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Research Article

Tocotrienol-rich fraction of palm oil exhibits
anti-inflammatory property by suppressing the
expression of inflammatory mediators in human
monocytic cells
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Tocotrienol-rich fraction (TRF) of palm oil has been shown to possess potent antioxidant, anticancer,
and cholesterol lowering activities. In this study, our aim was to examine the effects of TRF on LPS-
induced inflammatory response through measuring the production of inflammatory mediators,
namely nitric oxide (NO), prostaglandin E2 (PGE2), inducible nitric oxide synthase (iNOS), cytokines
(TNF-a, IL-4, and IL-8), cyclooxygenase-1 and -2 (COX-1 and COX-2), and nuclear factor-jB (NF-
jB) in human monocytic (THP-1) cells. At concentrations 0.5–5.0 lg/mL, TRF dose-dependently
protected against LPS-induced cell death. At same concentrations, TRF also showed potent anti-
inflammatory activity as demonstrated by a dose-dependent inhibition of LPS (1 lg/mL)-induced
release of NO and PGE2, and a significant decrease in the transcription of proinflammatory cytokines.
TRF at 1.0 lg/mL significantly blocked the LPS induction of iNOS and COX-2 expression, but not
COX-1. This anti-inflammatory activity was further supported by the inhibition of NF-jB expression.
These results conclude that TRF possesses potent anti-inflammatory activity, and its mechanism of
action could be through the inhibition of iNOS and COX-2 production, as well as NF-jB expression.
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1 Introduction

Chronic inflammations and infections are known to upregu-
late a series of enzymes and signaling proteins in affected
tissues and cells. Among the proinflammatory enzymes, the
inducible forms of nitric oxide synthase (iNOS) and cyclo-
oxygenase (COX), are responsible for increasing the levels

of nitric oxide (NO) and prostaglandin E2 (PGE2). They are
known to be involved in various chronic diseases including
multiple sclerosis, Parkinson's and Alzheimer's diseases,
and colon cancer [1]. LPS, which is a component of the cell
walls of Gram-negative bacteria, can activate a number of
cellular signals of macrophages, hepatocytes, and mono-
cytes during inflammation and infection [2, 3].

PGE2, COX-2, and iNOS have been widely used to deter-
mine the anti-inflammatory effects of potential therapeutic
products. There are two isoforms of COX, namely COX-1
and COX-2. COX-1 is a constitutively expressed form in
normal physiological functions, whereas COX-2 is
expressed only in response to inflammatory signals such as
cytokines and bacterial endotoxin LPS [4, 5]. At present, a
majority of clinically used nonsteroidal anti-inflammatory
drugs (NSAIDs) have been shown in vitro to be either selec-
tive COX-1 or dual COX-1/COX-2 inhibitors [6, 7]. They
were shown to have varying degrees of gastric and renal
side effects [8]. It was therefore suggested that the selective
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inhibition of COX-2 to be a better strategy for treating
inflammation.

Nuclear factor-jB (NF-jB) is a transcription factor that
regulates the expression of multiple immune and inflamma-
tory genes [9]. When stimulated by external stimuli, includ-
ing LPS, it can lead to the coordinated expression of inflam-
matory responses. Activated NF-jB has now recognized to
link with a variety of inflammatory diseases such as cancer,
asthma, psoriasis, rheumatoid arthritis, and others [9, 10].
The important role of NF-jB in the pathogenesis of inflam-
mation suggests that inhibitors of NF-jB pathway could be
an effective target in treating human inflammatory dis-
eases.

Palm oil, an edible vegetable oil derived from the fruits
of Elaeis guineensis, forms an important component of the
human diet in different parts of the world. It has 50% satur-
ated, 40% monosaturated, and 10% PUFAs besides an abun-
dant amount of phytonutrients [11, 12]. Tocotrienols, bioac-
tive components of palm oil, are effective in controlling
anthrosclerosis and certain types of cancer [13–16]. They
were also shown to be active against oxidative damage to
lipids in vitro and in vivo [17, 18], as well as activity in neu-
roprotection [19, 20]. Furthermore, tocotrienol-rich frac-
tion (TRF) from palm oil was reported to be more potent
than a-tocopherol against oxidative damage in brain mito-
chondria [21], and more effective in inhibiting protein oxi-
dation and lipid peroxidation in liver microsomes [22]. TRF
also possessed activities such as anticancer [13–15, 23],
cardiovascular protective [18, 24], and blood cholesterol
lowering [24, 25] effects. Recently, c-tocotrienol, but not c-
tocopherol, was shown to possess the inhibitory effect on
the NF-jB activation pathway, and consequently triggering
the downregulation of various gene products and potentia-
tion of apoptosis [26]. To further examine the anti-inflam-
matory property and mechanism(s) of action of tocotrie-
nols, in this study we investigated the effects of TRF from
palm oil on LPS-induced inflammatory response through
measuring the NO release, PGE2 production, cytokines
(TNF-a, IL-4, and IL-8) formation, iNOS, COX-1, COX-2,
and NF-jB expression in human monocytic (THP-1) cells.

2 Materials and methods

2.1 Chemicals

DMSO, penicillin, streptomycin, anti-b actin, 3-(4,5-
dimethyl-thiazol-2-yl)-2,5-diphenyl-tertazolium bromide
(MTT), and LPS (which was obtained from Escherichia
coli strain O55:B5) were purchased from Sigma Chemical
(St. Louis, MO, USA). Fetal bovine serum (FBS) and
RPMI-1640 medium were obtained from Gibco BRL (Gai-
thersburg, MD, USA). The ELISA kit used for the determi-
nation of PGE2 was purchased from Alexis Biochemicals
(Cayman Chemical, Ann Arbor, MI, USA). Human TNF-a,
IL-4, and IL-8 ELISA kits were obtained from Raybiotech

(Norcross, GA, USA). The anti-iNOS, anti-COX-1, anti-
COX-2, and anti-NF-jB bodies were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Antimouse
IgG antibody was obtained from Promega (Madison, WI,
USA). All other chemicals and reagents used were of ana-
lytical grade.

2.2 TRF from palm oil

TRF of palm oil (also known as Tocominm) was supplied by
Carotech (Malaysia). It consists of 15.38% a-tocotrienol,
28.20% c-tocotrienol, 6.42% d-tocotrienol, 15.34% a-toco-
pherol, 12.82% plant squalene, and 5.12% phytosterol. All
experiments were conducted using TRF obtained from the
same batch.

2.3 Cell culture

THP-1, a promonocytic cell line, was obtained from the
American Type Culture Collection (ATCC No. TIB-202;
Manassas, VA, USA). Cells were grown in RPMI-1640
medium containing 10% heat-inactivated FBS, 100 units/
mL penicillin and 100 lg/mL streptomycin. They were
maintained at 378C in a humidified atmosphere of 5% CO2.

2.4 MTT and trypan blue assay for cell viability

Cell viability was examined using MTT and trypan blue
assays. In brief, THP-1 cells were cultured at 16105 cells
per well in 96-well plates containing 100 lL of RPMI-1640
medium. After an overnight incubation, cells were treated
with 1% DMSO (control) or LPS (1 lg/mL) alone or LPS
(1 lg/mL) plus various concentrations of TRF (0.5, 1.0, and
5.0 lg/mL), followed by incubating the plates for 24 h. For
MTT assay, cells were washed once before adding 50 lL of
FBS-free medium containing 5 mg/mL MTT. After incu-
bating at 378C for 4 h, the medium was discarded and the
formazan blue that formed in the cells was dissolved in
DMSO. The OD was measured at 550 nm. For trypan blue
assay, the number of viable cells was determined by staining
cell populations with trypan blue. One part of 0.4% trypan
blue dissolved in PBS was added to the cell suspension, and
the number of unstained (viable) cells was counted using a
hemocytometer.

2.5 Nitrite determination

After incubating the cells with either LPS (1 lg/mL) or
LPS plus various concentrations of TRF (0.5, 1.0, and
5.0 lg/mL) for 24 h, the supernatant was removed from the
cultures. The nitrite accumulated in culture medium was
measured as an indicator of NO production based on the
Griess reaction [27]. Briefly, 100 lL of each supernatant
was mixed with the same volume of Griess reagent (1% sul-
fanilamide in 5% phosphoric acid and 0.1% naphthylethy-
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lenediamine dihydrochloride in water, and then incubated
at room temperature for 10 min, the absorbance was meas-
ured at 550 nm using an ELISA reader. The amount of NO
production in samples was determined basing on the
sodium nitrite serial dilution standard curve.

2.6 PGE2 assay

The PGE2 level in the supernatant of the culture medium
was quantified using ELISA kits and conducted according
to the manufacturer instructions.

2.7 Measurement of cytokines

The proinflammatory cytokines (TNF-a, IL-4, and IL-8)
were measured using ELISA kits and performed according
to the manufacturer instructions.

2.8 Cytoplasmic extract preparation

Cytoplasmic extracts were prepared as described previously
[28]. In brief, after cells were treated without and with LPS
(1 lg/mL) alone or LPS plus TRF (1 lg/mL), they were
washed once with PBS then lysed in ice-cold buffer I
(10 mM N-(2-hydroxyethyl)piperazine-N 9-(2-ethenesul-
fonic acid) (HEPES), pH 8.0, 1 mM EDTA, 1 mM ethylene
glycol tetraaccetic acid (EGTA), 1 mM DTT, 0.4 M sodium
chloride, 1 mM PMSF) containing 2.0 lg/mL leupeptin,
2.0 lg/mL aprotonin, and 0.5 mg/mL benzamidine (Sigma
Chemical). The cells were incubated on ice for 20 min, fol-
lowed by adding 10.0 lL of 10% Nonidet P-40. After cen-
trifuging the lysates at 100006g at 48C for 10 min, the
supernatant collected was used as the cytoplasmic extract.
It was then stored at –808C until use. Protein concentration
in these extracts was determined by BioRad reagents (Bio-
Rad Laboratories, Hercules, CA, USA).

2.9 Western immunoblot analysis

Western blot analysis of cytoplasmic iNOS, COX-1, COX-2,
andNF-jBwerecarriedoutbyemploying the respectiveanti-
bodies. Inbrief, cytoplasmicproteins (50 lg/lane)were load-
ed onto SDS-polyacrylamide gels and electrophoretically
transferred to a PVDF membrane (BioRad Laboratories).
After inhibiting the nonspecific-binding sites with 5% w/v
skim milk in 0.1% v/v Tween 20 containing PBS (PBST) for
1 h at room temperature, the membrane was incubated with
specific primary antibodies (namely anti-COX-1 (1:500; an
affinity purified goat polyclonal antibody), anti-COX-2
(1:500; an affinity purified goat polyclonal antibody), anti-
iNOS (1:500; an affinity purified rabbit polyclonal anti-
body), anti-NF-jB (1:500; an affinity purified mouse mAb),
and anti-b-actin (1:5000; an affinity purified mouse mAb)
antibodies) for 1 h at room temperature. Antibody recogni-

tion was detected with antimouse IgG antibody linked to the
horseradish peroxidase. Antibody-bound proteins were
detected by the ECL western blotting analysis system (Amer-
sham, Aylesbury, UK). The expression of b-actin was used as
acontrol.

2.10 Nuclear extract preparation and
electrophoretic mobility shift assay (EMSA)

Nuclear protein extracts were prepared as described previ-
ously [29]. Briefly, after washing with PBS, cells were
scraped off the plates in 0.6 mL ice-cold buffer A (10 mM
HEPES, pH 7.9, 10 mM KCl, 1 mM DTT, 1 mM PMSF,
1.5 mM MgCl2, and 2 lg/mL each of aprotinin, pepstatin,
and leupeptin). After centrifugation at 3006g at 48C for
10 min, cells were suspended in buffer B (80 lL of 0.1%
Triton X-100 in buffer A) and then left on ice for 10 min,
followed by centrifuging at 120006g at 48C for 10 min.
The nuclear pellets collected were resuspended in 70 lL
ice-cold buffer C (20 mM HEPES, pH 7.9, 1.5 mM MgCl2,
0.42 M NaCl, 1 mM DTT, 0.2 mM EDTA, 1 mM PMSF,
25% glycerol, and 2 lg/mL each of aprotinin, pepstatin,
and leupeptin), and then incubated for 30 min at 48C, fol-
lowed by centrifuging at 150006g at 48C for 30 min. The
resulting supernatant was used as the nuclear extract, which
was stored at –808C until use. Protein concentrations were
determined by BioRad reagents. The NF-jB and AP1 con-
sensus oligonucleotide together with the Gel Shift Assay
System was supplied by Promega.

2.11 Statistical analysis

Data were presented as means l SDs from three independ-
ent experiments. Statistical comparisons of means were per-
formed by one way ANOVA, followed by the Duncan's mul-
tiple range test (SAS Institute, Cary, NC, USA). Differences
were considered significant when p-value was a 0.05.

3 Results

3.1 Effect of TRF on the THP-1 cell viability

In order to determine whether TRF causes toxicity on THP-
1 cells, cells were treated with TRF at various concentra-
tions (0.5, 1.0, and 5.0 lg/mL) with or without LPS, and
then examined by MTT and trypan blue assays. Results
showed that TRF alone at concentrations 0.5–5 lg/mL
were not toxic to THP-1 cells (Figs. 1A and B). At concen-
trations 1.0 and 5.0 lg/mL, TRF also significantly pro-
tected against LPS-induced cytotoxicity in THP-1 cells. As
cell viability was completely protected by 1.0 lg/mL TRF,
this concentration was therefore selected for further molec-
ular studies of anti-inflammatory property and mecha-
nism(s) of action in THP-1 cells.

923

i 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com



S.-J. Wu et al. Mol. Nutr. Food Res. 2008, 52, 921 –929

3.2 Effect of TRF on NO production

To assess the effect of TRF on LPS-induced NO production
in THP-1 cells, cell culture medium was harvested, and the
concentration of accumulated nitrite in the culture medium
was estimated by the Griess method. Results showed that
NO concentration markedly increased about nine-fold
(l48 lM) after LPS-stimulation (Table 1). Coincubation of
cells with LPS plus TRF (0.5, 1.0, and 5.0 lg/mL) resulted
in an obvious concentration-dependent reduction of NO
formation. Interestingly, cells incubated with 5.0 lg/mL
TRF exhibited a similar level of NO in the medium as that
of the control.

3.3 Effect of TRF on PGE2 synthesis

PGE2 release is an important indicator of inflammatory
response in cells. An increase in PGE2 production
(42.67 l 3.68 ng/mL) was shown at 24 h after LPS (1 lg/

mL) treatment. Cotreatment of cells with LPS plus TRF at
various concentrations (0.5, 1.0, and 5.0 lg/mL) signifi-
cantly suppressed the LPS-induced PGE2 production (Table
1), with a considerable drop in PGE2 production was noted
in the 1.0 and 5.0 lg/mLTRF-treated groups.

3.4 Attenuation of LPS-induced cytokines
formation

To determine the effect of TRF on the production of proin-
flammatory cytokines such as TNF-a, IL-4, and IL-8 cells
were treated with control (0.1% DMSO) and TRF (0.5, 1.0,
and 5.0 lg/mL) in the presence or absence of LPS (1 lg/
mL) for 24 h. The cytokine levels presence in the media
were measured by ELISA kits. LPS-treated cells showed a
marked upregulation of TNF-a, IL-4, and IL-8 production,
however, they were inhibited by pretreatment with TRF
(Table 2). The greatest inhibitory effect on proinflamma-
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Figure 1. Effect of TRF on human
monocytic cell (THP-1) viability.
Cells were stimulated with LPS
(1 lg/mL) for 24 h in the absence or
presence of TRF at various concen-
trations (0.5, 1.0, and 5.0 lg/mL).
Cell viability was analyzed by trypan
blue and MTT assays. Each data
represents the mean l SD of three
independent experiments. Bars not
denoted by the same letter differ sig-
nificantly at p a 0.05 as analyzed by
Duncan's multiple range test.
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tory cytokines production appeared to be at 1 and 5 lg/mL
of TRF.

3.5 Effect of TRF on cytosolic iNOS, COX-1, COX-
2, and NF-jB expression

With the assumption that the inhibition of NO and PGE2

production by TRF in THP-1 cells would be caused by a
decrease in the iNOS, COX-2, and NF-jB proteins, the
effect of TRF on iNOS, COX-1, COX-2, and NF-jB protein
expression was examined in cells treated with or without
LPS (1 lg/mL) for 24 h. Western blotting analysis indicated
that the expression of iNOS, COX-1, COX-2, and NF-jB
were upregulated after LPS stimulation (Fig. 2). Cotreat-

ment of cells with LPS plus 1 lg/mL TRF for 24 h signifi-
cantly inhibited iNOS and COX-2 expression, but the pro-
tein level of COX-1 was not affected. TRF also significantly
suppressed the expression of NF-jB.

3.6 Effect of TRF on nuclear NF-jB expression

The effect of TRF on the activation of nuclear NF-jB
expression was examined by using EMSA. Results showed
that the nuclear extracts from LPS-stimulated THP-1 cells
yielded a large band in comparison to the unstimulated
cells, and exhibited DNA-binding activity to the NF-jB site
containing oligonucleotide (Fig. 3). However, the nuclear
extracts of TRF-treated cells showed a marked reduction in
the DNA–protein complex-binding activity, as evidenced
by a decrease in the intensity of this band. Cotreatment of
cells with LPS plus TRF showed an inhibitory effect on the
activation of NF-jB as demonstrated by a decrease in the
NF-jB protein expression.

4 Discussion

The present study demonstrates that TRF is an effective
inhibitor of LPS-induced NO generation, PGE2 production,
cytokines (TNF-a, IL-4, and IL-8) secretion, iNOS, COX-
2, and NF-jB expression in THP-1 cells. TRF suppressed
PGE2 production by downregulating the COX-2 and iNOS
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Table 1. Effects of TRF on LPS (1 lg/mL)-induced NO release
and PGE2 production in THP-1 cells

Treatments Nitric oxide (lM) PGE2 (ng/mL)

Control 5.62 l 0.64d 5.60 l 0.45d

LPS 48.02 l 1.78a 42.67 l 3.68a

LPS + 0.5 mg/mL TRF 26.50 l 3.26b 16.93 l 1.72b

LPS + 1.0 mg/mL TRF 8.24 l 0.57c 7.53 l 0.41c

LPS + 5.0 mg/mL TRF 7.93 l 0.74d 8.43 l 0.67c

Each data represents the mean l SD of three independent
experiments. Values within a column followed by a common
superscript letter are not significantly different at p a 0.05 as
analyzed by Duncan's multiple range test.

Figure 2. Effect of TRF on cyto-
plasmic iNOS, COX-1, COX-2,
and NF-kB expression. THP-1
cells were stimulated with LPS
(1 lg/mL) for 24 h in the presence
or absence of TRF (1 lg/mL). The
levels of iNOS, COX-1, COX-2,
and NF-jB in the cytosolic protein
were determined by Western blot-
ting assay. b-Actin was used as
loading control.
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expression in a dose-dependent manner. This is the first
time that TRF from palm oil was shown to possess potent
anti-inflammatory activity through blocking NF-jB activa-
tion and selectively inhibiting the COX-2 expression, and
this activity was not attributable to the cytotoxicity of TRF
as assessed by the MTT and trypan blue assays.

Palm oil has traditionally been used as cooking oil, while
TRF has been consumed as dietary supplement for preven-
tion of breast cancer [13, 14], and lowering blood choles-
terol and lipid [24, 25]. Its main bioactive components were
reported to be tocotrienols [13, 24, 30]. Studies have shown
that TRF possesses antioxidant [17, 18, 23], anticancer
[13–15, 23], and cardiovascular protective [18, 24] activ-

ities. In this study, we demonstrated that TRF possesses
potent anti-inflammatory activity and its mode of action
could be through the inhibition of iNOS, COX-2, and NF-
jB expression.

Inflammation is a complex process, which involves
numerous mediators of cellular and plasma origins. LPS
injection has been shown to stimulate plasma and tissue
cytokine formation, iNOS expression, and NO production
in vivo [31, 32]. Similarly, LPS also stimulated a dramatic
increase in NO production in THP-1 cells. Inhibitors of
iNOS were suggested to provide protection against LPS-
induced hepatic toxicity [33]. Natural antioxidants such as
curcumin [34], resveratrol [27], and tea polyphenols [35]
have been shown to exhibit inhibitory effects on LPS-
induced iNOS expression and hepatic damage. Therefore,
they were considered as potential effective therapeutics for
preventing inflammatory response and diseases [36]. In this
study, TRF markedly decreased the expression of iNOS and
COX-2 at a low concentration level, together with its anti-
oxidant activity [17, 18, 22], which may have contributed to
the potent anti-inflammatory activity.

Studies on other forms of vitamin E showed that toco-
pherols act anti-inflammatory at post-transcriptional level
by inhibiting either COX or 5-lipoxygenase (LOX) activity
[37]. a-Tocopherol was shown to be much less potent than
c-tocopherol in reducing PGE2 in RAW 264.7 macrophages
and human lung epithelial cells (A549). Furthermore,
c-tocopherol but not a-tocopherol, was reported to be effec-
tive in inhibiting COX-2 activity in LPS-activated macro-
phages and IL-1b-treated epithelial cells [38]. As for the
form of vitamin E used in this study, TRF, which contains
tocotrienols and a-tocopherol, but not c-tocopherol, sug-
gesting that the potent anti-inflammatory activity of TRF
could be mainly contributed by a-, c-, and d-tocotrienols.

Much evidence have suggested that overexpression of
COX-2 is strongly related to pathophysiological diseases
including inflammation, cancer, multiple sclerosis, and
Alzheimer's disease [39]. PGE2, a major metabolite of the
COX-2 pathway, has been implicated in the pathogenesis of
acute and chronic inflammatory disease state [40]. On the
basis of this information, efforts have been made to develop

926

i 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com

Table 2. Effects of TRF on LPS (1 lg/mL)-induced IL-4, IL-8, and TNF-a formation in THP-1 cells

Concentration (pg/mL)

Treatments TNF-a IL-4 IL-8

Control 139.07 l 0.02d 84.63 l 3.42c 161.33 l 7.36d

LPS 3594.20 l 13.02a 1362.67 l 36.57a 2498.00 l 28.61a

LPS l 0.5 mg/mL TRF 1213.50 l 70.83b 310.67 l 8.22b 619.50 l 9.01b

LPS l 1.0 mg/mL TRF 181.50 l 13.53c,d 108.90 l 6.80c 193.17 l 5.57c,d

LPS l 5.0 mg/mL TRF 243.77 l 5.06c 95.67 l 11.44c 228.00 l 14.09c

Each data represents the mean l SD of three independent experiments. Values within a column followed by a common superscript
letter are not significantly different at p a 0.05 as analyzed by Duncan's multiple range test.

Figure 3. Effect of TRF on NF-jB expression in the nuclear
protein. After stimulating the THP-1 cells with LPS (1 lg/mL)
for 24 h in the presence or absence of TRF (1 lg/mL), nuclear
extracts were prepared and analyzed for NF-jB activation by
EMSA.
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inhibitors or suppressors for the activity or expression of
COX-2. In this study, we showed that TRF markedly sup-
pressed the PGE2 release, which was related to the downre-
gulation of COX-2 expression. Interestingly, at concentra-
tion as low as 1 lg/mL, TRF can also strongly suppress the
COX-2 expression while having no effect on COX-1. This
is in contrast to the most widely used NSAIDs for inflam-
mation and pain, of which have been reported to cause
potential gastrointestinal and renal side effects due to their
inhibition on the housekeeping COX-1 enzyme activity [6–
8]. TRF, with its specific inhibition of COX-2 expression,
has demonstrated its potential as COX-2 inhibitor and as a
good candidate for developing anti-inflammatory drugs.

Anti-inflammatory drugs, such as NSAIDs, glucocorti-
coids, and immunosuppressants, are known to act as inhibi-
tors of the NF-jB pathway and the expression of various
inflammation-associated genes such as iNOS, COX-2, and
TNF-a [41, 42]. NF-jB regulates the transcription of vari-
ous proinflammatory cytokines, such as IL-1, -2, -6, and -8,
and TNF-a, that are involved in the development of various
inflammatory lesions [3, 43]. Clinically, the use of NSAIDS
was reported to increase in cardiovascular risk [44] and
other side-effects [8]. Therefore, selective inhibitors of the
NF-jB pathway were considered to be a better anti-inflam-
matory drug [45, 46]. In this study, we showed that TRF sig-
nificantly inhibited TNF-a, IL-4, and IL-8 expression,
which could be resulted from the blocking of NF-jB
expression in LPS-induced THP-1 cells. This finding fur-
ther supports that TRF is a good candidate for preventing
inflammatory diseases.

Recent studies showed that c-tocotrienol, but not c-toco-
pherol, possessed the ability to suppress the activation of
NF-jB by carcinogens, growth factors, and inflammatory
stimuli through inhibition of IKK activation, IjBa phos-
phorylation, IjBa degradation, p65 phosphorylation, and
NF-jB-dependent reporter gene expression [26], these
events consequently downregulated the expression of NF-
jB-dependent gene products involved in cell proliferation,
antiapoptosis, invasion, and angiogenesis. In this study, we
demonstrated that TRF, which contains a-, c-, and d-toco-
trienols, possessed potent activity in inhibiting iNOS,
COX-2, and NF-jB expression in LPS-stimulated THP-1
cells. Its inhibitory effect on LPS-induced NF-jB activity
can be further supported by a lesser NF-jB DNA-binding
activity in the nuclei of TRF-treated cells than untreated
cells. These results confirm that the anti-inflammatory
mechanism of TRF could be through the inhibitory effect
on iNOS and COX-2 production, and NF-jB expression.

Studies have shown that both tocotrienols and tocopher-
ols are metabolized similarly in cells [47]. However, toco-
trienols were found to degrade much faster than tocopher-
ols. Under different food states, it was found that plasma
levels of a-, c-, and d-tocotrienols increase markedly with
food intake [48]. In response to supplementation, O'Byrne
et al. [49] reported that the concentrations of tocotrienols in

the plasma were 0.98, 0.54, and 0.09 lM for a-, c-, and d-
tocotrienol, respectively. In other studies, tocotrienols in
plasma were reported to reach 1 lM in humans [48, 50] and
between 3 and 20 lM in various animal species [51–53].
They were mainly found distributing in adipose tissues,
skin, and heart [54–56]. Based on cell culture and animal
studies, the dosage of tocotrienols for preventing and treat-
ing diseases was suggested to be 50–200 mg/day [57].

In conclusion, we have demonstrated that TRF possesses
potent anti-inflammatory activity as demonstrated by its
inhibitory effects on proinflammatory cytokines formation,
NO generation, PGE2 production, iNOS, COX-2, and NF-
jB expression in LPS-stimulated THP-1 cells. These find-
ings provide the first pharmacological evidence on the anti-
inflammatory property of TRF, and also suggest the poten-
tial use of TRF in the prevention of inflammatory diseases.
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