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Vegetable Oils Used as Vitamin E Vehicle Affect the
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Summary

The aim of this study is to define the possible effects of vegetable oils used as vitamin E vehicle on the electrical
activity of the rat heart. To test the possible effects of vitamin E vehicles we studied the effect of i.p. injected corn oil,
hazelnut oil or peanut oil on the action potential parameters recorded in both papillary and left atrial muscle strips. Four
experimental groups were used. The control group was injected (i.p.) with distilled water, while the three remaining
groups received injections of corn oil, hazelnut oil, or peanut oil for five weeks (in a dose of 0.4 ml/kg/day — minimum
amount of oil in which vitamin E could be dissolved). We used borosilicated (15-20 MQ) capillary electrodes and
intracellular action potentials (AP) were recorded in isolated papillary and left atrium muscle strips. While
administration of three different types of vegetable oil had no significant effect on AP parameters of papillary muscle,
they significantly prolonged the repolarization phase of AP in atrial strips. These results show that vegetable oils used
as vitamin E vehicles may alter the electrical activity of the heart in a tissue-dependent manner. The present data
indicate that the possible effect of vegetable oil vehicles should be kept in mind while evaluating the possible effects of
in vivo vitamin E administration.
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I ntroduction

Vitamin E is a naturally occurring free radical
scavenger and its most widely accepted biological
function is its antioxidant property. Vitamin E is well
accepted as nature’s most effective lipid-soluble, chain-
breaking antioxidant, protecting cell membranes from
peroxidative damage (Oski 1980). In addition to its
antioxidant function, vitamin E influences the cellular
response to oxidative stress through modulation of signal-
transduction pathways (Azzi et al. 1992).

Vitamin E (a-tocopherol) has the highest
biological activity (Burton et al. 1988, Gonzalez et al.

1991, Liebler et al. 1996, Weiser et al. 1996) and
reverses vitamin E deficiency symptoms in humans (Brin
et al. 1986, Sokol et al. 1988, Schuelke et al. 1999).
Since its discovery, vitamin E has been mentioned as an
essential nutrient for all animal species. It has been used
in the treatment of diabetes mellitus, autoimmune
diseases, and genetic disorders (for review see Tengerdy
1989, Packer and Landvik 1989). Epidemiological studies
(Stampfer et al. 1993, Rimm et al. 1993) have reported
that a high vitamin E intake correlates with a reduced risk
of cardiovascular diseases and vitamin E also plays
specific roles beyond that of its antioxidant function. In

addition to the free phenolic form, oxidation-protected
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forms such as a-tocopheryl acetate and o-tocopheryl
succinate  (commercially  available
supplements) are also employed.

The esterified form of a-tocopherol, a-toco-
pheryl acetate, is dissolved in various vegetable oils for
1.p. or i.v. injection in animals and humans (Armstrong et
al. 1998, Dhalla et al. 1998, Elsayed et al. 2000). In some
studies, the investigators have not mentioned which type
of vehicle was used for vitamin E (a-tocopheryl acetate)
administration (Bendich et al. 1984, Ozden et al. 1989,
Venditti et al. 1997, 1998, Yilmaz et al. 1997, Dhalla et
al. 1998).

The aim of this study was to define the possible
effects of vegetable oils (used as vitamin E vehicle) on
the electrical activity of the rat heart. In these
experiments, we tested the effects of corn oil, hazelnut
oil, and peanut oil (0.4 ml/kg/day, a minimum amount of
oil in which vitamin E could be dissolved) on the
intracellular action potential parameters of the rat
papillary muscle. We also tested the effect of
administration of these vegetable oils on the atrial action
potential parameters. Surprisingly, while administration
of these vegetable oil had no significant effect on the
action potential parameters of rat papillary muscles, they
significantly prolonged the action potential repolarization
phase of the atrial strips. This result implies that
vegetable oils used as the vitamin E vehicle may
themselves alter the electrical activity of the heart.

vitamin E

M ethods

Animal Care

Since no significant differences were found in
the action potential parameters of male and female rat
hearts (data not shown), Wistar rats of either sex,
weighing 200-250 g, were used. Animals were separated
depending on their sex and housed three rats per cage
throughout the experiment. They were fed with standard
rat chow and drank tap water ad libitum.

The first group of rats (control group, Group I)
was injected (i.p.) with distilled water while the other
groups (Groups II, III, IV) received injections (i.p) of
0.4 ml/kg/day corn oil, 0.4 ml/kg/day peanut oil, or
0.4 ml/kg/day hazel-nut oil for five weeks prior to heart
excision.

Action Potential Recordings in Papillary and Atrial
Muscle Strips
The rats
pentobarbital (30 mg/kg, i.p.) and the hearts were rapidly
removed and placed into a low-Ca®'-containing (CaCl,,
0.625 mmol/l) modified Krebs solution (mmol/l): NaCl
120; KCl 5; MgCl, 1.2; NaH,PO, 2; Na,SO, 1.2;

were anesthetized with sodium

NaHCO; 5; Glucose 10; HEPES 20, pH 7.4. The left
ventricular papillary muscle and the left atrium were
isolated in the same solution. For the electrophysiological
recordings, the papillary muscle or the left atrium
samples were investigated under similar experimental
conditions. Briefly, the samples were pinned down with a
stimulating electrode horizontally on a paraffin block
placed in a 5 ml organ bath in the Krebs solution
containing 2.5 mmol/l CaCl,. The bathing solution was
bubbled and circulated (3 ml/min) with oxygen mixture
(95 % O, and 5 % CO,). All experiments were carried out
at 37 °C after an equilibration period (50-60 min). Inner
filamented borosilicate  glass  capillaries  (Clark
Electromedical Instruments GCISOF-15) were used to
make glass microelectrodes (10-15 MQ) filled with 3M
KCl. The output of the microelectrode recording
preamplifier was stored on-line on the hard disk of a
microcomputer at a sampling rate of 10 kHz. Muscle
preparations were stimulated (Grass S48 stimulator) with
a pinned down stimulating electrode (twice the threshold
potential) and rectangular pulse (3 ms duration) at a
constant frequency (1 Hz).

Data Analysis

Recorded action potential data were converted to
an Excel specially  prepared
TurboPascal program. Since there was no significant
difference between the implements, the average values of
the data were used. The average action potential of each
implement was used to calculate the time required to
reach 25, 50 and 75 % of repolarization (APD25, APD50,
and APD75). Mean values + S.E.M. of the experimental
groups were compared with the values of the control
group using the one-way ANOVA test.

worksheet with a

Results

The initial and final body weights as well as
final heart weights
determined. Administration of corn oil (Group II),
hazelnut oil (Group III), or peanut oil (Group IV) had no
significant effects on the body weight and heart
weight/body weight index when compared to the control
group (Group I).

of all animals studied were

Effect of vegetable oils on electrical activity of papillary
muscle

Time required to reach 25, 50 and 75 % of
repolarization (APD25, APD50 and APD75) measured in
papillary muscle strips was not different between the
groups studied (Table 1), indicating that repolarization
parameters of oil injected groups did not significantly
differ from the control values (p>0.05).
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Table 1. Action potential parameters recorded in

papillary muscle strips.

Table 2. The effect of injection of vegetable oils on the
action potential parameters of left atria

Groups APD25(ms) APD50(ms) APD75 (ms) Groups APD25(ms) APD50(ms) APD75 (ms)
Group | 8.1+0.7 15.7+1.7 32.843.8 Group | 5.320.6 10.0%1.0 19.5+1.8
(n=3) (n=8)

Group Il  8.8%1.2 15.842.0 30.743.1 Group Il 10.4+0.9* 22.442.2% 45943 1%
(n=8) (n=6)

Group Il 9.3%£1.2 17.0+2.4 32.844.3 Group 111 10.740.8%* 21.3£1.4%  41.0£0.5*
(n=3) (n=6)

Group IV 9.7+0.6 18.5+1.4 37.243.2 Group IV 10.9£1.1* 22.1£1.7% 40.8+£2.3*
(n=8) (n=5)

The values are given as mean # SE.M., n indicates
thenumber of animals used in the experiments.
Group I: control group (injected with water).
Group Il: corn oil injected group. Group IllI:
hazelnut oil injected group. Group 1V: peanut oil injected

The values are given as mean # SE.M., n shows the
number of animals used in experiments. Group |: control
group (injected with water). Group Il: corn oil injected
group. Group I11: hazelnut oil injected group. Group 1V:
peanut oil injected group. APD25, APD50, and APD75

group. are the time required to reach 25, 50, and 75 % of
repolarization. * Sgnificantly different from group |
(p<0.001).
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Fig. 1. Representative action potential traces recorded in atrial muscle preparations. Intracellular action potential
recorded with glass microelectrodes filled with 3M KCI (10-15 M) in left atrial muscle strips from (a) control, (b)
corn ail, (c) hazelnut oil, and (d) peanut oil injected rats
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Effect of corn oil on action potential of atrial muscle

Under exactly the same experimental conditions,
we measured action potential parameters of left atria from
rats injected with three different types of vegetable oils
(Table 2). As can be seen from this table, injection of all
three types of vegetable oils caused a significant
(p<0.001) prolongation in the repolarization phase of
atrial action potentials. Especially, the prolongation in the
late phase of the action potential (APD75) is very
prominent. Representative action potential recordings
from control, corn oil, peanut oil, and hazel-nut oil
injected groups are given in Figure 1.

Discussion

The main result of the present study concerns the
finding that although administration of three different
types of vegetable oils (corn oil, peanut oil, hazel-nut oil)
did not alter the action potential parameters of rat
papillary muscle preparations, the administration of these
oils significantly prolonged the atrial action potential
duration. This difference may arise from different
functional and/or structural properties of ventricles and
atria. Although many authors did not mention which type
of vitamin E carrier was used in their experiments
(Bendich et al. 1984, Ozden et al. 1989, O’Farrell and
Jackson 1997, Yilmaz et al. 1997, Venditti et al. 1997,
1998, Dhalla et al. 1998), our present data suggest that
vegetable oils vitamin E vehicle

used as may

significantly alter the various functions of organs
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