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The tocotrienol vitamin E has potent antioxidant property, however absorption is low due to high lipid
solubility. A self emulsifying preparation of tocotrienol rich vitamin E (SF-TRE) had been reported
to increase their bioavailability. This randomized, placebo controlled, blinded end point clinical study
aimed to determine the effects of 50, 100 and 200 mg daily of SF-TRE and placebo for two months
on arterial compliance and vitamin E blood levels. Assessment of arterial compliance by carotid fem-
oral pulse wave velocity (PWV) and augmentation index (AI), plasma vitamin E, serum total choles-
terol and low density lipoprotein cholesterol were taken before and after 2 months’ treatment in 36
healthy males. Un-supplemented tocotrienol levels were low, after treatment, all SF-TRE treated
groups had significantly higher plasma α, δ and δ tocotrienol concentrations compared to placebo.
Augmentation index change from baseline to end of treatment for groups placebo, 50, 100, and 200
mg were 2.22±1.54, -6.59±2.84, -8.72±3.77, and -6.27±2.67% respectively (p=0.049, 0.049, and
0.047 respectively). Groups 100 and 200 mg showed significant improvement after treatment with
pulse wave velocity reductions of 0.77 m/s and 0.65 m/s respectively (p=0.007 and p=0.002). There
was no effect of SF-TRE on serum lipids. We conclude that there was a trend towards improvement
in arterial compliance with 2 months’ of SF-TRE.
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INTRODUCTION

Vitamin E is the most abundant lipid soluble anti-
oxidant in human plasma and cell membranes; it limits
oxidation of LDL-C (O'Byrne et al., 2000; Reaven et al.,
1993). Supplementary vitamin E was reported to be
effective in reducing atherosclerosis progression in sub-
jects with previous coronary artery bypass graft surgery
not treated with lipid-lowering drugs (Kritchevsky et al.,
1995). However, apart from one secondary prevention
study (Stephens et al., 1996), recent large interventional
clinical trials had not shown cardiovascular benefits by
vitamin E supplementation. These clinical studies had
used tocopherol as their supplemented vitamin E. Toco-
trienols (T3) are another class of vitamin E; they are
found in high concentrations in palm oil and rice bran.

Besides being potent antioxidants (Serbinova et al., 1991;
Serbinova et al., 1992), they have the potential to lower
serum cholesterol by inhibiting 3-hydroxy-3-methylglu-
tyryl-coenzyme A reductase (HMG-CoA reductase), the
enzyme responsible for in vivo cholesterol synthesis
(Parker et al., 1993; Pearce et al., 1992). However, results
from clinical studies on their lipid lowering property had
been conflicting (O'Byrne et al., 2000; Qureshi et al.,
2002).

However, the absorption of T3, being highly fat soluble,
is highly variable and dependent on physiological pro-
cesses in the gastrointestinal tract (GIT). Only with suffi-
cient food and fat intake will there be sufficient pancre-
atic juice and bile secreted to emulsify T3 for satisfactory
absorption. Self emulsifying preparation of tocotrienol
vitamin E was reported to increase the bioavailability and
blood levels of T3 (Yap and Yuen, 2004). The preparation
in the form of a soft gelatin capsule was supposed to be
able to self emulsify under gentle agitation produced in
the GIT.

Decreased arterial compliance or increased arterial stiff-
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ness is a predictor of cardiovascular events not only in
diseases but also in normal subjects (Cruickshank et al.,
2002; Laurent et al., 2001; Willum-Hansen et al., 2006).
Arterial compliance relies on the presence of an intact
endothelium; arterial compliance, as assessed by pulse
wave velocity (PWV) and augmentation index (AI) can
be improved even in normal subjects by certain dietary
interventions (Vlachopoulos et al., 2005; Wilkinson et al.,
1999). This clinical study primarily aims to determine the
effects of a low, medium and high dose of a self emul-
sifying preparation of palm based tocotrienol rich vitamin
E on T3 blood levels and arterial compliance in healthy
subjects. Serum total cholesterol (TC) and low density
lipoprotein cholesterol (LDL-C) were also measured.

MATERIALS AND METHODS

Thirty six healthy male subjects participated in this
randomized, placebo controlled, blinded end point clinical
study. The study protocol had been approved by the
Research and Ethical Committee of Universiti Sains
Malaysia; all participating subjects gave their signed
informed consent. Study subjects were participants who
had responded to advertisement for healthy subjects (< 40
years old) placed at the Universiti Sains Malaysia Hospital.
Subjects underwent medical examination with laboratory
tests (blood count, renal function test, liver function test
and serum TC) prior to participation. Subjects with a
history of cardiovascular diseases including valvular heart
disease, serum TC>6.5 mmol/L (>250 mg/dL), and allergies
to vitamin E or palm oil were excluded. Subjects were
not taking any chronic medications including dietary
supplements and did not consume alcohol throughout
study duration.

Subjects were entered into one of 4 study groups that
were placebo daily, 50 mg SF-TRE, 100 mg SF-TRE, or
200 mg SF-TRE daily for 2 months. The tocol (vitamin
E) content of this preparation (Tocovid Suprabio by
Hovid Bhd, Malaysia) was α-T3 23.54%, γ-T3 43.16%, δ-
T3 9.83%, and α-tocopherol 23.5%. Similar looking
capsules containing soybean oil devoid of vitamin E and
prepared by Hovid Bhd, Malaysia were used as placebo.
Subjects took the capsules daily with breakfast; pill count-
ing was performed to monitor compliance; any adverse
effects during the study were queried and recorded.

Before commencing study treatments, subjects attended
a baseline session where study measurements were taken.
After 2 months, subjects attended another study session
where study parameters were repeated. On study days,
subjects had breakfast together with the study medication
6 hours before appointment, after which they were asked
to fast. Study sessions were conducted in the afternoon in
a quite room with an average temperature of 25oC. On

arrival to the laboratory, bloods for plasma T3, tocopherol,
and serum TC and LDL-C were taken. Serum TC and
LDL-C were measured at the Chemical Pathology laboratory
of the Universiti Sains Malaysia Hospital using standard,
validated methods. Plasma δ, γ and α-T3 and α-tocopherol
levels were quantified using the high performance liquid
chromatography (Yap et al., 1999).

Subjects lie supine for 15 minutes before an average of
two blood pressure (BP) recordings was obtained using a
manual sphygmomanometer (Accoson, Finland). Arterial
compliance was then performed by measuring the para-
meters aortic femoral PWV and AI using the Sphygmocor
device (PWV Medical Pty Ltd – Australia). Carotid
femoral PWV measures the velocity of the pulse wave
travel along the carotid-femoral segment; a higher PWV
indicated lower aortic compliance and vice versa. The
repeatability of the measurement assessed by intraday and
interday coefficient of variations was 2.0% and 2.6%
respectively. Pulse wave analysis using the Sphygmocor
was used to assess systemic arterial compliance (O'Rourke
and Gallagher, 1996). Radial artery pressure waveform was
recorded non-invasively by applanation tonometry using a
micromanometer (Millar for Atcor Medical – US). A
validated transfer function is used to derive the aortic
pressure waveform, enabling aortic pressures & certain
central arterial indices to be measured including the
parameter of interest, augmentation index. Augmentation
index is the proportion of central arterial pressure that
results from arterial wave reflection and is a commonly
used measure of arterial stiffness or reduced compliance
(O'Rourke and Gallagher, 1996). A smaller AI value
indicates better peripheral arterial compliance and vice
versa. The repeatability of the AI measurement assessed
as intra-observer coefficient of variance was 2.01%.
Average of 2 readings were recorded for measurements of
PWV and AI, all measurements were taken by a single
investigator who was blinded to the study treatment.

Calculation of sample size was based on the method by
Florey (1993), calculated to detect mean differences in
PWV and AI of 1.0 m/s and 13.45% with standard devi-
ations of 0.66 m/s and 9.7% (Rasool et al., 2006) with a
power of 90% and 80% respectively at alpha of 0.05.
Paired t-test was used to compare difference in a para-
meter after treatment compared to baseline. Changes in a
parameter as the result of treatment, computed as difference
between end of treatment values and baseline (for example,
change in PWV = PWVbaseline – PWVtreatment) were comput-
ed for each parameter and compared between groups
using analysis of variance and post-hoc analysis by
Scheffe’s test. Non parametric equivalent tests were used
for non-normally distributed data. Results are presented
as mean ± standard error of the mean [sem], and p<0.05
taken as the statistical significance level.
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RESULTS

Thirty six subjects participated in this study (mean age
23.9±0.39 years); there was overall good tolerability to
the study medications, with no adverse effects needing
drug withdrawal. There were no significant difference
between groups in their baseline age, body mass index,
BP, serum TC and LDL-C (Table I).

Baseline δ-T3 concentrations were low and only detect-
able in 11 subjects, while baseline γ-T3 and α-T3 concen-
trations can be detected in 35 and 21 out of the 36 subjects.

There were significant differences between placebo and
all SF-TRE treated groups in their δ, γ, and α-T3 con-
centrations at the end of 2 months (p<0.0001). There
appears to be a linear dose and blood level relationship
for all T3 isomers with administration of 50, 100 and 200
mg of SF-TRE daily; meaning that as the dose was in-
creased, the concentration also increased (Fig. 1a, b and c).

Alpha tocopherol levels were detected in all subjects
before treatment. Although groups 100 and 200 mg
showed rises in concentration after treatment, change in
α-tocopherol after treatment compared to baseline was

Table I. Baseline and end of 2 months values for study parameters. No significant difference was seen between groups for their
baseline age and BMI. Treatment had no effect on systolic blood pressure (SBP), diastolic blood pressure (DBP), serum total
cholesterol (TC) and low density lipoprotein cholesterol (LDL-C).

Parameter Placebo 50 mg SF-TRE 100 mg SF-TRE 200 mg SF-TRE

Age (years) 24.1±0.96 24.1±0.81 23.8±0.91 23.4±0.38
Body Mass Index (kg/m2) 22.6±0.72 23.6±1.39 21.2±1.52 25.2±1.22

baseline 2 months baseline 2 months baseline 2 months baseline 2 months

SBP (mmHg) 125.22±3.12 123.92±3.72 122.22±3.52 122.72±3.82 120.92±3.32 116.52±3.12 124.62±3.72 123.42±2.92
DBP (mmHg) 275.82±2.32 72.52±2.82 74.12±2.62 73.02±2.72 75.02±2.72 73.02±3.12 76.42±3.72 73.72±3.62
TC (mmol/L) 25.26±0.30 5.23±0.16 4.75±0.32 4.88±0.28 4.79±0.27 5.01±0.21 5.06±0.23 5.18±0.25
LDL-C (mmol/L) 3.60±0.23 3.26±0.19 3.14±0.24 3.09±0.21 3.11±0.29 3.26±0.19 3.44±0.21 3.35±0.24

Fig. 1. a, b, c and d shows δ-T3, γ-T3, α-T3, and α-tocopherol levels at baseline and after treatment for each study group. There
were significant differences between placebo and all SF-TRE treated groups in their δ, γ and α-T3 levels at the end of treatment.
* indicates significant difference between placebo and treated groups for the individual T3 isomer concentration at 2 months.
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not significantly different between groups. There was also
no difference between the SF-TRE treated groups and
placebo in their α-tocopherol levels at 2 months (Fig.
1d).

Baseline PWV and AI were not significantly different
among the groups. After treatment, significant reduction
in PWV was seen, reductions of 0.77 m/s (10% reduction
compared to baseline) and 0.65 m/s were observed for
groups 100 and 200 mg (p=0.007 and p=0.002) respec-
tively (Fig. 2a). There were reductions in AI from baseline
of 6.59%, 8.72%, and 6.27% after 2 months treatment for
groups 50, 100, and 200 mg respectively (p=0.049,
p=0.049, and p=0.047) (Fig. 2b); change in AI due to
treatment was significantly different between groups
(p=0.048). Placebo group did not show any reduction in
their PWV and AI after treatment compared to baseline.

The effects of the SF-TRE on other study parameters
were non remarkable; no change in BP and serum TC
and LDL-C were observed due to treatment (Table I).

DISCUSSION

This study showed that the individual δ, γ, and α-T3

isomers of the self emulsifying preparation of tocotrienol
rich vitamin E were bioavailable 6 hours after supple-
mentation from as low as 50 mg daily. Previously there
were doubts about the ability of T3 to be absorbed and
remain in systemic circulation, as some human and
animal studies had failed to detect T3 isomers even on
supplementation (Chen, 2004; Khor and Chieng, 1996;
Khor et al., 1995; Tomeo et al., 1995). Thus, doubts were
expressed by some investigators on the ability of T3 to
exert any biological effect in vivo.

Levels of α and γ-T3 at 2 months appears fairly similar,
although the capsules contain a higher percentage of γ-T3

(43%) compared to α-T3 (24%). This suggests that α-T3

may have better absorption and bioavailability compared
to γ-T3; an observation supported by O’Byrne, and Ikeda
(Ikeda et al., 1996; O'Byrne et al., 2000). As expected, δ-
T3 concentration was lowest as the percentage of δ-T3 in
this preparation was lowest, being only 9.83% of the
whole tocol content.

Pharmacodynamically, there appears to be a trend of
improved arterial compliance in the treated groups. For
systemic arterial compliance as assessed by AI, groups
50, 100, and 200 mg all showed reductions in AI com-
pared to baseline. There were significant reductions in
PWV after treatment compared to baseline for the 100
and 200 mg groups. Treatment however, has no significant
effect on blood pressure and serum TC and LDL-C.

 The exact mechanisms whereby antioxidants such as
T3 may improve arterial compliance had not been deter-
mined. Because improvement could occur within weeks,
vascular functional improvement is probably involved rather
than structural mechanisms. Among possible mechanisms
for the improvement in arterial compliance include firstly;
reduction in BP contributing to improvement in arterial
compliance. However, in our study no difference was seen
in BP with treatment. Secondly, mechanisms involving
nitric oxide (NO) production by the endothelium may be
involved. Nitric oxide relaxes vascular smooth muscle,
evidence also suggests NO to be important in regulating
arterial stiffness (Wilkinson et al., 2002). Newaz et al.
reported that γ-T3 increased endothelial nitric oxide
synthase (NOS) activity in spontaneously hypertensive
rats (SHR) with a concomitant reduction in BP (Newaz et
al., 2003). Endothelial nitric oxide synthase enzyme
mediates conversion of arginine to NO in vivo. Thirdly,
free radicals, had been reported to inactivate endothelium
derived relaxing factor (Rubanyi and Vanhoutte, 1986),
which may lead to increased peripheral resistance and
arterial stiffness. Antioxidants neutralize free radicals
thus may preserve the action of EDRF and maintaining

Fig. 2. a and b shows pulse wave velocity and augmentation
index values at baseline and after 2 months treatment for each
study group. Lower PWV and AI values indicate better
arterial compliance. * indicates significant reduction in
parameter after treatment compared to baseline.



1216 A. H. G. Rasool et al.

arterial compliance.
We are unable to directly compare the results of our

current study with a previous one looking at the effect of
a non self emulsifying preparation of tocotrienol on
arterial compliance (Rasool et al., 2006). In that study,
the group given 160 mg of the normal tocotrienol pre-
paration had improved augmentation index which is as-
sociated with a reduction in aortic systolic blood pressure
after 2 months’ of treatment. The self emulsifying pre-
paration currently used, was not available at that time for
direct comparison study between the two preparations.
The preparation used in that study has α-tocotrienol as
the highest content tocotrienol (35%) followed by α-
tocotrienol (25%) and the least being δ-tocotrienol. Alpha
tocopherol content was 26%. The current self emulsifying
preparation predominantly contained γ-tocotrienol at 43%
followed by α-tocotrienol at 24% and δ-tocotrienol the
least, this preparation also has less tocopherol at 23% of
tocol content.

Thus, in conclusion, treatment with a self emulsifying
preparation of mixed tocotrienols at doses of 50, 100, and
200 mg produced significantly higher plasma δ, α and γ-
T3 concentrations compared to placebo. There is linear
dose-concentration relationship for all the isomers. There
was a trend towards improvement in arterial compliance
after 2 months of treatment. Treatment has no effect on
BP and serum TC and LDL-C.
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