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INTRODUCTION

Vitamin E is found in abundance in vegetable oils, with tocopherols as 
the main constituent. In the past, tocopherols have been vastly studied 
whereas there is still a paucity in clinical data where tocotrienols are con-
cerned. Both tocopherols and tocotrienols have similar structures with the 
presence of a chromanol ring and a side chain. They are divided into two 
groups with four members each, namely, alpha, beta, gamma and delta. 
However, tocotrienols also possess an unsaturated side chain with three 
double bonds unlike tocopherols. This unsaturated side chain in tocotrie-
nols contributes to their efficient penetration into tissues such as those of 
adipose, liver and the brain (Nesaretnam et al., 1995; Nesaretnam., 2008; 
Kannappan et al., 2012). Initial research has proven that tocotrienols dem-
onstrate various biological and physiological properties such as cardiopro-
tective (Vasanthi et al., 2012, neuroprotective (Khanna et al., 2010) and 
anticancer activity (Aggarwal et al., 2010), as well as cholesterol-lowering 
effects (Yuen et al., 2011), thus distinguishing them from tocopherols.

Bioavailability refers to the rate 
and extent of absorption and avail-
ability of an active constituent or its 

moiety at the target site (Toutain & 
Bousquet-Me´lou, 2004). Alpha-
tocopherol is the most abundant 
form of vitamin E detected in the 
circulating plasma. The bioavail-
ability of tocotrienols in plasma, 
on the other hand, has been re-
ported at a much lower concentra-
tion than that of alpha-tocopherol 

(Fairus et al., 2006; 2012). The 
tocotrienol-rich fraction (TRF) is 
an over-the-counter vitamin E sup-
plement containing alpha, gamma 
and delta tocotrienols in addition 
to α-tocopherol, phytosterol, phy-
tocarotenoid complex and plant 
squalene. Pre-clinical studies indi-
cate that gamma and delta tocot-
rienols exhibit more potent anti-
cancer activities than other isomers 
of tocotrienols and alpha-tocoph-
erol (Ramdas et al., 2011).

Thus, a new formulation of 
Gamma Delta Tocotrienol (GDT) 
which contains only gamma and 
delta isomers has been developed 
to improve the effectiveness and 
enhance the delivery of the gamma 
and delta isomers over that of the 
currently available TRF formula-
tion. Hence, we aim to compare 
the pharmacokinetics and bio-
availability of the newly formulated 
Naturale3 Gamma Delta Tocotrien-
ol (GDT) with that of the currently 
available tocotrienol-rich fraction 
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(TRF) in healthy volunteers in our 
study.

SUBJECTS AND METHODS

Study Design and Treatments

This was a randomised, cross-
over study with two treatments 
and two periods separated by a 
one week wash-out period. The 
study protocol and informed con-
sent forms were reviewed and ap-
proved by the medical ethics com-
mittee of the University of Malaya 
Medical Centre (UMMC) (Protocol 
No.: 944.62). The volunteers were 
randomised to receive one of the 
study formulations. The test formu-
lation, Gamma Delta Tocotrienol 
(GDT), consists of two capsules of 
300 mg, each containing 450 mg 
γ-T3 and 150 mg δ-T3. The refer-
ence drug (TRF) is the commer-
cially available Tocovid SuprabioTM 
which comprises four capsules of 
200 mg, each containing 451.2 mg 
γ-T3 and 102.72 mg δ-T3.

Subjects

Healthy volunteers were re-
cruited through advertisement, and 
medical screening was conducted 

to exclude those with any chronic 
illness or abnormalities, those who 
used tobacco, alcohol or drugs, or 
had current or past use of any ac-
tive substance. The study protocol 
followed that reported by Megana-
than et al. (2015).

Analysis of Plasma Samples

The plasma samples from the 
study were stored and analysed 
using the high-performance liquid 
chromatography (HPLC) method. 

Pharmacokinetic and Statistical 
Analyses

Pharmacokinetic analysis was 
performed using the non-com-
partmental analysis of WinNonlin 
Professional Version 5.3 (Pharsight 
Corporation, Mountain View, Cali-
fornia).  

RESULTS

Demographic Characteristics

Twelve healthy subjects (nine 
males, three females) were enrolled 
in the study. Their mean age and 
BMI were 24±1.65 (range, 22-
27) and 23.43±3.5 (range, 18.87-

28.2), respectively. Eleven out of 
12 subjects completed the trial. 
One subject dropped out from the 
trial due to difficulties in obtaining 
her blood samples; thus, consider-
ing her safety and well-being, she 
was withdrawn from the study. The 
venipuncture site was normal and 
the subject was fine when she was 
allowed to go home.

The mean plasma concentra-
tions for gamma and delta tocot-
rienol vs. time during the test and 
reference formulations are present-
ed in Figures 1 and   2, respectively. 

The gamma and delta 
tocotrienols in both formulations 
were not bioequivalent because 
their 90% CI were beyond the 
bioequivalence limit of 80% to 
125%. However, gamma tocotrienol 
in the test formulation was found 
to possess greater bioavailability 
compared with gamma tocotrienol 
in the reference formulation.  

Safety and Tolerability

This study is the first to test 
GDT on the self-emulsification sys-
tem in humans. No adverse events 
were observed in the study. The 

Figure 1. Mean plasma (SD) concentration of gamma tocotrienol vs. time after a single oral dose 
of 600 mg GDT and 800 mg TRF.
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laboratory blood test results for all 
the subjects were within clinically 
acceptable ranges for both periods, 
indicating the safety of and toler-
ability to the drug. 

DISCUSSION 

Gamma and delta isomers increased 
the expression of Interleukin (IL)-
24 mRNA which is associated with 
anti-tumour effects, and decreased 
the levels of the pro-angiogenic 
cytokines, IL-6 and IL-8, in murine 
mammary cancer cells (4T1) and 
human umbilical vein endothelial 
cells (HUVEC) (Selvaduray et al., 
2010; Selvaduray et al., 2012). 
Apart from breast cancer, gamma 
tocotrienol has also been investi-
gated in other types of cancer, such 
as pancreatic (Kunnumakkara et al., 
2010), hepatocellular (Rajendran 
et al., 2011) and prostate cancer 
(Yap et al., 2008), with favourable 
outcomes. Previous studies have 
reported that intake of tocotrien-
ols with a high fat meal increases 
its bioavailability as vitamin E is hy-
drophobic. Bile salts which increase 
immensely after a high fat meal will 
emulsify the vitamin E and eventu-
ally form micelles that lead to in-
creased bioavailability (Yap et al., 

2001; Fu et al., 2014). In this study, 
we decided to administer the prod-
uct after a normal standardised 
meal as both the formulations con-
tained self-emulsifiers to aid in the 
absorption of tocotrienols across 
the intestinal wall. Furthermore, 
it was a true reflection of actual 
practice when the patient takes the 
product regularly with food in their 
daily life. 

In a study carried out by Ne-
saretnam et al. (2007), the levels 
of different isomers of tocotrienols 
were analysed in adipose tissue of 
benign and malignant breast lumps 
of Malaysian women. Gamma to-
cotrienol was found in higher con-
centration in both benign and ma-
lignant tissue in contrast to delta 
tocotrienol. However, both gamma 
and delta tocotrienols concentra-
tions were lower in the malignant 
breast lumps in comparison with 
those in the benign lumps. The 
morphology of the breast indi-
cates that it is mainly composed 
of adipose tissue. Being a lipophilic 
compound with the presence of an 
unsaturated side chain, tocotrienols 
are able to penetrate efficiently into 
adipose tissue. The depletion of to-
cotrienols in the malignant lumps 

might be associated with their an-
tioxiodant property of quenching 
free radicals, thereby suggesting 
a chemoprotective effect against 
breast cancer. Subsequently, Patel 
and colleagues (2012) looked at 
the levels of the isomers upon sup-
plementation with TRF in surgical 
and normal patients. The concen-
tration of gamma tocotrienol was 
found to be significantly higher 
in adipose tissue in comparison 
with delta tocotrienol. These find-
ings further reinforce the notion 
that gamma tocotrienol plays a 
more prominent role in conferring 
protection against breast cancer. 
Moreover, both formulations at the 
tested dose were found to be well 
tolerated in the healthy volunteers 
as no adverse events were ob-
served during the entire period of 
the study.

CONCLUSION

The findings from our study indi-
cate that 600 mg GDT and 800 
mg TRF, the nearly equivalent dose 
of gamma and delta tocotrien-
ols, were not bioequivalent in the 
healthy volunteers. GDT showed 
superior bioavailability in terms of 
gamma tocotrienol as compared 

Figure 2. Mean plasma (SD) concentration of delta tocotrienol vs. time after a single oral dose of 
600 mg GDT and 800 mg TRF.
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with TRF. Both test and reference 
formulations appeared to be gen-
erally safe and well-tolerated in all 
the subjects.
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