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ABSTRACT

Two trials were carried out to evaluate
the bioavailability of dl-a-tocopherol and
dl-a-tocopherol acetate administered to
sheep and cattle in a single oral dose. In
the first trial, two groups of five sheep
were used. They received 100 mg/kg
body weight of either dl-a-tocopherol or
its acetylated form. The blood plasma a-
tocopherol tolerance curve area was
higher in the dl-o-tocophero! group than
in its ester form. The time to reach maxi-
mum plasma ¢-tocopherol concentration
was less in the di-o-tocopherol group
than in its ester form. In a second trial,
four heifers received the two forms (50
mg/kg body weight) in rotation after an
appropriate washing period between the
two dosings. Again, plasma tolerance
curve area was greater in the cattie fol-
lowing administration of dl-a-tocopherol
than its acetylated form.

INTRODUCTION

Administration of a massive dose of vitamin
E is one of the usual methods in the prophy-
laxes of vitamin E deficiencies (11). Overman
et al. (12) reported in humans that a single
massive oral dose of vitamin E is effective in
increasing the free tocopherol plasma signifi-
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cantly after 6 h. This temporary rise with ensu-
ing drop has been designed as a tolerance
curve. The tolerance curve mirrors the intestinal
absorption of vitamin E. In ruminant species,
with their unique digestive system and physio-
logic differences in metabolic mechanisms,
only few data are available on the bioavailabi-
lity of the various forms of vitamin E. The
objective of the experiments was to measure
blood plasma response to o-tocopherol in sheep
or cattle provided with different chemical forms
of tocopherols but with identical weights.

MATERIALS AND METHODS

Trial 1

Ten yearling crossbred wethers weighing 40
to 50 kg were used. All sheep originated from a
flock fed a commercial diet of corn meal,
56.45%; soybean meal (44% CP), 16.5%; cot-
tonseed hulls, 25%; trace mineral salt, 1%;
monocalcium phosphate, 1%; and .037% of
vitamins A and D3. They were also fed this diet
throughout the experiment. Sheep were placed
in individual metabolism cages 10 d before
administration of vitamin E as an adjustment
period. Then they were randomly allocated to
two groups of five sheep each. Each group was
administered intraruminally with 100 mg/kg
body weight of either di-a-tocopherol (1 mg =
1.10 IU) or dl-a-tocopherol acetate (1 mg = 1.0
IU).

Trial 2

Four crossbred dairy heifers (averaging 250
kg) were used in a crossover design with two
20-d periods. They were given ad libitum ac-
cess to hay and water during the study. In the
first period, two heifers were administered
orally with dl-a-tocopherol and two with dl-o-
tocopherol acetate. The dose given for each
component was 50 mg/kg body weight. The
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end of the first period was followed by a 3-wk
washing period. Then the treatment was re-
versed and the procedures were repeated in
period 2.

Blood Samples

Blood samples were withdrawn from the
jugular vein in heparinized vacutainers and im-
mediately centrifuged. They were collected be-
fore vitamin E administration and at precise
intervals (Figures 1 and 2). Plasma was separat-
ed, frozen, and stored at -20°C until analyzed
for dl-a-tocopherol.

Analytical Method

Plasma samples were prepared for HPLC
according to the method of McMurray and
Blanchflower (10). The chromatographic appa-
ratus consisted of a model 6000 pump and WK
septumless injector (Waters Associates, Mil-
ford, MA). A Perkin-Elmer 650-150 fluores-
cence spectrophotometer (Perkin-Elmer Corp.,
Norwalk, CT), equipped with a microflow cell
unit, was used for quantification. Wavelength
settings were 295 and 330 nm for excitation
and emission, respectively. The column was a
Bondapak Cig (3.9 mm x 30 cm) of 10-um
particle size purchased from Waters Associates.
The mobile phase, a solvent system (HPLC
grade), consisted of methanol and water in a
97:3 ratio with a flow rate of 3 ml/min.

Statistical Analysis

Indices of bioavailability were calculated for
each individual sheep and heifer. These indices
were: 1) the maximum o-tocopherol in plasma
(Cmax) concentration (peak of plasma o-to-
copherol curves); 2) the time of maximum
(Tmax) o-tocopherol concentration; and 3) the
area under the o-tocopherol plasma concentra-
tion time curve (AUC) (4, 7). Statistical analy-
sis was carried out by analysis of variance
(sheep) or covariance (cattle) by the General
Linear Model procedure (14). The following
model was used for the sheep.

Yij'—'ll‘*ti"’eij
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where:
Y = mean;
tj =i type ( = 1,2); and

Ejj = random error.
For cattle the model used was:
Yij = U+ aCo + tj + Ejj
where

Co = value at time 0.

RESULTS

Trial 1

Following the oral administration of the two
vitamin E preparations to sheep, plasma o-
tocopherol increased (Figure 1). The peak of
this increase was reached faster (P<.05) in the
dl-o-tocopherol form than in its ester form
(Table 1). The shorter Tyyax Observed in the dl-
o-tocopherol-dosed group may have contrib-
uted to a faster onset of biological action. The
Cmax had a tendency (P>.05) to be higher in
the dl-a-tocopherol than in the ester-dosed
sheep. The AUC was higher (P<.05) in sheep
treated with dl-o-tocopherol than in the sheep
administered with dl-a-tocopherol acetate (Ta-
ble 1).

The Tmayx and the tolerance curve are depen-
dent chiefly on factors affecting the absorption
of the vitamin from the intestines. The effec-
tiveness of the absorption indicated by the
AUC was higher in the sheep dosed with free
alcohol form than in the acetylated group. At
the end of the 2-wk experimental period, the
terminal plasma tocopherol concentrations in
both groups were higher (P<.05) than the origi-
nal values.

Trial 2

A few hours after oral dosing, plasma o-
tocopherol increased in both groups of cattle
(Figure 2). The free form was absorbed more
effectively than its ester form. This is shown by
its greater AUC and its tendency to higher
Cmax and earlier tg,x appearance (Table 2).
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Figure 1. Plasma tocopherol concentration (pg/mi) in sheep following administration of a single megadose (100 mg/kg
body weight) of di-at-tocopherol acetate or dl-a-tocopherol. Arithmetric mean (—) and standard error (- -).

DISCUSSION vitamin E for physiological function following

The plasma persistence curve was mainly oral dosage to ruminants with two isomeric
used to provide a criterion of availability of forms. The present results suggest that in the
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Figure 2. Plasma tocopherol concentration (pg/ml) in catie following administration of a single dose (50 mg/kg body
weight) of dl-a-tocopherol acetate or dl-a-tocopherol. Arithmetric mean (—) and standard error (- -).

environment of the rumen, despite a strong rior to that of the identical weight of the esteri-
reducing system, dl-o-tocopherol was preserved fied form. It is possible that the degree of

sufficiently to induce an AUC persistence supe-

hydrolysis could be important in the shape of
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the tolerance curve. Because the stability of
free tocopherol is inferior to that of tocopherol
esters, it may be hypothesized that the rela-
tively less favorable response to tocopherol es-
ter is due to factors influencing the hydrolysis
of these esters.

It secems probable that in cattle, like other
mammals, dl-a-tocopherol acetate following
hydrolysis is split in the intestinal mucosa and
is absorbed as free tocopherol from the gut and
passed to the systemic circulation via the lym-
phatic system. According to Tikriti (16), in
cattle the acetylated form of vitamin E is hy-
drolyzed in the digestive system, beginning in
the rumen, and appears to be utilized somewhat
less efficiently than the free form. One cannot
rule out, as it was suggested by Gallo-Torres
(3), the possibility of a rate-limiting hydrolytic
reaction occurring in the lumen of the intestine
prior to entrance of the vitamin E into the
intestinal wall of the ruminant animal.

Our results showed that Tpax is much
longer in ruminants than in humans following
oral loading with vitamin E. Hashim and Schut-
tinger (6) observed that in normal human sub-
Jects, plasma tocopherol began to rise between
2 and 4 h and peaked at 7.5 h following oral
administration of vitamin E. They also ob-
served that at 24 h plasma tocopherol had
declined and that at 48 h, postabsorptive con-
centrations were reached. Marusich et al. (8)
reported that in chickens, following the admini-
stration of a single oral dose (50 IU of dl-a-
tocopherol acetate), the peak plasma values ob-
tained at 6 h were followed by a steady decline.
However, in rats, Marusich et al. (9) observed
that plasma tocopherol peaked at 24 h, fol-
lowing administration of a single oral dose of
dl-a-tocopherol acetate.

The fact that the biological response to di-o-
tocopherol was greater than with its acetylated
form agrees with the results reported in humans
(1). These workers observed that following ad-
ministration of a single oral dose (800 mg) of
dl-a-tocopherol acetate, plasma d-o-tocopherol
peaked (50% from the initial value) 8 h after
ingestion. The same dose of free tocopherol
induced a greater rise (60% from the original
value) in 5 h.

It seems that dl-a-tocopherol is more phar-
macological than its esterified form when in-
gested in amounts many times higher than the
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generally recognized nutritional requirements.
The results demonstrated that Tyax was faster
following oral dosing of the free form than the
acetylated form. This suggests that the hydroly-
sis rate of esterified tocopherol to the physio-
logically active free tocopherol is quite slow.

The AUC was influenced by the amount of
vitamin E activity given. The higher vitamin E
potency of dl-a-tocopherol (1.1 IU/mg) com-
pared with that for the acetate form (1.0 IU/mg)
probably contributed to the tendency of a
higher plasma vitamin E peak as well as the
greater AUC.

In the present experiment, initial plasma to-
copherol concentrations (2 to 3 pg/ml) from
hay-fed heifers were in the range of values
observed by Pehrson and Hakkarainen (13) and
Hakkarainen et al. (5). The initial value of a-
tocopherol in the plasma of sheep fed a com-
mercial diet was very low. In grain-fed sheep,
Caravaggi (2) reported plasma concentrations
of .89 = .16 SD ug/ml. Storer (15) observed
higher plasma tocopherol concenirations
(1.28 £ .07 pg/ml) for sheep fed dry feed. It
appears that in the ruminant animal, following
a single oral dose of dl-a-tocopherol or its
acetylated form, the terminal values were
higher in sheep and cattle than the initial val-
ues. This may be related to a slow saturation of
tissues with both forms of tocopherol. Howe-
ver, no difference was observed in the elimina-
tion rates (Cpnax/CT). In conclusion, the data in
ruminants confirm the higher biological po-
tency of the dl-a-tocopherol than dl-a-tocoph-
erol acetate.
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