidative
damage
Exercise- Acute ROS  Vitamin E Selenium (if Preventive Reduced CK
induced from muscle (prophylac- deficient elevation,
rhabdomy-  contraction, tic) baseline) improved
olysis mitochon- recovery
drial stress
Periparturient Systemic Vitamin E + VitaminC,  Late Reduced
stress (peri- ROS, Selenium omega-3 pregnancy disease
paresis, immune PUFA — 3months incidence,
placental suppression postpartum  improved
retention) immunity
Heat Oxidative Vitamin E + Omega-3 Continuous  Reduced
stress/exertionstkress from  Selenium PUFA, during heat  heat shock
heat illness  hyperther- antioxidant  season protein
mia, enzymes induction,
mitochon- improved
drial stress tolerance
Chronicin-  Persistent Omega-3 Selenium, Months to Reduced in-
flammatory immune PUFA + vitamin C years flammation,
myopathy activation, Vitamin E improved
(post-viral, inflamma- function
immune- tory
mediated) cytokines
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Secondary

Primary An- Antioxi- Expected
Disease/Condiffathophysiologyoxidant(s)  dant(s) Duration Benefit
Neurologic = Myelin Vitamin E + CoQ10 (if Preventive/lon§lowed
disease oxidative Selenium +  mitochon- term disease
(with damage, Vitamin C drial progression
oxidative axonal de- dysfunc- (presumed)
component) generation tion),

omega-3
Table 3: Evidence Grading Summary
Supporting Clinical
Evidence Grade Definition Evidence Recommendation
Strong Consistent findings ~ Vitamin E Strongly
across multiple (deficiency recommended for
equine studies or correction), confirmed
compelling selenium (WMD, deficiency or proven
mechanistic/efficacy deficiency), indication
data in related combined VE+Se,
species with clear omega-3 PUFA
dose-response (anti-
relationships inflammatory),
NAC
(genetic/CF-like
disease)
Moderate Supportive data Vitamin E (exercise =~ Recommended with

from equine studies
with limitations
(small n, surrogate
endpoints) or
consistent evidence
from other species
(horses and similar)
with clear
mechanistic
relevance

stress), vitamin C
(adjunctive),
omega-3 PUFA
(growing horses),
combined
antioxidant
protocols
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Supporting Clinical
Evidence Grade Definition Evidence Recommendation
Limited Mechanistic CoQ10 May be considered
plausibility, (mitochondrial adjunctive only;
preliminary data, or disease), require further
single species polyphenols equine research
studies without (inflammatory
equine validation disease), individual
plant extracts
Insufficient No equine studies, = Most commercial Not recommended

theoretical benefits ~ ”natural” for primary
only, or antioxidant management;
contradictory formulations, marketing claims
evidence isolated antioxidant unsupported
plant compounds
without
bioavailability data

10. Mechanistic Comparison: Muscle Disease Versus Neurologic Dis-
ease

10.1 Oxidative Stress Pathways in PSSM

In PSSM, oxidative stress results primarily from abnormal glycolytic metabolism and
polysaccharide accumulation rather than from genetic antioxidant deficiency. The fun-
damental defect involves dysregulated glycogen synthase kinase (GSK3)-independent
glycogen synthesis and abnormal polysaccharide deposition within myofibers [2]. During
exercise, mobilization of these abnormal polysaccharide stores generates ROS through
enhanced glycolysis and lactate production, overwhelming mitochondrial capacity for
ATP generation via oxidative phosphorylation. This creates a scenario where antioxidant
supplementation addresses ROS consequences (lipid peroxidation, protein oxidation)
but not the underlying metabolic defect.

The most effective PSSM management combines dietary intervention (reduced starch, in-
creased fat) to minimize abnormal glycogen mobilization with antioxidant support to
manage exercise-induced ROS [1]. Vitamin E and selenium supplementation improves
muscle antioxidant enzyme capacity but cannot fully prevent CK elevation if dietary car-
bohydrate remains excessive. This explains why horses with PSSM show only modest CK
improvements with antioxidants alone and dramatic improvements when dietary starch
is restricted below 5% of digestible energy [1].
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10.2 Oxidative Stress in Neurologic Disease

EPM and other neurologic diseases feature oxidative stress from a fundamentally different
mechanism: myelin oxidative degradation and axonal mitochondrial dysfunction. While
direct equine EPM oxidative stress studies are absent, the principles established in other
demyelinating and neurodegenerative disorders apply. Myelin is extraordinarily lipid-
rich (~80% lipid by dry weight) and vulnerable to lipid peroxidation, particularly given
the high concentration of long-chain polyunsaturated fatty acids (LCPUFA) in myelin
phospholipids [23].

In EPM caused by Sarcocystis neurona or other inflammatory conditions, activated mi-
croglia and immune cells generate excessive ROS through NADPH oxidase and mito-
chondrial complex upregulation. Vitamin E and selenium supplementation directly pro-
tects myelin lipids and axonal mitochondria from this immune-generated ROS. Addition-
ally, omega-3 PUFA supplementation may promote resolution of inflammation by gener-
ating specialized pro-resolving mediators that dampen microglial activation and promote
myelin-supporting oligodendrocyte function [28].

10.3 Differential Antioxidant Requirements
The therapeutic implications differ between muscle and neurologic disease:
In PSSM: Antioxidants are adjunctive to

In PSSM: Antioxidants are adjunctive to dietary carbohydrate restriction. While vitamin
E and selenium supplementation at physiologic doses [29] significantly enhances muscle
antioxidant enzyme capacity [3], the fundamental problem in PSSM—abnormal glucose-
dependent glycogen synthesis and polysaccharide accumulation—cannot be resolved by
antioxidants alone [30]. These supplements reduce exercise-induced ROS and lipid peroxi-
dation, but clinical improvement in rhabdomyolysis severity depends primarily on dietary
starch reduction [2], with antioxidants providing supporting benefit. Current evidence
suggests antioxidant supplementation is most effective when combined with appropriate
feeding management.

In EPM: Antioxidants may have greater therapeutic value. Myelin is exquisitely vulnera-
ble to lipid peroxidation, and the immune-mediated demyelination characteristic of EPM
creates substantial oxidative stress [31]. Unlike PSSM, there is no underlying enzymatic
defect in myelin synthesis that antioxidants cannot address. Vitamin E and selenium di-
rectly protect myelin phospholipids and mitochondrial function in axons, addressing a
primary pathophysiological mechanism rather than a secondary consequence. Omega-3
PUFA and polyphenolic antioxidants may additionally modulate the inflammatory cas-
cade driving myelin injury, supporting resolution of microglial activation and promoting
oligodendrocyte survival and remyelination.
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10.4 Evidence Grading Summary

The evidence base for antioxidant interventions in equine PSSM and EPM differs substan-
tially in quantity and quality:

PSSM: Moderate evidence exists for vitamin E and selenium improving antioxidant
biomarkers and exercise-induced oxidative damage in horses with muscle disease [1].
However, few randomized controlled trials directly measure rhabdomyolysis prevention
or performance improvement with antioxidants as monotherapy. The strongest evidence
demonstrates that dietary management (starch reduction, fat supplementation) is the
primary therapeutic lever, with antioxidants playing an adjunctive role [32].

EPM: Direct, high-quality evidence specific to EPM antioxidant therapy is nearly absent
from the equine literature. Current recommendations are based on extrapolation from
established myelin-protective mechanisms in other demyelinating diseases, combined
with strong mechanistic rationale that oxidative stress exacerbates neurologic injury. This
represents a significant evidence gap necessitating controlled trials in naturally affected
horses.

Overall: Both conditions show biological plausibility for antioxidant benefit, but clinical
outcome data (performance improvement, disease remission, functional recovery) remain
limited. Commercial claims frequently exceed the evidence base, particularly for polyphe-
nol blends and coenzyme Q10 formulations marketed for “neurologic support” without
documented efficacy in EPM.

Conclusion

Oxidative stress represents a significant secondary mechanism in both PSSM and
EPM, but plays fundamentally different roles in disease pathophysiology. In PSSM,
antioxidant dysfunction and exercise-induced ROS generation are consequences of a
primary metabolic disorder; restoration of antioxidant status improves muscle resilience
but does not cure the underlying glycogen storage defect. In EPM, oxidative myelin
degradation and immune-mediated neuroinflammation create a primary pathogenic
role for antioxidant insufficiency; therapeutic interventions targeting myelin lipid and
axonal mitochondrial protection address central disease mechanisms. Vitamin E and
selenium remain the most evidence-supported antioxidant interventions in horses, with
documented bioavailability, tissue accumulation, and antioxidant enzyme integration.
Omega-3 fatty acids show promise for modulating inflammatory contributors to both
diseases, while polyphenols, coenzyme Q10, and glutathione-related supplements lack
direct equine efficacy data and should be considered investigational. Future research
prioritizing head-to-head comparisons of antioxidant protocols combined with disease-
specific outcome measures (CK reduction in PSSM, functional neurologic recovery
in EPM) is essential to establish evidence-graded recommendations and distinguish
therapeutic benefit from marketing claims.
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