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ABSTRACT. The effect of vitamin E (VE) on membrane integrily in horses was
studied. Eight Standardbred horses were assigned to either exercise {3 times wk™'}
or non-exercise groups. All horses were fed low dietary levels of VE for 4 months
(Period 1) foliowed by 1 month (Period 2) of VE supplementation. Blood was taken
weekly for determination of glutathione peroxidase, red blood cell hemoiysis, VE,
ascorbic acid, creatine kinase, aspartate aminotransferase and total lipids. Muscle
was analyzed weekly for VE and thicbarbituric acid reactive substances {(TBARS)
Expired air was analyzed for ethane and pentane. Standardized exercise tests (SET)
were conducted prior to the start of the trial, between periods and at the end ol the
trial. No clinical signs of a VE deficiency were observed. Plasma VE was repressed
over time during Period | in the exercised horses {(p<0.01). Ascorbic acid levels
were lower {(p<0 05) in the exercised horses throughout. No breath ethane was
detected. Pentane measurements varied considerably between horses. A diet low in

VE did not compromise performance on SET.
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INTRODUCTION

Increased metabolic activity, such as occurs
with physical activity, has been suggested to
increase production of destructive oxygen
radical species {free radicals), and thus in-
crease demands upon celiular antioxidant
systems which include free radical scaveng-
ing enzymes, water- and Hpid-soluble antiox-
idants.’s Vitamin E (VE) is the only antioxi-
dant that can scavenge free radicals within
cellular membranes. Vitamin E deficient liv-
er and muscle mitochondria are more sus-
ceptible to losses in transmembrane poten-
tial, electron transport and respiratory con-
trol, as well as increased lipid peroxida-
tion."”

The cellular requirements for VE in the
liorse have not been determined. The objec-
tive of this study was to determine if sub-
maximal exercise would compromise mem-
brane integrity and subsequent performance
in horses fed a low VE diet.

METHODS AND MATERIALS

Design

Ten adult Standardbreds were assigned to an
exercise or non-exercise (control) group. The
exercised horses were pre-conditioned to the
required work load. The control horses were
not previously conditioned. In the first peri-
od (4 months), all horses were fed a low VE
diet. During the second period {1 month},
the diet was supplemented with VE Horses
in the exercised group were worked 3 times
per week for 30 min at an average speed of 7
m s~'. Blood was taken weekly via jugular
puncture from fasted animals every Monday
between 0800-0900 hours. Whole blood was
analyzed for selenium-dependent glutathi-
one peroxidase {SeGSHpx) and red blood
cell hemolysis, Plasma content of VE, cre-
atine kinase (CK), aspartate aminotransfer-
ase {AST), ascorbic acid, cholesterol, triglyc-
erides and phospholipids was determined.
Breath samples were taken weekly, starting
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Table L. Composition of basal concentrate

%

Autoclaved oats 59.0
Autoclaved soybean meal 207
Fat” 7.9
Moiasses 99
Vitamin/Mineral mix” 23

¢ Booster fat; animal {at specially prepared with-
out antioxidants {Balanced Energy Co, Clinton,
[A)

b Per kg concentrate: vitamin A, 2660 1U: vitamin
D, 399 TUJ; thiamin, 6,65 mg; riboflavin, 2.66 mg;
folacin, 2 2 mg; sodium selenite, 0 423 mg; lime-
stone, 5 26 g

with Week 13 of Period 1, for the analysis of
ethane and pentane, indices of lipid peroxi-
dation. Muscle was analyzed weekly for VE
and thiobarbituric reactive substances

{TBARS). At the start of the trial, between
periods and at the end of the trial, standard-
ized exercise tests (SET) were conducted to
measure any changes in performance. The
test that each horse performed at the start of
the trial was repeated in the following tests.

Diet

The low VE diet consisted of autoclaved oats
and soybean meal (18 h, 104°C) supplement-
ed with fat, vitamins {except E} and minerals
{Table 1}). Wheat straw was fed free choice.
The horses had previously been fed sweet
feed and timothy hay. Analyses are shown in
Table 2.

Lxercise program

The objective of the exercise program was to
maintain the horses at their current level of
fitness. To equalize workouts between
horses, a standard work effort was calculated

Table 2. Chemical composition of concentrates and forages fed prior to and dwring the vial®®

Pre-trial Depletion Repletion

Gizain Hay Grain Straw Grain Straw
DM, % 91.6 89.3 S0 7 95.5 89.5 95.1
DE, Mcal kg" 3 307 1.59 331 1.48 331 1.48
CP, % 14.4 &s 18.2 4.1 16.3 43
Ca, % 0.38 0.43 0.35 0.34 04 0.32
P, % 0.39 021 042 0.11 0.40 0.10
Mg, % 017 012 0.18 0.08 016 0.10
K, % 075 136 0.95 0.53 0.81 0.84
Na, % 0237 0.005 0033 0015 0.043 0.0t5
Fe, ppm 145 57 98 g7 136 67
Zn, ppm 63 i8 44 21 40 12
Cu, ppm 8 5 13 7 I 5
Mn, ppm 45 35 43 32 44 83
Se, ppm* 0.30 0.05 026 004 036 007
Vit B¢, TU kgt 131 530 71 17.7 76,6 16.2

# As fed basis

* Analysis conducted by New York State Dairy Herd Improvement Cooperative, Ithaca, NY

¢ NRC, Nutrient Requirements of Horses, 1989,

¢ Anatysis conducted by Poultry Science, Cornell University, lthaca, NY.
“ Analysis conducted by Hoffman LaRoche, Nutley, NJ,
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Table 3. Various parameters related to vitamin E status in horse®

Period 1? Period 2¢

Plasma vitamin E i.81+0.08 259009
(g mI™")

Plasma vitamin E 0.66£0.03 0.89+0.03
(mg g~! tipid)

Ascorbic acid 3841016 3.75+0.14
(pg ml™")

Total lipids 283099 298.6+£6.0
(mg di~")

Creatine kinase 110+5 1025
(Ui

Aspartate aminotransferase 1535 13743

(Ui

Giutathione peroxidase 32 65£0 91 31900091
(U g~ Hb}

TBARS 202+ 44 134420
{pmoles mg™' muscle)

Muscle vitamin E 209+0.13 3.03+0.17
{ngg™"

Expired pentane 383+49 197+ 26
{pmoles |~ air)

4 Mean + SEM.

" Low vitamin E.

¢ Vitamin E supplemented.

at the start of the trial using the average Blood analyses

weight of the exercised horses and a speed
that all horses could maintain for the desig-
nated 30 min. Each exercise day the horses
were weighed prior to their workout and the
speed of the treadmill (Sito, Uppsala, Swe-
den} was adjusted to achieve the desired
work effort,

Standardized exercise test

The test began with a 3 min warm-up period
(4 m 5", In the last minute of the warm-up
period the treadmill was inclined to 5°.
Speed was then increased each minute until
the horses could no longer maintain tread-
mill speed. Heart rate was taken continuous-
ly {(Heartwatch Model 8799, Computer In-
struments Corp., Hempstead, NY). Blood
was taken via jugular catheter during the last
15 seconds at each speed for lactate determi-
nation

Plasma CK, AST, cholesterol, triglycerides
and phospholipids were assayed using com-
mercially available kits. Cholesterol, triglyc-
erides and phospholipids were summed to-
gether to obtain an estimate of total lipid in
each sample in order to analyze plasma VE
on a lipid basis. Plasma lactate was deter-
mined using an automated blood chemistry
analyzer (YSI], Yellow Springs, OH, Model
27). Plasma ascorbic acid was measured by
the dinitrophenylhydrazine method.’ Plas-
ma VE was determined fluorometrically us-
ing high performance liquid chromatogra-
phy’ without the use of detergent in the ex-
traction. Wavelength settings were 295 nm
and 330 nm for excitation and emission, re-
spectively, The mobile phase utilized was
methanol and water (98: 2), with a flow rate
of 2 ml min~'. A reverse phase C-18 column
was used. Red blood cell fragility was deter-
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Fig I Plasma vitamin E over time {p<0.01) in
exercised (——-} and non-exercised (—) horses
during Period 1 and Period 2 (arrow indicates the
start of period 2). SEM for Period | exercised
(0.13), controt {0.10); Period 2 exercised {0.13),
control (0.12).

mined by the erythrocyte peroxide hemolysis
test.!! Whole blood SeGSHpx was deter-
mined using established procedures.’

Breath analysis by gas solid
chromatograpity

Exhaled breath was collected weekly into 51
gas tight sampling bags. One liter of air was
loaded onto a pre-column.® Nitrogen was
used as the carrier gas. The injector tempera-
ture on the gas chromatograph was 150°C,
the detector temperature was 200°C. The
pre-column was heated for 8 min (180°C),
during which the oven maintained a tem-
perature of 40°C. The heater was then
turned off and the oven temperature was
raised to 190°C at a rate of 15°C min~!
Ethane and pentane were detected at 6.25
and 27.5 min, respectively. Standards for the
hydrocarbons were N-paraffins in nitrogen
{Supelco, Bellafonte, PA). Quantification of
cach sample was determined using the peak
height.

Muscle analyses

Muscle biopsies were taken weekly from the
gluteus medius muscle’ and stored at
-70°C. The lipid extract for VE analysis
was prepared according to established proce-
dure.!” A modification of the procedure of

Uchiyama and Mihara'® was used for the
thiobarbituric acid test for determination of
TBARS. Modifications were as follows: tis-
sue was homogenized in 0.174 M KCL,
(0.023 M Tris-HCL, pH 7.4. A 15 min prein-
cubation with 1.5 mM ascorbic acid at a
ratio of 1 part homogenate: 2 parts ascorbic
acid in buffer: 3 parts buffer was used to
stress the tissue. A zero time control for the
pre-incubation was determined.

Statistical analysis

Data were analyzed using Analysis of Vari-
ance for repeated measures with least
squares analyses of the means, Each period
was analyzed separately. Exercise was con-
sidered the treatment. Differences due to
treatment were tested using the horse by
treatment inferaction as the error term. The
interaction of interest was the time by treat-
ment interaction. Data presented are least
square means with the standard errors of the
least square means,

RESULTS

No data were used from two horses from the
exercised group removed from the tnal due
to injuries unrelated to the study. Table 3
contains the mean of all observations during
each period for parameters measured. All
parameters were analyzed at the start of the
trial. CK activities and weight were found to
be significantly different between groups
(p<0.05),

A significant interaction of treatment by
time during Period | was found whether VE
was analyzed on a volume basis (pg ml™')
(p<0.01) or on a lipid basis (g g~' lipid)
(p<0.0001) (Figs. { and 2). No significant
differences were found between treatments
during Period 2. Exercised horses had lower
{p<0.03) plasma ascorbic acid values during
Periods 1 and 2 (Fig. 3).

CK activities were different (p<0.05) be-
tween groups at the start of the trial (control,
128+6 U I~'; exercise, 1838 U I="). This
difference was not present prior to the pre-
conditioning period (control, 113214 U -}
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Fig 2 Plasma vitamin E over time {p<0.0001).
Legend as in Fig. 1 SEM for Period 1| exercised
(0.05), control (0.04); Pertod 2 exercised (0.05),
control (0 04).

exercise, 124+ 18 UI~Y). CK activities of the
exercised group were higher than the con-
trols during Periods | and 2 {p<0.03) (Fig.
4). Treatment by time interaction was sig-
nificant {p<0.0001) during Period | There
was a significant interaction (p<0.01) in
treatment by time in AST values (Fig. 5). No
difference was found in Period 2.

No evidence of red blood cell hemolysis
was found during Period | or 2. No changes
occurred in SeGSHpx or in total lipid con-
centrations. No significant differences due
to exercise were found in muscle VE or
TBARS in either period. When muscle VE
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Fig 3 Plasma ascorbic acid over time (p<0.05).
Legend as in Fig. 1. SEM for Period 1 exercised
{0.26), control {0.20); Period 2 exercised (0.22);
control (G.17).
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Fig 4 Plasma creatine kinase between treatments
(p<005), over time {p<00001). Legend as in
Fig. 1 SEM for Period 1 excrcised (8), control (6);
Period 2 exercised {9), control (7).

levels were plotted with TBARS a trend to-
wards an inverse relationship was observed
during Period 2 (Fig 6).

Breath pentane measurements were not
found to be significantly different between
groups in either period. No ethane was de-
tected in the breath samples of the horses.
The mean pentane level in environmental
air was 80 pmoles [=! of air.

Lactate concentrations at 8 m s~! in the
first SET (10.55 +0.06 mmol 1) were great-
er {p<0.01) than the second (8.05:+0.43
mmol I~ and third SET (8.06 +0.43 mmol
-h.
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Fig 5 Plasma aspariate aminotransferase over

time {p<0.01). Legend as in Fig. 1. SEM for Peri-

od 1 exercised {(8), control {6); Period 2 exercised

{4), control {3).
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Fig 6. Muscle vitamin E (~-) and TBARS (-~}
over time (arrow indicates start of period 2) SEM
for vitamin E in Period 1 (0.14) and Period 2
{0.18). SEM for TBARS in Period | {45) and Peri-
od2 (1T

DISCUSSION

Our objective was to determine if a diet low
i VE fed for an extended period of time
would compromise membrane integrity in

the exercised or non-exercised horse and if

s0, would compromise the horses’ overall
performance.

SETs were utilized to monitor any per-
formance changes that might occur over the
course of the study. If the low VE diet alone
or in combination with exercise had compro-
mised the horses overall performance the
lactate levels of the SET following Period |
might be expected to be higher, than either
the first or the third SET. An effect due to
training or acclimatization to the treadmill
were ruled out. All horses were previously
trained to the treadmill as well as having
undergone a stress test four months prior to
the start of the study. The first SET took
place in January. The second and third SETs
occurred in May and June, respectively. The
treadmill room temperature was consistent
from test to test however the environmental
temperatures  differed considerably from
SET | to SETs 2 and 3. Perhaps the elevation
in lactate concentration during the SET in
January was due to animals living in a cold
environment performing strenuous work in
a warm environment whereas in May and

June environmental temperatures and tread-
mill room temperatures were equivalent.

The diet in Peried | contained much lower
levels of VE than what the horses had been
fed previously The dietary VE concentra-
tion during Period ! is considered inad-
gquate according to NRC recommenda-
tions.** The plasma VE values in this study
were similar to previously reported values of
horses fed a VE insufficient diet ¢

A drop in plasma and tissue VE would be
expected in horses fed a diet totally deficient
in VE. If a VE deficient diet was coupled
with exercise, a further decline in VE might
occur as was seen in VE deficient, endurance
trained rats.! The exercise program in this
study was not rigorous. However, the cumu-
lative effect of the exercise over 4 months of
low VE intake was seen in the significantly
different responses in plasma VE between
the control and exercised group over time,
With the exception of two horses in the con-
trol group, all horses had been off pastuze for
1.5 yeass prior to the start of the study. The
mean plasma VE value at the start of the
study was 1.54 pg mi~! or 0.72 mg g~ lipid,
still considered to be in the deficient range.
A previous VE depletion/repletion study re-
ported that the plasma VE of horses during a
2.5 month depletion period did not fall be-
tow 0.50 mg g~ lipid.'® The corresponding
muscle VE content during the depletion was
approximately 4 ug g~', twice that observed
in this study. These data indicate that plas-
ma VE might not be a good indicator of
muscle VE stores. Perhaps the horses, prior
to the start of the study, had depleted their
muscle VE stores to the extent that when the
dictary level was reduced further there was
no corresponding decline in either plasma or
VE status.

“The ascorbic acid levels in the exercised
harses were consistently lower than the non-
exercised horses throughout the study. Since
horses have the necessary enzyme, galuno-
lactone oxidase, r1equired to synthesize
ascorbic acid, a depletion in levels over time
would not be expected unless the system was
s0 stressed that intrinsic production of the



vitamin was inadequate to meet needs. Ac-
tive tocopherol can be regenerated by ascor-
bic acid®™" in vitro, therefore it is tempting
to theorize that a portion of ascorbic acid
synthesized by the horse was being used to
recycle VE in the exercising hotse thus off-
setting a potential deciine in plasma Ve sta-
tus.

Whoic blood levels of glutathione peroxi-
dase were monitored to evaluate seienium
status because of the relationship between
selenium, as a component of SeGSHpx and
VI as a cellular antioxidant. Glutathione
peroxidase activity in tissues has been shown
to be a reliable indicator of selenium status.*

The thiobarbituric acid test was used to
assess changes in the muscle tissue by meas-
uring the potential for peroxidation in the
weekly tissue samples. Vitamin E can
quench the formation of TBARS. ' Whether
TBARS would decline to insignificant levels
if VE status increased reguires further re-
search.

Despite the relatively low plasma and
muscle VE values, a clinical deficiency of VE
was not apparent as there was no evidence of
red blood cell hemolysis, nor clinically ab-
normal levels of CK or AST. CK and AST
are indicators of damage occurring in the
muscle and liver, respectively. If the in-
creased CK and AST in the exercised horses
represent modest levels of ongoing mem-
brane destruction then they would correlate
with the modest levels of pentane and
TBARS measured.

This is the first report of pentane and eth-
ane measurement in horses. Expired hydro-
carbons increase in conjunction with lipid
peroxidation’® and VE deficiency ® A de-
crease in expired pentane occurred in exer-
cising humans after VE supplementation.’
The pentanc values in the horse, although
not significantly affected by treatment, were
still above environmental concentrations of
pentane, but there was considerable vari-
ation between horses and among weeks. Per-
haps refinement of techniques could reduce
the variation and pentane could be used as
an index of lipid peroxidation in the horse.
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Thus, further studies are needed to deter-
mine if pentane would be produced repard-
fess of the VE status of the horse or whethera
complete quenching of pentane (i.e. lipid
peroxidation) could be accomplished by VE
or antioxidant supplementation. Since lipid
peroxidation has been implicated in the ag-
ing process one questions what impact even
basal levels of liptd peroxidation would have
gver an animal’s or, more importantly, a
human’s lifetime,

This study has demonstrated that horses
can tolerate low dietary ievels of VE for at
least 4 months without any clinical signsof a
deficiency. A repressive effect of exercise on
VE jevels was shown, however, plasma VE
was shown to be an unreliable indicator of
muscle VE stores. Exercise significantly de-
pressed plasma ascorbic acid. Further re-
search needs to be conducted in order to
determine the VE requirement of horses at
the cellular level.
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