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Summary

Background—Alpha-tocopherol (α-TP) supplementation is recommended for the prevention of 

various equine neuromuscular disorders. Formulations available include RRR-α-TP acetate 

powder and a more expensive but rapidly water-dispersible liquid RRR-α-TP (WD RRR-α-TP). 

No cost-effective means of rapidly increasing serum and cerebrospinal fluid (CSF) α-TP with WD 

RRR-α-TP and then sustaining concentrations with RRR-α-TP acetate has yet been reported.

Objectives—To evaluate serum, CSF and muscle α-TP concentrations in an 8-week dosing 

regimen in which horses were transitioned from WD RRR-α-TP to RRR-α-TP acetate.

Study design—Non-randomised controlled trial.

Methods—Healthy horses with serum α-TP of <2 μg/mL were divided into three groups and 

followed for 8 weeks. In the control group (n = 5), no α-TP was administered. In the second group 

(Group A; n = 7), 5000 IU/day RRR-α-TP acetate was administered. In the third group (Group 

WD–A; n = 7), doses of 5000 IU/day of WD RRR-α-TP were administered over 3 weeks, 

followed by a 4-week transition from WD RRR-α-TP to RRR-α-TP acetate, and a final 1 week of 

treatment with RRR-α-TP acetate. Serum samples were obtained weekly; muscle biopsies were 

obtained before, at 2.5 weeks and after supplementation. CSF samples were obtained before and 

after the 8-week period of supplementation.
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Results—Serum α-TP increased significantly in Group WD–A at week 1 and remained 

significantly higher than in Group A and the control group throughout the transition, with inter-

individual variation in response. Serum α-TP increased significantly by week 7 in Group A. CSF 

α-TP increased significantly in Group WD–A only. Muscle α-TP concentrations did not differ 

significantly across groups. Serum and CSF α-TP were closely correlated (r = 0.675), whereas 

serum and muscle-α-TP concentrations were not correlated.

Main limitations—The study duration was short and data on pre-transition CSF was lacking.

Conclusions—The administration of 5000 IU/day of water-dispersible RRR-α-TP rapidly 

increases serum α-TP. Serum and CSF α-TP concentrations are sustained with a gradual transition 

to 5000 IU/day of RRR-α-TP acetate. Periodic evaluation of serum α-TP concentrations is 

recommended because responses vary among individuals.
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Introduction

An adequate intake of vitamin E (α-tocopherol [α-TP]) and adequate concentrations of α-

TP within the central nervous and muscular systems are important to the prevention of 

neuroaxonal dystrophy/equine degenerative myeloencephalopathy [1,2], equine motor 

neuron disease [3], vitamin E-deficient myopathy [4] and nutritional myodegeneration 

(along with adequate selenium) [5]. The recommended daily dietary intake of vitamin E in 

adult horses is 1–2 IU/kg bwt of α-TP per day [6]. The usual source of vitamin E for horses 

is green grass; however, in the USA grazing pasture has decreased significantly as a result of 

recent drought conditions [7]. Additionally, metabolic diseases often require horses to be 

maintained on dry forage such as hay, which contains significantly lower concentrations of 

α-TP than grass [8]. As a result, dietary supplementation with α-TP has become 

increasingly important. There are two commercial sources of α-TP. Synthetic α-TP (all-rac-

α-TP) has equal amounts of the eight stereoisomers, whereas natural α-TP (RRR-α-TP) 

consists of only one isomer. Of the isomers in synthetic α-TP, its preferential uptake by the 

liver makes the RRR stereoisomer (RRR-α-TP) the most bioavailable isoform [9]. There are 

currently two formulations of commercially available RRR-α-TP: an acetate formulation is 

available as a powder or pellet and a micellised water-dispersible (WD) formulation is 

available as a liquid.

Synthetic all-rac-α-TP acetate at high doses (10,000 IU/day for 14 days) increases serum α-

TP from deficient to normal ranges, but has no impact on cerebrospinal fluid (CSF) α-TP 

concentrations [10]. Thus, this formulation does not appear to be adequate for horses with 

neurological disease. Powdered formulations of RRR-α-TP acetate have levels of 

bioavailability roughly twice as high as those of synthetic all-rac-α-TP acetate and serum α-

TP concentrations increase gradually with supplementation in a dose-dependent manner 

[11,12]. By contrast, WD RRR-α-TP is 5–6 times more bioavailable than synthetic all-rac-

α-TP acetate and its administration results in a rapid increase in serum α-TP concentrations 
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(within 12 h) [12]. Two-week dosage trials have shown that CSF α-TP increases within 2 

weeks when horses are given 10,000 IU/day of WD RRR-α-TP [10]. The effects of lower 

dosages on CSF RRR-α-TP are unknown. However, at present, doses of up to 10,000 IU/day 

of WD α-TP are commonly used in horses with neurological disease.

The duration for which horses should be treated with WD RRR-α-TP and the best means of 

ceasing or transitioning the supplementation to another formulation are unclear from the 

current literature. The cessation of supplementation with WD RRR-α-TP results in a rapid 

decline of serum α-TP within 6 days of discontinuation [12]. A gradual transition to RRR-

α-TP acetate appears to be a logical as well as an economical choice once clinical signs have 

resolved and serum and CSF concentrations have stabilised because acetate formulations are 

approximately 1.3 times less expensive than WD RRR-α-TP.

The purpose of the current study was to determine whether a transitioning regimen using 

WD and acetate α-TP formulations over an 8-week period could induce a rapid increase in 

and sustain high concentrations of α-TP in serum, muscle and CSF in vitamin E-deficient 

horses. We hypothesised that a gradual transition from WD RRR-α-TP to RRR-α-TP 

acetate over 8 weeks would result in a sustained increase in serum α-TP concentrations and 

the maintenance of higher serum, muscle and CSF α-TP levels than supplementation with an 

equivalent dose of RRR-α-TP acetate alone.

Materials and methods

Pilot trial

A preliminary study was performed in eight of the horses in the University of Minnesota 

teaching herd that were used in the supplementation trial described below. The purpose of 

the pilot trial was to determine the dose of α-TP and the method of transitioning from WD 

to acetate RRR-α-TP for the longer-term supplementation trial. In the pilot trial, horses 

received 3000 IU/day of WD RRR-α-TP for 14 days and were then transitioned to 3000 

IU/day of RRR-α-TP acetate for 14 days. Blood samples were obtained prior to and at the 

end of each 14-day period and handled as described for the longer supplementation trial. 

Serum α-TP concentrations increased significantly (paired t test, P<0.01) after the 

administration of WD RRR-α-TP over 14 days from a mean ± s.d. of 1.60 ± 0.56 μg/mL to 

3.24 ± 1.41 μg/mL and declined to 1.83 ± 0.65 μg/mL after 14 days of treatment with RRR-

α-TP acetate. As a result, in the longer full supplementation trial, a protocol involving a 

higher dose of RRR-α-TP acetate and a combination of both WD and acetate RRR-α-TP 

was devised for the transition period prior to full RRR-α-TP acetate supplementation.

Supplementation trial

Horses—Nineteen healthy horses from the University of Minnesota teaching herd were 

included in this study. Horses included 17 mares and two geldings with a mean ± s.d. age of 

13.4 ± 3.7 years (range: 8–22 years) and a mean ± s.d. bodyweight of 540 ± 42 kg (range: 

460–635 kg). The sample population included Quarter Horses (n = 9), Thoroughbreds (n = 

2), Paint crosses (n = 2), Warmbloods (n = 1), Appaloosas (n = 3), Quarter Horse–Irish 

Sports Horse cross (n = 1) and one horse of unknown crossbreeding.
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For at least 6 months prior to the study, horses were fed free choice grass hay cubes (Happy 

Horse Maintenance Formula Biscuits™a) and some horses received a ration balancer 

(Empower Balance Grass Formula Supplementb) or other concentrate. At day −18, the diet 

of all horses was standardised to include only free choice grass hay cubes.a Any previously 

fed ration balancer, concentrates and hand-grazing were discontinued. All horses were 

housed on a dry lot before and throughout the trial at an accredited facility.

Study design

Eighteen days prior (day −18) to the 8-week supplementation trial, blood was collected to 

determine serum α-TP concentrations. Horses were classified based on sex and serum α-TP 

concentrations. As the number of geldings was small, geldings were allocated non-randomly 

to groups (one in each of the acetate and combination-treatment groups, and two in the 

control group). A random number generator was used to assign mares to one of three groups 

and a non-parametric Mann–Whitney test was used to determine a difference between 

groups at day −18. Assignments were assessed for mean serum α-TP concentrations; to 

ensure group means did not differ significantly among the three groups at baseline (P>0.9), 

four mares were re-allocated amongst groups to produce a mean serum α-TP of 

approximately 2 μg/mL in each group. Sample size calculations using mean serum 

concentrations of α-TP-deficient horses from the pilot trial described above (effect size: 

1.76) determined that a minimum sample size of seven horses per group was required to 

achieve 80% power, with an α-value of 0.05.

The three groups consisted of: Group A, in which horses received 5000 IU/day RRR-α-TP 

acetate powder (Elevate® Maintenance Powderc) (n = 7); Group WD–A, in which horses 

received 5000 IU/day RRR-α-TP WD liquid (Elevate® W.S.c) and were gradually 

transitioned to 5000 IU/day RRR-α-TP acetate powderc (n = 7), and a control group, in 

which horses received no additional α-TP (n = 5). A dose of 5000 IU α-TP was equivalent 

to a dose of 9.3 IU/kg bwt (range: 7.8–10.8 IU/kg bwt). The transition protocol applied in 

Group WD–A involved the administration of 5000 IU/day WD RRR-α-TP during weeks 1–

3, the reduction of WD RRR-α-TP by 1000 IU per week during weeks 4–8 (from 4000 IU in 

week 4 to 0 IU in week 8), and the increase of RRR-α-TP acetate by 1000 IU per week 

(from 1000 IU in week 4 to 5000 IU in week 8) to maintain a total supplement of 5000 IU 

RRR-α-TP per day. During week 8, horses received 5000 IU/day of RRR-α-TP acetate 

(Table 1).

To ensure that horses received their entire daily dose of RRR-α-TP, Group A and Group 

WD–A horses were housed in stalls at the same time each day. A feeder bag (Dura-Tech® 

Mesh Feed Bagd) containing the daily dose of α-TP mixed with 0.23 kg of a ration 

balancerb was placed over the nose of each horse. The ration balancer contained an 

additional 300 IU of all-rac-α-TP acetate. Feedbags were checked to ensure there was no 

bNutrena, Cargill, Inc., Minneapolis, Minnesota, USA.
aSquare Meal Feeds LLC, Cokato, Minnesota, USA.
cKentucky Performance Products LLC, Versailles, Kentucky, USA.
dDura-Tech™, Schneider Saddlery Co., Inc., Chagrin Falls, Ohio, USA.
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residual feed or supplement before removal. Control horses received no α-TP 

supplementation or ration balancer.

Sampling of CSF—On day 0 of the trial, a jugular catheter was placed, horses were 

premedicated with xylazine (1.1 mg/kg bwt i.v.) and anaesthesia was induced with ketamine 

hydrochloride (2.2 mg/kg bwt i.v.) and diazepam (0.08 mg/kg bwt i.v.). Horses were placed 

in lateral recumbency and CSF was obtained at the atlanto-occipital site using an 8.3-cm, 18-

gauge spinal needle. A minimum of 8–10 mL of a free flow of CSF was obtained. Samples 

were collected into plastic vials protected from light, stored on ice and centrifuged within 3 

h. The supernatant was stored at −80°C prior to analysis. The procedure was repeated on day 

55 at the end of the trial. Gross evidence of blood contamination was not observed in any 

sample.

Serum sampling—Baseline serum samples were obtained prior to beginning α-TP 

supplementation (day −18) and day 0 samples were collected prior to the CSF tap. At all 

timepoints, blood was collected via jugular venipuncture into serum separator vacuum tubes 

and immediately protected from light. The samples were stored on ice, refrigerated, 

protected from light and allowed to clot prior to serum separation, which occurred within 3 h 

after collection. Following serum separation, samples were transferred to polypropylene 

cryovials and stored at −80°C until analysis. Serum samples were taken weekly (days 0, 6, 

13, 18, 26, 33, 40, 47) prior to the administration of that day’s supplement on the day of the 

next potential dosage alteration. Final serum samples were taken on completion of the trial 

(day 55), 24 h following the last administration of RRR-α-TP and prior to the CSF tap.

Muscle sampling—Gluteus medius muscle samples were obtained while horses were 

anaesthetised for CSF spinal taps at days 0 and 55. Additionally, muscle biopsies were 

obtained in standing horses at day 18 under sedation (0.4 mg/kg bwt xylazine i.v.). Samples 

were obtained at a standardised site previously described and repeat samples were taken 

from alternate sides [13]. Briefly, the site was aseptically prepared and a stab incision made 

at a point one-third of the distance on a line from the tuber sacrale to the tuber coxae and a 

Bergstrom biopsy needle used to obtain a muscle sample (minimum: 250 mg). Tissue was 

immediately freeze-dried and stored at −80°C until analysis.

Analysis of α-TP—Serum α-TP concentrations were assayed at Michigan State 

University by high-performance liquid chromatography with fluorescence detection as 

previously described [1].

Cerebrospinal fluid α-TP was analysed at the California Animal Health and Food Safety 

Laboratory System at the University of California Davis using inductively coupled argon 

plasma spectrometry as previously described [14].

Muscle α-TP was analysed at Michigan State University by chromatography as for serum. 

Approximately 250 mg of tissue was weighed and homogenised in distilled deionised water 

and methanol. Ascorbic acid and dibutylhydroxytoluene were added to the reagents prior to 

homogenisation, and lipids extracted from the homogenate with hexane. Duplicate analysis 

was performed on two separate aliquots of tissue from the same samples in eight horses.
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Data analysis

Data for serum and CSF α-TP in the supplementation trial were normally distributed when 

assessed by a Kolmogorov–Smirnov test. A general linear model (GLM) ANOVA with post 

hoc Tukey–Kramer multiple comparisons was used to determine if there were differences 

among groups in serum α-TP at timepoints day −18 and day 0. To determine if serum α-TP 

changed over time, a repeated-measures ANOVA with post hoc Tukey–Kramer multiple 

comparison testing that included interactions for treatment and time was performed. A 

paired Student’s t test was used to determine if there were differences in CSF α-TP 

concentrations between pre- and post-trial CSF samples within each supplementation group. 

Muscle α-TP concentration was not normally distributed when assessed by a Kolmogorov–

Smirnov test. Kruskal–Wallis and Dunn’s multiple comparison tests were performed on 

muscle α-TP concentrations. A Pearson product moment correlation was performed to 

determine correlations between serum α-TP concentrations and CSF or muscle α-TP 

concentrations. Coefficients of variation were calculated for duplicate muscle samples using 

the formula:coefficient of variation = s.d. of replicates/mean of replicates.

Values were expressed as the mean ± s.d. and significance indicated by a P<0.05. Analysis 

was performed using NCSS Statistical Software Version 10.0e and GraphPad Prism Version 

5.0.f

Results

Baseline serum α-TP

Mean ± s.d. serum α-TP concentrations at day −18 were: control group, 2.04 ± 0.69 μg/mL 

(range: 1.62–3.11 μg/mL); Group A, 2.07 ± 0.52 μg/mL (range: 1.31–2.83 μg/mL), and 

Group WD–A, 2.06 ± 0.54 μg/mL (range: 1.37–2.87 μg/mL). Mean serum α-TP 

concentrations at day 0 were: control group, 1.38 ± 0.16 μg/mL (range: 1.57–1.54 μg/mL); 

Group A, 1.76 ± 0.46 μg/mL (range: 1.26–2.47 μg/mL), and Group WD–A, 1.33 ± 0.40 

μg/mL (range: 0.59–1.70 μg/mL). There was a significant decline (P<0.001) in serum α-TP 

concentrations between day −18 and day 0 when all previous supplements and any hand-

grazing of horses were terminated. There were, however, no statistically significant 

differences in mean α-TP concentrations among the control group, Group A and Group 

WD–A at either day −18 or day 0 (P = 0.45).

Serum α-TP in the control group

In the control group, mean serum α-TP concentrations did not change significantly (P = 

0.98) between days 0 and 55, and mean values remained below 1.38 ± 0.32 μg/mL (Fig 1a).

Serum α-TP in Group A

Mean serum α-TP concentrations in Group A horses increased significantly during the 

supplementation trial by days 47 and 55 (P<0.01).

eNCSS, LLC, Kaysville, Utah, USA.
fGraphPad Software, Inc., San Diego, California, USA.
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Serum α-TP in Group WD–A

Mean serum α-TP concentrations in Group WD–A horses increased significantly during the 

supplementation trial (P<0.01). Mean serum α-TP concentration increased significantly 

from day 0 to day 6 and remained elevated, with no significant difference in mean 

concentrations between days 6 and 55.

Differences in serum α-TP among groups

There was a significant treatment effect on mean serum α-TP concentrations (P<0.002) with 

significantly higher (P<0.0001) serum α-TP in Group WD–A horses than in Group A or 

control group horses. There was a significant interaction between treatment group and time 

(P = 0.000).

Concentrations of CSF α-TP with treatment

Mean CSF α-TP concentrations increased significantly during the supplementation trial in 

Group WD–A (P = 0.01), but did not change significantly with treatment in Group A (P = 

0.51) or the control group (P = 0.79) (Fig 2a).

Differences in CSF α-TP among groups

There were no significant differences in mean CSF α-TP concentrations among Group A, 

Group WD–A and the control group (P = 0.2), although the power to detect differences was 

low (0.4). There was no significant interaction between group and time (P = 0.2).

Correlation between serum and CSF α-TP

A significant correlation (P<0.01, r = 0.68, r2 = 0.46) was found between serum and CSF α-

TP concentrations (Fig 3a).

When horses with a serum α-TP concentration of <2 μg/mL were evaluated regardless of 

supplementation group (26 of 38 horses; serum α-TP 1.44 ± 0.3 μg/mL), mean CSF α-TP 

concentration was 15 ± 3 ng/mL (range: 9–22 ng/mL). In horses with a serum α-TP level of 

≥2 μg/mL, regardless of supplementation group (12 of 38 horses; serum α-TP 2.69 ± 0.7 μg/

mL), mean CSF α-TP was 20 ± 6 ng/mL (range: 14–31 ng/mL).

Muscle α-TP

There were no significant differences in time or treatment (P = 0.5) in muscle α-TP 

concentrations during the supplementation trial (Fig 2b). The coefficient of variation for 

duplicate analysis of muscle samples was low at 6.02%.

Correlation between serum and muscle α-TP

Serum and muscle α-TP were not significantly correlated (P = 0.8, r = 0.03, r2<0.01) (Fig 

3b).
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Discussion

Serum α-TP deficiency can be a common occurrence in horses without access to grass 

pasture as demonstrated in the herd of horses maintained on dry lots at the University of 

Minnesota. Based on price per IU, the most economical choice for an α-TP supplement 

would have been synthetic all-rac-α-TP acetate. However, previous studies have shown that 

doses as high as 8000 IU/day of synthetic all-rac-α-TP acetate are not effective in increasing 

serum α-TP even after 56 days of supplementation [12]. A dose of 10,000 IU/day of 

synthetic all-rac-α-TP acetate would appear to be required as this dose was shown to 

increase serum α-TP within 7 days in another study [10]. The 300 IU of all-rac-α-TP acetate 

in the ration balancer was considered unlikely to contribute to α-TP levels, and thus the 

balancer was used as a vehicle for the administration of supplementation when treated 

horses were brought in each day. In an ideal design, the control group would also have been 

fed the ration balancer. It is also relevant to note that this study used a non-random design to 

allocate horses to the treatment groups because we felt it was necessary to ensure that each 

group had a similar baseline serum α-TP concentration.

The use of RRR-α-TP acetate to increase serum α-TP concentrations in the university herd 

of horses was also based on economic considerations. The bioavailability of RRR-α-TP 

acetate is twice as high as that of synthetic all-rac-α-TP acetate [11]. The results of the 

current study showed that after 47 days, a dose of 5000 IU/day of RRR-α-TP acetate can 

effectively increase mean serum α-TP to within the normal range. Serum α-TP deficiency 

persisted in the control group in the current study, reinforcing the finding that changes in 

serum α-TP were the result of supplementation. Similar increases in serum α-TP were 

reported by Pagan et al. using a 5000-IU dose of RRR-α-TP acetate [11]. Thus, for horses 

showing no clinical signs of α-TP deficiency, supplementation with RRR-α-TP acetate at 

approximately 10 IU/kg bwt per day over the long term is a viable means of achieving 

normal serum α-TP. However, supplementation with 5000 IU of RRR-α-TP acetate does not 

appear to be a good choice for horses with neurological disease as no change in CSF α-TP 

concentrations occurred in the RRR-α-TP acetate group in the current trial.

Horses with clinical signs of equine motor neuron disease or vitamin E-deficient myopathy 

require an immediate increase in serum and CSF α-TP concentrations. Water-dispersible 

RRR-α-TP is five to six times more bioavailable than synthetic all-rac-α-TP acetate and has 

been shown to more than double serum concentrations within 12 h to 3 days of the 

administration of doses of 5000 IU [11] to 10,000 IU [10] once per day. In the current study, 

normal serum α-TP concentrations were also reached within the first sampling point 1 week 

after the initiation of 5000 IU/day of WD RRR-α-TP. Values in the current study were 

approximately half those achieved in a previous study on day 6 of supplementation with 

10,000 IU/day of WD RRR-α-TP [10]. Ideally, a WD α-TP control group would have been 

included in the current study; however, there is previous evidence that 5000 IU/day results in 

a sustained increase in serum α-TP concentrations over 56 days [11]. In our pilot trial, a 

dose of 3000 IU/day for 14 days also achieved normal concentrations of α-TP (mean: 3.24 

μg/mL). The administration of doses as low as 1000 IU/day of WD RRR-α-TP has 

previously been shown to produce values well within the normal range, but slightly lower 

(mean: 2.98 μg/mL at day 6) than those achieved in the current study (mean: 3.27 μg/mL at 
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day 6) [12]. As serum concentrations were within the normal range in the first 2 weeks of 

1000–5000 IU/day with supplementation, this range of dosage of WD RRR-α-TP seems to 

be a reasonable choice for the supplementing of horses deficient in vitamin E that require a 

rapid increase in serum concentrations. It is important to note that there was a great deal of 

individual variation in response to WD RRR-α-TP, where one horse demonstrated a 5.5-fold 

increase and one horse showed no change in serum α-TP concentrations (Fig 1b). Therefore, 

in a clinical setting, serum α-TP concentrations should be reassessed periodically to ensure 

horses are responding appropriately to the dose being utilised and higher doses initiated in 

horses with a poor response.

The primary goal of α-TP supplementation in horses with neurological disease, however, is 

to increase CSF rather than serum α-TP concentrations. Increases in CSF α-TP have been 

demonstrated previously after 10–14 days of supplementation with 10,000 IU/day of WD 

RRR-α-TP, achieving mean CSF α-TP concentrations of 23.2 ng/mL [12] and ~41 ng/mL 

[10]. Using a lower dose of 5000 IU/day of WD RRR-α-TP and a transition to 5000 IU/day 

of RRR-α-TP acetate, we were able to demonstrate a prolonged increase in CSF α-TP 

concentrations at 8 weeks after beginning supplementation, with mean CSF values of 16 ± 2 

ng/mL in Group WD–A. Thus, the results of our supplementation trial would suggest that a 

dose of 5000 IU/day of WD RRR-α-TP is on average sufficient to increase CSF α-TP 

concentrations to within the normal range.

Based on our pilot trial and on a previous study, discontinuation of WD RRR-α-TP can 

result in a rapid decline in serum α-TP, even when horses are switched to an equivalent dose 

of RRR-α-TP acetate [12]. The tapering regime used in the current study avoided this rapid 

decline, producing a sustained increase in serum α-TP concentrations through the transition 

to 5000 IU/day RRR-α-TP acetate. Thus, this appears to be an ideal means of transitioning 

horses to a more cost-effective RRR-α-TP supplement. The decision to transition to RRR-α-

TP acetate formulations in horses with neurological disease should be made on a case-by-

case basis based on the severity of clinical signs, the response of clinical signs to treatment 

and serum α-TP concentrations. As serum α-TP concentrations showed a degree of decline 

during the final weeks of 5000 IU/day acetate supplementation, it would be prudent to re-

evaluate serum α-TP levels after several weeks on the acetate regime to ensure 

concentrations remain within the normal range. It would have been ideal to continue the trial 

for several more weeks to determine if serum α-TP concentrations remained within the 

normal range in the transitioned group. Furthermore, the inclusion of a tapering WD 

formulation without α-TP acetate would have been ideal to better assess the effect of the 

addition of the acetate formulation to the tapering course. Unfortunately, this was not 

feasible in the current study.

In agreement with previous studies, we found a strong correlation between serum and CSF 

α-TP concentrations, indicating that low serum concentrations of α-TP provide good 

evidence of a deficiency in central nervous system concentrations of α-TP. Striatal brain 

tissue α-TP concentrations are significantly correlated with CSF concentrations in rats [15]. 

In addition, across species α-TP CSF concentrations are used to predict nervous tissue α-TP 

concentrations when brain biopsies are not feasible [16,17]. Previous studies have suggested 

normal ranges for adult equine CSF α-TP at 4.1–13.5 ng/mL [12,18] and 9.4–25.4 ng/mL 
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calculated from a serum-CSF α-TP correlation and a desired serum α-TP level of 2.96 

μg/mL [12]. The current study identified a range of 9–22 ng/mL (mean: 15 ng/mL) for CSF 

α-TP in horses with deficient serum α-TP, and a range of 14–31 ng/mL (mean: 20 ng/mL) 

for CSF α-TP in horses with adequate serum α-TP. Cytology was not performed on CSF to 

assess normalcy, but samples were collected after fluid had run for several seconds to avoid 

blood contamination, and no gross contamination was appreciated. Blood contamination of 

CSF by up to 9550 red blood cells (RBCs)/μL does not appear to alter CSF α-TP and 

selenium concentrations [18].

Muscle α-TP levels did not increase significantly with any form of α-TP supplementation in 

the current study. By contrast, a longer-term study found an increase in muscle α-TP 

concentrations after 112 days of supplementation with all-rac-α-TP acetate [19]. The peak in 

muscle α-TP concentration occurred at approximately week 12 in the previous study and 

concentrations of α-TP remained elevated for 7 weeks following the discontinuation of 

supplementation. The shorter duration of supplementation in the current study relative to the 

previous study may explain the lack of significant tissue response to α-TP supplementation. 

Uptake of α-TP into muscles requires lipoprotein lipase (LPL) [20]. Muscle α-TP 

concentrations have been shown to be inversely correlated with body mass index (BMI) in 

human subjects [21], with high adiposity and decreased muscle LPL activity leading to 

preferential deposition of α-TP in adipose tissue. Lipid has a higher vitamin E content than 

muscle tissue [19]. It is possible that variations in BMI among the horses in the trial or the 

inclusion of a variable amount of lipid within muscle fascicles caused the high degree of 

variability found in muscle α-TP concentrations in the present study. Methodological error 

in measuring muscle α-TP is unlikely as the coefficient of variation for muscle 

concentrations in duplicate samples was small. A study of vitamin E-deficient myopathy 

found instances of normal serum α-TP and low muscle α-TP concentrations, further 

indicating that there may not be a strong correlation between muscle and serum 

concentrations [4].

Conclusions

The results of the current study show that it is critical to select the most appropriate 

formulation and dose of α-TP in order to achieve normal and sustained serum and CSF α-

TP concentrations. In horses with neurological disease, a rapid increase in α-TP 

concentrations to within the normal range is desired and was achieved with 5000 IU/day of 

WD RRR-α-TP, although individual variation occurred. A tapered regime that included a 

gradual transition from 5000 IU of WD RRR-α-TP to 5000 IU of RRR-α-TP acetate was 

effective in avoiding a precipitous drop in serum α-TP concentrations. In α-TP-deficient 

horses, normal serum but not normal CSF α-TP concentrations can be achieved within 47 

days of treatment with 5000 IU/day RRR-α-TP acetate.
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Fig 1. 
a) Mean ± s.d. serum α-tocopherol (α-TP) concentrations in control horses receiving no 

supplemental α-TP, horses receiving 5000 IU/day of RRR-α-TP acetate and horses 

receiving 5000 IU/day of water-dispersible (WD) RRR-α-TP for 3 weeks, followed by a 

tapering dose of WD RRR-α-TP and increasing dose of RRR-α-TP acetate, culminating in 

5000 IU RRR-α-TP acetate for the final week. b) Serum concentrations of α-TP in the horse 

with the highest and horse with the lowest responses to acetate and combination α-TP 

supplementation. There was inter-individual variation in response to supplementation. The 

dotted line indicates the lower limit of the normal range [22].
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Fig 2. 
a) Individual values for cerebrospinal fluid (CSF) α-tocopherol (α-TP) in control horses, 

horses on 5000 IU/day of RRR-α-TP acetate and 5000 IU/day of a combination of water-

dispersible (WD) and acetate RRR-α-TP before and at the end of the 8-week trial. Bars 

represent the mean values. CSF concentrations increased significantly only on the 

combination. b) Individual values for muscle α-TP in control horses, horses on 5000 IU/day 

of RRR-α-TP acetate and 5000 IU/day of a combination of WD and acetate RRR-α-TP 

before, at day 18 and at the end of the 8-week trial. Bars represent the mean. Muscle 

concentrations were highly variable and did not change significantly on any treatment. ns, 

not significant.
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Fig 3. 
a) Significant positive correlation between cerebrospinal fluid (CSF) and serum α-

tocopherol (α-TP) concentrations. b) A significant correlation was not found between 

muscle and serum α-TP concentrations. ns, not significant.
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TABLE 1

Transition of RRR-α-tocopherol (RRR-α-TP) supplementation in Group WD–A (horses transitioning from 

treatment with water-dispersible [WD] to acetate RRR-α-TP)

Week WD RRR-α-TP, IU RRR-α-TP acetate, IU All-rac-α-TP acetate, IU

1 5000       0 300

2 5000       0 300

3 5000       0 300

4 4000 1000 300

5 3000 2000 300

6 2000 3000 300

7 1000 4000 300

8       0 5000 300
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