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A B S T R A C T

Objective: The aim of this study was to examine the effects of delta-tocotrienol (δ-tocotrienol) supplementation
on biochemical markers of hepatocellular injury and steatosis in patients with nonalcoholic fatty liver disease
(NAFLD).
Design: The study design was a two-group, randomized, double-blind, placebo-controlled trial. The patients with
NAFLD were randomly assigned to receive δ-tocotrienol 300 mg twice daily or placebo for 24 weeks.
Endpoints: The primary endpoints were change from baseline in fatty liver index (FLI) and homeostasis model of
insulin resistance (HOMA-IR) after 24 weeks. Secondary endpoints included change from baseline in high
sensitivity C-reactive protein (hs-CRP), malondialdehyde (MDA), alanine transaminase (ALT), aspartate trans-
aminase (AST) and grading of hepatic steatosis on ultrasound. Between-group differences were tested for sig-
nificance using ANCOVA. Mean differences (MD) with 95 % CIs are reported.
Results: A total of 71 patients (tocotrienol=35, placebo=36) were randomized and included in the intention to
treat analysis. Compared with placebo, δ-tocotrienol significantly reduced (MD [95 % CI]) FLI (−8.52 [−10.7,
−6.3]; p< 0.001); HOMA-IR (−0.37 [−0.53, −0.21]; p< 0.001), hs-CRP (−0.61[−0.81, −0.42];
p< 0.001), MDA (−0.91 [−1.20,−0.63]; p<0.001), ALT (−8.86 [−11.5, −6.2]; p< 0.001) and AST (−6.6
[−10.0, −3.08]; p<0.001). Hepatic steatosis was also reduced by a significantly greater extent with toco-
trienol than with placebo (p =0.047). No adverse events were reported.
Conclusion: δ-tocotrienol effectively improved biochemical markers of hepatocellular injury and steatosis in
patients with NAFLD. δ-tocotrienol supplementation might be considered as a therapeutic option in the man-
agement of patients with NAFLD.
Trial Registration: Sri Lankan Clinical Trials Registry (SLCTR/2015/023, 2015-10-03).

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is defined as the presence
of hepatic steatosis, in the absence of competing liver disease aetiolo-
gies that result in fatty liver, such as significant alcohol consumption
(defined as> 30 g/day in men and>20 g/day in women), viral he-
patitis, autoimmune hepatitis, iron overload, drugs or toxins. The
spectrum of NAFLD encompasses two subtypes: nonalcoholic fatty liver
(NAFL) and nonalcoholic steatohepatitis (NASH). NAFL is characterized
by steatosis in at least 5 % of hepatocytes. On the other end of the
spectrum, NASH is characterized, in addition to steatosis, by liver-cell
injury, inflammation, necrosis and possibly fibrosis1 NAFLD is asso-
ciated with increased healthcare costs and resource utilization and

reduced quality of life in the affected individuals.2 The global pre-
valence of NAFLD is estimated at 25.24 %, with the highest rates re-
ported in the Middle East and South America and the lowest in Africa.3

Obesity, insulin resistance, oxidative stress with subsequent lipid
peroxidation and inflammation all contribute to the pathogenesis of the
disease.4 In recent years; circulating microRNAs have drawn attention
as a new class of biomarkers and are thought to regulate the processes
of lipid metabolism, insulin resistance, hepatic steatosis, oxidative
stress and inflammation in NAFLD. Therefore, circulating miRNAs may
be used as markers for assessment of treatment response in NAFLD
patients.5

Despite extensive research in recent years, no specific treatment is
established for NAFLD except lifestyle modifications by diet and
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exercise. However, implementation, long-term adherence and sustain-
ability of a healthy lifestyle is challenging for these patients.6 Therefore,
many recent studies have focused on the efficacy of functional foods, as
a complementary therapy in the management of NAFLD.

Tocotrienol is a naturally occurring subtype of vitamin E. It is re-
cognized as a functional food component with anti-inflammatory and
antioxidant effects and may be a potential agent to complement the
management of NAFLD. It consists of four isomers called alpha (α), beta
(β), gamma (γ) and delta (δ). Structurally, tocotrienol is characterized
by the presence of an unsaturated phytyl side chain. The unsaturated
side chain facilitates more efficient delivery of tocotrienol into the tis-
sues.7 Recent preclinical studies indicated that tocotrienol, especially δ-
tocotrienol, exerted unique antioxidant 8,9 anti-inflammatory, anti-in-
sulin resistance,10,11 anti-obesity, anti-hepatosteatosis 10,12and anti-
hypercholesterolemic13 effects. Such findings provide a rationale for the
translation of these effects to human diseases.

Tocotrienol has generally recognised as safe (GRAS) status. Based on
(1) δ-tocotrienol fed at 60mg/kg body weight in rats showed no toxic
effects14 and (2) the use of body surface area for dose translation from
rat to human (70 kg body weight) 15 the estimated dose of tocotrienol in
humans is ∼680mg/day. Currently, no specific recommended dietary
allowance (RDA) value exists for tocotrienol. However, safety and
pharmacokinetic studies demonstrated that daily intake of 750mg
1000mg and even 3.2 g of tocotrienol were well tolerated by humans
and achieved bioactive levels without any adverse events.16,17

Since there is limited data available on efficacy of δ-tocotrienol
supplementation on markers of hepatocellular injury and steatosis in
NAFLD patients, we conducted this study to examine the effects of δ-
tocotrienol supplementation in NAFLD patients at a dose of 600mg/day
for a 24 weeks' period.

2. Materials and methods

2.1. Study design and setting

This study was a randomized, double-blind, placebo-controlled;
parallel-group trial. Patients were recruited from a referral centre for
ultrasound examination at Armed Forces Institute of Radiology
Rawalpindi during a period between October 2015 and March 2016. All
the relevant laboratory testing was carried out Armed Forces Institute
of Pathology Rawalpindi Pakistan. The study conformed to the
Declaration of Helsinki (2013). The study protocol was approved by the
Ethics Committee of Armed Forces Institute of Pathology and was re-
gistered with the Sri Lankan Clinical Trial Registry (https://slctr.lk/
SLCTR/2015/023).

2.2. Patients

Inclusion criteria were: Men and women aged 20–70 years, ultra-
sound-proven fatty liver, fatty liver index (FLI) of ≥ 6018 and mild to
moderate persistent elevation of alanine transaminase (ALT) and as-
partate transaminase (AST) i.e. not greater than four times the upper
limit of 42 IU/L and 37 IU/L respectively. Exclusion criteria were: viral
hepatitis B and C, alcoholic liver disease, autoimmune hepatitis, he-
mochromatosis, Wilson’s disease, malignancy, cardiovascular, re-
spiratory and kidney disorders, pregnancy or lactation or history of
using hepatotoxic and lipid lowering drugs and herbal or vitamin
supplements. Criteria used for exclusion of alcoholic liver disease was a
history of an average alcohol consumption of> 30 g/day in men
and>20 g/day in women, either currently or for a period of more than
three consecutive months in 2 years prior to screening.1 A written in-
formed consent was obtained from all the patients before inclusion in
the study.

2.3. Data collection

All patients underwent a screening visit with detailed history taking
and clinical examination in order to collect clinical data. Body weight
and height were measured while patients were wearing light clothing
without shoes using the same body scale. BMI was calculated as weight
(kg) divided by the square of height (m). Waist circumference (WC) was
measured at the midpoint between the lowest rib and the iliac crests
while the patient in a standing position with minimal clothing, using a
non-elastic tape. Blood pressure was measured using an automated
sphygmomanometer. Blood samples were taken in order to obtain
biochemical data. Ultrasound abdomen was performed for hepatic
steatosis. After 24 weeks, all variables were re-evaluated.

2.4. Randomisation and intervention

Patients were randomized to receive δ-tocotrienol or placebo
through the simple randomization technique by a person not involved
in the study. Both the patients and investigators were blinded to
treatment allocation. The patients in the tocotrienol group received two
300mg tocotrienol capsules per day (one in the morning with breakfast
and another at night with dinner). The patients in the placebo group
received two 50mg sucrose capsules per day (one in the morning with
breakfast and another at night with dinner). Tocotrienol capsules were
manufactured by American River Nutrition, Inc., Hadley, MA. USA.
Tocotrienol was extracted from annatto bean and each capsule con-
tained 90 % δ-tocotrienol and 10 % γ- tocotrienol. The placebo and
tocotrienol capsules were identical in size, color and consistency to
ensure blinding of the patients.

At the beginning of the trial, all patients were advised regular ex-
ercise like brisk walking, jogging, running etc for at least 30–45min/
day, for at least 5 days/week. In addition all patients were advised
weight reduction by reducing the intake of both carbohydrates and
fats.19 The patients were regularly monitored in terms of their com-
pliance to the study protocol as well as any adverse effects using tele-
phone calls and monthly visits.

2.5. Laboratory analysis

Laboratory tests performed as part of screening included liver
function tests, lipid profile, plasma glucose, urea, creatinine, uric acid
and complete blood counts. For exclusion of viral hepatitis and other
chronic liver disorders; HBsAg, Anti HCV, antinuclear antibody, anti-
mitochondrial antibody, serum ferritin and ceruloplasmin were ana-
lysed. Then about 10mL of venous blood was collected after an over-
night fasting at baseline and at the end of study.

Serum was separated by centrifugation at 4000 rpm for 10min.
Serum was aliquoted and immediately stored at−80 °C until analysis at
the end of the trial.

Serum ALT, AST, gamma-glutamyl transferase (γ-GT), alkalinepho-
sphatase (ALP), total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), trigly-
cerides (TG) and plasma glucose (PG) were measured on ADVIA® 1800
clinical chemistry analyser (Siemens, Tarrytown, NY, USA). Serum in-
sulin (SI) was measured on ADVIA Centaur ® XP (Siemens, Tarrytown,
NY, USA). Serum high-sensitivity C-reactive protein (hs-CRP) was
measured on IMMULITE® 1000 (Siemens, Tarrytown, NY, USA).
Malondialdehyde (MDA) concentration was measured by thiobarbituric
acid reactive substances (TBARS) assay kit (Cayman Chemical, MI,
USA). Tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-6), leptin,
and adiponectin were measured by ELISA kits (Demeditec Diagnostics
GmbH, Germany). Assessment of insulin resistance was made by the
Homeostatic model assessment of insulin resistance (HOMA-IR) calcu-
lated as fasting insulin (mIU/L) x fasting glucose (mmol/L)/22.5.
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2.6. Real-time PCR quantification

Total RNA was extracted using miRNeasy Serum/Plasma Kit
(Qiagen) following the manufacturer’s instructions. During extraction,
Caenorhabditis elegans (C. elegans) miRNA-39−3p (Qiagen) was
spiked into to each sample as normalizer. The quantity and purity of
total RNAs were monitored using a NanoDrop ND-1000 spectro-
photometer (NanoDrop Inc, Wilmington, DE, USA) at a 260/280 ratio
∼2.0. Reverse transcription reaction was applied to create single
stranded cDNA using miRNA cDNA synthesis kit (Applied Biological
Materials Inc. Richmond, BC, Canada). The cDNA was amplified by PCR
using BrightGreen miRNA Mastermix and primers sets (Applied
Biological Materials Inc. Richmond, BC, Canada) and the reactions were
performed in the Rotor-Gene™ Q real-time PCR cycler (Qiagen).

The thermal cycling parameters were following: 95 °C for 10min, 40
cycles of 95 °C for 10 s., 63 °C for 15 s. followed by incubation at 72 °C
for 10 s. Each PCR reaction was performed in duplicate and cycle
threshold (CT) values were determined. The no-template was used as
negative control in each PCR reaction. CT values ≥35 were considered
as negative amplification. Average CT value of each miRNA was nor-
malized against spike-in cel-miR-39−3p. The relative expression levels
of miRNAs in serum were calculated using the 2−ΔΔCT method and
presented as fold change (FC). The expression fold change is considered
as significantly up-regulated when FC is> 2.0 and significantly down-
regulated when FC is<−2.0.20

2.7. Assessment of hepatic steatosis

Hepatic steatosis was assessed by the ultrasonography using the
Toshiba Xario™ 200 (Toshiba Medical Systems Corporation, Tokyo,
Japan) equipped with a 3.0–5.0MHz probe.

Steatosis was scored semi-quantitatively into grades 0–3; 0

(normal), 1 (mild), 2 (moderate) and 3 (severe). Steatosis is graded on
the basis of hepatorenal echodiscrepancy, echopenetration into the
deeper portion of the liver and portal vein wall clarity in accordance
with the methodology described by Saverymuttu et al.21

In addition, steatosis was also assessed by clinical and laboratory
measures including BMI, WC, GGT and TG, from which the FLI18 (scale
0–100, where ≥60 means steatosis) was calculated using online soft-
ware “The Medical Algorithms”.22

2.8. Study endpoints

The primary endpoints were a significant change in FLI and HOMA-
IR from baseline to the end of intervention. Secondary endpoints were
change in hs-CRP, MDA, ALT, AST and grading of hepatic steatosis on
ultrasound. As additional indicators of hepatic injury and steatosis in
NAFLD, we also considered the changes in total, HDL and LDL choles-
terol, IL-6, TNF-α, leptin, adiponectin and circulatory microRNAs from
baseline to the end of the study.

2.9. Statistical analysis

Since this trial was planned and designed as a pilot study, sample
size calculation was not done at initiation; however, we planned to
enrol at least 35 patients in each group in accordance with the re-
commendations for pilot trial sample size justification.23,24

Analysis was done by intention to treat (ITT) with all participants
who received a single dose of study drug included. SPSS 21 for
Windows (IBM Corp. Armonk, NY, USA) was used for data analysis.
Normality of data distribution was checked with the Kolmogorov-
Smirnov test. The descriptive statistics (mean ± SD; median/inter-
quartile range) are presented for continuous variables. Categorical
variables are presented as frequency (percentage). Mean changes from

Fig. 1. CONSORT flow chart.
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baseline ± SD are reported for within group changes, and estimated
effect size (mean difference=MD) with 95 % confidence interval (CI)
is reported for between-group differences. Within-group differences
were tested for significance using paired t-test. Between-group differ-
ences were tested using ANCOVA with treatment as fixed factor and
baseline measurement of dependent variable as covariate and end value

as outcome. miRNA data was analysed by Mann-Whitney U test while
changes in steatosis grade were compared using Chi-square test.
Differences with p values< 0.05 were considered significant.

3. Results

3.1. Baseline patients’ characteristics

A total of 109 patients were screened for enrolment, of which 38
patients were excluded for various reasons. A total of 71 patients were
randomised to receive δ-tocotrienol (n= 35) or placebo (n=36). Of
these, 62 (87.3 %) patients (tocotrienol= 30, placebo= 32) completed
the study (Fig. 1). Eventually, data analysis was performed on 71 pa-
tients using intention to treat (ITT) analysis. Baseline characteristics are
shown in Table 1. The patients in both the groups were comparable at
baseline with regard to demographic, anthropometric and biochemical
characteristics. Preliminary data from the first phase of 12 weeks of this
study has already been published.25

3.2. Primary endpoints

Primary endpoints are shown in Table 2. Tocotrienol group ex-
perienced a significant decrease in FLI (−12.82 ± 7.0 [p < 0.001]
and HOMA-IR (−0.52±0.34 [p < 0.001] compared to baseline va-
lues. The placebo group also revealed a significant decrease in FLI
(−3.86± 2.70 [p < 0.001]) and HOMA-IR (−0.13±0.37 [p=
0.039]) (Table 2). However, the decrease was more in the tocotrienol
group vs. placebo in FLI (−12.82 vs.− 3.86, respectively) and HOMA-
IR (−0.52 vs.− 0.13, respectively).

On between-group comparison using an ANCOVA, the tocotrienol
group demonstrated a statistically significant reduction in FLI (−8.52
[95 % CI: −10.7, −6.3]; p < 0.001) and HOMA-IR (−0.37 [95 % CI:
−0.53, −0.21]; p < 0.001) compared to the placebo. The individual
components of FLI (Weight, BMI, WC, GGT and TG) and HOMA-IR (FPG
and FSI) also revealed a significant decrease in the tocotrienol group
compared with the placebo group (all p’s ≤ 0.001) (Table 2).

3.3. Secondary endpoints

Secondary endpoints are shown in Table 3. Tocotrienol supple-
mentation resulted in a statistically significant reduction in the in-
flammatory markers hs-CRP (−0.6 [95 % CI: −0.81, −0.42];
p < 0.001), IL-6 (−1.89 [95 % CI: −2.85, −0.92]; p < 0.001) and
TNF-α (−1.90 [95 % CI: −3.0, −0.75]; p= 0.001) compared with the
placebo. Tocotrienol supplementation also demonstrated a significant
reduction in the oxidative stress biomarker, MDA (−0.91 [95 % CI:

Table 1
Baseline characteristics of the patients in each group.

Parameter Tocotrienol (n= 35) Placebo (n= 36) ap-value

Sex n (%)
Female 16 (45.7)b 21 (58.3) 0.287
Male 19 (54.3) 15 (41.7)
Age (years) 44.94 ± 8.50c 43.91 ± 8.40 0.611
Height (m) 1.69 ± 0.065 1.67 ± 0.068 0.240
Weight (kg) 87.77 ± 10.12 88.66 ± 9.83 0.707
BMI (kg/m2) 30.65 ± 2.5 31.68 ± 2.25 0.106
WC (cm) 100.4 ± 3.2 100.4 ± 3.3 0.953
GGT (IU/L) 51.11 ± 8.63 49.0 ± 9.35 0.326
TG (mmol/L) 2.47 ± 0.49 2.43 ± 0.45 0.753
FLI 84.02 ± 7.03 85.30 ± 7.33 0.457
FPG (mmol/L) 5.74 ± 0.47 5.7 ± 0.47 0.731
FSI (mIU/L) 13.47 ± 3.77 13.08 ± 3.7 0.661
HOMA-IR 3.43 ± 0.94 3.34 ± 0.99 0.691
hs-CRP (mg/L) 4.38 ± 1.46 4.44 ± 1.50 0.751
IL-6 (pg /mL) 14.23 ± 3.93 14.39 ± 3.76 0.866
TNF-α (pg /mL) 15.53 ± 5.21 14.92 ± 5.80 0.643
MDA (μmol/L) 6.47 ± 1.46 6.35 ± 1.39 0.721
ALT (IU/L) 81.14 ± 17.24 82.22 ± 17.01 0.791
AST (IU/L) 60.94 ± 10.48 60.11 ± 10.47 0.739
ALP (IU/L) 85.63 ± 14.49 87.47 ± 12.91 0.573
TC (mmol/L) 4.75 ± 0.75 4.69 ± 0.72 0.735
HDL -c (mmol/L) 1.0 ± 0.19 1.01 ± 0.15 0.957
LDL-c (mmol/L) 2.90 ± 0.25 2.94 ± 0.30 0.514
Leptin (ng/mL) 29.68 ± 10.22 32.33 ± 8.98 0.250
AdpN (ug/mL) 9.98 ± 3.43 9.72 ± 3.19 0.743
miR-122−5p (ΔCt) 1.02 ± 1.05 1.16 ± 1.24 0.635
miR-34a-5p (ΔCt) 1.65 ± 1.21 1.41 ± 1.22 0.416
miR-375−3p (ΔCt) 1.30 ± 1.71 1.19 ± 1.41 0.737

Abbreviations: BMI body mass index; WC waist circumference; GGT gamma-
glutamyl transferase; TG triglycerides; FLI fatty liver index; FPG fasting plasma
glucose; FSI fasting serum insulinHOMA-IR Homeostatic Model Assessment of
Insulin Resistance; hs-CRP high-sensitive C-reactive protein; MDA mal-
ondialdehyde; ALT alanine aminotransferase; AST aspartate aminotransferase;
ALP alkaline phosphatase; TC total cholesterol; HDL-c high density lipoprotein-
cholesterol, LDL-c low density lipoprotein-cholesterol; IL-6 interleukin-6; TNF-
α tumour necrosis factor alpha; AdpN Adiponectin; miR microRNA; Ct cycle
threshold.

a Between groups by independent t-test or chi-square test as appropriate.
b Values are frequency with percentage.
c Values are mean± standard deviation (SD).

Table 2
Within-group and between-group changes in primary endpoints at week 24.

Parameter Change from baseline to 24 weeks aMean difference (95% CI) bp-value

Tocotrienol (n= 35) Placebo (n=36)

Weight (kg) −6.77 ± 3.02c −2.05 ± 1.24 −4.71 (−5.81,−3.61) <0.001
BMI (kg/m2) − 2.38 ± 1.07 −0.73 ± 0.42 −1.65 (−2.05,−1.25) <0.001
WC (cm) −2.90 ± 1.84 −1.15 ± 1.16 −1.75 (−2.42,−1.08) <0.001
GGT (IU/L) −8.91 ± 5.50 −3.58 ± 3.45 −5.1 (−7.26, −2.95) <0.001
TG (mmol/L) −0.33 ± 0.17 −0.13 ± 0.25 −0.20 (−0.30,−0.10) 0.001
FLI −12.82 ± 7.0 −3.86 ± 2.70 −8.52 (−10.7, −6.3) <0.001
FPG (mmol/L) −0.39 ± 0.30 −0.10 ± 0.28 −0.28 (−0.40,−0.15) 0.001
FSI (mIU/L) −1.31 ± 1.10 −0.31 ± 1.31 −0.94 (−1.5, −0.41) 0.001
HOMA-IR −0.52 ± 0.34 −0.13 ± 0.37 −0.37 (−0.53,−0.21) <0.001

Abbreviations: BMI: body mass index; WC: waist circumference; GGT: gamma-glutamyl transferase; TG: triglycerides; FLI: fatty liver index; FPG: fasting plasma
glucose; FSI fasting serum insulin; HOMA-IR: Homeostatic Model Assessment of Insulin Resistance.

a Tocotrienol minus placebo group.
b Between-groups by analysis of covariance adjusted for baseline.
c Values are mean± standard deviation (SD) change.
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−1.20, −0.63]; p < 0.001). Moreover, tocotrienol significantly de-
creased the liver enzymes ALT (−8.86 [95 % CI: −11.5, −6.2];
p < 0.001) and AST (−6.6 [−10.0, −3.08]; p < 0.001) compared
with the placebo.

Tocotrienol supplementation had a significant lowering effect on
lipid profiles by the decreasing TC (p= 0.017) and TG (p= 0.001).
Moreover, tocotrienol consumption significantly increased HDL-C
(p=0.018) compared with the placebo. In addition, tocotrienol sup-
plementation demonstrated a statistically significant impact on markers
of hepatic steatosis by decreasing leptin (−4.95 [95 % CI: −6.79,
−3.11]; p < 0.001) and increasing the concentration of adiponectin
(4.23 [95 % CI: 3.0, 5.38]; p < 0.001 compared with the placebo.

We analysed a total of 3 miRNAs (miR-122−5p, miR-34a-5p and
miR-375−3p) in both groups (Table 4). The baseline expressions (ΔCt
values) of these microRNAs were comparable between the two groups
(Table 1). The post-treatment analysis showed a significant down-reg-
ulation of all the miRNAs in the tocotrienol group compared to the
placebo group (p=0.001).

Changes in the grades of hepatic steatosis are summarized in
Table 5. The number of patients with improvement in the grade of
steatosis was significantly greater in the tocotrienol group than the
placebo group (p=0.047).

3.4. Safety

The treatment was well tolerated and no adverse events were re-
ported.

4. Discussion

In this study, we assessed the effects of δ-tocotrienol supplementa-
tion on biochemical markers of hepatocellular injury and steatosis in
patients with NAFLD. Our results showed that consumption of 600mg
per day of δ-tocotrienol is superior to placebo in ameliorating bio-
chemical markers of hepatocellular injury and steatosis in patients with
NAFLD. In this study, we advised both groups to consume a low-fat diet
and perform regular physical activity, and both groups followed the
recommendations. Therefore, anthropometric and certain biochemical
parameters showed a significant improvement in the placebo group as
well. 19 However, the improvement was more pronounced in the to-
cotrienol group compared to the placebo, which resulted in a statisti-
cally significant difference between the two groups at the end of 24
week study period.

In the present study, δ-tocotrienol supplementation resulted in a
significantly greater reduction in anthropometric measurements com-
pared with the placebo. This finding is consistent with previously
published studies where tocotrienol was reported to reduce body
weight, particularly fat mass in obese animals.10,26,27The mechanism
underlying anti-obesity effects of tocotrienols include inhibition of
adipogenesis by upregulating the lipid metabolizing enzymes (e.g.
peroxisome proliferator-activated receptor alpha/delta (PPAR α/δ))
and at the same time, downregulating fatty acid biosynthesis enzymes
(e.g. 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR)). Other me-
chanisms underlying the weight-reducing effect of tocotrienols may
include modulation of fat cell adipogenesis, modulation of energy
sensing, and induction of apoptosis in pre-adipocytes.28,29,30

In the present study, the δ-tocotrienol supplementation significantly
improved lipid profile and liver functions (ALT, AST, and γ-GT) com-
pared with placebo This finding is consistent with the observation in
animal studies, where palm tocotrienol-rich fraction (TRF), 27 toco-
trienol enriched palm olein10 and annatto-derived tocotrienols (90 % δ-
and 10 % γ-tocotrienol) 12 have been shown to significantly reduced
ALT, AST, TG and fatty acid levels in high fat diet-fed rodents. In

Table 3
Within-group and between-group changes in secondary endpoints at week 24.

Parameter Change from baseline to 24 weeks aMean difference (95% CI) bp-value

Tocotrienol (n= 35) Placebo (n= 36)

hs-CRP (mg/L) −0.91 ± 0.53c −0.31 ± 0.39 −0.61 (−0.81,−0.42) <0.001
IL-6 (pg /mL) −3.42 ± 2.22 −1.56 ± 1.97 −1.89 (−2.85,−0.92) <0.001
TNF-α (pg /mL) −3.26 ± 3.64 −1.15 ± 2.29 −1.90 (−3.0, −0.75) 0.001
MDA (μmol/L) −1.2 ± 0.81 −0.28 ± 0.46 −0.91 (−1.20,−0.63) <0.001
ALT (IU/L) −14.71 ± 7.29 −5.97 ± 4.04 −8.86 (−11.5, −6.2) <0.001
AST (IU/L) −12.54 ± 10.05 −5.80 ± 3.91 −6.6 (−10.0, −3.08) <0.001
ALP (IU/L) −6.85 ± 6.90 −5.33 ± 6.13 −1.8 (−4.7, 1.17) 0.231
TC (mmol/L) −0.31 ± 0.31 −0.10 ± 0.38 −0.19 (−0.34,−0.03) 0.017
HDL-c(mmol/L) 0.024 ± 0.056 −0.002 ± 0.04 0.027 (0.005, 0.049) 0.018
LDL-c (mmol/L) −0.10 ± 0.19 −0.05 ± 0.18 −0.07 (−0.15, 0.02) 0.140
Leptin (ng/mL) −5.37 ± 5.0 −0.94 ± 3.36 −4.95 (−6.79,−3.11) <0.001
AdpN (μg/mL 4.42 ± 2.68 0.25 ± 2.32 4.23 (3.0, 5.38) <0.001
miR-122−5p (ΔΔCt) 1.00 ± 0.92 0.17 ± 0.42 0.83 (0.48, 1.08) 0.001
miR-34a-5p (ΔΔCt) 1.39 ± 0.81 −0.20 ± 0.89 1.55 (1.15, 1.94) 0.001
miR-375−3p (ΔΔCt) 0.91 ± 0.61 0.14 ± 0.56 0.78 (0.51, 1.05) 0.001

Abbreviations: hs-CRP: high-sensitive C-reactive protein; MDA: malondialdehyde; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline
phosphatase; TC: total cholesterol; HDL-c: high density lipoprotein-cholesterol, LDL-c: low density lipoprotein-cholesterol; IL-6: interleukin-6; TNF-α: tumour ne-
crosis factor alpha; AdpN: Adiponectin; miR: microRNA; Ct: cycle threshold.

a Tocotrienol minus placebo group.
b Between-groups by analysis of covariance adjusted for baseline.
c Values are mean± standard deviation (SD) change.

Table 4
Fold changes in microRNA expression after the 24 weeks of intervention.

micro-RNA Tocotrienol (n= 35) Placebo (n= 36) ap-value

Fold change (FC)
Median (IQR)

–1/FC Fold change (FC)
Median (IQR)

–1/FC

miR-122−5p 0.46 (0.34, 0.81) –2.19 0.94 (0.76, 1.04) –1.06 0.001
miR-34a-5p 0.35 (0.25, 0.53) –2.85 0.99 (0.76, 1.33) –1.00 0.001
miR-375−3p 0.46 (0.30, 0.71) –2.19 0.93 (0.76, 1.13) –1.07 0.001

Abbreviations: miR: microRNA; FC: Fold change. IQR: Inter-quartile range.
The FC < 1 implies that there was a reduction in the expression due to in-
tervention. Taking negative inverse of FC provides with fold change reduction
in expression.

a Based on Mann-Whitney U test between groups.
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addition, a recent clinical trial demonstrated that tocotrienol mixture
supplementation (60mg for each δ- and γ-tocotrienol) for eight weeks
effectively reduced TG and chylomicron levels in hypercholesterolemic
patients.13

In the present study, δ-tocotrienol supplementation resulted in a
significant improvement in markers of hepatic steatosis (FLI, leptin and
adiponectin). FLI is a surrogate biomarker of hepatic steatosis derived
from BMI, WC, TG, and γ-GT. It has been proven accurate in detecting
steatosis against liver ultrasound.18 The reduction in FLI in the present
study is accounted for by a decrease in all components of FLI by δ-
tocotrienol supplementation. Serum leptin and adiponectin are im-
plicated in modulating insulin sensitivity and development of hepatic
steatosis in patients with NAFLD.31 In our study, the mean serum leptin
levels were higher than normal at baseline and δ-tocotrienol sig-
nificantly reduced its post-treatment levels. This finding is similar to a
previous study where δ-tocotrienol supplementation to high-fat diet-fed
mice significantly reduced serum leptin levels.12 Plasma adiponectin
levels correlate positively with insulin sensitivity and negatively with
the severity of hepatic steatosis. In our study, δ-tocotrienol significantly
increased serum adiponectin levels compared with the placebo. This
finding is consistent with a previous study where supplementation with
γ-tocotrienol resulted in the restoration of adiponectin level in differ-
entiated adipocytes.32

The present study also demonstrated a significant improvement in
ultrasound-proven hepatic steatosis. This finding is similar to a previous
human study where a mixed tocotrienol supplementation to hyperch-
olesterolemic NAFLD patients for one year effectively improved ultra-
sound-proven hepatic steatosis.33

Regarding mechanism of action of tocotrienols against hepatic
steatosis, both γ- and δ-tocotrienol downregulate the expression of
genes involved in lipid homeostasis, such as diacylglycerol acyl-
transferase 2 (DGAT2), apolipoprotein B 100, and HMGCR resulting in
suppression of TG, cholesterol, and very low density lipoprotein (VLDL)
biosynthesis. They also enhanced LDL efflux through induction of LDL
receptor expression.13 γ-tocotrienol was shown to decrease TG level in
liver cells by decreasing the expression of fatty acid synthase; and in-
creasing the expression of carnitine palmitoyl transferase 1A.28

Our study demonstrated that δ-tocotrienol effectively improved
descriptors of glycemic control and insulin resistance in NAFLD pa-
tients. These results are also consistent with past research where TRF 27

and δ-tocotrienol-enriched palm olein 10 normalized FBG level and
postprandial glucose utilization in rats fed on high fat diet. Similarly,
grape seed oil (with high content of tocotrienols) supplementation to
obese women resulted in reduced FPG, FSI, and insulin resistance
(HOMA-IR.34 Mechanistically, tocotrienols up-regulate PPAR-γ. PPAR-γ
activation induces genes involved in insulin signalling pathway,
thereby improving insulin sensitivity.35

In the present study, the δ-tocotrienol supplementation resulted in a
significant reduction in inflammatory markers (hs-CRP, TNF-α, and IL-
6) compared with the placebo. These results are also in agreement with
earlier reports demonstrating the anti-inflammatory effects of

tocotrienols.12,36,37 Mechanistically the anti-inflammatory effects of
tocotrienol are mediated through inhibition of nuclear factor kappa B
(NF-kB) with subsequent suppression of the NF-kB–dependent induc-
tion of pro-inflammatory cytokine genes 29,30

In the present study, δ-tocotrienol supplementation significantly
reduced MDA, a marker of oxidative tissue damage. This finding is also
in agreement with findings of earlier studies where tocotrienol was
found to reduce oxidative damage as indicated by a reduction in serum
MDA and restoration of antioxidant capacity.29,38

In the present study, δ-tocotrienol supplementation resulted in a
significant reduction in expression of the selected microRNAs (miR-
122−5p, miR-34a-5p and miR-375−3p) compared with the placebo.
Previous studies have reported that these miRNAs are involved in
regulation of lipid metabolism, insulin resistance, oxidative stress and
inflammation and they are up-regulated in patients with NAFLD com-
pared to healthy controls.5 The previous literature relating changes in
microRNA expression to improvements in hepatic functions as a result
of tocotrienol supplementation is sparse. Thus, reduction in microRNA
expression in the present study could be part of the mechanisms un-
derlying the hepato-protective effects of tocotrienol.

However, as the research area is new and presently not completely
covered, these preliminary observations warrant further investigations
to integrate δ-tocotrienol-induced micro-RNA alterations with sub-
sequent target gene and protein expressions.

4.1. Study limitations

Some limitations exist in our study. Firstly, the non-invasive eva-
luation of liver fat content should rely on magnetic resonance imagi-
ng–estimated proton density fat fraction (MRI-PDFF) which was not
carried out in the present study because of non-availability of this
technique in our medical institutes. Secondly, as it was a single centre
study with a small sample size, the generalizability of findings may be
limited.

5. Conclusion

In conclusion, the present study demonstrated that δ-tocotrienol
supplementation for 24 weeks effectively improved biochemical mar-
kers of hepatocellular injury and steatosis in patients with NAFLD.
Therefore, δ-tocotrienol might be considered as a therapeutic option in
the management of patients with NAFLD. However, multi centric
clinical trials are recommended to validate the results of present study
and to elucidate the pathways and molecular mechanisms of δ-toco-
trienol actions in patients with NAFLD.
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Table 5
Changes in grades of hepatic steatosis in both groups after 24 weeks of intervention.

Group Grade Baseline N (%) 24 week N (%) aChanges, n bp-value

Tocotrienol (n= 35) Normal 0 (0) 4 (11.4) Without change: 24 0.047
Grade 1 (mild) 17 (48.6) 19 (54.3) 1 degree reduction: 10
Grade 2 (moderate) 14 (40.0) 10 (28.6) 2 degree reduction: 1
Grade 3 (severe) 4 (11.4) 2 (5.7)

Placebo (n= 36) Normal 0 (0) 1 (2.8) Without change: 32
Grade 1 (mild) 20 (55.6) 22 (61.1) 1 degree reduction: 4
Grade 2 (moderate) 11 (30.5) 8 (22.2) 2 degree reduction: 0
Grade 3 (severe) 5 (13.9) 5 (13.9)

a Changes in the grades of fatty liver after 24 weeks of the study.
b Based on chi-square test.
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