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ABSTRACT: The effect of vitamin E intake on spatial learning and working memory performances of young rats has been investigated in the Morris water

maze and locomotor activity has been assessed by an open-field test. A total of 45 young male Wistar albino rats aged two months were divided into three

equal groups: control, olive oil, and vitamin E groups. These groups were treated for 30 days with a once daily intraperitoneal injection. The rats were then

tested for their ability to find the location of the platform (spatial learning). The results revealed that there was no statistically significant difference between

the time spent to find the platform and the time spent in half area of the tank, including the platform among the group, while the time spent to find the

platform was found to have increased from the first day to the fourth day in all the groups. In the open-field test, the locomotor activity quite significantly

increased in the peripheral area in the olive oil group. The supplementation with vitamin E for a short period had not improved the learning performance

of the healthy young rats. It was concluded that the beneficial effect of vitamin E intake on learning is related to the beginning time and the duration of

vitamin E intake.
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Introduction
Vitamin E is an essential nutrient for human beings. It
functions as a natural antioxidant, scavenging free radicals
in cell membranes and protecting unsaturated fatty acids
from lipid peroxidation.! Its dietary deficiency has been
shown to be quite deleterious, especially in the central
nervous system.? Vitamin E and other antioxidants effec-
tively improve cognitive performance in aged animals and
prevent oxidative damage in animal models of Alzheimer’s
disease (AD).3

The effects of antioxidants (B-carotene, vitamin E, and
vitamin C) on learning have been widely reported in the
literature.? Some studies relate to the treatment of learning
impairment, which causes neurological impairments con-
stituted by practices such as ovariectomy and supplemen-
tation of quasi-proline substances or age-induced oxidative
stress.»* But the effects of antioxidant vitamins on learning
in human or animal health have not been widely reported
in the literature. However, the exact effect of vitamin E
is still not clear.”” This study is an attempt to investigate,
especially, contradictions between age groups related to this
condition. Therefore, investigations are done according to
age groups. This study investigated the influence of antioxi-
dant vitamin E intake on learning performance of healthy
young male rats.

Material and Methods

The experiments were performed on male Wistar albino
rats that were two-month old. The rats were obtained from
the Erciyes University Experimental and Clinical Research
Center. The animals were kept on a 12-hour light—dark cycle
and allowed free access to food and water. All experiments
were performed according to the guidelines of the Erciyes
University Ethics Committee for the welfare of experimental
animals.

In the first set of experiments, rats were randomly
assigned to one of the following groups (15 animals in each
group): control group (saline injection of only 1 mL/kg/day),
olive oil group (olive oil injection of only 1 mL/kg/day), and
experimental group (injection of vitamin E 40 mL/kg/day).
The animals received a once daily intraperitoneal injection,
between 11:00 am and 12:00 noon for 30 days.

After saline, olive oil, and vitamin E injections, animals
were subjected to Morris water maze (MWM) testing to eval-
uate effects of vitamin E on spatial learning and memory. The
water maze consisted of a circular water tank (125 cm diam-
eter and 45 cm height) which was partially filled with water
(25°C). Milk powder was used to render the water opaque.
The tank was theoretically divided into four equal quadrants,
labeled N, S, E, and W. Several distal visual cues were placed
on the walls of the room.
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2,

An escape platform was hidden 2 c¢m under the water
surface, in a fixed location in one of the four quadrants of the
tank. Before the experiment, water in the tank was changed
every day and made opaque by milk powder.

MWM task behavioral procedures.

Reference memory task. The task consisted of four trials
per session for five days. The rats had daily sessions of four
trials to find the escape platform that was submerged 2 cm
under the water surface and placed in the center of one of
the quadrants of the tank, and the time spent in half area
of the tank, including the platform, was measured by two
chronometers. The interval between trials was 30 minutes.
The task was created during two phases: acquisition phase
and probe trial.

Acquisition phase: In this phase, the rats were submitted
to daily sessions of four trials per day for four days to find the
submerged platform.® Several distal visual cues were placed
on the walls of the room for the rats to know their environ-
ment. For each trial, the rat was placed in the north position
(N) in the water maze that did not contain the platform and
was allowed to swim for two minutes. If the rat did not find
the platform within two minutes, it was manually placed and
allowed to remain on it for 30 seconds. Two parameters were
measured in each trial, namely, the time spent to find the plat-
form and the time spent in half area of the tank, including the
platform. The time spent in half area of the tank, including
the platform, was calculated according to the percentage of
the time spent to find the platform (total time). After each
trial, the rats were removed, dried using a towel, and put back
in their home cages.

Probe trial: The day after the acquisition phase, a probe
test was conducted by removing the platform. The rats were
allowed to swim freely in the tank for 60 seconds. In this
phase, only the time spent in half area of the tank, including
the platform, a value representing the percentage in the total
time, was calculated.°

Working memory task. One week after the probe test, the
working memory version of MWM was performed. This task
consisted of four consecutive trials per day, for four days. The
interval between the trials was 30 seconds. The animals were
placed in the tank and allowed to search for the platform that
was submerged 2 cm under the water surface. The platform
was positioned in the center of one of the quadrants, and its
position was changed every subsequent day during the four
testing days. Latencies to find the platform in every trial were
calculated considering all testing days so as to assess working
memory performance.!!

Open-field task. Besides measurement of exploratory
activity, the open-field test was performed as an indicator of
drug toxicity, as well as to rule out any confounding effect on
the cognitive tests. The apparatus consists of a square plastic
board (100 x 100 cm) with plastic sides (30 cm high) and is
divided into 16 squares. Each animal was placed in the center
of the arena and was observed for lines crossed (with four

paws), rearing, defecation, freezing, and grooming behaviors
for five minutes.!>13

Statistical analysis. Reference memory, working mem-
ory, and open-field data were analyzed by one-way analysis
of variance (ANOVA) followed by the Tukey’s multiple range
test intergroups when indicated; P < 0.05 was considered sig-
nificant. Reference memory and working memory results were
analyzed by repeated measures ANOVA within groups. All
analyses were performed using the Statistical Package for the
Social Sciences (SPSS) software and GraphPad Instat 3.05

statistical programs.

Results

MWM reference memory task.

Acquisition  phase. ‘There were significant differences
within groups when compared latencies to find the platform.
In all groups, latencies of first day were longer than all other
days. These latencies showed significant decreases day to day
(Table 1).

Probe trial. In the probe trial, with the platform removed,
vitamin E-treated rats showed poorer performance in remem-
bering the precise location of the platform, spending less time
in the half area of the former platform position than the sham
and olive oil groups. But there were no significant differences
between groups.

Working memory. There was no significant differ-
ence between groups; in the olive oil and vitamin E groups,
latencies to find the platform showed an increase from the
third day to the fourth day of testing, but these results
did not significantly differ in the working memory task
(Table 2).

Open-field task. The analysis of motor activity of rats
was measured by the open-field task. The inter-group compar-
isons were analyzed by one-way ANOVA followed by Tukey’s
post hoc test for the following measures: number of periph-
eral lines crossed, number of central lines crossed, peripheral
rearings, central rearings, peripheral freezing number, central

Table 1. Effect of vitamin E on performance of spatial memory
acquisition phase.?

DAYS SHAM GROUP OLIVE OIL VITAMIN E
(n=15) GROUP (n=15) GROUP (n = 15)

(X £ SEM) (X £ SEM)

(MINUTES) N

(X £ SEM)
(MINUTES)

Day1 57.05+5.67* 56.34+5.26% 58.63 +5.51* >.05
Day2 22.70+2.65 31.39+£3.99 25.03+3.75 >.05
Day 3 1716 +2.21 25.15+5.96 15.43 +2.22 >.05
Day4 10.61+1.45 12.71 £1.53 12.44 +1.45 >.05
P <.001 <.001 <.001

Notes: Data are latencies to find the platform on each day during the four
testing days. 2All values are the group mean = SE for 15 animals in each group.
There was no significant difference between groups, P > 0.05 (ANOVA).
However, there were significant differences within groups (repeated measures
ANOVA). *P < 0.001 when compared with other days (final three days).
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Table 2. Effect of vitamin E on performance in the working memory
version of MWM spatial task.?

VITAMIN E
GROUP
(X + SEM)
)

SHAM GROUP
(X £ SEM)

OLIVE OIL
GROUP
(X + SEM)
(MINUTES)

(MINUTES)

Day 1 11.88 £1.73 17.66 £ 3.17 20.23 £3.64%*  >.05
Day2 11.94+1.32 15.05+1.80 14.70£2.66 >.05
Day3 1117 +1.41 12.20+1.71 10.99 +2.11 >.05
Day4 8.80+1.01 16.16 £3.03 13.33 £2.51 >.05
P >.05 >.05 <.05

Notes: Data are latencies to find the platform on each day during the four
testing days. 2All values are the group mean + SE for 15 animals in each
group. There was no significant difference between groups, P > 0.05
(ANOVA). However, there were significant differences within the vitamin
group, P < 0.05 (repeated measures ANOVA). But there was no significant
difference within sham and olive oil groups, P > 0.05 (repeated measures
ANOVA). *P < 0.05 when compared with the other days (final three days).

freezing number, peripheral defecation, central defecation,
grooming number, freezing time, and grooming time (Fig. 1).

Number of lines crossed. 'There were no significant differ-
ences in the control and vitamin E groups, but there was a
significant increase in the number of lines crossed (peripheral
and central) in the olive oil group. The olive oil group had quite
significantly higher number of lines crossed than the control
and vitamin E groups in the peripheral area (P < 0.001). The
olive oil group had a higher number of lines crossed (periph-
eral and central) than the other groups (Table 3).

Rearings. Significant increases in the number of rearings
were noted in the olive oil group in the peripheral area, which
is higher than those in the control and vitamin E groups
(P < 0.001). However, there was no significant difference in
central rearings (Table 3).

Freezing number. 'There was no significant difference in
peripheral and central freezing number between the control and
vitamin E groups, while significantly lower peripheral freezing
number (P < 0.005) no significant difference in central freezing
number was onbserved in the olive oil group (Table 3).
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Figure 1. Comparison of freezing and grooming times of sham, olive oil,
and vitamin E-treated rats (n = 15 rats/group). All values are the group
mean * SE. Freezing time significantly decreased (*P = 0.000), and
grooming time significantly increased (**P = 0.002) in the olive oil group.

Defecation. The olive oil and vitamin E groups had signif-
icantly higher defecation than the control group in the periph-
eral area (P < 0.05). There was no significant difference in the
central area (Table 3).

Grooming number. The olive oil group showed significantly
more grooming number than the vitamin group (P < 0.005).
'The olive oil group had a higher grooming number than the
other groups.

Freezing time. There was a significant increase for the
olive oil group, as increased freezing number (peripheral)
(Table 3). The olive oil group showed quite significantly lower
freezing time than the other groups (P < 0.001) (Fig. 1).

Grooming time. 'The olive oil group showed significantly
more grooming time than the control and vitamin E groups

(P < 0.01) (Fig. 1).

Discussion

Vitamin E supplementation has been found to have several
health benefits, including improvement in mental and physical
capacity of healthy aged individuals and those suftering from
neurodegenerative conditions such as AD.13-1

In this study, we investigated the influence of vitamin E
on cognitive performance of young male rats that are assessed
with MWM, and exploratory activity has been measured by
the open-field task.

Animals of all groups increased their learning perfor-
mance, though the time spent to find the platform decreased
from the first day to the fourth day of training within groups.
Vitamin E supplementation did not improve spatial learning/
memory in the reference memory task when compared to con-
trols (olive oil and sham) (Table 1). Additionally, the results of
probe trial did not vary between groups.

Clinical studies suggest that pretreatment with vitamins E
and C has notaltered memory when compared to controls (saline
and vitamin E groups) but has prevented memory impairments
caused by ovariectomy or proline.!! Adverse effects of therapeu-
tic vitamin E supplementation have not been widely reported in
the human or animal literature; however, it is noteworthy that
in elderly patients with AD, studies with vitamin E indicate
that high doses can slow the progression of AD.?®

In addition, administration of a high-antioxidant diet at
a later age would reverse age-related deficits in behavior and
B-adrenergic function in the cerebellum.®

These results clearly indicate that mice fed control diets
exhibit a deleterious effect of age on many different measures
of cognitive functions.!® However, vitamin E intake did not
lead to any improvement in the performance of any of the age-
sensitive tests, even though the mice had been supplemented
for up to 10 weeks prior to testing. These results contrast
with earlier reports that vitamin E affords some protection
against age-related losses of motor function and swim maze
performance when supplementation began eight months
prior to testing.!” Thus, the results of this study indicate
that vitamin E supplementation is not beneficial unless it is
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Table 3. Effect of vitamin E supplementation on performance [number of lines crossed, rearings, freezing number, defecation, grooming number,
freezing time (seconds), and grooming time (seconds)] in the open-field task.2

SHAM GROUP OLIVE OIL GROUP VITAMIN E GROUP F P
Number of lines crossed (peripheral) 13.00 + 0.74* 28.33+1.18 6.26 £0.20* 4,575 .000
Number of lines crossed (central) 213+2.85 4.26 +3.13 0.80 +1.82* 18,041 .016
Peripheral rearings 9.00 £2.04* 27.60 £3.21 413 +£1.04* 4,575 .000
Central rearings 0.33+0.18 1.46 £0.70 0.13+0.09 18,041 .067
Peripheral freezing number 413 +0.44* 113 +£0.35 3.00 +0.36* 2,888 .000
Central freezing number 0.33+0.18 0.00+0.00 0.26 +0.59 15,144 214
Peripheral defecation 1.00 £ 0.30*# 3.33+£0.56 2.93+0.56 0,089 .004
Central defecation 0.20+£0.14 0.20+0.10 0.13+0.13 6,359 915
Grooming number 2.80+£0.57 3.66 £0.33 1.60 £ 0.30* 6,095 .005
Freezing time 156.55 + 18.01* 18.89£6.93 128.52 + 16.50* 24,617 .000
Grooming time 25.43 +5.38* 61.75+9.09 28.62 +7.65* 7131 .002

Notes: 2All values are the group mean + SE. *P < 0.05 when compared with the olive oil group (one-way ANOVA). #P = 0.004 when compared with the vitamin E

group (one-way ANOVA).

implemented at ages prior to the appearance of losses in func-
tional capacity.’

Confirming the working hypothesis, results show that
vitamin E administration did not improve spatial navigation.
It has been demonstrated that 60-day-old male rats did not
show a significant difference between the control and experi-
mental (administrated vitamin E and C) groups when com-
pared latencies to find the platform in the working memory.!

Chronic administration of the hydroalcoholic extract of
stems from Equisetum arvense (HAE) with demonstrated anti-
oxidant properties in vitro seems to alleviate the performance
deficits of the aged rats, because the old animals treated with
HAE found the platform similar to young controls through-
out the acquisition phase and spent time in the platform that
was placed in one of the quadrants during retention phase. In
the working memory version, the aged controls do not acquire
the information throughout the four trials; however, in the old
animals that received HAE, the acquisition performance was
similar to that of the young controls. As verified in this work,
antioxidants improved the performance of aged animals in the
MWDM.8 Socci et al showed that aged rats that received four
to five months treatment with several antioxidants performed
better than aged rats that received saline, in the MWM test.”

Clinical studies suggest that oxidative stress and reac-
tive oxygen species might be involved in memory modulation
mechanisms.®*2° Another line of evidence supporting the
role of oxidative stress in behavior emerges from studies with
vitamins. For example, o-tocopherol improves cognitive func-
tion of patients with temporal lobe radionecrosis?! and may
be beneficial in lowering the cognitive impairment in patients
with AD.?? It is well known that o.-tocopherol is a lipid-soluble
vitamin that interacts with cell membranes, traps free radicals,
and interrupts the chain reaction that damages cells,? prevent-
ing the uncontrolled propagation of lipid peroxidation by free

radicals.?* The resultant tocopheroxil radical requires ascorbate,
vitamin C, for its regeneration back to reduced tocopherol.?®

The behavioral changes of rats were evaluated using the
open-field test. Two of the open-field measures used, peripheral
movement decreases and immobility increases, are generally
regarded as related to attempts to escape,?® while central move-
ment increases are more strongly related to exploratory behavior.
This study demonstrated that there was a significant difference
in peripheral defecation in the vitamin E group. However, it
has been observed that open-field exploratory activity increases
after olive oil injection in young male rats. Especially, there
were significant differences in peripheral movements.

Many studies confirmed that diet can influence behavior
and specifically the manipulating dietary fat can cause behav-
ioral changes.?” In human beings, reducing plasma cholesterol
values is said to actually increase the incidence of death, and
the association between low cholesterol levels and depression
has been commented on several occasions.?82? The above results
strongly suggests that lipids have profound effects on the central
nervous system and its activities.’* Also, most of the literature
relates to the impact of dietary fat on cognitive behavior.?®

In conclusion, previous studies on vitamin E intake con-
cluded that prevented impairments of spatial learning and work-
ing memory were caused by oxidative stress.>* Although it was
reported in the literature that vitamin E intake could improve
deteriorated learning because of oxidative stress, healthy young
rats pretreated with vitamin E for 30 days have not shown
improved effects on spatial learning and working memory.
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