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The effect of sesame (Sesamum orientale) lignan preparation containing equivalent amounts of sesamin and episesamin on hepatic fatty
acid metabolism was compared in rats, mice and hamsters. Animals were fed on either a diet free of lignan or a diet containing 2 g lignan/
kg for 15 d. The lignan preparation greatly increased hepatic activity and the mRNA levels of enzymes involved in fatty acid oxidation,
while it strongly down-regulated those of enzymes involved in lipogenesis in rats. In contrast, lignan did not modify these variables in
mice and hamsters. Changes observed, if any, were more attenuated in these mice and hamsters than in rats. Sesamin and episesamin con-
centrations in serum and liver of animals fed on lignan-containing diets were significantly greater (P,0·05) in rats than in mice and
hamsters. Moreover, sesamin:episesamin values in tissues were far from that expected from the value in the lignan preparation given
to the animals and were dependent on the animal species. Liver microsomes from each animal species degraded sesamin and episesamin
in the presence of NADPH. The combined value of sesamin and episesamin degradation rates was lower in rats than in mice and hamsters.
In addition, there was considerable diversity in the specificity of the enzyme reaction toward sesamin and episesamin among animal
species. The differences in the amounts of lignan remaining in the tissues may account for the species dependence of the physiological
activity of sesame lignan in affecting hepatic fatty acid oxidation and synthesis.

Sesame lignan: Fatty acid metabolism: Animal species

Sesamin is one of the most abundant lignans in sesame
(Sesamum orientale) seeds and oil; it is epimerized
during acid-clay bleaching in the oil-refining process to
form episesamin (Fukuda et al. 1986). Therefore, commer-
cial sesamin preparation contains both sesamin and epise-
samin at about a 1:1 ratio. We previously demonstrated
that the lignan preparation profoundly and dose-depen-
dently increased the activity and gene expression of fatty
acid oxidation enzymes in the rat liver, presumably through
the activation of PPARa (Ashakumary et al. 1999); it also
lowered the activity and gene expression of hepatic lipo-
genic enzymes through the down-regulation of sterol regu-
latory element binding protein (SREBP)-1 (Ide et al. 2001).
Compared with sesamin, episesamin is more potent in
increasing the activity and gene expression of fatty acid
oxidation enzymes, while these compounds are equally
effective in decreasing the variables for hepatic lipogenesis
in rats (Kushiro et al. 2002). It is apparent that the lignan
preparation has a strong influence on lipid metabolism in
rats; alterations in hepatic fatty acid metabolism could
account for the serum lipid-lowering effect of lignan in
rats. However, information on the physiological effect of
the lignan preparation on lipid metabolism in animal

species other than rats is rather scarce. Hirata et al.
(1996) reported that dietary lignan lowered serum choles-
terol concentrations in human subjects. However, it is
still important to clarify the physiological activity of the
lignan in species other than rats before it is used as a sup-
plement in the human diet. We therefore compared the
effect of a lignan preparation containing both sesamin
and episesamin on hepatic fatty acid metabolism in mice,
hamsters and rats.

Materials and methods

Animals and diets

Male ICR mice (5 weeks old) and male Sprague-Dawley
rats (4 weeks old) were obtained from Charles River, Kana-
gawa, Japan, and male Golden Syrian hamsters (Mesocrice-
tus auratus; 5 weeks old) were obtained from Nihon SLC,
Hamamatsu, Japan. Animals were housed individually in
a room with controlled temperature (20–228C), humidity
(55–65 %) and lighting (lights on from 07.00 to 19.00
hours) and fed on a commercial non-purified diet (type
NMF; Oriental Yeast Co., Tokyo, Japan). After 7 d of
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acclimation to the housing conditions, mice, hamsters and
rats were each randomly divided into two groups (eight
per group), and fed on either a purified diet containing 2 g
lignan (sesamin-episesamin (1:1, w/w))/kg or a control
diet free of lignan for 15 d. The body weights at the start
of the experiment were 30·8 (SD 1·9), 95·5 (SD 14·5) and
146·0 (SD 7·0) g for mice, hamsters and rats respectively.
The basal composition of the experimental diet was (g/
kg): casein 200, maize starch 150, palm oil 100, cellulose
20, mineral mixture (American Institute of Nutrition,
1977) 35, vitamin mixture (American Institute of Nutrition,
1977) 10, DL-methionine 3, choline bitartrate 2, saccharose
480. The lignan preparation was added to the experimental
diets instead of saccharose. The lignan preparation was a
gift from Kadoya Sesame Mills Inc., Kagawa, Japan. We
followed the guidelines of our institute in the care and
use of laboratory animals.

Assays of the activities of enzymes in hepatic fatty acid
oxidation and synthesis

At the end of the experiments, the animals were anaesthe-
tized using diethyl ether and killed by bleeding from the
inferior vena cava, after which the livers were quickly
excised. The liver was homogenized with 0·25 M-sacchar-
ose containing 1 mM-EDTA and 3 mM-Tris-HCl (pH 7·2).
We used 10·0 ml saccharose solution/g to homogenize the
livers of mice and hamsters, and 7·5 ml/g for rats. The
homogenates were centrifuged at 200 000 g for 30 min.
The activities of enzymes involved in fatty acid synthesis
were measured spectrophotometrically using the super-
natant fraction of the liver homogenate (Kabir & Ide,
1996). Our preliminary experiments in rats showed that
lipogenic enzyme activity in total liver homogenate was
quantitatively recovered in supernatant fraction centrifuged
at 200 000 g. Quantitative recovery of sub-cellular orga-
nelles containing enzyme activity involved in fatty acid
oxidation was difficult. A considerable proportion (up to
50 %) of the activity of fatty acid oxidation enzymes and
glutamate dehydrogenase (a marker enzyme for mitochon-
dria) in total homogenate was precipitated even at a low-
speed centrifugation (1000 g for 10 min), and the recovery
of enzyme activity in the supernatant fraction differed
depending on the respective enzymes and nutritional
status (Ashakumary et al. 1999). Therefore, use of the
sub-cellular fraction as an enzyme source makes quantitat-
ive estimation of the changes in hepatic fatty acid oxi-
dation difficult. We therefore used total homogenate to
measure the activities of fatty acid oxidation enzymes in
the current study. Peroxisomal fatty acid oxidation rate
was measured according to the method of Mannaerts
et al. (1979). The assay mixture (2·5 ml) contained 4 mM-
ATP, 0·5 mM-CoA, 2 mM-NAD, 2 mM-dithiothreitol,
2 mM-KCN, 0·2 mM-[1-14C]palmitoyl-CoA (7·4 kBq/
mmol) and 0·1 ml total homogenate in modified Krebs-
Henseleit bicarbonate buffer (pH 7·4) (Mannaerts et al.
1979). Assays carried out in the absence of total homogen-
ate served as blanks. After 5 min of incubation at 378C in
Erlenmeyer flasks, the enzyme reaction was terminated
by pouring the mixture into test-tubes containing
0·625 ml perchloric acid (300 ml/l) and acid-soluble

radioactivity was measured by liquid scintillation counting.
The activities of other enzymes involved in the fatty acid
oxidation pathway, including carnitine palmitoyltransfer-
ase, acyl-CoA oxidase, 3-hydroxyacyl-CoA dehydrogenase
and 3-ketoacyl-CoA thiolase, were measured spectrophoto-
metrically as detailed previously (Kabir & Ide, 1996;
Ashakumary et al. 1999). The enzymes were analysed
using an enzyme preparation stored at 2308C for up to
10 d. There are two carnitine palmitoyltransferases in mito-
chondria, one located in the outer mitochondrial membrane
(carnitine palmitoyltransferase I) and the other located in
the inner mitochondrial membrane (carnitine palmitoyl-
transferase II). Freezing-thawing mitochondria inactivates
carnitine palmitoyltransferase I, but not II (McGarry &
Brown, 1997); this indicates that the transferase activity
measured spectrophotometrically in freeze-thawed whole
homogenate in the current study probably represents the
carnitine palmitoyltransferase II activity.

RNA analysis

Hepatic RNA was extracted and the mRNA levels of
enzymes in fatty acid metabolism were analysed by slot-
blot and Northern-blot hybridization using specific rat
cDNA probes as detailed elsewhere (Ashakumary et al.
1999). Values were corrected for those of a housekeeping
gene (glyceraldehyde-3-phosphate dehydrogenase). As we
confirmed the specificity of our cDNA probes by North-
ern-blot analysis, mRNA abundance was estimated using
slot-blot hybridization.

Analysis of NADPH-dependent degradation of sesamin and
episesamin by liver microsomes

Mice, hamsters and rats at 7 weeks of age, fed on a com-
mercial diet, were used to prepare liver microsomes. The
liver was homogenized in 3 vol. 0·25 M-saccharose con-
taining 1 mM-EDTA and 3 mM-Tris-HCl (pH 7·2). The
liver homogenates were centrifuged at 9000 g for 10 min;
the supernatant fractions were recentrifuged at 200 000 g
for 30 min to obtain microsomes, which were then sus-
pended in the same mixture to use as an enzyme source.
Degradation of sesamin and episesamin by liver micro-
somes was analysed in the reaction mixture (final volume
1 ml) containing 0·1 M-potassium phosphate buffer (pH
7·4), 1 mM-EDTA, 0·15 mg/ml 3-((3-cholamidopropyl)
dimethylammonio)-1-propanesulfonate, 5 mM-dithiothrei-
tol, 2 mM-NADPH, 5mM each of sesamin and episesamin,
and microsomes (20–400mg protein). Sesamin and epise-
samin were added to the reaction mixture in acetone sol-
ution (10ml) containing both of these compounds at a
concentration of 0·5 mM each. The composition of the reac-
tion mixture was similar to that reported by Chiang (1991)
for the analysis of cholesterol 7a-hydroxylase activity in
rat liver microsomes. The enzyme reaction was triggered
by adding microsomes and incubated at 378C with shaking
(eighty oscillations per min). After 10–180 min incubation,
the reaction was stopped by adding 20 ml chloroform-
methanol (2:1, v/v). Sesamin and episesamin remaining
in the lipid extract were analysed by reversed-phase
HPLC using a Capcell Pak AG 120 A C18 column
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(250 £ 4·6 mm; Shiseido, Tokyo, Japan) with a mobile
phase of methanol-water (7:3, v/v) at a flow rate of
1·0 ml/min, monitoring with a fluorometer at excitation of
298 nm and emission of 325 nm. Lignan degradation rates
were calculated by subtracting the amounts of sesamin
and episesamin remaining in the incubation mixture from
those presented in the original mixture. Inclusion of
NADPH in the reaction mixture was found to be obligatory
to detect degradation of lignans, and no degradation
occurred in the absence of this cofactor. Using 1, 2 and
5 mM-NADPH in the incubation mixture, the rate of degra-
dation increased only slightly as the concentrations of
NADPH increased. We therefore routinely employed
2 mM-NADPH to measure the enzyme reaction. Insolubi-
lity of sesamin and episesamin in the enzyme mixture
made the kinetic analysis of enzyme reaction difficult.
We added these lignans in a small volume of acetone to
the incubation media. The amounts of sesamin and episesa-
min degraded by rat microsomes (100mg protein) during a
30 min incubation using 5·0mM substrate (2·5mM each of
sesamin and episesamin) were 0·653 and 0·422 nmol for
sesamin and episesamin (mean values of duplicate ana-
lyses) respectively. The values approximately doubled
(1·490 and 0·935 nmol respectively) using 10·0mM sub-
strate (5·0mM each of sesamin and episesamin). However,
when using concentrations of lignan .10·0mM, the results
obtained were very variable, and they sometimes became
even lower than those obtained with 5·0 or 10·0mM sub-
strate, presumably because of the precipitation of the
lignan in the incubation mixture. Therefore, we routinely
used 10·0mM concentrations of lignan substrate (5·0mM

each of sesamin and episesamin) to measure the lignan
degradation rate, in spite of the fact that the concentration
may not be high enough to obtain maximal enzyme
activity. Solubilization of lignan substrate using Triton
X-100 was unsuccessful. Triton X-100 at a final concen-
tration of 1 g/l incubation mixture totally inactivated the
enzyme reaction.

Analyses of serum lipids and insulin, and sesame lignan

Serum triacylglycerol, cholesterol, phospholipid and NEFA
concentrations were assayed using commercial enzyme kits
(Wako Pure Chemical, Osaka, Japan). Serum insulin levels
in rats and mice were analysed by a commercial ELISA kit
(Morinaga, Kanagawa, Japan) using rat and mouse insulin
as standards respectively. Serum and liver lipids were
extracted and purified (Folch et al. 1957). Sesamin and epi-
sesamin contents in the liver- and serum-lipid extracts were
analysed by HPLC.

Statistical analyses

StatView for Macintosh was used for statistical analysis
(SAS Institute Inc., Cary, NC, USA). Data for the activities
of hepatic enzymes of fatty acid oxidation and synthesis
and serum lipid and insulin concentrations were analysed
by two-way ANOVA to establish the effect of animal
species and lignan or any interaction between these two
factors. If there was a significant animal species £
lignan interaction in the two-way ANOVA, all the

significant differences of the mean values at P,0·05
were inspected by a Tukey-Kramer post hoc analysis. If
two-way ANOVA detected any significant effect of
animal species or lignan but no significant interaction
between these factors, a Tukey-Kramer post hoc analysis
was performed for the values segregated according to
animal species or lignan to determine significant differ-
ences among the factor levels. Lignan-dependent altera-
tions of the mRNA levels in each animal species were
analysed by the Student’s t test. Other data for one-way
classification were analysed by one-way ANOVA. This
was followed by a Tukey-Kramer post hoc analysis to
detect significant differences in the mean values at
P,0·05.

Results

Activities of hepatic enzymes involved in fatty acid
oxidation and synthesis

Dietary lignan did not affect food intake and growth of
mice, hamsters and rats. Body weights at the time of killing
were 38·0 (SD 3·0), 118·0 (SD 8·0) and 276·0 (SD 12·0) g for
mice, hamsters and rats respectively.

Species-dependent differences in the physiological
activity of dietary lignan in affecting the activities of var-
ious hepatic fatty acid oxidation enzymes were observed
among mice, hamsters and rats; analysis by two-way
ANOVA revealed that significant interactions between
two factors, i.e. animal species and lignan, existed in all
the variables analysed. Consistent with previous studies
(Ashakumary et al. 1999; Ide et al. 2001; Kushiro et al.
2002), dietary lignan caused great increases in the activity
of hepatic fatty acid oxidation enzymes in rats (Table 1).
However, it was observed that dietary lignan was irrelevant
in increasing the activity of hepatic fatty acid oxidation
enzymes in mice and hamsters.

The effects of lignan on the activity of hepatic lipogenic
enzymes were examined. Pyruvate kinase, an enzyme
involved in the glycolytic pathway in the liver, is coordi-
nately regulated with other enzymes involved in lipogen-
esis, and is considered to participate in the regulation of
fatty acid synthesis (Inoue et al. 1986; Noguchi et al.
1992). Two-way ANOVA showed that there were signifi-
cant (P,0·05) animal species £ lignan interactions for
all the enzyme activities. We previously demonstrated
that lignan decreased the activities of various lipogenic
enzymes, including acetyl-CoA carboxylase, fatty acid
synthase, ATP-citrate lyase, pyruvate kinase and glucose-
6-phosphate dehydrogenase in rat liver (Ashakumary et al.
1999; Ide et al. 2001; Kushiro et al. 2002). Consistent with
this observation, lignan greatly decreased the hepatic
activities of lipogenic enzymes in the rat in the current
study. However, lignan did not affect the lipogenic
enzyme activities in mice. Although lignan significantly
decreased (P,0·05) the activities of ATP-citrate lyase
and pyruvate kinase in hamsters, the extent of these
reductions was much less than those observed in rats.
The activities of fatty acid synthase and glucose-6-phos-
phate dehydrogenase were indistinguishable between
hamsters fed on the lignan-free and 2 g lignan/kg diets.
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Table 1. Effect of lignan on the activities of enzymes (mmol/min per g liver) involved in hepatic fatty acid oxidation and synthesis in the mouse, hamster and rat†

(Mean values and standard deviations for eight animals per group)

Mouse Hamster Rat

Statistical significance of
effect (two-way ANOVA):

P value

Lignan-free Lignan Lignan-free Lignan Lignan-free Lignan
Animal £
LignanEnzyme activity Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Animal Lignan

Fatty acid oxidation enzymes
Carnitine

palmitoyltransferase
0·977b 0·148 0·882d 0·160 0·783ab 0·075 0·761d 0·140 0·571a 0·100 1·250*e 0·230 0·007 ,0·001 ,0·001

Peroxisomal fatty acid
oxidation

0·980b 0·190 1·160de 0·450 1·250b 0·140 1·390e 0·080 0·306a 0·054 1·050*d 0·110 ,0·001 ,0·001 ,0·001

Acyl-CoA oxidase 1·17b 0·24 1·35e 0·41 1·92c 0·15 1·89f 0·12 0·22a 0·05 0·79*d 0·07 ,0·001 ,0·001 0·001
3-Hydroxyacyl-CoA

dehydrogenase
80·4 9·8 68·7d 12·2 110·0 19·0 128·0e 22·0 101·0 12·0 191·0*f 40·0 ,0·001 ,0·001 ,0·001

3-Ketoacyl-CoA
thiolase

46·1b 5·7 40·3d 7·2 39·4ab 4·4 45·0d 9·8 31·7a 8·0 57·0*e 7·9 0·716 ,0·001 ,0·001

Lipogenic enzymes
Fatty acid synthase 1·72a 0·39 1·68d 0·27 5·36b 0·27 4·23e 0·47 4·64b 1·72 1·98*d 0·55 ,0·001 ,0·001 ,0·001
ATP-citrate lyase 3·59a 1·04 2·66 0·66 6·85b 1·76 4·66* 0·76 8·91b 2·29 3·98* 1·22 ,0·001 ,0·001 0·001
Glucose-6-phosphate

dehydrogenase
1·94a 1·12 1·22d 0·47 0·61a 0·10 0·59d 0·09 14·0b 2·7 4·81*e 1·56 ,0·001 ,0·001 ,0·001

Pyruvate kinase 30·5a 11·0 29·3e 7·6 67·9c 5·1 58·9*f 6·8 44·7b 7·8 16·3*d 4·5 ,0·001 ,0·001 ,0·001

a,b,cMean values among groups of animals fed a lignan-free diet with unlike superscript letters were significantly different (P,0·05).
d,e,fMean values among groups of animals fed a 2 g lignan/kg diet with unlike superscript letters were significantly different (P,0·05).
* Mean values were significantly different from the corresponding group of animals fed a lignan-free diet: *P,0·05.
† For details of diets and procedures, see pp. 377–378.
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mRNA level in hepatic enzymes involved in fatty acid
oxidation and synthesis

To confirm the results obtained with enzyme activity, we
analysed the mRNA levels of various enzymes involved
in hepatic fatty acid oxidation and synthesis in rats and
mice, (slot-blot hybridization using specific cDNA probes
of rat origin; Table 2). The results obtained using North-
ern-blot hybridization revealed that our rat cDNA probes
successfully and specifically detected mRNA of various
enzymes in both mice and rats (Fig. 1). However, our rat
cDNA probes gave very weak signals for mRNA of various
enzymes in hamsters and it was difficult to obtain reliable
values. Therefore, the mRNA levels were analysed in mice
and rats, but not in hamsters. The values were corrected for
those of a housekeeping gene, glucose-6-phosphate dehy-
drogenase. It is considered that the intensity of signal
obtained for a specific mRNA molecule using a rat
cDNA probe may not be identical between mouse and
rat, and thus it is difficult to compare the values observed
in different animal species. Therefore, the mRNA levels of
mice and rats fed on the lignan-containing diet were
expressed as percentages, assigning the values in a group
of respective animal species fed on a lignan-free diet to
100; statistical analyses of lignan-dependent alterations in
the mRNA levels were evaluated using the Student’s t test.

Lignan increased the mRNA levels of various mitochon-
drial and peroxisomal fatty acid oxidation enzymes in rats.
Dietary lignan slightly but significantly (P,0·05)
increased the mRNA level of peroxisomal 3-ketoacyl-
CoA thiolase in mice. However, no other significant
lignan-dependent alterations in the mRNA levels of fatty
acid oxidation enzymes were confirmed in this animal
species.

Analysis of the mRNA levels of enzymes involved in
fatty acid synthesis by slot-blot hybridization confirmed
the results obtained on enzyme activity. Dietary lignan

strongly reduced the mRNA levels of lipogenic enzymes
in rats. However, lignan-dependent alteration in the
levels of mRNA for all the lipogenic enzymes was not
observed in mice.

Serum lipid and insulin concentrations

Among groups of animals fed on the experimental diets,
two-way ANOVA showed that there was a significant
animal species £ lignan interaction for serum triacylgly-
cerol (P,0·005) and phospholipid (P,0·025) concen-
trations (Table 3); subsequent post hoc analysis revealed
that lignan significantly decreased (P,0·05) these vari-
ables in rats, but not in the other animal species. Two-
way ANOVA did not detect a significant effect of lignan
or a significant animal species £ lignan interaction; diet-
ary lignan, however, caused 16 and 26 % decreases in the
serum cholesterol and NEFA levels in rats respectively,
but the values were approximately the same between the
groups fed the lignan-free and lignan-containing diets in
the other animal species. We also analysed serum insulin
concentrations in rats and mice. Because of the large vari-
ation in the values, especially in mice, two-way ANOVA
did not detect significant effects of animal species or
lignan, or an animal species £ lignan interaction for this
variable. However, dietary lignan caused a decrease of
52 % in the serum insulin concentration in rats, but did
not affect the variable in mice.

Sesamin and episesamin concentrations in the serum and
liver

We analysed the serum and hepatic concentrations of sesa-
min and episesamin in the animals fed on the diet contain-
ing 2 g lignan (sesamin-episesamin (1:1, w/w))/kg. In both
the serum and liver, the sesamin and episesamin levels
were much greater in rats than in mice and hamsters

Table 2. Effects of lignan on mRNA levels (%) of enzymes involved in hepatic fatty acid oxidation and synthesis in
the mouse and rat†

(Mean values and standard deviations for eight animals per group)

Mouse Rat

Lignan-free Lignan Lignan-free Lignan

mRNA level Mean SD Mean SD Mean SD Mean SD

Fatty acid oxidation enzymes
Mitochondrial enzymes

Carnitine palmitoyltransferase II 100 14 108 16 100 12 170* 37
Trifunctional enzyme subunit a 100 18 94 22 100 15 245* 37
Trifunctional enzyme subject b 100 34 73 17 100 30 226* 50
Mitochondrial 3-ketoacyl-CoA thiolase 100 17 92 8 100 25 242* 69

Peroxisomal enzymes
Acyl-CoA oxidase 100 21 120 28 100 12 335* 82
Peroxisomal bifunctional enzyme 100 20 125 31 100 17 1026* 401
Peroxisomal 3-ketoacyl-CoA thiolase 100 11 138* 19 100 18 499* 103

Lipogenic enzymes
Fatty acid synthase 100 38 103 39 100 34 37* 13
ATP-citrate lyase 100 12 108 22 100 24 55* 13
L-Pyruvate kinase 100 21 113 32 100 21 36* 7

* Mean values were significantly different from those of the corresponding group of animals fed a lignan-free diet: *P,0·05.
† For details of diets and procedures, see pp. 377–378.

Lignan and fatty acid metabolism 381

https://doi.org/10.1079/BJN
20031067  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN20031067


(Table 4). Despite the fact that the lignan preparation given
to the experimental animals contained both sesamin and
episesamin at a 1:1 ratio, relative abundances of these lig-
nans in the serum and liver were differed considerably
according to animal species. The concentration of episesa-
min was much greater than that of sesamin in both the
serum and liver in rats (sesamin:episesamin values 0·26
and 0·41 for the serum and liver respectively). Although
the concentrations of these compounds in the serum and
liver were much lower in mice, sesamin was more predo-
minant than episesamin in this animal species (sesamin:
episesamin values 3·70 and 2·10 for the serum and liver
respectively). In hamsters, the serum concentrations were
comparable between sesamin and episesamin (value
1·20), while the liver contained twice as much episesamin
as sesamin (sesamin:episesamin value 0·48).

Degradation of sesamin and episesamin by liver
microsomes

We found that sesamin and episesamin were degraded by
liver microsomes (Table 5). Preliminary experiments

using 10–180 min incubation and 25–400mg microsomal
protein from various animal species revealed that lignan
degradation was linear with respect to incubation time
and enzyme amount, up to 30 min and 100mg microsomal
protein. Enzyme reactions using 100mg microsomal pro-
tein obtained from five animals from each animal species
were carried out for 15 and 30 min and the data were stat-
istically analysed. Total degradation rate combining the
values for sesamin and episesamin was considerably
lower in rats than in the other animal species. At 15 min,
the difference between the values for hamsters and rats
was statistically significant (P,0·05), and at 30 min the
value became significantly lower (P,0·05) in rats than
in the other animal species. In the absence of NADPH,
no significant degradation of these lignans during 30 min
incubation was observed using microsomes from various
animal species. Differences in the substrate specificity of
the enzyme reaction among animal species were observed.
The reaction rate was greater for episesamin than for sesa-
min in mice and vice versa in hamsters. Rat enzyme metab-
olizes sesamin at a rate slightly higher than that of
episesamin.

Fig. 1. Northern-blot analysis of mRNA of hepatic enzymes involved in fatty acid oxidation and synthesis in mice and rats. RNA samples
(30mg) were denatured and subjected to electrophoresis on 11 g agarose/l gel containing 0·66 M-formaldehyde, then transferred to a nylon
membrane and fixed with UV irradiation. RNA on nylon membranes was hybridized with radiolabelled cDNA probes specific for mRNA of carni-
tine palmitoyltransferase II. (A), mitochondrial trifunctional enzyme; (B), subunit a; (C), subunit b; (D), mitochondrial 3-ketoacyl-CoA thiolase;
(E), acyl-CoA oxidase; (F), peroxisomal bifunctional enzyme; (G), peroxisomal 3-ketoacyl-CoA thiolase; (H), fatty acid synthase; (I), ATP-
citrate lyase; (J), L-pyruvate kinase. Lanes 1–3: RNA from animals fed a lignan-free diet; lanes 4–6: RNA from animals fed a 2 g lignan/kg
diet. For details of diets and procedures, see pp. 377–378.
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Discussion

It has been reported that the lignan preparation containing
both sesamin and episesamin has various physiological
effects, including antioxidant (Yamashita et al. 2000) and
anti-carcinogen (Hirose et al. 1992) activities, lowering
of blood pressure (Matsumura et al. 1998), modulation of
immune function (Gu et al. 1995; Nonaka et al. 1997;
Gu et al. 1998) and lowering of serum lipids (Hirose
et al. 1991; Ashakumary et al. 1999) in experimental ani-
mals. However, most studies have been carried out using
rats as an experimental animal, and there have only been
a few studies (Akimoto et al. 1993; Ogawa et al. 1994;
Chavali et al. 1997) on other animal species.

We previously demonstrated that lignan (sesamin- epise-
samin (1:1, w/w)) increased hepatic fatty acid oxidation,
while it down-regulated lipogenesis and thus accompanied
lowering of serum lipid levels in rats (Ashakumary et al.
1999). However, the physiological activity of the lignan
preparation in affecting hepatic fatty acid oxidation and
synthesis remained to be studied in other animal species.
In the present study, we compared the physiological activi-
ties of lignan in mice, hamsters and rats. Consistent with
previous studies, dietary lignan strongly increased the
activity and gene expression of hepatic fatty acid oxidation
enzymes, while it reduced these variables of lipogenic
enzymes in rats. However, we found that lignan was inef-
fective in modulating the activity of enzymes involved in
hepatic fatty acid oxidation and synthesis in mice and ham-
sters. In addition, lignan failed to affect the gene
expression of these enzymes in mice. Significant altera-
tions in these variables were noted on a few occasions,
but the changes were much less than those observed in
rats. Therefore, it is apparent that species dependence
exists in the physiological activity of dietary lignan in
affecting hepatic fatty acid oxidation and synthesis. Similar
results were obtained even when the feeding period was
extended to 30 d (M Kushiro, TIde, unpublished results).

The potential roles of SREBP-1c and PPARa in mediat-
ing regulation of hepatic lipogenesis and fatty acid oxi-
dation respectively in response to dietary, hormonal or
other stimuli have been well documented not only inT
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Table 4. Sesamin and episesamin concentrations in the serum
(mmol/l) and liver (nmol/g) of the mouse, hamster and rat fed a
lignan-containing diet*

(Mean values and standard deviations for eight animals per group)

Mouse Hamster Rat

Mean SD Mean SD Mean SD

Serum
Sesamin 3·06a 1·34 2·15a 2·68 22·10b 10·30
Episesamin 0·82a 0·56 1·84a 1·99 86·40b 27·50
Total 3·88a 1·73 3·99a 4·66 108·00b 33·0

Liver
Sesamin 1·30a 1·12 0·28a 0·18 3·31b 1·80
Episesamin 0·61a 0·62 0·58a 0·40 8·1b 3·14
Total 1·91a 1·73 0·86a 0·57 11·40b 4·87

a,bMean values with unlike super script letters were significantly different
(P,0·05).

* For details of diets and procedures, see pp. 377–378.
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rats, but also in mice and hamsters (Schoonjans et al. 1996;
Peters et al. 1997; Horton et al. 1998; Horton & Shimomura,
1999; Shimomura et al. 1999; Field et al. 2001; Guo et al.
2001; Ide et al. 2001; Minnich et al. 2001). Our previous
studies strongly indicated that sesame lignan affects hepatic
fatty acid synthesis and oxidation in rats through the mech-
anisms dependent on SREBP-1 and PPARa respectively
(Ashakumary et al. 1999; Ide et al. 2001). Our cDNA
probe and antibody used to measure hepatic SREBP-1
mRNA and protein levels in the previous study (Ide et al.
2001) could not discriminate SREBP-1a and -1c. It has
been demonstrated that expression of SREBP-1c is greater
than that of -1a in animal tissues (Horton et al. 1998;
Horton & Shimomura, 1999; Shimomura et al. 1999; Field
et al. 2001). Therefore, it is most likely that down-regulation
of SREBP-1c rather than -1a is primarily responsible for
lignan-dependent decrease in lipogenic enzyme gene
expression. It is possible that sensitivity in response to
various stimuli of SREBP-1c and PPARa signalling
pathways is different among animal species, and hence can
account for differing effects of dietary lignan on hepatic
fatty acid metabolism among mice, hamsters and rats.
However, comparative studies to examine the species-
dependent differences in the sensitivity of these signalling
pathways is totally lacking. Detailed studies are required
to test this possibility. Although two-way ANOVA on
serum insulin levels of rats and mice failed to detect signifi-
cant effects of lignan, animal species or lignan £ animal
species interaction, the values were considerably lower in
rats fed a lignan-containing diet than in those fed a
lignan-free diet. However, the values were comparable
between mice fed a lignan-containing diet and a lignan-
free diet. It has been demonstrated that insulin treatment
increases SREBP-1c mRNA levels in 3T3-L1 adipocytes
(Le Lay et al. 2002) and rat liver (Shimomura et al. 1999).
Hence, it is possible that alterations in serum insulin
concentration trigger a SREBP-1-dependent mechanism

to decrease gene expression of hepatic lipogenic enzymes
in rats fed lignan.

We found that tissue sesamin and episesamin concen-
trations in animals fed on the lignan preparation differed
considerably among animal species. The observation
strongly indicates that the differences among animal
species in the amounts of lignan remaining in tissues,
rather than the sensitivity of SREBP-1c and PPARa signal-
ling pathways, can account for the species dependence of
the physiological activity of lignan in affecting hepatic
fatty acid metabolism. In addition, the sesamin:episesamin
ratios in the liver and serum were far from the value that
would be expected from the ratio in dietary lignan (sesami-
n:episesamin ratio 1) in most cases and were dependent on
the animal species.

Predominance of episesamin compared with sesamin in
the serum and liver of rats was consistent with the report
by Umeda-Sawada et al. (1999), and this may account
for the difference in the physiological activity of sesamin
and episesamin in affecting hepatic fatty acid oxidation
in rats (Kushiro et al. 2002). The sums of the tissue con-
centrations of sesamin and episesamin in both the liver
and serum were much less in mice and hamsters than in
rats. Therefore, it is thought that tissue lignan levels were
too low to affect hepatic fatty acid metabolism in mice
and hamsters.

Species-dependent alterations in tissue lignan concen-
trations may indicate that differences exist in the rate of
absorption or metabolism of sesamin and episesamin
among animal species. We found in the present study
that these lignans are degraded by liver microsomes.
Inclusion of NADPH in the reaction mixture was found
to be obligatory to detect significant degradation of lignans,
indicating that cytochrome P450 is involved in the degra-
dation of sesamin and episesamin by microsomes. Nakai
et al. (2003) recently demonstrated that sesamin is
metabolized by rat liver microsomes. They identified two

Table 5. Degradation of sesamin and episesamin (nmol/100mg protein) by liver microsomal
enzyme preparation*

(Mean values and standard deviations)

Mouse Hamster Rat

Mean SD Mean SD Mean SD

þNADPH†
15 min incubation

Sesamin 0·41a 0·30 1·40b 0·16 0·69a 0·14
Episesamin 1·39b 0·27 0·57a 0·12 0·64a 0·26
Total 1·80ab 0·56 1·97b 0·24 1·33a 0·35

30 min incubation
Sesamin 1·33a 0·27 2·19b 0·20 1·22a 0·10
Episesamin 2·31b 0·21 1·06a 0·10 0·92a 0·16
Total 3·63b 0·43 3·25b 0·24 2·14a 0·22

2NADPH‡
30 min incubation

Sesamin 0·10 0·12 0·08
Episesamin 0·01 0·19 0·14
Total 0·11 0·31 0·22

a,bMean values with unlike superscript letters were significantly different (P,0·05).
* For details of diets and procedures, see pp. 377–378.
† Five animals per group.
‡ Two animals per group.
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metabolites in the reaction mixture. The methylenedioxy-
phenyl moiety in the structure of sesamin was converted
into a dihydrophenyl (catechol) moiety. They were ident-
ified as (1R,2S,5R,6S)-6-(3,4-dihydroxyphenyl)-2-(3,4-
methylenedioxyphenyl)-3,7-dioxabicyclo(3,3,0)octane and
(1R,2S,5R,6S)-2,6-bis(3,4-dihydroxyphenyl)-3,7-dioxabicy
clo(3,3,0)octane. However, the metabolite(s) of episesamin
remained to be identified. We showed in the present study
that the rate and substrate specificity of the enzyme reac-
tion were considerably different among animal species.
The combined value of the sesamin and episesamin degra-
dation rate was 26–41 % lower in the rats than in the other
animal species. Therefore, the differences in the micro-
somal enzyme activities may account for the species-
dependent differences in tissue lignan concentrations.
However, the total lignan concentrations in the serum
and liver were six to twenty-eight times greater in rats
than in hamsters and mice. Thus, it is rather difficult to
ascribe the species-dependent differences in tissue lignan
concentration completely to the diversity of microsomal
lignan-degrading activity among animal species. Insolubi-
lity of sesamin and episesamin made the kinetic analysis
of the enzyme reaction difficult. It is possible that differ-
ences in the actual rate of lignan degradation by micro-
somes among animal species are larger than those
estimated in the present study. Although our assay con-
dition is still not sufficient to elucidate the kinetic proper-
ties of lignan degradation activity, the current analyses also
indicated that considerable diversity exists in the specificity
of the enzyme reaction toward sesamin and episesamin
among animal species. However, the current observations
regarding the differences in the substrate specificity of
the enzyme reaction do not necessarily comply with the
species-dependent alterations in tissue sesamin:episesamin
values. Optimization of the enzyme assay is required to
draw a definite conclusion. In addition, it is possible that
there are differences in the rate of absorption of these
lignan compounds among animal species, hence account-
ing for the different tissue lignan concentrations.

Hamsters most resemble human subjects with respect to
lipoprotein profiles (Goulinet & Chapman, 1993; Bravo
et al. 1994), basal rate of cholesterol and bile acid syn-
thesis (Dietschy et al. 1993), and various aspects of lipo-
protein transport and metabolism (Dietschy et al. 1993),
compared with rats and mice. Moreover, various dietary
and pharmacological interventions cause changes in lipo-
protein profiles and metabolism of hamsters in a direction
and magnitude similar to that of human subjects (Dietschy
et al. 1993; Horton et al. 1995; Dietschy, 1998). In the cur-
rent study, dietary lignan profoundly affected hepatic fatty
acid metabolism accompanying the changes in serum lipid
profiles in rats, but not in hamsters. Therefore, it is possible
that dietary lignan does not affect lipid metabolism in
human subjects, as was observed in hamsters. However,
Hirata et al. (1996) reported that lignan decreased serum
cholesterol levels in human subjects. Our current obser-
vations strongly indicate that the diversity in lignan metab-
olism can account for the species dependence of the
physiological activity of dietary lignan in affecting hepatic
fatty acid metabolism and serum lipid levels. Therefore,
human studies to examine lignan metabolism may help to

estimate the efficacy of lignan as a supplement in the
human diet.

In conclusion, dietary lignan (the preparation containing
equivalent amounts of sesamin and episesamin) greatly
increased the hepatic activity and mRNA levels of
enzymes involved in fatty acid oxidation, while it strongly
down-regulated the activities of enzymes involved in lipo-
genesis in rats. However, no such alterations were con-
firmed in mice and hamsters. The differences among
these animal species in the amount of lignan remaining
in tissues may account for the species dependence of the
physiological activity of lignan in affecting hepatic fatty
acid oxidation and synthesis.
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