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Introduction

Sesamin, one of the major lignans in sesame seed and 
oil, has been identified as a natural inhibitor of Δ5-
desaturase, which catalyzes the conversion of dihomo-γ-
linolenic acid to arachidonic acid in both microorganisms 
and animals (1, 2). Sesamin is epimerized during the re-
fining process of non-roasted sesame seed oil to form 
episesamin (Fig. 1) (3). Therefore, non-roasted sesame 
seed oil contains both sesamin and episesamin at a ratio 
of about 1:1. The sesamin isomers (a mixture of sesamin 
and episesamin) have been tested extensively for physi-
ological activity in animals and humans by many inves-
tigators. Studies have demonstrated that the sesamin 
isomers have physiological effects, acting as an antioxi-
dant (4), anti-carcinogen (5), and anti-hypertensive 

(6 – 11) and in reducing serum lipid (12 – 15). Yamashita 
et al. also indicated that the sesamin isomers enhanced 
the plasma levels of α- and γ-tocopherol in rats (16, 17). 
Furthermore, our previous microarray analysis showed 
that the sesamin isomers induced fatty acid oxidation and 
alcohol-metabolizing enzymes and decreased fatty acid 
synthesis enzymes in rat liver (18). Meanwhile, several 
studies have shown that sesamin alone exerts antihyper-
tensive and neuroprotective effects (19 – 21). Ide et al. 
demonstrated that sesamin alone stimulated hepatic fatty 
acid oxidation by affecting the gene expression of vari-
ous proteins regulating hepatic fatty acid metabolism in 
the rat liver using a microarray (22, 23).

Sesamin is known to exhibit antioxidative activities in 
the living body (3), although it has no antioxidative 
 activity in vitro (24). When orally administered, sesamin 
is metabolized sequentially by cytochrome P-450 and 
catechol-O-methyltransferase (COMT) (25). Sesamin is 
initially metabolized by P-450 to SC-1 {2-(3,4-methyl-
enedioxy-phenyl)-6-(3,4-dihydroxyphenyl)-3,7-dioxabi-
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cyclo-[3.3.0]octane}, which is then metabolized to SC-2 
{2,6-(3,4-dihydroxyphenyl)-3,7-dioxabicyclo-[3,3,0]
octane} (Fig. 1). SC-1 and SC-2 are further metabolized 
by COMT to O-methylated metabolites (SC-1m and SC-
2m). Catechol metabolites from sesamin were found to 
exert strong antioxidative activity on the liver (25), sug-
gesting a beneficial physiological role for ingested sesa-
min in the body (16, 26).

Hypercholesterolemia is a major risk factor for cardio-
vascular disease. Research on natural substances that 
affect cholesterol metabolism for the prevention of hy-
percholesterolemic atherosclerosis has therapeutic im-
portance. In particular, the investigation of dietary com-
ponents that can be added to foods to lower or regulate 
cholesterol levels is of special interest. In a previous 
study, it was reported that the sesamin isomers reduced 
the blood cholesterol level in rats fed a cholesterol-en-
riched diet owing to increased fecal excretion of choles-
terol and inhibition of the activity of liver microsomal 
3-hydroxy-3-methyl-glutaryl CoA reductase (12). Total 
cholesterol (T-CHO), low-density-lipoprotein cholesterol 
(LDL-C), and apolipoprotein (Apo) B were significantly 
lower in the sesamin isomers– and α-tocopherol–treated 
hypercholesterolemic patients (14). In addition, co- 
ingestion of the sesamin isomers and α-tocopherol syn-
ergistically reduced the concentration of blood cholesterol 
in rats given a high-cholesterol diet (15). However, the 
mechanism of cholesterol-lowering activity remains 
unclear.

In this study, we used not sesamin isomers but instead 
sesamin as a test substance to more easily understand this 
cholesterol-lowering mechanism. Then, we analyzed 
gene expression in rat liver to elucidate the cholesterol-
lowering mechanism underlying the effects of co-inges-
tion of sesamin and α-tocopherol.

Materials and Methods

Materials
Sesamin was purified from a sesame lignan fraction 

that was prepared from refined sesame oil by high-per-
formance liquid chromatography (HPLC) as described 
previously (25). The purity of sesamin exceeded 96.0%. 
DL-α-tocopherol acetate was purchased from Nacalai 
Tesque Co., Kyoto. All other reagents used were of ana-
lytical grade.

Animals and diets
Male Sprague-Dawley rats, aged 5 weeks, were pur-

chased from CLEA Japan, Inc. (Tokyo) and maintained 
on a control diet (Table 1) for 6 days before starting the 
experiment. Three rats were housed in one cage in an 

Sesamin SC-1 SC-2

SC-1m SC-2mEpisesamin

P-450

COMT

P-450

COMT
Fig. 1. Chemical structures of sesamin 
and its derivatives. Sesamin is sequentially 
metabolized by P-450 to SC-1 and SC-2, 
which are then metabolized by COMT to 
SC-1m and SC-2m, respectively. P-450, 
cytochrome P450; COMT, catechol-O-
methyltransferase. Sesamin and episesa-
min are the S and R epimers at the C2 po-
sition, respectively.

Table 1. Compositions of diets

C HC

Ingredients Control High-Cholesterol

g/kg diet

Casein 200 200

Beef tallow 100 100

Granular sugar 580 567.5

Cellulose 40 40

Cholesterol – 10

Cholic acid – 2.5

Vitamin mix1 10 10

Mineral mix2 70 70
1Vitamin mixture for Basic-Purified Diet designed by CLEA Japan, 
Inc. 2Mineral mixture for Basic-Purified Diet designed by CLEA 
 Japan, Inc.
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animal laboratory under controlled ambient conditions: 
temperature, 23.0 ± 2°C; humidity, 55 ± 10%; and a 12-h 
light/dark cycle (7:00 – 19:00 and 19:00 – 7:00). Six 
days after acclimation, rats were divided into the follow-
ing five groups by body weight. One group (C group, 
n = 6) received a control diet as a control group, while 
the other 4 test groups were fed high-cholesterol (1.0%) 
powdered diets. Furthermore, rats in the 4 test groups 
were fed a 1.0% α-tocopherol diet (V group, n = 6), 0.2% 
sesamin diet (S group, n = 6), 0.2% sesamin + 1.0% 
α-tocopherol diet (SV group, n = 6), or a diet without 
these supplements (HC group, n = 6). Control and high-
cholesterol diets were modified by employing Basic-
Purified Diet designed by CLEA Japan, Inc. The compo-
sition of these diets is shown in Table 1. Sesamin and/or 
α-tocopherol were subsequently added to the high-cho-
lesterol diet to prepare experimental diets. Rats were fed 
a powdered experimental diet ad libitum and allowed 
free access to tap water for 10 days. Body weight (days 
1, 3, 7, and 10) and food consumption (days 1, 3, 7, and 
10) were recorded. Experimental protocols were  approved 
by the Animal Care and Use Committee of  Suntory 
Holdings, Ltd., and we followed the Guidelines for Ani-
mal Care and Use of Suntory Holdings, Ltd.

Biochemical profiles in plasma and liver
For all groups on days 0, 1, 3, and 7 after initiation of 

the experimental diets, blood was drawn from the tail 
vein. At day 10, the rats were anesthetized and killed. 
Blood samples were withdrawn from the abdominal 
aorta. Livers were excised and stored in RNAlater 
 (Ambion, Inc., Foster City, CA, USA) until quantitative 
real-time PCR analyses. Plasma T-CHO and LDL-C 
were measured enzymatically using an automatic bio-
chemical analyzer (Model 7180; Hitachi Ltd., Tokyo).

Quantitative real-time polymerase chain reaction (QRT-
PCR)

To determine gene expression, differences in the liver 
between the control and test groups, total hepatic RNA 
was extracted from the liver using Isogen (Nippon Gene 
Co., Ltd., Toyama) and purified with an RNeasy mini kit 
(Qiagen GmbH, Hilden, Germany). Total RNA (2.0 μg) 
was reverse-transcribed with random primers using 
High-Capacity cDNA Reverse Transcription Kits 
 (Applied Biosystems, Foster City, CA, USA) according 
to the recommendations of the manufacturer. To quantify 
gene expression, cDNA was amplified for various gene 
targets by QRT-PCR using the ABI PRISM 7900 Se-
quence Detection System (Applied Biosystems). All 
primers and probes used were purchased as TaqMan 
Gene Expression Assays: ATP-binding cassette, sub-
family G (WHITE), member 5 (ABCG5, Rn00587092_

m1), ATP-binding cassette, sub-family G (WHITE), 
member 8 (ABCG8, Rn00590367_m1), ATP-binding 
cassette, sub-family A (ABC1), member 1 (ABCA1, 
Rn00710172_m1), ATP-binding cassette, sub-family G 
(WHITE), member 1 (ABCG1, Rn00585262_m1), ATP-
binding cassette, sub-family B (MDR/TAP), member 4 
(ABCB4, Rn00562185_m1), ATP-binding cassette, sub-
family B (MDR/TAP), member 11 (ABCB11, Rn00582
179_m1), hepatocyte nuclear factor 4α (HNF4α, Rn0057
3309_m1), liver receptor homolog 1 (LRH1, Rn005726
49_m1), liver X receptor α (LXRα, Rn00581185_m1), 
ApoA4 (Rn00562482_m1), low-density-lipoprotein re-
ceptor (LDLR, Rn00598442_m1), ApoB (Rn01499050_
g1), 3-hydroxy-3-methylglutaryl-coenzyme A reductase 
(HMGCR, Rn00565598_m1), sterol regulatory element 
binding transcription factor 2 (SREBF2, Rn01502638_
m1), SREBF chaperone (SCAP, Rn01446560_m1), insu-
lin induced gene 1 (INSIG1, Rn00574380_m1), insulin 
induced gene 2 (INSIG2, Rn00710111_m1), CYP3A2 
(Rn00756461_m1), CYP4F2 (Rn00571492_m1), and 
α-tocopherol transfer protein (α-TTP, Rn00564885_m1) 
(Applied Biosystems). The PCR results were analyzed 
with ABI SDS software (Applied Biosystems). The rela-
tive expression levels of the genes in each sample were 
determined by the Comparative Ct Method. Expression 
assays for each gene were normalized to 18SrRNA 
(Hs99999901_s1) and expressed as fold change relative 
to that of the control group.

Measurement of concentrations of α- and γ-tocopherol, 
sesamin, and sesamin metabolites

The measurement of concentrations of α- and γ-to-
copherol in serum and liver samples was carried out by 
Mitsubishi Chemical Medience Co., Ltd., Tokyo. Sesa-
min and sesamin metabolites were extracted from plasma 
samples using Oasis HLB cartridges (Waters Corp., 
Milford, MA, USA) and injected into an ultra  performance 
liquid chromatography-MS/MS system  (ACQUITY 
UPLC system, Waters Corp. and Quattro Micro; Waters/
Micromass, Manchester, UK). Detection of ions was 
performed in the multiple reaction monitoring mode, 
monitoring the transition (m/z) of the precursor ion to the 
product ion as follows: SC-2, 329.3 to 137.1; SC-2m, 
343.3 to 151.2; SC-1, 341.2 to 176.2 in negative ion 
mode; SC-1m, 374.2 to 233.2; sesamin, 372.2 to 233.2; 
and internal standard, 369.2 to 298.2 in positive ion 
mode.

Statistical analyses
All values are expressed as the mean ± S.E.M. Differ-

ences in the measurements were analyzed using SPSS 
11.5.1 J for Windows (SPSS Japan Inc., Tokyo). Data 
were analyzed with one-way ANOVA to establish 
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whether the effects were significant. When one-way 
ANOVA revealed P < 0.05, the data were further ana-
lyzed using Tukey’s multiple comparison test. Differ-
ences were considered statistically significant at 
P < 0.05.

Results

Biochemical profiles in plasma
No significant differences in food intake (23.0 – 24.9 

g/day) or growth (89.3 – 94.5 g/10 days) were seen 
among the groups. Liver weights were significantly 
higher in rats given diets containing cholesterol than in 
animals fed a cholesterol-free diet. As shown in Fig. 2A, 
the blood T-CHO level in HC group, V group, or S group 
began to rise from day 3 and peaked at day 7; and high 
T-CHO levels in comparison with that of the C group 
were maintained until day 10. No significant difference 
was noted in the blood T-CHO level among these three 
groups. On the other hand, the blood T-CHO level in the 
SV group was maintained at a low level until day 3, and 
began to rise from day 7, reaching a steady state at day 
10. The blood T-CHO level was significantly lower in 
the SV group than in the HC, V, and S groups. The blood 
LDL-C level showed similar time course responses to the 
T-CHO variation profile in all groups (Fig. 2B). Thus, 
the reduction in the serum cholesterol level in the SV 
group was due to the marked reduction in LDL-C.

Gene expression involved in hepatic cholesterol excre-
tion

Since the blood T-CHO level was significantly low-
ered in rats fed the sesamin and α-tocopherol diet, we 
examined changes in the abundance of gene transcripts 
involved in hepatic cholesterol excretion (Fig. 3). We 
used six TaqMan gene expression assays related to cho-
lesterol efflux transport, including ABCG5, ABCG8, 
ABCA1, ABCG1, ABCB4, and ABCB11, for QRT-PCR. 

All groups on diets containing cholesterol exhibited 
significantly increased gene expressions of ABCG5 and 
ABCG8 relative to those of the group on the control diet. 
In addition, ABCG5 and ABCG8 were distinctly up-
regulated in the SV group compared with those in the 
HC, V, and S groups combined (Fig. 3A). The gene ex-
pressions of ABCA1, ABCG1, ABCB4, and ABCB11 
were also increased in the rats fed the diets containing 
cholesterol. ABCA1 gene expression was decreased in 
the SV group compared with that in the HC group. The 
gene expression of ABCG1 was also decreased in the SV 
group relative to that in the HC group. No differences 
were seen among the other groups in the gene expres-
sions of ABCA1 and ABCG1. ABCB4 and ABCB11 
gene expressions showed no differences among the HC, 
V, S, and SV groups (Fig. 3B). Furthermore, we analyzed 
the gene expression of nuclear receptors that regulate 
ABCG5 and ABCG8, including HNF4α, LRH1, and 
LXRα. However, no significant changes were observed 
among all groups in terms of these three gene expressions 
(Fig. 3C).

Gene expression involved in hepatic cholesterol circul-
ation

To characterize the effects of sesamin and α-tocopherol 
on the cholesterol circulation in rats fed the diet contain-
ing cholesterol, the gene expressions were analyzed using 
the following TaqMan gene expression assays: ApoA4, 
LDLR, and ApoB (Fig. 4). The ApoA4 gene was down-
regulated in the SV group compared with that in the HC 
group, while the C, HC, and S groups showed the same 
level of this gene expression. The decrease in expression 
level tended to be greater in the SV group than in the V 
group. The gene expression of LDLR in the SV group 
was lower than that in the C group, but the rats in the HC, 
V, S, and SV groups exhibited the same expression level 
of this gene. No differences were observed in the ApoB 
gene expression among all the groups.
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Fig. 2. Effects of sesamin and α-tocoph-
erol on the blood total cholesterol (T-
CHO) (A) and low-density-lipoprotein 
cholesterol (LDL-C) (B) levels. Changes 
in the blood T-CHO and LDL-C levels 
were measured during the experimental 
diet intake. Data are expressed as the 
mean ± S.E.M. (n = 6). Values at each 
time point not sharing a common letter 
are significantly different by Tukey’s 
multiple comparison test (P < 0.05).
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Gene expression involved in hepatic cholesterol syn-
thesis

We also analyzed the expressions of genes including 
HMGCR, SREBF2, SCAP, INSIG1, and INSIG2 (Fig. 
5). The gene expression of HMGCR in rats fed diets 
containing cholesterol became nearly less than one-third 
of that in the animals fed a control diet. However, the 

values were comparable among the HC, V, S, and SV 
groups. The gene expressions of SREBF2 and SCAP 
were decreased in the rats fed the diets containing cho-
lesterol, but there were no significant differences in these 
gene expressions among the HC, V, S, and SV groups. 
Although the gene expression level of INSIG1 tended to 
be lower in the rats fed the diets containing cholesterol 
than in those in the C group, this gene expression showed 
no differences among all the groups. In contrast to the 
situation observed for INSIG1, the gene expression of 
INSIG2 tended to be increased in the rats fed the diets 
containing cholesterol, but there were no significant dif-
ferences in this gene expression among the HC, V, S, and 
SV groups.

Gene expression involved in α- and γ-tocopherol metabo-
lism

Figure 6 shows the gene expression of enzymes in-
volved in α- and γ-tocopherol metabolism including 
CYP3A2, CYP4F2, and α-TTP. The gene expression of 
CYP3A2 was increased in the V and SV groups com-
pared with that in the HC group. No significant differ-
ences were found in the CYP4F2 gene expression among 
the HC, V, S, and SV groups. The gene expression of 
α-TTP was increased in the V group compared with that 
in the S group.

α- and γ-tocopherol, sesamin, and sesamin metabolite 
levels in blood and liver

The concentrations of α- and γ-tocopherol in serum 
and liver on day 10 are shown in Fig. 7. Both V and SV 
groups showed higher values of α-tocopherol concentra-
tion in serum and liver than those in the C, HC, and S 
groups, which remained at a low level. In liver, the con-

0

1

2

HNF4α LRH1 LXRα

C HC V S SV

0

2

4

6

ABCA1 ABCG1 ABCB4 ABCB11

C HC V S SV

a

b
bc bc

ac a

b

bc

bc

c

a

b
b

b b

a

b b b b

0

20

40

60

80

100

ABCG5 ABCG8

C HC V S SV

a

b
bc b

c

a

b
bc bc

c

(A)

(C)

(B)

re
la

tiv
e 

am
ou

nt
 o

f m
RN

A
re

la
tiv

e 
am

ou
nt

 o
f m

R
N

A
re

la
tiv

e 
am

ou
nt

 o
f m

R
N

A

Fig. 3. Effects of sesamin and α-tocopherol on the gene expression 
involved in hepatic cholesterol excretion. Induction of cholesterol ef-
flux transport genes was analyzed by QRT-PCR in liver total RNA 
(A, B); ABCG5, ATP-binding cassette, sub-family G (WHITE), 
member 5; ABCG8, ATP-binding cassette, sub-family G (WHITE), 
member 8; ABCA1, ATP-binding cassette, sub-family A (ABC1), 
member 1; ABCG1, ATP-binding cassette, sub-family G (WHITE), 
member 1; ABCB4, ATP-binding cassette, sub-family B (MDR/
TAP), member 4; and ABCB11, ATP-binding cassette, sub-family B 
(MDR/TAP), member 11. The gene expression of the nuclear recep-
tors that regulate ABCG5 and ABCG8 was analyzed by QRT-PCR in 
liver total RNA (C); HNF4α, hepatocyte nuclear factor 4α; LRH1, 
liver receptor homolog 1; and LXRα, liver X receptor α. Values are 
expressed as the mean ± S.E.M. (n = 6). Labeled means without a 
common letter are significantly different by Tukey’s multiple com-
parison test (P < 0.05).
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Fig. 4. Effects of sesamin and α-tocopherol on the gene expression 
involved in hepatic cholesterol circulation. QRT-PCR was performed 
to measure expression levels of apolipoprotein (Apo) A4, low-density-
lipoprotein receptor (LDLR), and ApoB mRNA in the liver of each 
rat. Values are expressed as the mean ± S.E.M. (n = 6). Labeled 
means without a common letter are significantly different by Tukey’s 
multiple comparison test (P < 0.05).
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centration of α-tocopherol in the SV group was almost 
twice as high as that in the V group. In serum and liver, 
the γ-tocopherol concentration of the S group was higher 
than those of the other groups, although the γ-tocopherol 
concentrations in the diets of every group were the 
same.

The concentrations of sesamin and sesamin metabo-
lites in plasma on day 10 are shown in Fig. 8. Each sesa-
min metabolite was detected in rat plasma at concentra-
tions over 200 ng/ml and the concentrations of SC-1 and 
SC-2 were higher than those of their metabolite in plasma. 
No significant differences in the concentrations of sesa-
min and sesamin metabolites in plasma were seen be-
tween the S group and the SV group.

Discussion

In the present study, it was confirmed that the inges-
tion of sesamin together with α-tocopherol synergistically 
reduces the concentration of blood cholesterol in rats 
given a high-cholesterol diet. To investigate the molecu-

lar mechanism involved in this cholesterol lowering, we 
analyzed the gene-expression profiles in liver.

First, we examined the gene expression of several 
cholesterol efflux transporters. This revealed that co-in-
gestion of sesamin and α-tocopherol synergistically in-
creased the gene expressions of ABCG5 and ABCG8, 
which are responsible for cholesterol lowering. ABCG5 
and ABCG8 are half-transporters, that is, their genes 
only encode half of the structural motifs that are neces-
sary to produce a functional transporter, and the two 
half-transporters form a functional heterodimer (27, 28). 
In mice, ABCG5/ABCG8 deficiency increases plasma 
sitosterol and decreases bile cholesterol (29), whereas 
ABCG5/ABCG8 over-expression increases biliary cho-
lesterol secretion and decreases dietary cholesterol ab-
sorption (30). It has been reported that fecal cholesterol 
excretion, in terms of both the concentration and the 
daily excretion, increased significantly in rats fed sesa-
min isomers (a mixture of sesamin and episesamin) with 
a cholesterol-enriched diet (12). This report might par-
tially reflect our results that the hypocholesterolemic 
action was due to up-regulation of the genes for choles-
terol efflux transporter, ABCG5 and ABCG8. The other 
cholesterol efflux transporters were not considered to 
affect the cholesterol lowering in the blood because co-
ingestion of sesamin and α-tocopherol did not increase 
the gene expression of these transporters. The close 
head-to-head juxtaposition of the ABCG5 and ABCG8 
genes suggests that they share a bidirectional promoter, 
which like other similarly arranged genes may provide a 
means for coordinately regulating their expression (31 – 
33). Thus, it seemed reasonable that the expression pat-
terns between ABCG5 and ABCG8 were similar in our 
experiment. Several potential regulatory elements were 
found for the ABCG5 and ABCG8 genes, and the inter-
genic region was found to act as a bidirectional promoter 
(34). Transcriptional control of ABCG5 and ABCG8 
genes can be attributed to the nuclear hormone receptor 
family, including HNF4α, LRH1, and LXRα (34 – 36), 
but the co-ingestion of sesamin and α-tocopherol did not 
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increase the gene expression of these nuclear receptors in 
the present study. It seemed that the change in these gene 
expressions might not participate in the up-regulation of 
ABCG5 and ABCG8 genes.

Secondly, we analyzed the gene expression of proteins 
involved in hepatic cholesterol circulation. As co-expres-
sion of ApoB and ApoA4 modified with the carboxyl-
terminal endoplasmic reticulum retention signal reduced 
the secretion of ApoB in COS cells, ApoA4 may physi-
cally interact with ApoB in the secretory pathway (37). 
This report suggests that down-regulation of ApoA4 
gene expression reduced ApoB secretion. Therefore, it 
was supposed that the co-ingestion of sesamin and 

α-tocopherol generated the down-regulation of ApoA4, 
which caused LDL-C–lowering in the blood attributed to 
ApoB. A study on male patients with hypercholester-
olemia has been reported. The sesamin-treated group 
received 32.4 mg of sesamin isomers and 162 mg of 
 vitamin E per day for 4 weeks, followed by 64.8 mg of 
sesamin isomers and 324 mg of vitamin E per day for 4 
weeks, and the placebo-treated group received 162 and 
324 mg of vitamin E for 4 weeks each. LDL-C and ApoB 
were significantly lower in the sesamin-treatment group 
than in the placebo group (14). This effect might be as-
cribed to the reduction of ApoB secretion as a result of 
the down-regulation of ApoA4 expression by sesamin 
and α-tocopherol ingestion. Additionally, as co-ingestion 
of sesamin and α-tocopherol maintained the low gene 
expression of LDLR, which was decreased in the rats fed 
with a high-cholesterol diet, LDLR seemed not to be re-
sponsible for the LDL-C reduction in the blood.

Finally, we analyzed the gene expression involved in 
hepatic cholesterol synthesis. Our results revealed that 
the gene expression of HMGCR in rats fed diets contain-
ing cholesterol became nearly less than one-third of that 
in the animals fed a control diet. There were no signifi-
cant differences in the values among the HC, V, S, and 
SV groups owing to the potent effect of the high-choles-
terol diet on lowering this gene expression. Although the 
gene-expression profiles of the regulators involved in 
cholesterol synthesis, except for INSIG1, were consistent 
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Fig. 7. Effects of sesamin and α-tocopherol on 
the α- and γ-tocopherol concentrations in liver and 
blood. Rats were fed the experimental diets for 10 
days. Concentrations of α- and γ-tocopherol in 
liver and serum were measured. Data are expressed 
as the mean ± S.E.M. (n = 6). Labeled means 
without a common letter are significantly different 
by Tukey’s multiple comparison test (P < 0.05).
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with the inhibition of cholesterol synthesis, they were not 
specific to the ingestion of sesamin and α-tocopherol. 
Therefore, it was considered that this inhibition was at-
tributable not to sesamin and α-tocopherol but rather to 
the high-cholesterol diet. Thus, the ingestion of sesamin 
together with α-tocopherol was not considered to affect 
the gene expression associated with cholesterol syn-
thesis.

In the course of the study on the mechanism involved, 
we observed that the concentrations of α-tocopherol in 
serum and liver were clearly higher in the V group than 
in the S group. In contrast, the concentrations of 
γ-tocopherol in serum and liver were clearly higher in the 
S group than in the V group. In spite of these results, the 
effect on cholesterol lowering was similar between the V 
and S groups. Therefore, α- or γ-tocopherol concentration 
in the serum or liver seemed not to affect the cholesterol 
reduction in the blood. It is known that dietary sesamin 
isomers elevate γ-tocopherol concentrations in liver and 
serum by the inhibition of CYP3A- or CYP4F2-depen-
dent metabolism of γ-tocopherol (38, 39). In this study, 
we showed that the concentrations of γ-tocopherol in 
serum and liver were clearly lower in the V and SV 
groups than in the S group. Therefore, it was supposed 
that α-tocopherol decreased the concentrations of 
γ-tocopherol in liver and serum as a result of the up-
regulation of the CYP3A2 gene. CYP4F2 and α-TTP 
were not considered to affect the concentrations of γ- and 
α-tocopherol in the blood and liver because sesamin and 
α-tocopherol did not increase the expression of these 
genes. As the concentrations of sesamin and sesamin 
metabolites in plasma were comparable between the S 
group and the SV group, they also seemed not to affect 
the cholesterol reduction in the blood.

Patients with hypercholesterolemia can be treated with 
a change in diet, statins, fibrates, cholesterol absorption 
inhibitors, and bile acid sequestrants (40, 41). Statins are 
the most commonly used and effective forms of medica-
tion for the treatment of high cholesterol. They lower 
cholesterol by inhibiting the enzyme HMGCR, which is 
the rate-limiting enzyme of cholesterol synthesis. Fibrates 
induce hepatic lipid metabolism through a mechanism 
involving the peroxisome proliferator-activated receptor. 
Bile acid sequestrants disrupt the enterohepatic circula-
tion of bile acids by sequestering them and preventing 
their reabsorption from the gut. Cholesterol absorption 
inhibitors localize at the brush border of the small intes-
tine, where they inhibit the absorption of cholesterol 
from the diet. Fibrates, bile acid sequestrants, and choles-
terol absorption inhibitors may be used together with sta-
tins when cholesterol levels cannot be controlled with 
statins alone. In this study, we suggested that the mecha-
nism underlying the hypocholesterolemic action by the 

co-ingestion of sesamin and α-tocopherol was up-regula-
tion of ABCG5 and ABCG8 and down-regulation of 
ApoA4. This novel mechanism might be applicable for 
hypercholesterolemia treatment.

In summary, we postulate a mechanism for the com-
bined hypocholesterolemic action of sesamin and 
α-tocopherol: ingestion effectively increases biliary ex-
cretion of cholesterol by up-regulation of the gene ex-
pression for cholesterol efflux transporter, ABCG5 and 
ABCG8, and reduces ApoB secretion into the blood-
stream by down-regulation of ApoA4 gene expression 
related to secretion of ApoB.
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