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| Abstract- Background- Palm vitamin E had been studied extensively for health and medicinal purposes. However, its toxic effects need to be
elucidated. This study was done to determine the toxic effects of palm vitamin E in various dosages on the reproductive system of mice by
determining the body weight, amount and size of pups delivered and post-mortem examination of the dams. Methods: This study was divided
into two sub-studies i.e. giving palm vitamin E before and during pregnancy. A total of 56 mice were used in this study. The mice were divided
into four groups; the control group, and groups supplemented with either palm vitamin E at 200mg/kg, 500mg/kg or 1000mg/kg. Supplementa-
tion of palm vitamin E before pregnancy involved giving palm vitamin E daily two weeks before pregnancy and no palm vitamin E given until
birth. Supplementation of palm vitamin E during pregnancy involved giving palm vitamin E daily from the first day of pregnancy until birth,
which was about 21 days. Body weights were recorded weekly. After delivery, the amount, weight and body length of pups were determined
after which the dams were killed for post-mortem analysis of the uterus. Results: The results showed no significance difference (p>0.05) in the
weight, amount and size of pups delivered amongst the groups for both sub-studies. Conclusion: Palm vitamin E at the dosages of 200 mg/kg,
500 mg/kg and 1000 mg/kg which was given before and during pregnancy did not cause any toxic effects on the reproductive system of mice.
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Introduction

Vitamin E exists in two forms, tocotrienols and tocopherols. Both act
as antioxidants and free radical scavengers. Recently, extensive
studies had been carried out on tocotrienols and it was shown to
exert beneficial effects in various conditions and diseases. It
demonstrated hypocholesterolemic, anti-cancer and neuroprotec-
tive properties [1]. As an anti-cancer agent, tocotrienols had been
shown to target multiple genes [2]. Tocotrienols had also been
shown to have anti-osteoporotic effects [3,4]. One source of tocotri-
enols is the palm oil. Crude palm oil consists of 36% a-tocopherol,
31% y-tocotrienol, 22% a-tocotrienol and 7% d-tocotrienol [5]. The
health benefits of palm vitamin E may be attributed to the tocotri-
enol content.

In order for palm vitamin E to be used in clinical settings, its
toxicological profile must be established. To date, not many toxicity
studies have been done on tocotrienols or palm vitamin E as
compared to tocopherols. Toxicity studies carried out on mice and
rats which were given oral supplementation of palm vitamin E at the
dose of 250, 500, 1000 and 2500 mg/kg for 30 days showed no
adverse effects on the animals [6]. Non-observable-adverse-effects
level (NOAEL) for tocotrienol is 0.19% (120 mg/kg body weight/day
for male rats and 130 mg/kg body weight/day for female rats) when

given in the diet for 13 weeks [7]. It was also reported that high
palm oil levels in the diet induced liver toxicity [8]. In a recent study,
palm vitamin E at the dose of 200, 500 and 1000 mg/kg was given
to mice for either 14 days or 42 days. It was observed that palm
vitamin E at 500 mg/kg may cause bleeding tendencies and renal
impairment [9].

In terms of effects on the reproductive system, a-tocopherol had
been suggested to have a role as a therapeutic agent in pre-
eclampsia [10]. Vitamin E, namely tocopherols, did not cause any
toxicity on the reproductive system [11,12]. Very limited studies
were done with tocotrienols. Tocotrienols given to pregnant rats
were bioavailable to the fetal brain which suggests its role in gene
expression profile of the developing fetal brain [13]. Considering the
efficient transport of tocotrienols via the placenta and into the fetal
brain, the study of its toxicity before and during pregnancy is
justified.

In this study, we determined the toxic effects of palm vitamin E at
various dosages given to mice before and during pregnancy. The
data obtained will shed some light on the toxic effects of palm
vitamin E and will be useful in future clinical applications using palm
vitamin E.
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Materias and methods

Animals and Treatment

Fifty-six female mice aged 1-2 months weighing 20-30 grams were
obtained from the University’s Laboratory Animals Resource Unit.
Sixteen male mice were also obtained and used for mating. The
female mice were divided into two sub-studies i.e.

i) supplementation of palm vitamin E before pregnancy and
ii) supplementation of palm vitamin E during pregnancy.

For both studies, the mice were randomly divided into 4 groups;
control group (C) and groups supplemented with either palm vitamin
E 200 mg/kg (PVE200), 500 mg/kg (PVE500) or 1000 mg/kg
(PVE1000). The treatment was carried out as follows:

Sub-Study-i: The mice received palm vitamin E via oral gavage for
14 days before mating

Sub-study-ii: the mice received palm vitamin E via oral gavage
from the first day of pregnancy until delivery.

The protocol was carried out based on the guidelines outlined by
OECD [14]. Palm vitamin E was a gift from the Malaysian Palm Oil
Board (Bangi, Selangor). It consisted of 24.82% a-tocopherol, 26.68
y-tocotrienol, 20.73% a-tocotrienol and 13.32% &-tocotrienol. A total
of 1g,2.5 g and 5 g of palm vitamin E was dissolved in 10 ml olive
oil to obtain the concentration of 200, 500 and 1000 mg/kg
respectively. A volume of 0.02 ml for every 10 g of body weight was
given via oral gavage. Supplementation was given once daily. The
mice were kept individually in cages and were fed rat chow (Gold
Coin, Port Klang, Selangor) and given tap water ad libitum.

Mating and Conception

The female and the male mice were placed in a cage for at least 24
hours up to a maximum of 3 days. The ratio of female to male in the
cage was 4:1. To determine successful conception, a vaginal swab
was carried out on the female mice every morning. The sample
obtained from the swab was smeared on a glass slide. The slide
was then dried and dipped into 95% alcohol for 1-2 minutes. It was
then dipped into Schorr solution and rinsed with 75% alcohol for 1-2
minutes to remove excess colour. Once the slide was dried, sperm
detection was made under light microscope with x100
magnification. Sperms were stained blue due to the Schorr solution.

Monitoring of Pups and Dams

The body weights of the female mice were recorded weekly. Within
24 hours of delivery, the number of pups as well as its body weight
and body length were recorded. The dams were sacrificed within 24
hours of delivery and the uterine horns were exteriorized after open-
ing the abdomen by midline incision. The sacs were inspected for
sites of fetal resorption.

The study was carried out according to the guidelines of Universiti
Kebangsaan Malaysia Animal Ethics Committee with the approval
number FAR/2006/NORAZLINA/22-AUGUST/184-MAY-2007.

Statistical Analysis

Results were presented as mean * standard error of the mean
(SEM). All data were analysed using the Statistical Package for
Social Sciences software (SPSS 19.0). The Kolmogorov-Smirnov
test was used for normality testing. ANOVA followed by Tukey's
HSD tests were used for normally distributed data while Kruskal-
Wallis and Mann-Whitney tests were used for not normally distribut-
ed data.

Results

Body Weight of Dams

[Fig-1] shows the body weight of mice supplemented with palm
vitamin E before the pregnancy. There was no significant difference
between the different groups. However, mice supplemented with
1000 mg/kg palm vitamin E during the pregnancy was significantly
heavier compared to PVE200 group at week 3 [Fig-2].
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Fig. 1- Body weight of mice receiving palm vitamin E supplementa-
tion before pregnancy

Data is presented as mean + SEM.

C- control

PVE200- palm vitamin E 200 mg/kg

PVE500- palm vitamin E 500 mg/kg

PVE1000- palm vitamin E 1000 mg/kg

Week 0-2: mating and supplementation

Week 2-5: gestational period and delivery
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Fig. 2- Body weight of mice receiving palm vitamin E supplementa-
tion during pregnancy

Data is presented as mean + SEM. Groups which share the same

alphabet indicate significant difference (p<0.05).

C - control

PVE200- palm vitamin E 200 mg/kg

PVE500- palm vitamin E 500 mg/kg

PVE1000- palm vitamin E 1000 mg/kg

Week 0-1: mating

Week 1-4: gestational period, supplementation and delivery
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Number, Body Weight and Body Length of Pups

No significant difference was observed in all parameters in the dif-
ferent treatment groups for both sub-studies i.e. supplementation of
palm vitamin E before pregnancy [Table-1] and supplementation of
palm vitamin E during pregnancy [Table-2].

Table 1- Number, body weight and body length of pups from dams
supplemented with palm vitamin E before pregnancy
PVE1000
No of pups 98+14 91104 93+13 9815
Body weight of pups 16+0.2 15+0.3 16+0.3 17103
Body length of pups  229.0+14.3 2657185 208.9+17.2 2125124

PVE200 PVE500

Table 2- Number, body weight and body length of pups from dams
supplemented with palm vitamin E during pregnanc

PVE200 PVE500 PVE1000

No of pups 98+14 80+0.6 89+07 8104
Body weight of pups (g) 16+0.2 15+£0.3 1.7+0.1 1.6+0.2
Body length of pups (mm) 229.0+14.3 177.1+16.9 255.2+14.0 2746 +13.7

Fetal Resorption

No fetal resorption was observed except for 1 mouse in the 200 mg/
kg group which received the supplementation before pregnancy.
There were 2 fetal resorptions observed.

Discussion

The role of vitamin E on reproductive system has been reported in
several studies. Low levels of serum a-tocopherol were associated
with abnormal semen pattern in men and anovulation in women
[15]. In another study, low levels of a-tocopherol in seminal fluid
were associated with low fertility in male subjects [16]. Alpha-
tocotrienol was found to restore fertility in tocopherol-transport-
protein deficient mice [17]. The role of vitamin E in the reproductive
system is attributed to its antioxidant property. Oxidative stress
influenced the function of the reproductive system and was associ-
ated with various abnormalities and pathological conditions involv-
ing the reproductive system [18]. Thus, antioxidants such as vitamin
E are able to prevent the damage caused by oxidative stress.

Although vitamin E was found to have beneficial effects on the re-
productive system, the effects of high doses of vitamin E on the
reproductive system need to be elucidated. Thus, we investigated
the effects of three different doses of palm vitamin E supplementa-
tion either before or during pregnancy on the reproductive system of
female mice.

Body weights of the mice were not significantly different to each
other when palm vitamin E was supplemented before pregnancy
however mice given 1000 mg/kg of palm vitamin E during pregnan-
cy had a significant increase in body weight compared to PVE200
group. The difference was observed at week 3. A previous study
showed an association between vitamin E (a-tocopherol) and leptin
in which vitamin E was negatively correlated with leptin in obese
and non-insulin-dependent diabetic subjects [19]. Leptin is a hor-
mone which acts on the brain to regulate food intake and energy
expenditure. Its level was increased when fat mass was increased
which lead to suppression of appetite [20]. Increase in body weight
in the PVE1000 group may be attributed to the suppression of leptin
by vitamin E.

On a another perspective, the PVE1000 group which received palm
vitamin E supplementation during the pregnancy gave birth to an
average of 8.1 pups which had the longest mean body length, 274.6
mm. On the other hand, the PVE200 group gave birth to an average

of 8 pups with the lowest mean body length, 177.1 mm. This sug-
gested that pups from the PVE1000 group were bigger than
PVE200. Vitamin E supplementation may also play a role in fetal
growth as shown in a previous study. Crown-rump length was found
to be positively associated with maternal a-tocopherol concentration
which indicated that maternal vitamin E helped in fetal growth [21].
Thus, this might be the reason why the pups from the PVE1000
group were bigger which lead to the higher body weight of the
PVE1000 dams as compared to PVE200.

Even though vitamin E is called the fertility nutrient and has a role in
fetal growth as mentioned above, the number of pups, its body
weight and body length among the different treatment groups were
not significantly different. This suggested that the three different
doses of palm vitamin E, either given before pregnancy or during
pregnancy, did not significantly affect the number of pups, their
body weight and body length. In one study, a-tocopherol levels
were found to be low in maternal blood of women whose babies
were small for gestational age [22]. This implies that vitamin E is
important for fetal growth. From our observation, higher doses of
palm vitamin E did not cause any detrimental effects in terms of
fetal growth. However, in an in vitro study, high dose of a-
tocopherol (50umol/l) affect placental function by decreasing human
chorionic gonadotropin (hCG) and increasing tumor necrosis factor-
a (TNF-a) which could lead to adverse pregnancy outcomes such
as abortion, intrauterine growth restriction and preeclampsia [23].
We did not observed any adverse pregnancy outcomes in this study
thus the dose used in this study, given throughout the duration
specified in this study, is safe to be used.

In terms of fetal resorption, studies have shown that a-tocopherol
may be beneficial in preventing fetal malformations and fetal resorp-
tion. Alpha-tocopherol (15 mg/day) was able to prevent fetal abor-
tion in mice [24]. In another study, supplementation of a-tocopherol
was able to decreased fetal dysmorphogenesis and fetal resorption
in diabetic rats [25]. In the present study, no fetal resorption was
observed except for 2 resorptions in one of the mice in PVE200
group (supplemented before pregnancy). Since it was only ob-
served in 1 mouse, we feel that it was not due to the vitamin E sup-
plementation. Therefore we suggest that palm vitamin E supple-
mentation did not lead to fetal malformations and resorption.

In conclusion, palm vitamin E containing 24.82% a-tocopherol and
60.73% tocotrienols, at the doses of 200, 500 and 1000 mg/kg,
given for 2 weeks before pregnancy or during gestational period
does not cause any toxicity on the reproductive function. Further
studies are needed to monitor the developmental of the pups and to
extend to the second generation of animals.
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