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Summary The effects of dietary sesamin (a mixture of sesamin and
episesamin, 1: 1, w/w) on ketone body production and lipid secretion were
studied in isolated perfused liver from rats given sesamin. Feeding sesamin
at the dietary level of 0.2% from 14 to 16d resulted in an enlargement of
liver weight. Ketone body production was significantly elevated in the
livers perfused with oleic acid in comparison with those perfused without
an exogenous-free fatty acid, and sesamin feeding caused a stimulation
of ketone body production, especially when exogenous oleic acid was
provided. On the other hand, the ratio of f-hydroxybutyrate to aceto-
acetate, an index of mitochondrial redox potential, tended to increase
in the livers perfused with oleic acid compared with those without fatty
acid, though it was consistently lowered by dietary sesamin. The cumulative
secretion of triacylglycerol, but not of cholesterol, by the livers from
sesamin-fed rats was decreased markedly, especially when exogenous oleic
acid was provided, suggesting an inverse relationship between the rates
of ketogenesis and triacylglycerol secretion. These results suggest that
dietary sesamin exerts its hypotriglyceridemic effect at least in part
through an enhanced metabolism of exogenous-free fatty acid to oxidation
at the expense of esterification in rat liver.
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Dietary sesamin, one of the lignans existing most abundantly in sesame seeds
and oils, has been shown to influence the metabolism of cholesterol and tri-
acylglycerol, and also of polyunsaturated fatty acids (/-8). Furthermore, sesamin
transiently enlarges liver weight accompanying a concomitant elevation of
phospholipid levels (1, 2,4, 7,8), which is similar to the effects observed in some
hypolipidemic drugs such as fibrate and its related drugs, which are a potent hepatic
peroxisomal proliferator (9-14). It has been suggested that the hypotriglyceridemic
effect of these drugs is due to an increased partition of fatty acids to the pathways
of oxidation at the expense of esterification by proliferating hepatic peroxisomes
(9, 11-14). Ashakumary et al recently reported that sesamin causes a marked
proliferation of hepatic peroxisomes and thus enhances the fatty acid oxidation rate
in these organelles (15).

These observations therefore suggest that sesamin, like fibrate and its related
drugs, may also influence alternative pathways of oxidation and esterification in
rat liver. However, little is known about the effects of this lignan on the interactions
between these two pathways. It is therefore of interest to examine whether dietary
sesamin influences the partition of fatty acids between the pathways of oxidation
and esterification in the liver. In the present study, we report for the first time that
dietary sesamin enhances ketone body production and decreases triacylglycerol
secretion in rat liver.

Materials and methods

Male Wistar rats (Kyudo, Kumamoto) weighing 140-150g were housed
individually at a constant temperature (22-24°C) with lights turned on from 07:00
to 19:00. They were acclimated to this situation for several days, then divided into
two groups with equal body weights; one group was fed a control diet consisting
of 94.5% powdered commercial chow (Type CE-2, Nihon Clea, Tokyo, Japan) and
5.5% corn oil, and the other group was fed the same diet supplemented with 0.2%
sesamin (sesamin : episesamin, 1 : 1, w/w, supplied by Suntory, Tokyo, Japan). These
diets were given ad libitum for 14 to 16d. Food intake and body weight were
recorded every other day.

On the day of the perfusion experiments, the rats were given intraperitoneal
injections of pentobarbital Na (5mg/100 g body weight) at about 08:30. The liver
was then isolated and perfused with 120mL of recirculating Krebs-Henseleit
perfusion medium (pH 7.4), which contained 25mm™m glucose, 1.5% (w/v) bovine
serum albumin (Fraction V, Boehringer Mannheim), and 25% (v/v) washed bovine
erythrocytes, at a rate of 20 mL/min at 37°C in the presence or absence of exogenous
oleic acid. When livers were perfused with exogenous fatty acid, 5SmL of 20 mm
potassium oleate (100 umol) were added at the beginning of recirculation, and the
same solution was continuously infused at the rate of 4.5mL/h (90 umol/h). Every
hour, 20mL of perfusate were removed for analyses of ketone bodies and lipids,
and the same amount of fresh perfusion medium was added to maintain 120 mL
of recirculating volume. The perfusions were continued for 4h, as previously
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Table 1. Body weight, liver weight, and postperfused liver lipid.

Bgdy Liver weight* Liver lipid (umol/g)
weight o100 ¢ body weight) -
@) Triacylglycerol Cholesterol ~ Phospholipid
Without oleic acid
Control  259+4 51+0.1* 144+1.2 4.5+0.2® 23.142.5*
Sesamin  263+4 6.4+0.5° 154+1.2 3.3+0.2° 23.3+2.2%

With oleic acid
Control 24745 5.140.1* 14.0+1.8 6.34+0.7° 20.14+2.52
Sesamin 261 +4 6.0+0.2° 13.6+1.4 5.8+0.4° 30.0+3.4°

Mean £ SE of 4 rats. * Liver weight was measured at the end of perfusion. Values bearing
different letters are significantly different at p <0.05. Rats weighing 140-150 g were fed
the diets supplemented with or without 0.2% sesamin for 14 to 16d. The livers were
then isolated and perfused in the presence or absence of an oleic acid substrate.

described in detail (/4,16,17). All aspects of the experiment were approved by
the Miyazaki University Animal Policy and Welfare Committee.

The methods employed for the lipid and ketone body analyses in perfusates
and postperfused livers were described previously (74, 16—18). Data were analyzed
by ANOVA, followed by Duncan’s new multiple-range test to evaluate significant
differences of the means (/9).

Results and discussion

Dietary sesamin did not influence food intake (23-25g per d) or the growth
of rats, although it did enlarge liver weight significantly (Table 1). No effects of
dietary sesamin on lipid concentrations of the-postperfused liver were observed,
except for a significant increase in phospholipid levels of the livers perfused in the
presence of exogenous oleic acid. The rate of synthesis and of secretion of
triacylglycerol and cholesterol is influenced by the quality and quantity of exogenous
fatty acids added in the perfusion medium (76, 20, 21). Goh et al and Kohout et al
found that oleic acid is the best substrate for the synthesis and secretion of
triacylglycerol and cholesterol by the isolated rat liver perfused with equimolar
quantities of palmitic, oleic, or linoleic acid, although the rate of hepatic uptake
of free fatty acid was similar for all fatty acid substrates (20, 21). In the present
study, we therefore employed oleic acid as an exogenous fatty acid substrate and
found that the calculated values of hepatic uptake of oleic acid (14, 16,17) at
consecutive time intervals are comparable: 183+3, 27244, 36143, and
453 +3 ymol/liver in the control group, and 185+4, 273+3, 36345, and
454 + 5 ymol/liver in the sesamin group, respectively. Therefore the following
observations on the inverse responses in ketone body production and triacylglycerol
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Table 2. Effect of sesamin feeding on the cumulative production of ketone bodies and
the ratio of S-hydroxybutyrate and acetoacetate.

Perfusion period (h)

1 2 3 4
Ketone body production (umol/liver)
Without oleic acid
Control 51.1+14.2* 84.5+13.6* 118.5+12.6° 153.7+10.5*
Sesamin 66.1+11.8° 125.9+23.7* 176.1+22.9*  221.1433.1°
With oleic acid
Control 181.64+23.9*  251.5+20.1° 318.84+29.4° 379.2+25.5°
Sesamin 203.8+25.1"  290.7+21.8° 381.94+19.2° 460.7+ 9.7°
B-Hydroxybutyrate/acetoacetate ratio
Without oleic acid
Control 0.50+0.07 0.47+0.05 0.5340.07%® 0.56 +0.09°°
Sesamin 0.4240.08 0.39+0.10 0.334+0.07* 0.31+0.08"
With oleic acid
Control 0.54+0.04 0.574+0.04 0.61+0.07° 0.70+0.11°
Sesamin 0.45+0.04 0.41+0.02 0.4740.032® 0.53+0.012°

Mean £ SE of 4 rats. Values bearing different letters are significantly different at p < 0.05.

secretion by the livers in the presence of an exogenous fatty acid substrate may be
attributed to the influences of dietary sesamin per se.

It has been reported that the elevation of ketone body production by livers
perfused with an exogenous oleic acid substrate compared with those without the
fatty acid substrate is usually accompanied by an increased ratio of B-hydroxy-
butyrate to acetoacetate because of an increased transportation of fatty acids
across the mitochondrial membrane for ff-oxidation (14, 17). Consistent with these
observations, the present experiment showed that an infusion of an exogenous
oleic acid substrate to the perfusion medium causes a 2.5-fold increase in the
production of ketone bodies with a concomitant elevation of the ratio of
p-hydroxybutyrate to acetoacetate (Table 2). On the other hand, the livers of rats
fed the sesamin diet produced more ketone bodies than animals fed the diet without
the lignan did, both in the presence and in the absence of an oleic acid substrate,
although statistical significance was observed only when an oleic acid was provided.
In contrast, the ratio of f-hydroxybutyrate to acetoacetate was consistently lowered
in the liver perfusates of the sesamin groups compared with those of the respective
control groups, regardless of the presence or absence of exogenous-free fatty acid.
These results suggest that the exogenous oleic acid substrate and dietary sesamin
differently influence the redox potential in the liver mitochondrial compartment.
Although the exact mechanism underlying the reciprocal responses in ketogenesis
and the ratio of fp-hydroxybutyrate to acetoacetate caused by dietary sesamin
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Table 3. Effect of sesamin feeding on the cumulative secretion of triacylglycerol and
cholesterol by the perfused liver.

Perfusion period (h)

1 2 3 4

Triacylglycerol secretion (umol/liver)
Without oleic acid

Control 3.240.32 6.84+0.4* 9.940.6% 12.44+1.2%

Sesamin 1.54+0.5% 3.2+40.9° 7.5+1.92 12.8+3.9*
With oleic acid

Control 6.74+0.7% 15.4+0.9¢ 24.7+2.4° 36.4+5.5°

Sesamin 3.4+0.6° 8.9+0.9* 15.14+1.4¢ 22.04+2.6%

Cholesterol secretion (umol/liver)
Without oleic acid

Control 2.8+0.4 3.540.3 49404 6.1+0.6

Sesamin 2.240.3 33403 55404 6.6+0.7
With oleic acid

Control 3.6+0.6 5.6+0.6 7.6+0.8 10.0+0.4

Sesamin 2.940.5 5.540.8 7.64+0.9 9.84+0.8

Mean+SE of 4 rats. Values bearing different letters are significantly different at
p<0.05.

remains unclear, it has been reported that the feeding of clofibrate and its related
drugs, a potent peroxisomal proliferator and a hypolipidemic drug, causes an
enhanced ketone body production and decreases the ratio of f-hydroxybutyrate to
acetoacetate (13, 14). Furthermore, these types of drugs cause an enlargement of
liver weight accompanying a concomitant increase in the concentration of hepatic
phospholipid and an inhibition of elongation and desaturation of polyunsaturated
fatty acids (//-14). These observations suggest that the changes in various
parameters caused by sesamin are related to the proliferation of hepatic peroxisomes.
Ashakumary et al found that dietary sesamin causes a marked enhancement of
hepatic fatty acid oxidation in peroxisomes and to a lesser extent in mitochondria,
suggesting that sesamin, though structurally unrelated to clofibrate and its related
drugs, also induces the proliferation of hepatic peroxisomes (/5). These results
indicate the existence of a common mechanism relating to the proliferation of
peroxisomes, which may be playing an important role in an altered metabolism of
fatty acids.

The infusion of an exogenous oleic acid substrate stimulated the hepatic
secretion of triacylglycerol and cholesterol by 1.6-fold and 1.5-fold, respectively
(Table 3). The increases in these two lipid molecules were both statistically sig-
nificant, suggesting that free fatty acid supplied exogenously is a stimulus for the
synthesis and secretion of triacylglycerol and cholesterol, consistent with previous

Vol 44, No 5, 1998



720 N FUKUDA et al

observations (/4, 17). On the other hand, sesamin feeding significantly attenuated
the fatty acid dependent increase in hepatic triacylglycerol secretion by 40%, but
it remained unchanged in the absence of exogenous fatty acid. The lack of a reduc-
tion in triacylglycerol secretion in the latter perfusion condition appeared to be
due to a reduced availability of endogenous fatty acid substrates used by the liver
for the formation and secretion of triacylglycerol. These results suggest that the
hypotriglyceridemic effect of dietary sesamin is in part attributed to a decreased
hepatic synthesis and secretion of triacylglycerol. The mechanism(s) responsible for
the observed reduction in the hepatic secretion of triacylglycerol by dietary sesamin
is unclear. However, it has been reported that the reduced secretion of triacylglycerol
by the livers of rats treated with fibrate and its related drugs is closely related to
the drug-induced proliferation of hepatic peroxisomes (//-/4). Thus the serum
triacylglycerol lowering effect of dietary sesamin can in part be associated with the
proliferation of hepatic peroxisomes, primarily by diverting the exogenous fatty
acid substrate to the peroxisomal fatty acid oxidation process. This leads to the
reduced participation of exogenous substrate for the synthesis and secretion of
triacylglycerol. It is of interest to compare the effects of sesamin and fibric acid
derivatives on fatty acid metabolism, since these two chemicals are structurally
unrelated to each other.

No difference was observed in the control and sesamin-fed rat livers in the
cumulative secretion of cholesterol, regardless of the presence or absence of
exogenous oleic acid. It has been reported that the hypocholesterolemic effect of
sesamin is due to an inhibition of HMG-CoA reductase activity, the rate-limiting
enzyme for cholesterol synthesis, in the liver in vivo (2). The decreased intestinal
absorption of cholesterol by dietary sesamin has also been implicated for the serum
cholesterol lowering effect in the rat (2). Thus the effect of this lignan is partly
attributed to extrahepatic contributions such as an inhibitory effect of intestinal
cholesterol absorption, an increased removal rate of cholesterol through LDL
receptors, or a combination of these mechanisms besides the partial inhibition of
cholesterol synthesis in the liver.

It has been shown that episesamin is produced from naturally occurring sesamin
during the refining process of edible sesame oils (22). Shimizu et al found that
sesamin and episesamin are potent and specific inhibitors of mammalian and
microbial A5 desaturase involved in polyunsaturated fatty acid biosynthesis in vitro,
but the magnitude of the inhibition by sesamin was far greater than that of the
latter epimer (6). These observations suggest that the altered hepatic metabolism
of free fatty acid caused by the feeding of a mixture of sesamin and episesamin in
the present study is attributed to the effect of sesamin and not to the effect of
episesamin. More detailed studies are required to distinguish the physiological
activity of these two types of lignans. .

In conclusion, a decreased secretion of triacylglycerol-rich lipoproteins by
the liver from sesamin-fed rats is a consequence of a selective increase in ketone
body production from exogenous fatty acids.
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