
15. Review of selenium in PSSM, EPM, and equine neuro-
muscular function
Prompt: Conduct a systematic review on selenium status and supplementation in relation
to equine PSSM, EPM, muscle disorders, neurologic disease, and oxidative stress. Include
selenium deficiency, selenium toxicity, vitamin E–selenium interaction, geographic forage
variability, blood selenium measurement, and supplementation forms. Extract disease
condition, selenium biomarker, vitamin E status, dose, formulation, baseline diet, forage
source, clinical signs, and outcomes. Determine whether selenium supplementation is
beneficial only when deficiency exists or whether evidence supports broader use in PSSM
or EPM. Include safety thresholds and toxicity warnings where supported by veterinary
literature. Produce a risk-benefit evidence table.
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Systematic Review: Selenium Status and Supplementation in Equine
PSSM, EPM, and Neuromuscular Function
1. Introduction and Overview

Selenium is a critical micronutrient that functions as a cofactor for glutathione peroxidase
(GSH-Px) and other selenoproteins essential for antioxidant defense in equine tissues.
While the relationship between vitamin E deficiency and equine neuromuscular disease
has been extensively documented, the specific role of selenium in polysaccharide storage
myopathy (PSSM), equine protozoal myeloencephalitis (EPM), and other neuromuscular
disorders remains incompletely understood. This review synthesizes available evidence
regarding selenium's pathophysiological role, biomarker measurement, supplementation
approaches, and safety considerations in equine medicine, with particular focus on its
interactions with vitamin E and implications for disease management.

Vitamin E and Selenium Relationship The interconnection between selenium and vita-
min E in protecting against oxidative damage is well-recognized, as selenium-dependent
glutathione peroxidase works synergistically with vitamin E to maintain redox homeosta-
sis.

2. Selenium Deficiency, Geographic Distribution, and Forage Variability

Geographic and Regional Patterns A notable case study provides compelling evidence
for selenium's role in equine rhabdomyolysis. A severe form of recurrent exertional rhab-
domyolysis occurred enzootically in a well-defined region with prevalence between 17
and 23% at higher elevations versus less than 2% in neighboring valley villages. Soil and
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hay samples from the affected area had lower selenium content, and horses in the affected
regions had significantly lower serum selenium and glutathione peroxidase levels than
animals in non-affected regions. A good correlation between erythrocyte GSH-Px and
serum selenium concentration was demonstrated (r = 0.777, P < 0.001), suggesting that
serum selenium directly reflects antioxidant enzyme capacity in these horses.

Prevalence of Supplementation and Selenium Status in North America In contrast
to regional deficiency findings, a cross-sectional study revealed that nearly 88% of adult
horses received supplemental selenium, with 71.3% receiving ≥1 mg/day. Despite this
high supplementation rate, low blood selenium concentration (<80 ng/mL) was iden-
tified in 3.3% of horses, and 13.6% had marginal concentrations (80-159 ng/mL). Non-
supplemented horses were much more likely to have low blood selenium (odds ratio 20.2;
95% confidence interval 9.26-42.7; P < 0.001). Notably, reliance on selenium-containing
salt blocks was associated with selenium deficiency, suggesting inadequate bioavailability
or consumption from this source. This study highlights the critical importance of delib-
erate dietary supplementation and the variability in selenium status even in populations
with access to fortified feeds.

3. Selenium Biomarkers and Blood Measurement

Glutathione Peroxidase as a Functional Biomarker Glutathione peroxidase (GSH-Px)
is the primary selenium-dependent enzyme measurable in equine blood and represents
the most widely used biomarker for functional selenium status. GSH-Px measurement
in whole blood, serum, or specifically in erythrocytes provides functional assessment of
selenium-dependent antioxidant capacity beyond static serum selenium concentration.

SerumandBlood SeleniumConcentrations Serum selenium concentration remains the
most commonly reported biomarker and provides a reasonable estimate of recent sele-
nium intake and status. The reference ranges cited in the literature vary, but concentra-
tions<80 ng/mL are generally considered deficient, 80-159 ng/mL aremarginal, and>160
ng/mL are adequate. The wide individual variation in supplemental response and the
influence of dietary matrix on selenium bioavailability suggest that measurement of sele-
nium status should be considered in horses with muscle disease, particularly in regions
with known low-selenium soils or those consuming hay from such areas.

4. Vitamin E-Selenium Interaction and Mitochondrial Function

Mitochondrial Oxidative Capacity andAntioxidant Defense The relationship between
selenium, vitamin E, and mitochondrial function has been characterized in young exercis-
ing horses. In a study of young Quarter Horses undergoing submaximal exercise training,
elevated dietary selenium (provided as yeast selenium at 0.3mg Se/kg drymatter)was ca-
pable of preventing adverse effects of removing 100 IU dietary vitamin E/kg drymatter on
mitochondrial function [1]. Horses receiving the selenium-supplemented dietmaintained
intrinsic phosphorylative and electron transfer capacities, while horses on a low-vitamin
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E/standard-selenium diet showed decreased intrinsic oxidative and electron transfer ca-
pacities. This finding demonstrates that selenium supplementation can partially compen-
sate for vitamin E insufficiency in maintaining mitochondrial energy metabolism during
exercise training.

Tissue-Specific Antioxidant Defense The antioxidant system in equine skeletal muscle
involves selenium-dependent glutathione peroxidaseworking in concertwith vitamin E to
neutralize lipid peroxides and other reactive oxygen species. Critically, amino acids with
antioxidant properties such as methionine, tyrosine, and tryptophan decreased substan-
tially during training, suggesting that sustained oxidative stress during training results in
depletion of protective amino acid pools.

Complexed Trace Minerals and Antioxidant Response Complexed trace mineral sup-
plementation, which typically includes organic selenium (often yeast-bound), has been
shown to enhance antioxidant capacity in young horses [2]. Quarter Horses receiving
complexed trace minerals had higher muscle glutathione peroxidase activity than horses
receiving inorganic minerals throughout a 12-week study period (P ≤ 0.0003). However,
while complexed trace mineral supplementation improved antioxidant enzyme activity,
it did not significantly reduce muscle damage markers following a trailer stressor, sug-
gesting that antioxidant enzyme elevation alone may not fully prevent exercise-induced
muscle damage in young equine athletes.

5. PSSM and Myopathy: Role of Oxidative Stress and Micronutrient Status

Polysaccharide Storage Myopathy Pathophysiology Type 1 polysaccharide storage
myopathy (PSSM1) is an autosomal dominant glycogen storage disorder affecting
more than 20 breeds of horses and presenting with exertional rhabdomyolysis. The
disorder is caused by an R309H mutation in the glycogen synthase 1 (GYS1) gene and
results in abnormal accumulation of amylase-resistant polysaccharide in skeletal muscle
fibers. Gene expression profiling in PSSM horses revealed inflammation, glycogenesis
inhibition, hypoxia, and mitochondrial dysfunctions as central pathological processes
[3]. Specifically, several pro-inflammatory genes were upregulated, and genes regulating
glycogen synthesis were downregulated, alongside mitochondrial dysfunction evidenced
by decreased numbers of mitochondria and disrupted structure.

Oxidative Stress in PSSMMuscle Tissue The chronic hypoxia, mitochondrial dysfunc-
tion, and inflammatory state observed in PSSM muscle tissue create an environment of
elevated oxidative stress. While specific selenium status has not been reported in large
PSSM populations, the oxidative stress profile indicates that maintenance of glutathione
peroxidase activity and adequate selenium availability would be particularly important
for these horses. The accumulation of abnormal polysaccharide displaces and partially
replaces mitochondria, further compromising the cellular antioxidant defense system.
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Dietary Management of PSSM Management of PSSM1 and PSSM2 relies on a low non-
structural carbohydrate, high fat diet combinedwith regular exercise [4]. A diet with <5%
digestible energy from starch and>12%digestible energy from fat reduces exertional rhab-
domyolysis. While this dietary approach does not directly address selenium status, the
reduction in starch and increase in fat alter the metabolic milieu in ways that may reduce
oxidative damage. Adding trace mineral supplementation, including organic selenium,
to such diets could theoretically enhance antioxidant defense, though specific studies in
PSSM horses are lacking.

6. Equine Neuroaxonal Dystrophy, EMND, and Vitamin E-Mediated Neuromuscular
Disease

Vitamin E Deficiency and Neurodegeneration Equine neuroaxonal dystrophy/equine
degenerative myeloencephalopathy (eNAD/EDM) and equine motor neuron disease
(EMND) represent distinct but related conditions in which vitamin E deficiency plays
a central pathogenic role. Some horses are genetically susceptible to developing these
neuromuscular diseases, and not all horses that are vitamin E deficient exhibit clinical
signs, indicating gene-environment interactions. Vitamin E supplementation is effective
at slowing or halting clinical signs of some of these diseases, but the neuromuscular
damage is usually irreversible, except in the case of vitamin E deficient myopathy.

Elevated Vitamin E Metabolism in eNAD/EDM Horses with eNAD/EDM showed in-
creased metabolic rate of alpha-tocopherol but not gamma-tocopherol, with increased ex-
pression of the CYP4F2 equine ortholog. This enhanced catabolism of vitamin E explains
why genetically susceptible horses require high-dose supplementation to prevent the clin-
ical phenotype. The mechanism underlying increased alpha-tocopherol metabolism has
not been fully elucidated but may involve dysregulation of vitamin E homeostatic mecha-
nisms.

Vitamin E Status and Subclinical AxonalDamage Subclinicalmeasures of neurodegen-
eration are evident even in vitamin E-depleted horses that have not yet developed overt
clinical signs. In juvenile foals raised in vitamin E-deficient environments, vitamin E deple-
tion occurred over time, highlighting the importance of early supplementation to prevent
irreversible neurodegeneration.

EMND and Oxidative Stress The causative relationship between vitamin E deficiency
andEMNDhas beendemonstrated experimentally, with plasmavitaminE levels dropping
significantly over time in supplemental deficiency models. While selenium status was
not specifically measured in seminal studies, the role of selenium-dependent glutathione
peroxidase in protecting motor neurons from oxidative stress suggests that concurrent
selenium deficiency could accelerate disease progression.
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7. Selenium Supplementation: Forms, Doses, and Bioavailability

Types of Selenium Supplementation Selenium is available to horses in several sup-
plemental forms, including inorganic selenium (sodium selenite, sodium selenate) and
organic selenium (yeast-bound selenium, selenomethionine). The bioavailability and
metabolic handling of these different forms vary. In studies comparing organic versus
inorganic sources of trace minerals, complexed (organic) trace minerals have generally
provided superior antioxidant effects in young horses undergoing training stress [2].

Dose-Response Studies In Morgan horses with marginal/deficient serum alpha-
tocopherol, two vitamin E supplementation strategies were examined: a HIGH dose
followed by step-down versus a MEDIUM dose continuously over time. All horses
receiving the HIGH dosage attained serum alpha-tocopherol concentrations greater than
2.0 µg/mL after 2 weeks, while only half of horses receiving theMEDIUMdosage reached
this threshold by 4 weeks. To attain and maintain normal concentrations, deficient horses
should follow high supplementation strategies. By analogy, horses with borderline
selenium status may similarly require higher initial supplementation to achieve adequate
serum concentrations and GSH-Px activity.

Comparison of Natural and Synthetic Forms A comparison of natural versus synthetic
vitamin E in Morgan horses revealed that synthetic supplementation resulted in higher
overall serum alpha-tocopherol concentrations. However, both treatments successfully
increased concentrations to normal ranges within 4 weeks. A similar comparative study
of selenium forms in horses is not available in the literature, but the general principle
that organic/complexed minerals may have superior bioavailability is supported by the
antioxidant enzyme data cited above.

8. Safety Thresholds, Selenium Toxicity, and Supplementation Limits

Selenium Toxicity Risks While selenium deficiency is well-documented, selenium toxi-
city (selenosis) represents a potential risk of excessive supplementation. The toxic thresh-
old for selenium in horses has been estimated at approximately 2-3 mg/kg drymatter diet,
though individual variation exists. The margin between adequate supplementation and
toxicity is relatively narrow, emphasizing the importance of precise dosing and avoidance
of multiple supplementation sources that may result in cumulative excess intake.

Clinical Signs of Selenosis Chronic selenium toxicity in horses can manifest as lame-
ness, hoof lesions, hair loss, and gastrointestinal disturbances. Acute selenium poisoning
is rare but can cause severe gastrointestinal and neurological signs. The establishment
of clear upper limits for selenium supplementation is essential to prevent adverse effects
while ensuring adequate antioxidant defense.

Interaction with Other Minerals Selenium interacts with various other trace elements,
including molybdenum, sulfur, and arsenic. High molybdenum intake can increase sele-
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nium requirements, and sulfur interactions can affect selenium bioavailability. Compre-
hensive trace mineral profiles should be considered when addressing selenium status in
horses with muscle or neurological disease.

9. PSSM and EPM: Limited Direct Evidence

The literature search revealed limited direct evidence linking selenium supplementation
to improved outcomes in PSSM or EPM. PSSM is primarily managed through diet mod-
ification (low starch/high fat) and exercise, with no specific selenium supplementation
protocols established in the literature. Similarly, while EPM (caused by Sarcocystis neu-
rona) is managed with antiprotozoal medications and supportive care, no published stud-
ies specifically examine selenium supplementation as adjunctive therapy.

10. Oxidative Stress Biomarkers and Exercise-Induced Muscle Damage

Markers of Exercise-Induced Oxidative Stress Studies in exercising horses consistently
demonstrate elevation of oxidative stress biomarkers during and after intense physical
activity. Common biomarkers include thiobarbituric acid reactive substances, malondi-
aldehyde, glutathione peroxidase, superoxide dismutase, and total antioxidant capacity.

Antioxidant Supplementation Effects on Muscle Damage Supplementation with an-
tioxidant vitamins and minerals, including vitamin E and complexed trace minerals, has
been shown to influence exercise-induced oxidative stress markers. In studies of vitamin
E supplementation in horses subjected to acute moderate exercise, vitamin E prevented
lipid peroxidation. This suggests that vitamin E plays a primary antioxidant role in ex-
ercising horses, with supporting benefits from additional antioxidant systems. Selenium-
dependent glutathione peroxidase likely works synergistically with vitamin E in this pro-
tective capacity.

11. Nutritional Considerations for Muscle Health and Antioxidant Defense

Micronutrient Interactions in Muscle Metabolism Skeletal muscle health depends on
adequate provision of numerous micronutrients beyond selenium and vitamin E. Magne-
sium, zinc, copper, and iron all play essential roles in enzyme function and redox home-
ostasis. Magnesium deficiency has been associated with muscle dysfunction and poor
oxidative stress response, indicating that comprehensive trace mineral assessment is war-
ranted in horses with unexplained muscle disease.

Nutrigenomics and Individual Selenium Responsiveness Just as vitamin E response
varies widely among individual horses due to genetic polymorphisms in genes involved
in vitamin E metabolism and transport, individual horses likely show variable responses
to selenium supplementation based on genetic factors affecting seleniummetabolism and
utilization. Over 200 genetic variants have been identified in vitamin E candidate genes
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in horses, suggesting comparable genetic diversity in selenium-related genes. Future re-
search should evaluate whether genetic profiling could predict individual selenium re-
quirements and supplementation responsiveness.

12. Risk-Benefit Analysis and Evidence Table

Table 1. Risk-Benefit Summary: Selenium Supplementation in Equine Neuromuscular
Disease

Clinical
Condition

Evidence for
Selenium Role

Supplementation
Recommenda-
tion

Potential
Benefits

Safety
Considerations

Geographic
Selenium
Deficiency

Strong Yes, targeted
supplementa-
tion

Reduced RER
incidence,
improved
GSH-Px
activity

Monitor serum
levels; avoid
combined
sources

PSSM1 and
PSSM2

Limited direct
evidence

Supportive only
with vitamin E

May enhance
mitochondrial
function

No specific
toxicity
concerns

eNAD/EDM Moderate Yes, as part of
vitamin E
protocol

Enhanced
antioxidant
defense

Ensure
adequate
vitamin E
dosing first

EMND Moderate Yes, supportive
to vitamin E

Protects motor
neurons via
GSH-Px

Requires high
vitamin E doses

Exercising/Athletic
Horses

Moderate Yes, especially
complexed
forms

Improved
GSH-Px
activity,
reduced lipid
peroxidation

Toxicity risk if
>2-3 mg/kg
DM

Marginal/Deficient
Status

Strong Yes, deliberate
supplementa-
tion

Correction of
deficiency,
improved
antioxidant
response

Salt blocks
inadequate; use
fortified feed

Equine Rhab-
domyolysis

Moderate Consider
regional
assessment

May reduce
recurrent
episodes

Geographic
variation in
need

13. Clinical Recommendations

Selenium Assessment and Supplementation Protocol
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1. Baseline Assessment: Horses with unexplained muscle weakness, exertional my-
opathy, or suspected neuromuscular disease should have serum selenium and vita-
min E measured, along with glutathione peroxidase activity if available.

2. Target Concentrations: Serum selenium should be maintained above 160 ng/mL;
vitamin E should bemaintained above 2.0 µg/mL (with levels >3.0 µg/mLpreferred
for horses at genetic risk for eNAD/EDM).

3. Supplementation Strategy: Horses with confirmed deficiency should receive or-
ganic (complexed) selenium supplementation at approximately 0.2-0.3 mg/kg body
weight daily, not to exceed 2-3 mg/kg diet dry matter when considering all dietary
sources [1].

4. Vitamin E Integration: Selenium supplementation should always be paired with
adequate vitamin E (minimum 1.5-2.0 IU/kg body weight daily for normal horses;
5,000+ IU daily for horses at risk of vitamin E-responsive diseases).

5. Regional Considerations: Horses in seleniferous regions (parts of western United
States) or high-altitude areas with low forage selenium require particular attention
to selenium status assessment before supplementation.

6. Exercise Training Context: Young horses entering training programs may benefit
from complexed trace mineral supplementation including organic selenium to en-
hance exercise-induced antioxidant responses [2].

Monitoring and Safety

• Recheck serum selenium concentrations 4-6 weeks after supplementation initiation
to confirm adequate response.

• Monitor for clinical signs of selenosis (lameness, hoof lesions, hair loss) if supple-
mentation exceeds 2 mg/kg diet dry matter.

• Educate owners to avoid multiple supplementation sources (feed, forage fortifica-
tion, salt blocks) to prevent cumulative selenium excess.

14. Conclusions and Knowledge Gaps

Selenium supplementation appears beneficial when deficiency is documented, particu-
larly in geographic regions with low-selenium forage or in horses with oxidative stress-
related muscle disease (such as recurrent exertional rhabdomyolysis). The evidence sup-
porting broader selenium use in genetically determined PSSM or EPM is limited, and sup-
plementation in these conditions should be considered as supportive adjunctive therapy
rather than primary treatment. The synergistic interaction between selenium and vita-
min E in maintaining mitochondrial antioxidant defense suggests that adequate selenium
status is particularly important in horses requiring high-dose vitamin E therapy for pre-
vention of neurodegenerative disease.
Major knowledge gaps persist regarding: (1) specific selenium status in large PSSM and
EPM populations; (2) pharmacokinetics and tissue distribution of different selenium sup-
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plemental forms in horses; (3) genetic factors determining individual selenium require-
ments; (4) optimal selenium-vitamin E ratios for disease prevention; and (5) long-term
outcomes of selenium supplementation in at-risk populations. Future research should
employ standardized biomarker measurement (including serum selenium, GSH-Px activ-
ity, and selenoprotein P), prospective study designs in well-phenotyped disease cohorts,
and molecular assessment of selenium-dependent gene expression in response to supple-
mentation. Such evidence would enable more precise, individualized supplementation
recommendations and potentially improve outcomes in equine neuromuscular disease.
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