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Abstract

Sesamin is one of the most abundant lignans in sesame seed. Episesamin, a geometrical isomer of sesamin, is not a naturally occurring
compound and is formed during the refining process of non-roasted sesame seed oil. We compared the physiological activities of these
compounds in affecting hepatic fatty acid metabolism in rat liver. Rats were fed either a control diet free of lignan or diets containing 0.2%
of sesamin or episesamin for 15 days. These lignans increased the mitochondrial and peroxisomal palmitoyl-CoA oxidation rates. However,
the magnitude of the increases was greater with episesamin than with sesamin. Sesamin caused 1.7- and 1.6-fold increases in mitochondrial
and peroxisomal activity, respectively, while episesamin increased these values 2.3- and 5.1-fold. These lignans also increased the activity
and gene expression of various fatty acid oxidation enzymes. Again, the increase was much more exaggerated with episesamin (1.5- to
14-fold) than with sesamin (1.3- to 2.8-fold). Diets containing sesamin and episesamin lowered the activity and gene expression of hepatic
lipogenic enzymes to one-half of those obtained in the animals fed a lignan-free diet. However, no significant differences in these parameters
were seen between rats fed sesamin and episesamin. Responses to sesamin and episesamin of hepatic lipogenesis are, therefore, considerably
different from those observed in fatty acid oxidation. These results show that the physiological activity of the commercial sesamin
preparation containing equivalent amounts of both sesamin and episesamin in increasing hepatic fatty acid oxidation observed previously
was mainly ascribable to that of episesamin but not to sesamin. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

Sesame seed contains considerable amounts of com-
pounds collectively called as lignans. Sesamin is one of the
most abundant lignan compounds and is epimerized during
the acid-clay bleaching in the oil refining process to form
episesamin [1] (Fig. 1). Therefore, commercial sesamin
preparation contains both sesamin and episesamin at about
1:1 ratio. It has been demonstrated that this sesamin prep-
aration exerts various physiological activities including be-
ing an anti-oxidant [2] and anti-carcinogen [3], blood pres-

sure-lowering [4] and serum lipid-lowering [5–7] in
experimental animals and humans, and it is generally con-
sidered that the physiological activity of this preparation is
attributed to that of sesamin. However, there have been a
lack of studies in which the physiological activities of sesa-
min and episesamin were compared. We demonstrated pre-
viously [7] that the sesamin preparation containing equiva-
lent amounts of both sesamin and episesamin greatly
increased the activity and gene expression of fatty acid
oxidation enzymes at a dietary level of 0.1–0.5% in the rat
liver. We also showed that the sesamin preparation caused
a significant decrease in the activity and gene expression of
hepatic fatty acid synthase and pyruvate kinase, the lipo-
genic enzymes. Therefore, reciprocal alterations in hepatic
fatty acid oxidation and synthesis can account for the lipid-
lowering effect of the sesamin preparation containing both
sesamin and episesamin [7]. However, it is still uncertain
which component of the sesamin preparation, sesamin or
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episesamin, causes profound alteration in hepatic fatty acid
metabolism. In this context, we prepared sesamin and epis-
esamin preparations both free of their corresponding geo-
metrical isomers, and examined their effects on the activity
and gene expression of hepatic enzymes in fatty acid oxi-
dation and synthesis in the rat.

2. Materials and methods

2.1. Materials

Malonyl-CoA was purchased from Sigma Chemical (St.
Louis, MO). Acyl-CoA compounds used as substrates for
enzyme activity assays were prepared as detailed previously
[8,9]. Bovine serum albumin fraction V (essentially fatty
acid-free) was a product of Boehringer Mannheim (Mann-
heim, Germany). [1-14C]Palmitic acid, [�-32P]dCTP and
nylon filtrate (Hybond N�) were purchased from Amersham
International (Little Chalfont, Buckinghamshire, UK). Sesa-
min preparation with a purity of approximately 90% was
prepared by molecular distillation of the scum obtained
during the deodorizing process of sesame seed oil refine-
ment. This preparation (200 g) was treated in ethanoic HCl
solution to epimerize sesamin to form episesamin according
to the procedures described by Beroza [10]. Reaction prod-
ucts were recrystallized in ethanol and subjected to silicic
acid column chromatography using a solvent mixture of
chloroform and methanol (9:1, v/v) to separate out sesamin
and episesamin. Sesamin and episesamin obtained after this
process were recrystallized in ethanol. Approximately 35 g
each of sesamin and episesamin was obtained following
these treatments. The sesamin and episesamin preparations
were analyzed by high-performance liquid chromatography
using a Capsel Pak AG 120 A C18 column (250 mm � 4.6
mm, Shiseido, Tokyo, Japan) with a mobile phase of meth-
anol:water 7:3 v/v at a flow rate of 0.75 ml/min and mon-
itoring at a wave length of 290 nm [11]. The analysis

revealed that the sesamin and episesamin preparations con-
tained negligible amounts of their corresponding geometri-
cal isomers and purities were estimated to exceed 98%.

2.2. Animals and diets

Male Sprague-Dawley rats obtained from Charles River
Japan, (Kanagawa, Japan) were housed individually in a
room with controlled temperature (20–22°C), humidity
(55–65%) and lighting (lights on from 7.00 to 19.00 hr),
and fed on a commercial non-purified diet (type NMF,
Oriental Yeast Co., Tokyo, Japan). After 7 days of accli-
matization to the housing conditions, the rats were ran-
domly divided into 3 groups consisted of 7–8 animals and
fed either a purified control diet free of lignans or diets
containing 0.2% of sesamin or episesamin for 15 days. The
basal composition of the experimental diet was as follows
(in weight %): casein, 20; palm oil, 10; cellulose, 2; mineral
mixture [12], 3.5; vitamin mixture [12], 1.0; DL-methio-
nine, 0.3; choline bitartrate, 0.2 and sucrose to 100. Exper-
imental diets were served in the form of powder. We em-
ployed palm oil and sucrose as a dietary fat and
carbohydrate sources, respectively, in the current study to
compare the physiological activity of lignans to influence
hepatic metabolism. Our preceding studies [8,9,13] demon-
strated that hepatic fatty acid oxidation rate was consider-
ably lower in rats fed palm oil than in the animals fed
polyunsaturated fats. In addition, this saturated fat causes
higher rate of hepatic lipogenesis [8,9,13]. Also, dietary
sucrose compared to starch or dextrose increases hepatic
lipogenesis. Thus, these dietary manipulations may facili-
tate the comparison of the physiological activity of lignans
to enhance hepatic fatty acid oxidation and to decrease fatty
acid synthesis. Lignans were added to the experimental diets
in lieu of sucrose. We followed the guide of our institute in
the care and use of laboratory animals.

Fig. 1. Chemical structures of sesamin and episesamin.
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2.3. Enzyme assays

After 15 days of the experimental period, rats were
anesthetized using diethyl ether and killed by bleeding from
the abdominal aorta. The livers were then quickly excised.
About 2 g of each liver was homogenized with 15 ml of 0.25
mol/L sucrose containing 1 mmol/L EDTA and 3 mmol/L
Tris-HCl (pH 7.2). The liver homogenates were centrifuged
at 200,000 g for 30 min to obtain cytosols. Mitochondrial
and peroxisomal palmitoyl-CoA oxidation rates as well as
the activity of fatty acid oxidation enzymes were analyzed
using whole liver homogenates as an enzyme source as
described previously [7–9]. Cytosols were used as an en-
zyme source for the analysis of the activity of lipogenic
enzymes [7–9]. The mitochondrial palmitoyl-CoA oxida-
tion rate was measured on the day of slaughter using fresh
enzyme preparations and other enzymes were analyzed us-
ing enzyme preparations stored at �30°C for up to 10 days.

2.4. RNA analysis

Hepatic RNA was extracted using the acid guanidium
thiocyanate-phenol-chloroform method [14] and the mRNA
levels of enzymes in fatty acid metabolism were analyzed
by slot-blot and Northern-blot hybridization as detailed
elsewhere [7,13]. Obtained values were corrected for those
of a house-keeping gene (glyceraldehyde-3-phosphate de-
hydrogenase). Specific cDNA probes used to detect mRNAs
of enzymes in fatty acid oxidation and synthesis except for
acetyl-CoA carboxylase and ATP-citrate lyase were all the
same as described elsewhere [7]. Reverse transcription and
polymerase chain reaction was used to prepare cDNA
probes for acetyl-CoA carboxylase and ATP-citrate lyase
[7]. Specific up- and down-stream primers used were
5�-TGAGGTCCAGCATGTCCGG-3� and 5�-CATGGCAA
TCTGGAGCTGTG-3� for acetyl-CoA carboxylase (length of
PCR product was 1175 bp), and 5�-CTCAGCCATCCAGAAC
CGG-3� and 5�-AGGAAGTTGGCAGTGTGAGC-3� for
ATP-citrate lyase (1245 bp), respectively. As we confirmed
the specificity of our cDNA probes by Northern-blot anal-
ysis, mRNA abundances were estimated using slot-blot hy-
bridization.

2.5. Lipids analysis

Serum triacylglycerol, cholesterol, phospholipid, free
fatty acid and glucose concentrations were assayed using
commercial enzyme kits (Wako Pure Chemicals, Osaka,
Japan). Liver lipids were extracted and purified [15]. Triac-
ylglycerol, cholesterol and phospholipid contents in the
lipid extract were analyzed as described previously [16].

2.6. Statistical analysis

Data were analyzed by the method of Snedecor and
Cochran [17]. Thus, the Levene’s test was adopted to in-

spect the constancy of variance of the observations. In cases
where variances were found to be heterogeneous with this
method, observations were transformed logarithmically.
Subsequent Levene’s test showed that the logarithmic trans-
formations successfully rendered the variances of these data
to be constant, and these transformed values were used for
the subsequent statistical examinations. The data were then
analyzed by one-way analysis of variance to establish the
significance of the effect of dietary lignans before the ex-
amination of the significant differences of means. Exami-
nations of significant differences of means were established
using Tukey’s test at the level of P � 0.05 [17]. All values
were expressed as the mean � SEM.

3. Results

3.1. Activity and gene expression of hepatic fatty acid
oxidation enzymes

There were no significant differences in food intake
(20–21 g/day) and growth (130–135 g/15 days) among the
groups. Liver weight was significantly higher in the rats fed
episesamin (6.58 � 0.14 g/100 g body weight) than in those
fed sesamin (5.55 � 0.19 g/100 g body weight) or a lignan-
free control diet (5.56 � 0.18 g/100 g body weight).

Since the liver weights were significantly different
among the groups, the enzyme activity was expressed as
total activity (�mol/min per liver of 100 g body weight)
(Tables 1 and 2). Diets containing sesame lignan compared
to a control diet free of lignan significantly increased the
mitochondrial palmitoyl-CoA oxidation rate (Table 1). The
value was, however, significantly lower in rats fed sesamin
than in those fed episesamin. Sesamin and episesamin also
significantly increased the peroxisomal palmitoyl-CoA ox-
idation rate. The extent of increase was much more exag-
gerated with episesamin (5.1-fold) than with sesamin (1.6-
fold).

We also analyzed the activities of various enzymes in the
�-oxidation cycle and the auxiliary pathway. Although both
sesamin and episesamin were effective in increasing all the
enzyme activities in fatty acid oxidation, the magnitude of
the responses was again more exaggerated with episesamin
than with sesamin. Sesamin rather moderately increased the
activities of fatty acid oxidation enzymes (1.3- to 2.1-fold),
while episesamin more profoundly increased it (2.2- to
6.0-fold).

To confirm the result obtained with enzyme activity, we
analyzed the mRNA levels of various fatty acid oxidation
enzymes by slot-blot hybridization using specific cDNA
probes. The values were corrected for those of a house-
keeping gene, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). The values for GAPDH were indistinguishable
among the groups, and were 100 � 7, 88.7 � 6.3 and 101 �
6% for rats fed lignan-free, sesamin and episesamin diets,
respectively. Great diversity is characteristic of the �-oxi-
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dation pathway [18]. The distinct enzyme species catalyzed
the sequential enzyme reactions of mitochondrial and per-
oxisomal �-oxidation pathway. Moreover, several enzyme
species differing in the substrate specificity are involved at
each enzyme step of �-oxidation cycle and the auxiliary
pathway at least in mitochondria. Acyl-CoA oxidase activ-
ity is present in peroxisomes but not in mitochondria. How-
ever, the activity of other fatty acid oxidation enzymes
measured in the whole homogenate in the present study may

represent sum of the activity of various enzymes located in
both mitochondria and peroxisomes at a given condition of
enzyme assay. Carnitine palmitoyltransferase activity is
generally regarded to be specific in mitochondria. But there
is still the possibility that this enzyme activity contains
peroxisomal carnitine octanoyltransferase activity [19].
cDNA probe specific for each enzyme mRNA, however,
can discriminate response of gene expression of individual
enzymes. Both sesamin and episesamin increased the

Table 1
Effects of sesame lignans on the activity and gene expression of fatty acid oxidation enzymes (a,b,cValues in a line not sharing a common superscript
letter are significantly different at P � 0.05, n � 7–8)

Groups

Lignan-free Sesamin Episesamin

Enzyme activity (�mol/min per liver of 100 g body weight)
Palmitoyl-CoA oxidation

Mitochondrial 1.67 � 0.15a 2.89 � 0.11b 3.83 � 0.14c

Peroxisomal 1.69 � 0.11a 2.76 � 0.10b 8.56 � 0.59c

Carnitine palmitoyltransferase 3.19 � 0.30a 5.13 � 0.29b 9.57 � 0.55c

Acyl-CoA oxidase 1.21 � 0.08a 1.78 � 0.10b 7.20 � 0.29c

3-Hydroxyacyl-CoA dehydrogenase 560 � 24a 736 � 52b 1493 � 58c

3-Ketoacyl-CoA thiolase 176 � 18a 253 � 11b 390 � 36c

�3, �2-enoyl-CoA isomerase 68.7 � 2.1a 129 � 6b 199 � 6c

2,4-dienoyl-CoA reductase 2.37 � 0.18a 5.06 � 0.22b 10.5 � 0.6c

mRNA level (%)
Mitochondrial enzymes

Carnitine palmitoyltransferase II 100 � 0.2a 146 � 9b 210 � 9c

Long-chain acyl-CoA dehydrogenase 100 � 12a 128 � 8b 150 � 6b

Trifunctional enzyme subunit � 100 � 6a 180 � 12b 282 � 11c

Trifunctional enzyme subunit � 100 � 12a 170 � 19b 278 � 28c

Mitochondrial 3-ketoacyl-CoA thiolase 100 � 10a 184 � 14b 278 � 16c

Short-chain �3, �2-enoyl-CoA isomerase 100 � 6a 222 � 28b 661 � 47c

2,4-dienoyl-CoA reductase 100 � 9a 280 � 22b 313 � 32c

Peroxisomal enzymes
Carnitine octanoyltransferase 100 � 8a 131 � 11a 173 � 18b

Acyl-CoA oxidase 100 � 5a 167 � 15a 412 � 32c

Peroxisomal bifunctional enzyme 100 � 7a 256 � 19a 1447 � 130b

Peroxisomal 3-ketoacyl-CoA thiolase 100 � 7a 217 � 23b 491 � 50c

All values are the mean � SEM.

Table 2
Effects of sesame lignans on the activity and gene expression of lipogenic enzymes (a,b,cValues in a line not sharing a common superscript letter are
significantly different at P � 0.05, n � 7–8)

Groups

Lignan-free Sesamin Episesamin

Enzyme activity (�mol/min per liver of 100 g body weight)
Fatty acid synthase 28.6 � 3.1b 11.7 � 1.0a 13.7 � 2.2a

ATP-citrate lyase 53.2 � 4.4b 25.8 � 3.0a 24.4 � 2.7a

Glucose-6-phosphate dehydrogenase 77.9 � 6.4b 43.3 � 5.2a 37.1 � 5.4a

Pyruvate kinase 250 � 23c 157 � 11b 96.8 � 10.7a

mRNA level (%)
Acetyl-CoA carboxylase 100 � 7b 64.6 � 3.9a 57.0 � 3.0a

Fatty acid synthase 100 � 14b 35.8 � 4.8a 41.2 � 8.7a

ATP-citrate lyase 100 � 10b 53.4 � 4.9a 59.1 � 6.4a

Glucose-6-phosphate dehydrogenase 100 � 6c 58.4 � 3.5b 44.7 � 2.8a

L-pyruvate kinase 100 � 9b 50.8 � 5.7a 35.4 � 3.0a

All values are the mean � SEM.
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mRNA levels of mitochondrial and peroxisomal fatty acid
oxidation enzymes. Again, the increases were considerably
greater with episesamin than with sesamin. Sesamin in-
creased the gene expression of fatty acid oxidation enzymes
1.3 to 2.8-fold, while episesamin increased these values 1.5
to 14-fold. All the values except for long-chain acyl-CoA
dehydrogenase were significantly higher in rats fed episesa-
min than in those fed sesamin.

3.2. Activity and gene expression of lipogenic enzymes

The activity of hepatic lipogenic enzymes including fatty
acid synthase, ATP-citrate lyase, glucose 6-phosphate de-
hydrogenase and pyruvate kinase in rats fed diets containing
sesamin and episesamin became about one-half of those in
the animals fed a control diet free of these lignans (Table 2).
However, in contrast to the situation in fatty acid oxidation
enzymes, the values were comparable between rats fed
sesamin and episesamin except for those of pyruvate kinase.
The pyruvate kinase activity was significantly lower in rats
fed episesamin than in those fed sesamin.

We also analyzed the gene expression of enzymes in-
volved in fatty acid synthesis by slot-blot hybridization.
With respect to pyruvate kinase, there are four types named
L, M1, M2 and R in mammals [20]. As L type is the major
isozyme in the liver, we used cDNA for L type as a probe
to detect hepatic pyruvate kinase mRNA. Diets containing
sesamin and episesamin reduced mRNA levels of lipogenic
enzymes including acetyl-CoA carboxyalse, fatty acid syn-
thase, ATP-citrate lyase, glucose 6-phosphate dehydroge-
nase and pyruvate kinase to about one-half of those obtained
with a control diet. Consistent with the results obtained with
the enzyme activity, no significant differences in these pa-
rameters except for those of glucose 6-phosphate dehydro-
genase were observed between the animals fed sesamin and
episesamin. Glucose 6-phosphate dehydrogenase mRNA
level was significantly lower in rats fed episesamin than in
those fed sesamin.

3.3. Serum and liver lipid levels

Diets containing sesamin and episesamin, compared to a
lignan-free diet, significantly decreased the serum concen-
trations of triacylglycerol, cholesterol and phospholipid
(Table 3). No significant differences in these parameters
were seen between the animals fed sesamin and episesamin.
Dietary lignans did not affect the serum free fatty acid and
glucose concentrations.

No significant differences in the liver triacylglycerol and
cholesterol contents were seen among the groups. The he-
patic phospholipid content became significantly higher in
the episesamin group than in other groups.

4. Discussion

We previously demonstrated that the sesamin prepara-
tion containing equivalent amounts of sesamin and episesa-
min caused profound increases in the activity and gene
expression of hepatic fatty acid oxidation enzymes [7].
However, the physiological activities of the individual com-
ponents of the sesamin preparation, sesamin and episesa-
min, remained unclarified. In the present study, we showed
that both of these compounds were effective in increasing
enzyme activity in hepatic fatty acid oxidation. We also
clearly demonstrated that episesamin compared to sesamin
is much more effective in increasing hepatic �-oxidation
activity. This observation was further sustained by the re-
sults obtained with the analysis of mRNA levels of enzymes
involved in the fatty acid oxidation pathway. Therefore,
episesamin rather than sesamin in the sesamin preparation
containing both lignans may primarily be responsible for its
physiological activity in increasing hepatic fatty acid oxi-
dation as observed previously [7].

It is a general consensus that peroxisome proliferator
activated receptor (PPAR), a member of the nuclear recep-
tor superfamily, is involved in the regulation of the gene
expression of fatty acid oxidation enzymes [21]. It has been

Table 3
Effects of sesame lignans on concentrations of serum components and liver lipids (a,b,cValues in a line not sharing a common superscript letter are
significantly different at P � 0.05, n � 7–8)

Groups

Lignan-free Sesamin Episesamin

Serum components (mmol/L)
Triacylglycerol 3.83 � 0.82b 1.77 � 0.16a 1.79 � 0.10a

Cholesterol 3.20 � 0.22b 2.55 � 0.14a 2.54 � 0.18a

Phospholipid 3.36 � 0.23b 2.60 � 0.16a 2.64 � 0.12a

Free fatty acid 1.35 � 0.25 0.989 � 0.096 0.98 � 0.165
Glucose 4.94 � 0.21 4.35 � 0.60 4.31 � 0.18

Liver lipids (�mol/liver of 100 g body weight)
Triacylglycerol 298 � 59 212 � 26 291 � 37
Cholesterol 41.1 � 4.2 41.1 � 2.1 43.8 � 2.5
Phospholipid 242 � 11a 253 � 6a 364 � 10b

All values are the mean � SEM.
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demonstrated that diverse xenobiotics called peroxisome
proliferators are the ligands to activate PPAR and hence
increase hepatic fatty acid oxidation [21]. Typical peroxi-
some proliferators such as the hypolipidemic drugs clofibric
acid and Wy 14, 643, and the industrial plasticiser mono-
ethylhexyl phtahlate possess a carboxylic acid group in their
structure [22]. Although sesamin and episesamin do not
contain a carboxylic acid group in their structure, the current
and previous [7] observations support the consideration that
the sesamin and episesamin are the ligands of PPAR to
induce fatty acid oxidation enzyme gene expression in the
liver. There is the possibility that the efficacy of sesamin
and episesamin as the ligands to activate PPAR may be
mutually different each other and hence cause divergent
effects on gene expression and the activity of hepatic fatty
acid oxidation enzymes. Studies to compare sesamin- and
episesamin-dependent activation of PPAR using a cotrans-
fection assay in cultured cells [21,23] or a ligand-binding
assay [24] are required to confirm this possibility.

Umeda-Sawada et al. [11] studied the metabolic fate of
sesamin and episesamin following the administration of the
sesamin preparation containing equivalent amounts of these
compounds. Sesamin and episesamin concentrations in var-
ious tissues reached a plateau at around 3–6 hrs after an
administration of the sesamin preparation and rapidly de-
creased thereafter. Despite the fact that the sesamin prepa-
ration contained equivalent amounts of sesamin and epis-
esamin, the concentrations of episesamin in the tissues were
more than 2-fold higher than those of sesamin during the
1–9 hrs after an administration. They also showed that the
rates of lymphatic transport of sesamin and episesamin were
indistinguishable from each other. Therefore, there is the
possibility that differences in metabolic fate rather than the
efficacy to activate PPAR between sesamin and episesamin
are responsible for the divergent effects of these compounds
in increasing hepatic fatty acid oxidation.

We demonstrated in the previous study [7] that the sesa-
min preparation containing both sesamin and episesamin
decreased hepatic activity and gene expression of fatty acid
synthase and pyruvate kinase, the lipogenic enzymes.
Therefore, we suggested that the sesamin preparation, un-
like the other peroxisome proliferators [25,26], has a unique
propensity in decreasing hepatic fatty acid synthesis. In the
present study, we confirmed that both sesamin and episesa-
min lowered the activity and gene expression of these en-
zymes. Moreover, we demonstrated that these lignans also
lowered the activity and gene expression of ATP-citrate
lyase and glucose 6-phosphate dehydrogenase. Although we
have not measured the enzyme activity, these compounds
decreased the gene expression of acetyl-CoA carboxylase as
well. Therefore, it is apparent that both sesamin and epis-
esamin have a propensity in decreasing hepatic fatty acid
synthesis. However, in contrast to the observation made in
fatty acid oxidation enzyme activity and gene expression,
these compounds were equally effective in decreasing the
parameters for fatty acid synthesis. It is considered that the

gene expression of hepatic lipogenic enzymes is controlled
by the mechanism independent of PPAR [25–27]. There-
fore, it is not surprising that sesamin and episesamin are
equally effective in decreasing hepatic lipogenesis despite
the fact that these compounds affect hepatic fatty acid ox-
idation differently. We showed in the previous study [7] that
the sesamin preparation containing both sesamin and epis-
esamin dose-dependently lowered the activity and gene ex-
pression of fatty acid synthase and pyurvate kinase. These
values in rats fed a diet containing 0.2% of the sesamin-
episesamin mixture reached one-half of those observed in
the animals fed a lignan-free diet, but no further decreases
occurred in the diets containing 0.5% of the preparation. In
the present study, diets containing 0.2% of sesamin or
episesamin lowered the activity and gene expression of
lipogenic enzymes to about one-half of those observed in
the animals fed a lignan-free diet. Therefore, it is expected
that these lignans at this dietary level already exerted max-
imal physiological activity in decreasing hepatic lipogene-
sis. There is still the possibility, however, that sesamin and
episesamin exert different effects on fatty acid synthesis at
dietary levels lower than 0.2%. Detailed studies are still
required to clarify this issue.

Alterations in hepatic fatty acid synthesis and oxidation
are the crucial factors affecting the assembly and secretion
of very-low density lipoproteins (VLDL) and hence modify
serum lipid levels [28–30]. In fact, sesamin- and episesa-
min-dependent changes in hepatic fatty acid synthesis and
oxidation accompanied the decreases in serum lipid levels.
Despite the fact that episesamin increased hepatic fatty acid
oxidation more than sesamin did, the serum lipid levels
were comparable between the animals fed these com-
pounds. Therefore, it is possible that decreases in the activ-
ity and gene expression of lipogenic enzymes rather than the
increases in that of fatty acid oxidation enzymes may pri-
marily be responsible for the serum lipid-lowering effects of
these lignans. Also, there is the possibility that sesame
lignans affect intestinal absorption of lipids [6] or the gene
expression of proteins other than those involved in fatty acid
metabolism that regulate VLDL synthesis and secretion [31]
and hence reduce serum lipid levels. In this context, dietary
lignans failed to affect hepatic triacylglycerol content in the
present study in spite that they increased hepatic fatty acid
oxidation and decreased fatty acid synthesis. The result may
indicate that dietary lignans not only decrease triacylglyc-
erol synthesis but also decrease secretion of this lipid mol-
ecule as VLDL resulting in unalteration of hepatic triacyl-
glycerol content. Therefore, detailed comparative studies
regarding the effects of sesamin and episesamin on these
processes are still required.

In conclusion, we demonstrated that episesamin com-
pared to sesamin at a 0.2% dietary level is more competent
in increasing activity and gene expression of hepatic fatty
acid oxidation enzymes of rats. Therefore, the physiological
activity of the preparation containing equivalent amounts of
both sesamin and episesamin in increasing hepatic fatty acid
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oxidation as observed previously [7] is primarily ascribable
to that of episesamin rather than sesamin. These compounds
also lowered the activities and gene expression of lipogenic
enzymes, but no differences in these parameters were seen
between rats fed sesamin and episesamin. Therefore, re-
sponses to sesamin and episesamin of the enzymes in he-
patic fatty acid oxidation and synthesis are mutually differ-
ent to each other.
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