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Neospora hughesi pathogenesis, CNS inflammation, immune response, oxidative stress,
blood-brain barrier considerations, muscle atrophy secondary to neurologic disease, cor-
ticosteroid use, antiprotozoal treatment, and rehabilitation demands. Map nutritional fac-
tors such as vitamin E, selenium, omega-3 fatty acids, protein adequacy, body condition,
and forage quality to plausible biological mechanisms. Clearly distinguish direct EPM ev-
idence from mechanistic inference and evidence from other neurologic diseases. Produce
a table of mechanisms, nutrients, evidence level, and clinical uncertainty.
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Now I have substantial information. Let me create a comprehensive outline and begin
writing the literature review. Based on my search results, I'll organize the findings into
the requested structure.

Mechanistic Literature Review: Nutrition, Inflammation, and Neuro-
logic Injury in Equine Protozoal Myeloencephalitis
OUTLINE

I. Introduction& EPMPathogenesis Overview - Sarcocystis neurona vs. Neospora hugh-
esi biology - CNS infection and immune response mechanisms - Direct EPM evidence vs.
extrapolated mechanisms
II. Pathophysiology of Secondary CNS Damage in EPM - Neuroinflammation cascades
(microglia, astrocytes, cytokines) - Oxidative stress mechanisms - Blood-brain/blood-
spinal cord barrier dysfunction - Secondary injury mechanisms
III. Nutritional Factors andAntioxidantDefense - Vitamin E (α-tocopherol) - antioxidant
and neuroprotective roles - Selenium - selenoprotein synthesis and glutathione peroxidase
- Omega-3 fatty acids - membrane integrity and neuroinflammation - Interaction with an-
tiprotozoal treatment effects
IV. Protein Adequacy and Muscle Atrophy Recovery - Disuse atrophy mechanisms in
neurologic disease - Protein synthesis signaling (mTOR, PI3K/Akt pathways) - Rehabili-
tation demands during EPM recovery - Body condition implications
V. CNS Inflammation Modulation Through Nutrition - BBB/BSCB integrity preserva-
tion - Microglia polarization and cytokine modulation - Role of micronutrients in limiting
immune dysregulation - Nutritional support during antiprotozoal and corticosteroid use
VI. Clinical Integration&Mechanistic Uncertainty -Mechanisms table (nutrients, mech-
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anisms, evidence levels, uncertainty) - Distinction between EPM-specific evidence and
neurologic disease extrapolation - Rehabilitation synergy with nutrition - Future research
directions

FINAL COMPREHENSIVE LITERATURE REVIEW
I. Introduction: Equine Protozoal Myeloencephalitis and the Rationale for Nutritional
Inquiry

Equine protozoal myeloencephalitis (EPM) remains one of themost frequently diagnosed
neurological disorders of horses in North America, caused primarily by the apicomplexan
parasite Sarcocystis neurona, with less common cases due toNeospora hughesi [1]. While
seroprevalence of S. neurona in horses is remarkably high across endemic regions, clini-
cal manifestation of EPM occurs in less than 1% of infected horses, suggesting that in-
dividual factors—including host immunity—critically influence disease development [2].
The recognized treatment arsenal includes FDA-approved anticoccidial drugs such as sul-
fadiazine/pyrimethamine (ReBalance), diclazuril (Protazil), and ponazuril (Marquis),
yet prognosis remains guarded, with incomplete resolution common and relapses doc-
umented after apparent clinical improvement [3], [4].
Beyond antimicrobial therapy, limited evidence exists regarding how nutritional status
might modulate recovery trajectory. This mechanistic review synthesizes pathophysiolog-
ical understanding of EPM and neuroinflammatory secondary injury to identify plausible
nutritional interventions that could support—but not replace—antiprotozoal treatment.
The distinction between direct EPM evidence and mechanistic inference from spinal cord
injury (SCI) and other neurologicmodels ismaintained throughout, as equine-specific nu-
tritional studies in EPM are essentially absent from the literature. The review addresses
how nutrition might attenuate neuroinflammation, reduce oxidative damage, preserve
blood-spinal cord barrier (BSCB) integrity, support muscle recovery during neurologic
disability, and optimize tolerance of concurrent treatments (corticosteroids, antiproto-
zoals).

II. Pathophysiology of S. neurona andN. hughesi Infection: Implications for Secondary
Damage

A. Parasite Invasion and Tissue Colonization Sarcocystis neurona is an obligate in-
tracellular apicomplexan that relies on specialized secretory organelles—rhoptries and
micronemes—to facilitate host cell invasion and intracellular survival [5]. Once estab-
lished in the CNS, the parasite's life cycle stages (merozoites and schizonts) persist within
neural tissue, triggering complex immunopathological cascades. Current evidence indi-
cates that merely detecting S. neurona DNA or antibodies in cerebrospinal fluid does not
discriminate between active infection and parasitic persistence following antiprotozoal
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treatment [6]. In animal models, diclazuril administration suppressed S. neurona replica-
tion but failed to completely eliminate the parasite, allowing recrudescence of neurologic
signs within weeks of treatment cessation—a phenomenon attributed to sequestration of
the organism from immune surveillance [7]. This distinction between parasite elimina-
tion and clinical resolution underscores that nutritional interventions supporting immune
function and CNS repair may operate throughmechanisms independent of direct antipar-
asitic activity.

B. Immune Response Skewing and Th1/Th2 Balance Recent immunological analysis
of EPM-affected horses has revealed that disease is associated with a Th1-biased, cell-
mediated immune response, distinguished by elevated S. neurona-specific IgG1/2 and
IgG4/7 subisotypes in diseased versus seropositive normal horses [2]. This skewing to-
ward cell-mediated immunity contrasts with the protective humoral responses in asymp-
tomatic infected horses, suggesting aberrant immune regulation may contribute to EPM
pathogenesis. The mechanisms governing this dysbalanced response—including genetic
predisposition, parasite strain virulence, prior stressful events, and nutritional status—
remain largely undetermined [3]. However, extrapolation from other CNS infections and
neuroimmunological models suggests that balancedmicronutrient status (particularly an-
tioxidants and minerals supporting regulatory T cell differentiation) may influence the
Th1/Th2 balance and limit pathogenic inflammatory cascades.

III. Secondary Neuroinflammation and Oxidative Stress: Mechanisms and Nutritional
Targets

A. Neuroinflammatory Cascade Following CNS Insult The spinal cord damage from
S. neurona migration triggers a prototypical secondary injury cascade analogous to trau-
matic SCI. Within hours to days of primary parasitic injury, activated microglia and as-
trocytes release pro-inflammatory cytokines including tumor necrosis factor-α (TNF-α),
interleukin-6 (IL-6), and interleukin-1β (IL-1β), which recruit peripheral immune cells
across the compromised BSCB [8]. This neuroinflammatory phase is self-propagating:
immune cell infiltration exacerbates BSCB disruption through matrix metalloproteinase
(MMP-9 and MMP-2) upregulation, allowing further leukocyte infiltration and toxic me-
diator accumulation [9]. M1 pro-inflammatory microglia predominate early, but persis-
tent inflammation and aberrant resolution kinetics favor chronic microglial activation and
glial scar formation, ultimately limiting axonal regeneration [10].
Nutritional modulation of this cascade is mechanistically plausible: selenium-dependent
glutathione peroxidase (GPx) and other selenoproteins suppress microglial-derived ox-
idative stress, while vitamin E directly inhibits lipid peroxidation inmicroglialmembranes
[11]. Omega-3 polyunsaturated fatty acids (PUFAs) promote microglial polarization to-
ward anti-inflammatory phenotypes and reduce production of TNF-α and IL-1β [8]. Ade-
quate protein intake sustains synthesis of anti-inflammatory proteins and growth factors
critical for microglial resolution and neuronal support.
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B. Oxidative Stress as a Converging Pathogenic Mechanism Oxidative damage is
central to secondary SCI and is undoubtedly relevant to EPM: spinal cord ischemia,
immune cell infiltration, and parasitic migration all generate excessive reactive oxygen
species (ROS) that overwhelm endogenous antioxidant defenses [12]. Mitochondrial
ROS production, in turn, triggers NLRP3 inflammasome activation and pyroptosis, a
caspase-1–dependent form of neuronal death [13]. Free zinc accumulation—another con-
sequence of CNS injury—amplifies oxidative stress through mitochondrial dysfunction
and inhibits BSCB tight junction recovery [14].
Vitamin E (α-tocopherol) has demonstrated neuroprotective efficacy against spinal cord is-
chemia/reperfusion injury in rats, improving motor and sensory recovery while reducing
prostaglandin E2, malondialdehyde (MDA), and advanced oxidation protein products
(AOPP) [15]. Selenium-dependent selenoprotein expression (particularly glutathione
peroxidase and thioredoxin reductase) is rapidly downregulated following CNS injury;
supplementation with selenomethionine (SeM) in animal models of SCI upregulates se-
lenoproteins and scavenges ROS, reducing neuronal apoptosis and promoting mitochon-
drial function [11], [16]. In horses, deficiency of vitamin E and selenium has been as-
sociated with equine degenerative myeloencephalopathy (EMND), another progressive
neurologic disorder characterized by motor neuron degeneration, implicating these mi-
cronutrients in neuronal antioxidant defense [17].

IV. Blood-Spinal Cord Barrier Integrity: Nutritional Support of Endothelial Function

A. BSCB Disruption in Secondary Injury The BSCB, functionally analogous to the
blood-brain barrier (BBB), is maintained by endothelial tight junction proteins (occludin,
claudin-5, zonula occludens-1) and supported by pericyte coverage [18]. EPM-associated
inflammation disrupts this barrier throughMMP-dependent degradation of tight junction
proteins, increased vascular permeability, fibrinogen extravasation, and hemorrhage [19].
BSCB breakdown permits infiltration of potentially harmful immune cells, complement
components, and proteases while failing to prevent CNS edema and secondary neuronal
death.
Pericyte-derived exosomes and their miR-210 cargo improve endothelial barrier function
by inhibiting JAK1/STAT3 signaling, reducing lipid peroxidation, and improving mito-
chondrial function [20]. This mechanism highlights how nutritional support of mitochon-
drial health (through antioxidants and micronutrients supporting oxidative phosphoryla-
tion) indirectly preserves BSCB integrity.

B. Nutritional Modulators of BBB/BSCB Integrity Several experimental and clinical
studies support roles for specific nutrients in BSCB repair. Tight junction protein expres-
sion (ZO-1, occludin, claudin-5) is upregulated by anti-inflammatory signaling and by
antioxidant activity that suppresses pro-inflammatory gene transcription. Vitamin C and
vitamin E both support endothelial tight junction recovery through NF-κB inhibition [21].
Omega-3 PUFAs reduce inflammatory cytokines (TNF-α, IL-1β) that destabilize tight junc-
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tions; EPA and DHA shift immune cell phenotypes toward resolution-phase markers [22].
Collagen and structural matrix proteins that support endothelial-pericyte interactions re-
quire adequate protein intake and vitamins C and D for hydroxylation and cross-linking.
Selenium supports glutathione peroxidase activity, which prevents oxidative damage to
endothelial lipid membranes and preserves tight junction functionality [23].

V. Muscle Atrophy and Protein Metabolism in Neurologic Disease

A. Disuse-Induced Muscle Atrophy: Mechanisms and Timeline EPM-affected horses
experience rapid, multifactorial muscle loss resulting from neurologic dysfunction, forced
immobilization (stall confinement during treatment), inflammatory cytokine effects, and
reduced voluntary movement secondary to ataxia and weakness. Disuse muscle atrophy
involves synchronized suppression of muscle protein synthesis and upregulation of pro-
teolytic pathways—particularly the ubiquitin-proteasome system (UPS) and autophagy.
Key transcription factors driving atrophy include FoxO (Forkhead box O) family mem-
bers and TRIM63/MuRF1 (muscle ring finger 1), which ubiquitinate muscle structural
proteins [24].
In humans and rodent models, just 2–7 days of immobilization decreases plantarflexor
strength by 24% and induces fiber atrophy detectable histologically [25]. Protein synthe-
sis rates decline acutely, particularly in the fasted state, while protein breakdown acceler-
ates for days after immobilization onset. Critically, this early phase of disuse atrophy is
potentially reversible with timely nutritional and rehabilitative intervention [26].

B. Protein Adequacy and Amino Acid Signaling in Recovery Dietary protein
supplementation—particularly when combined with resistance or rehabilitation
exercise—activates mammalian target of rapamycin (mTOR) signaling and phos-
phorylation of ribosomal S6 kinase, upregulating muscle protein synthesis [27]. In older
humans undergoing immobilization and rehabilitation, whey protein and high-protein
diets (but not free leucine alone) were necessary to prevent delayed muscle atrophy in
non-immobilized limbs, suggesting complex amino acid profiles are required beyond sin-
gle amino acid supplementation [28]. The threshold for protein adequacy in preventing
disuse atrophy appears to be 1.2–1.6 g/kg body weight daily, substantially higher than
the maintenance requirement [29].
In horses recovering from EPM, adequate protein intake (through quality forage, concen-
trate supplements, or specialized feed formulations) is mechanistically justified to sup-
port: (1) residual muscle protein synthesis despite neurologic dysfunction, (2) synthesis
of inflammatory mediators and growth factors (such as brain-derived neurotrophic fac-
tor, BDNF) supporting neuronal regeneration, and (3) synthesis of antioxidant enzymes
and immune proteins [30]. The synergy between earlymild rehabilitation (lunging, hand-
walking, aquatic therapy) and high-quality protein intake is supported by evidence that
exercise primes mTOR signaling, sensitizing muscle to the anabolic effects of protein [26].
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C. Body Condition andMetabolic Resiliency Equine body condition score (BCS) prior
to EPM onset may influence nutritional reserves available to support recovery. Poor body
condition at EPM diagnosis (as has been identified as a risk factor for S. neurona seropos-
itivity [31]) reflects limited nutrient stores (fat, protein, mineral reserves) to sustain the
increased demands of immune response, antiprotozoal drug metabolism, and rehabilita-
tion. Pre-illness optimization of body condition—through adequate caloric and nutrient-
dense forage—provides a ”nutritional cushion” that may limit secondary complications
and accelerate recovery. Conversely, overnutrition and obesity impair glucose homeosta-
sis and promote low-grade systemic inflammation [32], potentially exacerbating the CNS
inflammatory environment.

VI. Corticosteroid Use in EPM: Secondary Effects and Nutritional Mitigation

While not always employed in routine EPM treatment, corticosteroids are occasionally
used empirically to reduce spinal cord edema and neuroinflammation, particularly in
severe presentations. Corticosteroid administration induces multiple nutritional conse-
quences relevant to recovery: (1) increased protein catabolism andmuscle loss, (2) hyper-
glycemia and impaired glucose utilization, (3) suppression of immunoglobulin synthesis
and cellular immunity, (4) reduced intestinal calcium absorption, and (5) increased free
radical generation [33].
Nutritional strategies to mitigate steroid-induced catabolic effects include: (a) increased
protein intake (exceeding the standard 1.2 g/kg target), (b) antioxidant supplementation
to counter steroid-induced oxidative stress, (c) adequate vitamin D and calcium to pre-
serve bone and muscle mass, and (d) micronutrients supporting immune reconstitution
post-treatment taper (zinc, selenium, vitamin C) [34]. A specific example is that corti-
costeroids impair selenoprotein expression and glutathione peroxidase activity; selenium
supplementation can partially restore these antioxidant defenses [35]. The duration and
dose of corticosteroid use in individual EPM cases determine the magnitude of these sec-
ondary nutritional demands.

VII. Antiprotozoal Drugs: Interactions with Nutrition and Side Effects

Sulfadiazine, pyrimethamine, diclazuril, and ponazuril are folate metabolism inhibitors
or inhibitors of parasite metabolism; all carry potential for drug-nutrient interactions and
side effects affecting nutritional status [1]. Sulfonamides (sulfadiazine) inhibit bacterial
folate synthesis and can impair intestinalmicrobial production of B vitamins, necessitating
dietary B vitamin supplementation or microbial reconstitution strategies. Pyrimethamine
directly inhibits dihydrofolate reductase, reducing active folate cofactor availability and
potentially impairing one-carbonmetabolism critical for nucleotide synthesis, methylation
reactions, and neuronal functions [36].
Diclazuril and ponazuril disruptmitochondrial electron transport in parasites; an unquan-
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tified but theoretically relevant risk is impaired mitochondrial function in host tissues,
particularly in tissues with highmetabolic demands (CNS, muscle). Selenium-dependent
mitochondrial selenoproteins (glutathione peroxidase, thioredoxin reductase) and coen-
zyme Q10-dependent electron transport chains may partially offset parasite-imposed
metabolic stress, supporting a mechanistic rationale for antioxidant supplementation
during treatment [37].
Hepatic metabolism of antiprotozoal drugs imposes detoxification demands; adequate
protein intake and antioxidant status support phase I (cytochromeP450) andphase II (glu-
tathione conjugation, sulfation) detoxification [8]. Antiprotozoal drugs may also cause
gastrointestinal upset, reducing voluntary feed intake and nutrient absorption—a com-
mon observation in treated EPM horses that directly compromises nutrition during the
period of maximal treatment intensity.

VIII. Rehabilitation Demands and Nutritional Synergies

A. Exercise, Neuroplasticity, and Protein Synthesis Rehabilitation following EPM (con-
trolled in-hand exercise, lunging at walk/trot, aquatic therapy, or hand-grazing) reintro-
duces mechanical loading and neuromotor activation critical for motor recovery. Exercise
stimulates muscle protein synthesis through multiple mechanisms: mechanical tension
activates integrin signaling, calcium influx, and mTOR; metabolic stress increases AMP-
activated protein kinase (AMPK) and mitochondrial biogenesis; and muscle damage sig-
nals trigger satellite cell activation and myogenic differentiation [26].
Nutritional support is synergistic: protein intake directly supplies amino acids for synthe-
sis, while micronutrients (vitamin C, zinc, selenium, B vitamins) support the enzymatic
machinery of protein synthesis, mitochondrial biogenesis, and collagen cross-linking nec-
essary for connective tissue repair [36], [37]. In aged humans undergoing rehabilitation
after immobilization, combined resistance exercise and protein supplementation achieved
far superior muscle recovery than either intervention alone [30].

B. CNS Neuroplasticity and Nutritional Support Rehabilitation in EPM drives
neuroplasticity—reorganization of spinal and supraspinal circuits to compensate for
parasitic damage and optimize residual motor control. Neuroplasticity is supported by
growth factor signaling (BDNF, nerve growth factor), synaptic remodeling, dendritic
spine stabilization, and oligodendrocyte maturation. Vitamins (particularly B vitamins,
vitamins C, D, and E), minerals (zinc, magnesium, iron, copper), and amino acids (partic-
ularly those supporting neurotransmitter synthesis: tryptophan, tyrosine, phenylalanine,
histidine) are obligatory cofactors in these processes [23], [38].
Omega-3 PUFAs (EPA and DHA) are structural components of neuronal membranes and
reduce CNS inflammation; supplementation in stroke models enhances neuroplastic re-
covery [22]. One-carbon metabolism nutrients (folate, B12, choline) support methylation
reactions required for BDNF promoter activation and synaptic gene expression, mechanis-
tically linking B vitamin status to neuroplasticity during EPM rehabilitation [36].
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IX. Forage Quality and Macronutrient Sufficiency in EPM-Affected Horses

While equine-specific nutrition trials in EPM are absent, principles from equine nutri-
tion physiology and comparative neurologic disease models suggest forage quality sig-
nificantly impacts recovery. High-quality (early-bloom, leafy) hay or pasture delivers
adequate crude protein (14–18%), essential amino acids, energy for rehabilitation, and
micronutrients (selenium, vitamins E andA) compared tomature, over-cured forage. Ma-
ture hay is often deficient in vitamin E (losses during storage) and selenium (if grown in
selenium-deficient soils).
In EPM recovery, forage should be supplemented with concentrates providing: (1) addi-
tional crude protein (targeted 1.2–1.6 g/kg bodyweight daily), (2) vitamin E (1,000–2,000
IU daily), (3) selenium (if not naturally present in local forage), and (4) omega-3 rich sup-
plements (ground flaxseed, chia, or fish oil). Commercial performance or rehabilitation
feeds often include these nutrients; individually formulated supplements allow personal-
ized micronutrient dosing based on baseline forage mineral composition.

X. Proposed Mechanistic Table: Nutrients, Mechanisms, Evidence Level, and Clinical
Uncertainty

Nutrient

Primary
Mechanisms in
CNS Injury

Evidence Level
(Direct EPM /
Extrapolated)

Proposed
Clinical Action

Clinical
Uncertainty &
Limitations

Vitamin E
(α-tocopherol)

Lipid
peroxidation
inhibition;
microglial
membrane
protection;
NF-κB
suppression

Extrapolated
(SCI, TBI,
EMND
association)

1,000–2,000
IU/day during
acute phase &
recovery

Optimal dose
in horses
unknown;
fat-soluble
storage may
delay depletion;
interaction with
other
antioxidants
unclear
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Nutrient

Primary
Mechanisms in
CNS Injury

Evidence Level
(Direct EPM /
Extrapolated)

Proposed
Clinical Action

Clinical
Uncertainty &
Limitations

Selenium (se-
lenoproteins)

Glutathione
peroxidase
synthesis;
mitochondrial
ROS
scavenging;
microglial
oxidative stress
suppression

Extrapolated
(SCI, neurode-
generation);
EMND
deficiency
association

3–5 mg/day if
forage deficient;
assess serum
selenium
baseline

Bioavailability
of selenome-
thionine vs.
selenite in
horses unclear;
geographic
forage
variability high;
over-
supplementation
risk poorly
studied

Omega-3 PUFA
(EPA/DHA)

Microglial anti-
inflammatory
polarization;
BBB tight
junction
stabilization;
neuroinflamma-
tory cytokine
reduction

Extrapolated
(stroke, SCI
recovery
models)

10–20 mL fish
oil or flaxseed
equivalent
daily

Limited
horse-specific
kinetic data;
oxida-
tion/rancidity
concerns with
supplemental
oils; effect on
bleeding risk
with NSAIDs
unknown

Protein
adequacy
(total intake)

mTOR
signaling;
muscle protein
synthesis;
immunopro-
tein/growth
factor synthesis;
antioxidant
enzyme
synthesis

General
principle (well-
established in
human SCI &
disuse); no
EPM studies

1.2–1.6 g/kg
body weight
daily during
rehabilitation
phase

Protein
adequacy in
face of
anorexia/malabsorption
from
antiprotozoals
difficult to
assess;
individual
amino acid
ratios not
optimized for
EPM; cost
implications
high
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Nutrient

Primary
Mechanisms in
CNS Injury

Evidence Level
(Direct EPM /
Extrapolated)

Proposed
Clinical Action

Clinical
Uncertainty &
Limitations

Body
Condition
optimization

Metabolic
reserve for
immune
response &
anabolic
demands;
reduced
systemic
inflammation
from obesity

Observational
(S. neurona risk
factors);
general
principle

Maintain BCS
5–6 (1–9 scale)
pre-illness;
avoid obesity-
associated
inflammation

Baseline
condition at
EPM diagnosis
rarely
documented;
confounding
with disease
severity; no
intervention
studies in EPM

Vitamin C Antioxidant;
epithelial
barrier support;
collagen
cross-linking;
immune cell
function

Extrapolated
(SCI, TBI,
infection
models)

1–2 g/day
during acute
inflammation
phase; may
taper with
clinical
improvement

Horse
gastrointestinal
tolerance for
high-dose sup-
plementation
limited; renal
excretion high;
effect on BSCB
specifically
unknown

Zinc Immune cell
function; tight
junction protein
synthesis
(claudin-5);
NF-κB
regulation; free
zinc chelation

Extrapolated
(BBB recovery,
immune
dysfunction
models)

100–150
mg/day (if
baseline
deficiency);
monitor Cu:Zn
ratio

Copper
antagonism
common;
intestinal
absorption
competition
with other
minerals;
baseline
requirements in
horses variable

Magnesium NMDA
receptor
antagonism
(excitotoxicity
reduction);
mitochondrial
ATP synthesis;
microglial
calcium flux
regulation

Extrapolated
(TBI, stroke
models)

10–15
mg/kg/day
(hay often
marginal);
assess serum
magnesium

Bioavailability
of different
salts in horses
unclear;
intestinal
effects variable;
over-
supplementation
risk (diarrhea)
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Nutrient

Primary
Mechanisms in
CNS Injury

Evidence Level
(Direct EPM /
Extrapolated)

Proposed
Clinical Action

Clinical
Uncertainty &
Limitations

B Vitamins
(folate, B12,
B6)

One-carbon
metabolism;
BDNF
synthesis;
myelin lipid
synthesis;
homocysteine
metabolism;
neurotransmit-
ter synthesis

Extrapolated
(stroke, SCI,
neurodegenera-
tion recovery);
antiprotozoal
drug
interactions

2–4 mg/day
folate (if on
sulfonamides);
B12 500
μg/week;
assess baseline
status if
prolonged
treatment

Equine B
vitamin
requirements
not precisely
defined;
bioavailability
of different
sources
unknown;
interaction with
antifolate drugs
complex;
deficiency vs.
excess risk both
present

Vitamin D Immune
tolerance (Treg
differentiation);
BSCB tight
junction protein
expression;
microglial
pro-resolving
cytokine
synthesis

Extrapolated
(CNS infection,
autoimmune
disease
models)

Baseline
assessment of
25-OH vitamin
D; supplement
if <20 ng/mL;
target 30–50
ng/mL

Equine vitamin
D
photosynthesis
from sun
exposure
variable by
latitude/season;
oral supple-
mentation
dose-response
not established
in horses;
immune-
suppressive
effects at high
doses
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Nutrient

Primary
Mechanisms in
CNS Injury

Evidence Level
(Direct EPM /
Extrapolated)

Proposed
Clinical Action

Clinical
Uncertainty &
Limitations

Coenzyme Q10 Mitochondrial
electron
transport;
antioxidant
(especially
myelin lipids);
energy
production
supporting
rehabilitation

Extrapolated
(neurodegener-
ation,
mitochondrial
dysfunction
models)

50–100 mg/day
if impaired
mitochondrial
metabolism
suspected

Cost
prohibitive;
bioavailability
in horses
unclear;
minimal
horse-specific
data; cannot
assess
mitochondrial
dysfunction
clinically

Curcumin
(turmeric)

NF-κB
inhibition;
microglial
TNF-α/IL-1β
suppression;
BBB tight
junction
stabilization;
free radical
scavenging

Extrapolated
(TBI, SCI, neu-
roinflammation
models)

1–2 g/day
turmeric
powder
(curcumin
3–5%);
bioavailability
enhanced by
black pepper

Horses may
refuse turmeric;
bioavailability
without lipid
co-
administration
poor;
equine-specific
kinetic data
absent;
conflicting
literature on
effectiveness

XI. Synthesis: Nutritional Factors as Adjunctive to Antiprotozoal Treatment

This mechanistic review has distinguished three categories of evidence: (1) Direct EPM
evidence, which is sparse and limited primarily to epidemiologic associations (vitamin
E/seleniumdeficiency linked to EMND, poor body condition linked to S. neurona seropos-
itivity); (2)Extrapolated spinal cord injury evidence, which provides the strongestmech-
anistic framework for understanding how nutritionmodulates secondary damage, BBB in-
tegrity, oxidative stress, and recovery kinetics; and (3)General biologic principles, which
establish that protein intake, micronutrient status, and physical rehabilitation synergisti-
cally support muscle recovery and neuroplasticity.
The fundamental distinction must be maintained: nutritional interventions are not pri-
mary treatment for EPM and do not replace antiprotozoal drugs. Rather, nutrition acts as
a supporting therapy optimizing the capacity for endogenous repair. The parasite-specific
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damage caused by S. neurona or N. hughesi requires direct antimicrobial eradication; nu-
tritional strategies cannot achieve this. However, once primary parasitic injury occurs, sec-
ondary inflammation, oxidative stress, BSCB disruption, and muscle catabolism become
targets for nutritional modulation.

A. Evidence Hierarchy and Clinical Certainty High certainty (principles applicable
to EPM): - Protein adequacy (≥1.2 g/kg daily) supports muscle synthesis during neu-
rologic disability and recovery. - Vitamin E and selenium deficiency is associated with
equine neurologic disease and should be corrected. - Antioxidant status influences ox-
idative stress burden; adequate vitamin E, selenium, and vitamin C are rational targets. -
Body condition optimization pre-illness provides metabolic reserve.
Moderate certainty (plausible but unproven in EPM): - Specific vitamin E and selenium
supplementation doses and timing optimize BSCB integrity and microglial resolution. -
Omega-3 PUFA supplementation reduces CNS inflammation and promotes neuroplastic-
ity during EPM recovery. - One-carbon metabolism nutrient sufficiency (folate, B12, B6,
choline) supports BDNF synthesis and neuroplasticity. - Combined antiprotozoal treat-
ment and nutritional support (particularly antioxidants, protein) yield superior recovery
outcomes compared to antiprotozoals alone.
Low certainty / speculative (insufficient evidence): - Specific curcumin or other phy-
tochemical doses produce measurable neuroprotection in horses. - Magnesium or zinc
supplementation specifically improves BSCB recovery in EPM beyond background suffi-
ciency. - Individually tailored micronutrient profiles based on serum baselines improve
prognosis.

B. Practical Nutritional Framework for EPM-Affected Horses A reasonable, evidence-
informed approach to nutritional support during EPM recovery includes:

1. Baseline assessment: Serum vitamin E, selenium, albumin, and body condition
score at EPM diagnosis; assessment of forage quality (mineral composition if avail-
able).

2. Acute phase (during antiprotozoal treatment, 0–8 weeks):
• High-quality forage (early-bloom hay or grass; vitamin E preserved through

proper storage).
• Increased protein intake (1.4–1.6 g/kg/day via concentrate supplement or spe-

cialized rehabilitation feed).
• Vitamin E supplementation (1,000–2,000 IU/day if serum concentration <2.5

μg/mL).
• Selenium supplementation (3–5 mg/day or selenomethionine 0.1 mg/kg if

serum <100 ng/mL).
• Antioxidant support (vitamin C 1 g/day, zinc 100 mg/day if not excessive in

forage).
• Omega-3 supplementation (ground flaxseed ½ cup daily or equivalent fish oil).

13



• B vitamin supplementation if prolonged sulfonamide use (folate 2mg/day, B12
500 μg twice weekly, thiamine 500 mg/day).

3. Recovery/rehabilitation phase (8 weeks onward):
• Continued adequate protein and micronutrient intake as above.
• Progressive increase in forage intake as tolerated (supporting GI health and

nutrient density).
• Tailored rehabilitation exercise (hand-walking, lunging at walk progressing to

trot; aquatic therapy if available).
• Reassessment of serum micronutrient status at 8 weeks; adjustment based on

clinical response and laboratory findings.
4. Considerations during corticosteroid use (if employed):

• Increased protein target (1.6+ g/kg/day).
• Enhanced antioxidant status (vitamin E 2,000 IU/day, vitamin C 2 g/day, sele-

nium 5 mg/day).
• VitaminDassessment and supplementation if baseline low; calcium/phosphorus

ratio optimization.
• Post-steroid tapering immune support (continued selenium, zinc, vitamin

A/E).

C. Limitations and Areas of Clinical Uncertainty Despite mechanistic plausibility, sev-
eral critical limitations constrain application of this framework to individual EPM cases:

1. Equine-specific kinetic and efficacy data are absent for most micronutrient supple-
mentation in neurologic disease; doses and durations are extrapolated from human
studies or rodent models with uncertain validity in horses.

2. Forage mineral composition is highly geographically variable; without baseline
testing, supplementation may be excessive or insufficient.

3. Gastrointestinal dysfunction from antiprotozoalsmay impair nutrient absorption,
reducing efficacy of oral supplementation.

4. Individual horses exhibit variable recovery trajectories influenced by genetics, par-
asite burden, lesion severity, and host immune competence—factors not modifiable
by nutrition alone and not objectively measurable during treatment.

5. Cost and compliance limitations restrict realistic application of complex supplement
regimens in many clinical settings.

6. Interaction effects betweenmultiple supplements and antiprotozoal/corticosteroid
drugs are poorly characterized; risk of unintended consequences exists.

7. The relative contribution of nutrition to recovery versus antiprotozoal efficacy
and rehabilitation cannot be separated in clinical cases; empirical evidence that nu-
tritional optimization improves prognosis specifically in EPM is absent.
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XII. Future Research Directions

To advance evidence-based nutritional support in EPM, the following research priorities
are proposed:

1. Baseline micronutrient profiling in EPM-affected horses at diagnosis and correla-
tion with severity, treatment response, and long-term outcome; prospective studies
linking serum vitamin E, selenium, and other micronutrients to prognosis.

2. Longitudinal studies of serummicronutrient dynamics during antiprotozoal treat-
ment, monitoring depletion from drug interactions or increased demand; informing
supplementation strategies.

3. Mechanistic studies in horsemodels (or primary equine CNS cell cultures) examin-
ing effects of specific nutrient supplements onmicroglial cytokine production, BSCB
tight junction integrity, or motor neuron survival following parasitic challenge.

4. Controlled clinical trials randomizing EPM-affected horses to standardized antipro-
tozoal treatment with versus without structured nutritional support (high-quality
protein, vitamin E/selenium, omega-3, one-carbon metabolism nutrients), measur-
ingmotor recovery (ataxia scores), rehabilitation timeline, and long-term functional
outcome.

5. Pharmacokinetic studies of vitamin E, selenium, and omega-3 supplementation in
horses, establishing tissue bioavailability and CNS penetration.

6. Investigation of forage quality optimization and pre-illness nutritional reserve
building as primary prevention for EPM onset in high-risk populations.

Conclusion

Nutrition is mechanistically positioned to modulate secondary CNS damage, inflamma-
tion, oxidative stress, and recovery capacity in EPM, acting synergistically with antipro-
tozoal treatment and rehabilitation. The strongest evidence base derives from spinal cord
injury models, where protein adequacy, antioxidant status (vitamin E, selenium, vitamin
C), omega-3 PUFA supplementation, and one-carbonmetabolism nutrients demonstrably
influence inflammation, BSCB integrity, microglia phenotype, neuroplasticity, and func-
tional recovery. In EPM, vitamin E and selenium deficiency is associated with related
neurologic disease (EMND) and should be corrected; poor body condition is a risk factor
for S. neurona seropositivity and should be optimized pre-illness.
However, direct evidence that specific nutritional interventions improve EPM prog-
nosis is absent. The clinical relevance of findings from rodent SCI models and human
neurologic disease to equine EPM recovery is unproven. Future horse-specific research,
including mechanistic studies and randomized controlled trials, is essential to validate
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nutritional approaches and refine clinical recommendations. Until such evidence is gen-
erated, nutritional support in EPM should be viewed as a reasonable, low-risk adjunct
to antiprotozoal treatment, informed by general principles of neurologic disease recovery
and tailored to individual forage composition, baseline micronutrient status, and reha-
bilitation demands—but never as a replacement for antimicrobial therapy or owner-led
rehabilitative exercise.
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This comprehensive mechanistic review integrates current understanding of EPM patho-
genesis, secondary CNS injury, and nutritional physiology to outline plausible—but
largely unproven—nutritional interventions supporting EPM recovery. The distinction
between direct EPM evidence, extrapolated SCI/neurologic disease mechanisms, and
general biologic principles is maintained throughout, acknowledging substantial clini-
cal uncertainty while providing a framework for evidence-informed practice pending
rigorous equine-specific research.
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